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CHANGES IN THE HUMUS STATE OF CHERNOZEMS OF UKRAINE
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Abstract

The humus state of irrigated soils in Ukraine is determined mainly by the structure of sown areas, the specific growth of
perennial legumes and the level of organic fertilizers application. A deficit-free humus balance is formed in crop
rotations with perennial leguminous herbs (more 21-25%) and manure doses of 8-10 t ha’'. When mineralized waters
are used for irrigation, a deficit-free humus balance is achieved in crop rotations with alfalfa and organic fertilizers of
12-15 t ha''. In crop rotations without perennial leguminous grasses, there is a gradual decrease in the humus content
from 3-5% in field crop rotations to 11-23% in vegetables. Research conducted in the conditions of the Republic of
Moldova has shown that the use of weakly mineralized water, with a neutral reaction, has no negative consequences on
the humus content of the soil. The humus state of soils is determined by the ratio of humic acid: fulvic acid. This
integrated criterion, in the irrigation conditions of chernozems with Dniester water, also remains unchanged.
Chernozem irrigated with alkaline mineralized water causes essential changes in the fractional composition of humus.

Key words: humus, crop rotation, irrigation, chernozem, Ukraine, Moldova.

INTRODUCTION decrease in the mobility of humus as a result of
irrigation (OpnoB et al., 1980). Long-term
The issue of humus state transformation in the irrigation with waters, in which sodium cations
soils under the irrigation influence was most predominate, cause the opposite effect, and in
actively studied at the first stages of the an alkaline environment, rapid decomposition
irrigation development. In many cases, a of specific humus substances can be expected
decrease in the content of humus was noted (...).
(Kosna, 1981; Kpynennukos et al., 1985). This However, in the period of the modern
was explained by the more activity of  development of land melioration, in conditions
microflora on irrigated lands and increased of changing methods, regimes of irrigation,
mineralization of organic matter land removal from irrigation, periodic irrigation
(Arposkosorudeckas, 1997). Loss of humus as at reduced rates, publication are few
a result of its migration with infiltration waters (Ilempumn et al., 2017; HoxywaeBa & FOpxosa,
could also take place. Some studies noted both 2012). The published data are often

an increase in the content of humus (ITo3nsik, contradictory, which is understandable, since
1989) and the absence of a change in its the processes of organic matter humification
content ([Ipuxoapko, 1988). and mineralization are closely related to the

It was noted that with the beginning of  soil and climatic conditions of the irrigation
irrigation, the humus content decreases, and region, the quality and quantity of irrigation
with further irrigation, it increases. In the water, the crop rotation system, doses of
irrigation conditions of chernozems, the organic and mineral fertilizers and other
chemical composition of irrigation water and measures applied to irrigated black soils
the irrigation regime must also be taken into (chernozems).

account. If these factors contribute to the It is not possible to unambiguously assess the
accumulation of calcium, then we can expect a direction of the long-term dynamics of the
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humus content during the irrigation of cherno-
zems on the basis of published data. This
question is especially poorly studied for the
chernozems of Ukraine and Moldova using for
irrigation the water of different quality, in

various reclamation conditions and crop
rotation.
MATERIALS AND METHODS

The researches in Ukraine were conducted
within the Experimental Stations (ES).

ES 1 - typical chernozem, low humiferous,
clayey-loamy. Left-bank of Ukraine Forest-
Steppe, Kharkov district of Kharkov region.
Institute of Vegetable and Melon Growing,
long-term experimental field of vegetable -
fodder crop rotation. Irrigation  water
mineralization - 0.7-0.8 g dm™.

ES 2 - typical chernozem, moderately
humiferous, clayey-loamy and light-clayey.
Left-bank  of  Ukraine  Forest-Steppe,
Chuguevsky district of Kharkov region.
National Scientific Center “Institute for Soil
Science and Agrochemistry O.N. Sokolovsky”,
long-term experimental field of grain-fodder
crop rotation (the variants with perennial
grasses and without them). Irrigation water
mineralization - 0.4-0.6 g dm™.

ES 3 - ordinary chernozem, moderately
humiferous, clayey-loamy. Ukraine Northern

Steppe, Pervomaisky district of Kharkov
region, monitoring site with a long term grain-
fodder crop rotation. Mineralization of

irrigation water - 1.1-1.2 g dm™.

ES 4 - ordinary chernozem, low humiferous,
deep effervescence, light-clayey. Ukraine
Northern Steppe, Slavyansk district of Donetsk
region, monitoring site with long-term of grain
crop rotation, mineralization of irrigation water
-0.6 gdm®,

ES 5 - ordinary chernozem, low humiferous,
second weakly solonetzated, light-clayey.
Ukraine Northern Steppe, Maryinsky district of
Donetsk region, monitoring site with a long-
term vegetable-fodder  crop rotation,
mineralization of irrigation water - 2.9 g dm™.
ES 6 - ordinary chernozem, low humiferous,
second weakly solonetzated, light-clayey.
Ukraine Northern Steppe, Yasinovatsky district
of Donetsk region, monitoring site with a long-
term vegetable-fodder  crop rotation,
mineralization of irrigation water - 2.3 g dm™,

12

Groundwater level at all Experimental Station
is more than 5 m. The data are given for 0-30
cm soil layer. Field studies were carried out
according to the methods of conducting
stationary experiments (/locmiexos, 1985) and
route surveys - method of analog - keys.

The researches in Moldova were carried out in
different agropedoclimatically zones on the
experimental key polygons with drip irrigation.
The main subtypes of chernozems that
predominate in the composition of the
irrigation fund of the republic were selected as
a study objects. As sources of water for
irrigation, the Dniester water, accumulation
basins (ponds) and artesian water were chosen.
These water sources are essentially different
from the chemical composition and quality
indices. Therefore, they have different effects
on the improvement status of irrigated soils,
properties, including humus.

The organic carbon content in soils of Ukraine
was determinate by Tyurin method (I'OCT
26213-84), in soils of Moldova - the same
method with Nichitin modification
(ITpaktukym.. ., 1989).

RESULTS AND DISCUSSIONS

In the intensive vegetable crop rotation of ES 1,
there is a constant, from rotation to rotation,
decrease in the humus content in the
unirrigated chernozems (Figure 1).

OtHoBHOI

OcHoBHOIT 1

OWitness ENPK ‘

OcHoBHOIT

OcHoOBHOIT
OcHoBHOI
OcHoBHOIT
OcHoBHOI
OcHoBHOI
OcHoBHOI

OcHoBHOI

OcHoBHO¥
before 4 years 8years 12years 16years 20 years 24 years 28 years
irrigation

Duration of irrigation

Figure 1. The dynamics of humus content (%) in the

chernozems of ES 1 during irrigation

Reconstruction of the vegetable crop rotation of
ES 1 after 20 years of irrigation and the
introduction of perennial grasses (25%) into it
led to a change in the balance of humus and the
stopping the fall of its content. The noticeable
loss of humus observed in intensive vegetable



crop rotation is explained by increased
mineralization of organic matter and weakened
of humification process.

In the ES 2 - in the field crop rotation with
perennial grasses (25-30%) without manure, is
observed a tendency in the humus decrease
content, the losses were 5-6% of the initial one
(Figure 2).

OcHoBHOI
QgHOBHOIA 1
GenosHoii
OCHOBHOH
OcHOBHO#
OCHOBHOH
OcHOBHO#
OcCHOBHOH
OcHOBHO#
OCHOBHOH
OCHOBHOH

Bwithness

BENPK

Dalfalfa

Dalfalfa+manure 18 t/ha

Walfalfatmanure 36 t/ha

variants

Figure 2. The changes in the humus content in the
chernozems of the ES 2 during irrigation

The decrease in the humus content of the
weakly humiferous typical chernozems does
not occur in crop rotation with perennial
grasses and manure. A tendency to increase the
humus content in these soils takes place in crop
rotation with perennial grasses (alfalfa) and
manure in doses of 18 t ha™..

In a field crop rotation of the ES 3 without
perennial grasses using NPK and manure of 9-
10 t ha!, there is a tendency of decrease in the
humus content in ordinary chernozem by 2-3%
from the initial one (Figure 3). The tendency
for an increase in the humus content in these
soils is formed in crop rotation with alfalfa,
NPK and manure in doses of 8-10 t ha.

OcHoBHOIt
withnes 1

OCHOBHO#

OcCHOBHOIT NPK-+manure 8-10
t/ha

OcfioBHOIT i

o DOwithness 2

OcHOBHOIT ——

OCHOBHOI alfalfa+NPK+manure
8-10 t/ha

OcHOBHOIT

variants

Figure 3. The changes in the humus content in the
chernozems of ES 3 during irrigation

In the irrigated soils of ES 4 (Table 1), irrigated
with fresh water, there was a slight decrease in
the content of humus compared with the non-
irrigated  analogue (4.3% and  4.6%,
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respectively), which is associated with the
agricultural system, the saturation of crop
rotation with row crops, and the introduction of
low doses of mineral and organic fertilizers.

Table 1. Humus content in ordinary chernozems of the
Northern Steppe of Ukraine

ES No Humus content, %
without irrigation under irrigation
4 4.6 43
5 4.0 4.3
6 53 44
HCPys 0.1 0.1

In ES 5 (Table 1), in conditions of equilibrated
vegetable and fodder crop rotation, perennial
grass cultivation, organic and mineral fertilizers
during irrigation with reduced irrigation norms
of mineralized waters show a significant
increase in the humus content in irrigated soil
compared to non-irrigated analogue (4.3% and
4.0%, respectively). In the irrigated soils of ES
6 (Table 1) during irrigation with fresh water, a
decrease in the humus content was noted
compared with the non-irrigated analogue,
which is associated with a low level of
agriculture, saturation of crop rotation with row
crops, and the introduction of low doses of
mineral and organic fertilizers (ILllexpuna et al.,
2017; HokyuaeBa & FOpxosa, 2012).

In the Republic of Moldova, the chernozems
constitute about 74% of the soil’s surface
suitable for irrigation. Currently only 25-30
thousand ha of vineyards and orchards are
irrigated. Changing the natural water regime of
these soils through the irrigation one, even in
the case of the use of good quality water, leads
to degradation of the structure, compacting the
surface layer, reducing the lacuna space and
permeability for water. Negative effects are
recorded in the adsorbent complex, expressed
by decalcification and accumulation of sodium
and magnesium cations (KpynenukoB &
IToppvos, 1978; IloaeimoB, 1976; Opnos,
1980; Pexomenpanumu. .., 1991).

The research on the impact of drip irrigation on
Moldavian soil regimes and properties has been
carried out within systems equipped with
sprinkler watering equipment. It was found that
studies on the drip irrigation impact on the soil
quality are very limited (Ursu, 2012; Andries &
Filipciuc, 2015). The influence of irrigation on
the organic matter content and composition is



treated in the opposite way. The multiple
researches carried out under different
pedoclimatic ~ conditions, including the
Republic of Moldova, highlight the decrease of
humus content in the irrigation process
(OunvkoB & Tlomoma, 1978; Filipciuc &
Andries, 2015; Boaghe, 2015).

The impact of drip irrigation on the properties
of cambic chernozem using the Dniester river
water. The chernozem cambic (leached) was
irrigated with Dniester river water - the
mineralization: minim - 240 mg I"! and maxim -
490 mg I''. Published data confirming the
reduction of the humic acid content and

increase the fulvic acid fraction content under
the irrigation influence (Hera & Eliade, 1978;
lep6akoB & Pynait, 1983; Cunkesuy, 1989).

Research on the cambic chernozem does not
show the decrease in humus content. At the
same time, there was a tendency to increase the
fraction of humic acids associated with R>O3
and to reduce the fraction related to Ca. It is
important to emphasize that the solubility of
soil organic matter increases considerably in
irrigation. After 4 years of irrigation the soil
carbon content in the water-soluble substance
increased from 7 to 19 mg/100 g soil (Table 2).

Table 2. The humus composition of the cambic chernozem

C C, % C fraction of AH, % C
Depth, total extracted with Can unassociated associ- in the non- in the water-
cm % ? NasP20rtNaOH AH AF Car | and associated ated hydrolyzed | soluble substance,
° b with R20O3 with Ca residue, % mg/100 g sol
Cambic chernozem - unirrigated
0.96* 0.64 | 032 1.01
0-5 1.97 48 7% 325 | 162 2.0 8.1 91.9 513 8
5-10 1.94 46.9 345 | 124 2.7 6.9 93.1 531 6
10-20 1.95 462 338 | 123 2.7 6.2 93.8 533 8
20-30 2.00 455 325 | 13.0 2.5 6.5 93.5 550 7
Cambic chernozem - irrigated 4 years
0-5 1.97 487 335 | 152 22 9.5 90.5 51 16
5-10 1.95 497 338 | 159 2.1 9.8 90.2 50.8 19
10-20 1.98 50.0 338 | 162 2.1 10.0 90.0 500 21
20-30 1.97 502 340 | 162 2.1 9.4 90.6 497 21
*% from the soil mass; **% from the C total; AH - humic acid; AF - fulvic acid

The impact of drip irrigation with water from
local sources (ponds) on the properties of typical
chernozem. Researches on typical chernozem
confirm the evolution of negative changes in
humus composition. The irrigation changes the
humification process and the composition of
the organic matter in the soils (Boaghe, 2015).
The water used for irrigation of the typical
chernozem has a total soluble salt content of
605-676 mg 1" and is characterized by weak
and moderately alkaline reaction (pH = 8.05-
8.40). The data from Table 3, shows that drip
irrigation with water from local sources has a
pronounced influence on the fraction of humic
acids unassociated and coupled with iron and
aluminum oxides, but also on the fraction of
these calcium-related acids.

Thus, in the typical chernozem under irrigation
regime the carbon content of free and bound
with R>O; - humic acids increased by 7.8% in
the 0-30 cm layer and in the same proportion
decreased the fraction coupled with Ca.

The impact of drip irrigation with groundwater
on the properties of the ordinary chernozem.
Research on ordinary chernozem irrigated with
groundwater shows that humus content does
not show appreciable changes (Table 4).

In both cases the total carbon has the average
value of 2.09% in the 0-30 cm layer. In the soil
under irrigation, the decrease in the amount of
carbon extracted with the solution of sodium
pyrophosphate mixed with sodium hydroxide is
noted. The fraction of humic acids in irrigated
soil is decreasing, which has changed the main

14



evaluation indicator of the humic state of Can:
Car. In the unirrigated soil this ratio has values
between 2.0 and 2.2; therefore, the humus type
is the humatic one. In the soil under irrigation,

the ratio between humic and fulvic acids
decreases to 1.7-1.9, the type of humus being
appreciated as humato-fulvic (Table 4).

Table 3. The humus composition of the typical chernozem

* 0, o 0,
Depth, C total, — C.% Can < fre:c(t;on;)fAH, o ted Crn,
o in the C unassociated an associate o
om o extract AH AF Ar associated with R2O3 with Ca &
Typical chernozem - non-irrigated
0-5 1.71 50.3 32.7 17.6 1.9 7.1 92.3 49.7
5-10 1.68 45.2 31.5 13.7 2.3 6.8 93.2 54.8
10-20 1.62 45.0 30.9 14.1 2.2 7.6 92.4 55.0
20-30 1.57 44.6 29.9 14.6 2.0 7.6 92.4 55.4
Typical chernozem - irrigated 7 years
0-5 1.54 46.8 30.5 16.2 1.9 21.1 78.9 53.2
5-10 1.55 49.0 33,5 15.5 2.2 14.2 85.8 51.0
10-20 1.59 47.8 33,0 14.5 2.3 13.2 86.6 522
20-30 1.60 48.8 35,0 13.8 2.5 12.0 88.0 51.2
*% din C total; Crn - carbon of the non-hydrolyzed residue
Table 4. The humus composition of the ordinary chernozem
C in the non-
C, % CAH C fraction of AH, % hydrolyzed c:h’
Depth, C total, Car idue. o %
om % residue, %
in the AH AF unassociated and associated
extract associated with R203 with Ca
Ordinary chernozem - non-irrigated
0.96* 0.64 0.32 114
0-5 2.10 45.7%% 305 152 2.0 6.2 934 543 30
5-10 2.12 443 307 13.6 2.2 7.4 92.3 557 31
10-20 2.06 461 311 152 2.1 4.7 953 539 31
0.91 0.61 0.30 117
20-30 2.08 16 503 144 2.0 33 96.7 562 29
Ordinary chernozem - irrigated - 3 years
0-5 2.11 203 256 14.7 1.7 16.7 83.3 50.7 26
5-10 2.06 92 277 145 1.9 17.5 82.5 578 28
10-20 2.06 408 262 146 1.8 14.8 85.2 502 26
20-30 2.12 205 350 146 1.8 12.7 87.3 505 26
*% from the soil mass; **% from the C total; Gh - humification degree
Significant changes record the fractions of free CONCLUSIONS

humic acid and associated with R»O3, but also
its fraction related to Ca. On the whole 0-30 cm
thickness of irrigated soil, the carbon content of
humic acid coupled with R2O3 is on average
9.9% higher compared to the non-irrigated soil.
It is noteworthy that the content of human acids
coupled with Ca on average decreased from
94.5% in the non-irrigated soil to 84.6% in the
irrigated one.
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It was established that the humus state of
irrigated chernozems of Ukraine is determined
mainly by the structure of sown areas and the
presence of perennial grasses in crop rotation,
the application level of organic and mineral
fertilizers, and, to a lesser extent, the quality of
irrigation water, since reduced irrigation rates
are used in Ukraine in modern conditions. To



ensure a positive balance of organic matter, it is
necessary to perform a high agricultural
background, introduce organic and mineral
fertilizers, and perennial and sidereal crops.

The water of the Dniester river corresponds to
the quality requirements for irrigation of
Moldovan soils, but it has an alkaline potential
and causes the decalcification in the surface
soil layer. Drip irrigation results in decreased
the hydrostability of structure and secondary
compaction of chernozems.

The application for soil irrigation the water
from the accumulation lakes with poor quality
indices has the following consequences:
modification of the soluble salts composition
with predominance of the toxic compounds of
sodium and magnesium; changing the current
reaction in the direction of alkalization;
secondary salinization of the soil, including
magnesium salinization; increasing the content
of fine hydropeptized clay and increasing the
dispersion factor; increasing the degree of
compaction and worsening the potential
ventilation conditions of soils; destructuring
and reducing the hydrostability of the structure;
increasing the degree of swelling and
penetration resistance; decreasing the water
permeability of the soils (Filipciuc & Boaghe,
2017; Filipciuc et al., 2016).

The groundwater is characterized by moderate
to strong alkaline reaction and unfavorable
chemical composition. Soluble salts include
carbonate and sodium bicarbonate. The use of
groundwater for irrigation of Moldavian soils
has the effect of salinization in the first year of
irrigation. Intensely degrades the physical,
chemical, hydro- and physico-mechanical
properties of the soils. Irrigation with
groundwater has a negative impact on the
organic matter composition of chernozems. In
the irrigation regime the organic matter
composition of the chernozems records
unfavorable changes related to the reduction of
the huminic acids content and the increase of
the fraction of acids associated with R2Os.

REFERENCES

Andries, S., Filipciuc, V. (2015). Chernozem irrigation.
Environmental problem and efficiency. Soil Science.
Journal of the Romanian National Society of Soil
Science, XLIX(11I), 9-32.

16

Boaghe, L. (2015). Efectul irigatiei prin picurare asupra
complexului adsorbtiv a cernoziomului tipic &n
plantatie de mar. Horticultura modern - realizéri si
perspective.  Lucrari  stiintifice.  Horticultura,
Viticultura si Vinificatie, Silvicultura si Gradini
Publice, 42(2), 96-101.

Filipciuc, V., Andries, S. (2015). Problemele irigatiei
cernoziomurilor si masuri de prevenire a degradarii
lor. Mediul Ambiant, 5. 13—18.

Filipciuc, V., Boaghe, L. (2017). Impactul irigatiei
apa mineralizatd asupra indicilor saline ai
cernoziomului obisnuit. Agricultura durabila in
Republica Moldova: provocari actuale si perspective:
Culegere de articole stiintifice. Filiala Balti ASM,
Balti, Indigo, 42-44.

Filipciue, V., Boaghe, L., Chiriliuc, V., Rozloga, Iu.
(2016). Efecte directe si remanente ale irigatiei cu
apa subterana asupra cernoziomului obisnuit. Lucrari
stiintifice, Chisinau, UASM, 46, 200-203.

Ursu, A. (2012). Pedologie aplicativa. Chisinau: Tipog.
ASM, 143.

Aeposkonozuveckas Konyenyus OpOUIEHUsI YePHOZEMOB.
(1997). Hon pen. Kosanenko, I1.1., Bamtoka, C.A.,
JlensiBckoro, B.B. XapbkoB. 82.

Jlokyuaesa, .M., IOpkosa, P.E. (2012). HUsmenenue
HANPAGIeHHOCMU — NOYGEHHbIX — NPOYeccos  Npu
CHUDICEHUU BOOHOU HAPY3KU HA OpouldeMyle 3eMu.
HoBouepkacck. 54.

Iocniexos, B.A. (1985). Memoouka noneéozo onvima. 5-
€ u3.., 101. u nepead. M.: Arponpomusiat. 351 c.
Kosma, B.A. (1981). [lousennwiii noxpos, yiyuuenue,

ucnoavsosanue u oxpana. M.: Hayxka, 182.

Kpynenukos, nA., IloapiMoB, B.IL (1978).
Huacnocmuka — u  npunyunvl  Kraccugurayuu
opowaemeix  nous.  I10YBEHHO-MEIMOPATHUBHbIC
mpoOeMbl  oporaemMoro 3emuenenus. KumnHes:
IlTruaIa, 8—13.

Kpynennukos, M.A., ITogeimos, B.I1., Ckpsiouna, D.E.
(1985).  Bausinue opoweHnus Ha ceolicmea U
ninodopooue noys. Kummnes. 60.

Hera, C., Eliade, G. (1978). Evolutia unor indici ai
fertilitatii solului in experiente de lungd durata cu
ingrasaminte. in: A4n. ICCPT, Bucuresti, 175-179.

Opios, JI.C., AnukanoBa, E.M., Mapxkun, B.A. (1980).
Ocobennocmu opeanuyecko2o seujecmea
opowaemeix nous. IlpobieMbl HppUranuu IMO4YB
UepnozemHoi 30ubl. M.: Hayka, 35-61.

TlogemoB, B.II. Tlousbt u 6006t Mondasuu 6 cesizu ¢
passumuem opowenus. (1976). Cenbckoe x035icTBO
Moanasuu. Kummunes, 5, 26-27.

To3usk, C.II. (1989). Cucmemmubiii nooxo0 Kk usyuenuro
hakmopos nio0opoous nous & yciousx OpOULeHUS.
Becthuk c.-x. Hayku, 8, 46-49.

Ipakmukym no aepoxumuu. (1989). Mocksa: M3n-Bo
MI'Y, 303.

TIpuxonrko, B.E. (1988). Dsontoyust nous cmennoii 30mHul
npu opouteHuu. EcTeCTBeHHas ¥ AHTPOIOTCHHAS
sBosrouus nous. [Tymuno, 152-163.

Pexomenoayuu no  komwmpono u - npoguiakmuxe
OMPUYAMETBHBIX — NOCIeOCMEUL  OPOUICHUs  NOYE.
(1991). Kumues: Mongarpounpopmpexiama, 32.

Cunkesnd, 3.A. (1989). Cospemennvie npoyeccvl 6
ueprosemax Monoasuu. Kumues: Hltunnna, 214.

cu



OdunbkoB, B.A., TlonoBa, T.B. (1978). 06
0CONOHYeBAHUU U 3ACONeHUU YepHO3emo8 Monoasuu
npu opouteHuu. IMouBeHHO-MEINOPATHBHBIC
npobsiembl  opomaeMoro 3emuenenus. KuiinHes:
Il truama, 60-61.

Ienpun, B.H., Jloxydaesa, JI.M., Opkoga, P.E. (2017).
T'ymycnoe cocmosinue pasiuyHblx munog noue npu
onumenvhom  opowtenuu.  HaydHblil  KypHa:

17

Poccuiickoro HUU npobiem menmopanuu. 4(28), 1-
19.

Ilep6akoB, A.Il., Pymaii, W.JI. (1983). Ilnomopoaue
0YB, KPYrOBOPOT M 0OajaHC MUTATCIbHBIX BEIICCTB.
Mockga: Kooc, 189.

*#*TOCT 26213-84 TTOUBBI. Omnpexnenenue rymyca mno
meroay Tropuna B Mmoaudukamu LIMHAO.



Scientific Papers. Series A. Agronomy, Vol. LXIII, No. 2, 2020
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785

CLIMATE CHANGE IN THE REPUBLIC OF MOLDOVA -
CAUSES AND THEIR INDUCED CONSEQUENCES

Olesea COJOCARU
State Agrarian University of Moldova, 50 Mircesti Street, Chisinau, Republic of Moldova

Corresponding author email: o.cojocaru@uasm.md

Abstract

This study presented in the article directly correlates with a series of sustainable objectives regarding the causes of
climate change in the Republic of Moldova and their consequences. For more than 100 years, specialists have known
the meaning of the phrase "greenhouse effect”. This process contributes to maintaining a warm atmosphere, preventing
the Earth from cooling and becoming hostile to life (the average global temperature is + 15°C versus - 18°C in the
absence of this natural greenhouse effect). Of course, a drastic way in the influence of climate change is effected by
burning forests - made to obtain arable land, roads, housing or shopping centers - produces over 25% of global carbon
dioxide emissions. The conclusion that can be drawn very easily is that the current heating is not caused by an
intensification of the solar activity, but it is in close correlation with the emission of carbon dioxide. In the Republic of
Moldova, the inventory of greenhouse gas emissions was carried out during the years 1990-2002, the reference year
recommended by the UN being 1990. During this research period, the main place of the total emissions belongs to it
CO;. There is a considerable decrease in greenhouse gas emissions. The cause of the decrease is the closure of
emission sources: factories, factories, etc. Comparative assessments with other neighboring territories, using data from
the Center for Epidemiological Research of Natural Hazards (Belgium, Luviana University) allow us to ascertain that
the risk of catastrophic flooding is 1-2 times in 10 years, which is less than in some regions of Romania, where they
have the frequency of 2-3 times in 10 years. Systematic observations on climate indices in the Republic of Moldova,
initiated since 1986, have shown gradual warming as a consequence of global warming. Climate change that has
occurred over the years in the Republic of Moldova seems to have significant impacts on biodiversity, starting with the
level of individual law and up to the level of ecosystem or biometrics.

Key words: consequences of climate change, ecosystems, greenhouse gas emissions, vulnerability agriculture.

INTRODUCTION For these reasons, a detailed assessment of the
effects of climate change on economic, social
Climate is the multiannual regime of the  and environmental aspects is needed now.
weather or all the possible successive changes The list of human activities that lead to climate
of the atmospheric processes that characterize change 1is: electricity and heating: 30.6% -
the regime of the weather of a certain region. burning fossil fuels to produce electricity and
In any specific locality, the weather can change  heat is the biggest cause of climate change,
very quickly from day to day and from year to  according to the World Resources Institute

year, even when the climate does not change. (WRI). Emissions account for almost one-third
These changes involve variations in tempera- of total greenhouse gas emissions. Transport:
ture, precipitation, wind and cloudiness. 14.8%. Production and construction: 13.3%.

Unlike time, the climate is generally affected  Agriculture: 11.1%. Burning of other fuels:
by slow changes, for example, changes in the 8.2% of this category includes wood and
surface of the oceans, the land, and the burned fuels in residential and commercial
inclination of the Earth's axis and the intensity buildings, but also those used for agriculture;
of solar radiation. (Cazac et al., 2005). industrial processes: 5.8% - cement and
In the second half of the century. XX, ideas aluminum production are the largest emitters of
about climate change are becoming more greenhouse gases; deforestation and land use

frequent, and in the 80°, scientific evidence change: 5.7% - forests prevent carbon
appeared regarding the risk of global climate emissions, and deforestation dramatically
change (Daradur et al., 2007). influences  climate  change;  accidental
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emissions: 5.3% - emissions associated with
energy production are a factor of climate
change. Waste: 3.1% - garbage dumps produce
methane gas, which contributes to air pollution.
The last ten years in the Republic of Moldova
(1996-2005) compared to the multiannual
period are characterized by a somewhat higher
temperature regime. The average annual air
temperature during this period averaged 8.7-
10.4°C in the territory, which exceeds the norm
by 0.5-1.0°C. It is worth mentioning that during
these ten years the average annual air
temperature reached its highest values during
the 100-year period of instrumental
observations - 9.7 and -11.5°C (2000). Its
lowest values were reported in 1996 and 1997
and were 7.1-93°C. The lowest air
temperatures (-21 and -30°C) were reported in
December 1996, and the highest (37-40°C) - in
July-August 2000 and July 2002, isolated
exceeding historical maximums (IPCC, 2007;
UNFCCC, 2007).

MATERIALS AND METHODS

The research method consisted in the
bibliographic analysis of the chemical changes
and the statistical analysis of the data.

Climate change refers to statistically significant
changes in the average state of the climatic
parameters or their variability, observed over
time, either due to changes occurring within the
climate system or to the interactions between
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its components, or because of the action of
external factors natural or result from human
activity. These changes involve variations in
temperature, precipitation, wind and
cloudiness.

An analysis of the climatic elements of the last
century can serve as evidence for the argument
of the existence of climate change. Thus,
during the last century, at global level, the
average terrestrial temperatures increased by
1°C. The rate of global warming has increased
from 0.1°C per decade over the past 100 years -
to 0.2°C per decade over the past few decades.
Compared with the pre-industrial period
(average for 1850-1899) the average
temperature (on land and in the ocean) over the
last century is 0.8°C higher.

In Europe there is a warming higher than the
global average 2007 data show that average
annual temperatures in Europe were 1.2°C
higher than in the pre-industrial era in land
areas, and 1°C higher in the combined space of
the sea and land. Eight of the 12 years from
1996-2007 were among the hottest years after
1850.

Annual rainfall (Figure 1) in the 20th century
showed a 10-40% increase in Northern Europe
and a decrease (up to 20%) in some parts of
Southern Europe. Average rainfall increased in
most of Western and Northern Europe (by 20-
40%); and in southern Europe and partly
central Europe the winters were drier
(Nedealcov, 1998; Taranu et al., 2009).

Natwms Curupe (7480

Figure 1. Changing the annual amount of global rainfall in the period 1900-2005
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The global lifting of the air temperature was
materialized by a series of changes that were
observed and measured as: the increase of the
global sea level by 0.1-02 m in the 20"
century, the decrease by about 10% of the snow
covered areas, compared to 1960, the retreat of
the alpine glaciers from the nonpolar regions
during the twentieth century. The warmest 10
years recorded were after 1991. Global
evidence from the last decade shows that many
natural systems are affected by regional climate
change, many of which are also relevant to the
Republic of Moldova (Mihdilescu et al., 2006;
Nedealcov, 1998).

In the Republic of Moldova - part of Europe -
there are also changes in climate. Under its
current conditions, the average annual air
temperature ranges from 8.0°C in the north
(Briceni) to 10.0°C (Cahul, Comrat) in the
south. The character of spatial distribution of
air temperature is determined by the
geographical situation and the extent of the
southernmost territory. The analysis of the data,
carried out by the specialists of the State
Hydrometeorological Service, for a period of
more than a century (1886-2004) shows us that
since the end of the 19" century and until now
the average annual temperature in Moldova has
increased by 0.78°C (www.old.meteo.md).

On the territory of the Republic of Moldova the
average annual amount of precipitation in the
period 1996-2005 constituted on the territory
500-655 mm, which is close to the norm,
calculated for the entire observation period. In
some years, the amount of rainfall that has
fallen has fluctuated to a considerable extent -
from 300 mm (2003) to 890 mm (1998).

The most common natural hazards of hydrome-
teorological origin on the territory of the
Republic of Moldova, according to the statis-
tical data of the Center for Epidemiological
Research of Natural Hazards (Belgium, Luviana
University), are floods, droughts, strong winds,
extreme temperatures. In the period 1992-2003,
90% of the total natural hazards in the Republic
of Moldova were extreme hydrometeorological
phenomena, the most numerous being the
floods (50%), during which 92% of the total
human victims, strong winds were recorded
(25.5%) and droughts (12.5%).

According to the evaluations of the United
Nations Development Program, 280 thousand
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people suffer from catastrophic drought on
average. For comparison, the average numbers
for floods and earthquakes are 193 thousand
and 19 thousand inhabitants respectively.

RESULTS AND DISCUSSIONS

The heating of the climate system can be seen
in several ways. We assist in changing the
temperature of the atmosphere, the surface of
the oceans (the warming of the oceans descends
to hundreds of meters depth) and in increasing
their level. Rising temperatures in the
troposphere and falling in the stratosphere are
most likely caused by greenhouse gases and
ozone depletion, respectively.

For more than 100 years, specialists have
known the meaning of the phrase "greenhouse
effect". Solar radiation passes through the
Earth's atmosphere and reaches its surface.
Instead of reflecting on the surface of the Earth
and returning to space, the radiation stays in the
atmosphere and produces a heating of it. The
process contributes to maintaining a warm
atmosphere, preventing the Earth from cooling
down and becoming a hostile environment (the
average global temperature is +15°C compared
to -18°C in the absence of this natural
greenhouse effect).

The current trends of modification of the
natural risk factors in the Republic of Moldova,
their frequency allows us to assume that the
risk of manifestation of hydrometeorological
hazards will continue to increase. Since the
1950° (www.old.meteo.md), the number of
destructive phenomena caused by the weather
has increased 5.5 times globally, while the
number of other extreme natural phenomena
has increased only 2.4 times (Figure 2).
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Figure 2. a - Distribution of the flood risk index
(no/year); b - number of victims (no/year)



Comparative assessments  with  other
neighboring territories, using data from the
Center for Epidemiological Research of Natural
Hazards (Belgium, Luviana University) allow
us to find out that the risk of catastrophic
flooding is 1-2 times in 10 years, which is less
than in some regions of Romania, where they
have a frequency of 2-3 times in 10 years.
There are obvious effects on aquatic systems,
which are manifested by higher water leaks and
early spring maximum flow in many rivers fed
by snow, as well as surface water heating,
which affects their thermal structure and water
quality.

It is important to mention some consequences
such as (Figure 3): reducing the water supply in
the groundwater and lowering the water level in
the wells, sometimes even drying them, which
causes insufficient drinking water; increased
mineralization of groundwater, concentration of
inorganic pollutants in water, etc.

The consequences of
climate change
J [ positive ]
widening the area of
cultivation of some

[ negative

‘worsening the health of]
the population

highlighting the
climatic extremes
reducing biodiversity

winter warming

Figure 3. The consequences of climate change in the
Republic of Moldova

Climate change of this size appears to have
significant impacts on biodiversity, starting
with the level of individual law and up to the
level of ecosystem or biometrics. It is assumed
that the climate in Moldova will change from
semi-arid to arid, especially in the south and
east of the country. Rising temperatures will
force many living organisms to migrate to
cooler areas in the northern part of the country,
while new organisms will arrive here. Such
movements can involve many species,
including plants and trees (Mihdilescu et al.,
2006; dapamxyp, 2001).

Climate change is quite chaotic, with
unexpected effects and difficult to anticipate. In
Central and Eastern Europe, the scenarios show
a decrease in precipitation, especially in the
summer season. The water deficit will affect
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cereal and grazing crops, with the orientation
towards tolerant agricultural crops at high
temperatures and hydrological stress being
recommended.

However, some species of flora and fauna may
have low elasticity when changing temperature
and precipitation, because climate systems
move faster than they can accept.

Some species will seek to settle at higher
altitudes, in the Central part of the country (the
forest area Codru), others will move further to
the northern part of Moldova. Steppe plants, in
general, adjust well to high temperatures,
although, due to excessive grazing, the
population of some species may shrink and
disappear. Fragmentation of the landscape and
human activity are all likely to increase the
vulnerability to changing climatic conditions of
steppe species with limited dispersal capacity,
such as snowflakes (Andries, 1999; Banaru,
2001).

Droughts reduce the presence of water on the
floodplains and intensify soil salinization
processes. These developments can have a
significant impact on grassland species by
extending the surfaces with halophyte plants,
well adapted to salt and drought conditions, and
by reducing the areas occupied by flood
tolerant plants such as. In general, forest eco-
systems are more drought resistant; however,
some oak species in the central and southern
parts of the country may dry out in the event of
a massive insect invasion. Floods and droughts
or other extreme climatic phenomena (storms,
hail, etc.) have an influence on human well-
being, as they cause losses in the ecosystems on
which human prosperity depends.
Agroecosystems and the livestock sector will
suffer greatly from climate change. What is the
action of changing the temperature of the
environment on animals? Higher organisms
have a constant body temperature, characte-
ristic of the given species. For example, raising
the temperature of the environment is
accompanied by the need for the body to make
extra efforts to maintain the constant
temperature; breathing becomes more frequent,
disturbances of the work of the cardiovascular
system, often of the digestive system, as well as
in the reproduction of animals. This set of
deviations, of course, leads to a decrease in the
level of animal productivity (Ursu, 2000).



The vulnerability of agriculture as a whole is
based on two main components. First, it is
determined by a permanent tendency to limit
the spectrum of the species used. Currently, to
satisfy 90% of the food requirements, the
human uses only 0.5% of the total number of
edible plant species. This condition has led to
the so-called "genetic vulnerability", because
for each climatic zone, the number of cultivated
plant species is always decreasing, and the
varieties and hybrids used are of a higher
degree of kinship. Secondly, the vulnerability
of agriculture is determined by the essential and
very rapid changes, especially lately, of the
environment (Mihdilescu et al, 2006;
www.statistica.gov.md.)

In order to minimize the impact of climate
change on the various systems and sectors of
activity, a system of adaptation measures has
been developed. The most important of these
measures provide the elaboration and extension
of forests, the adaptation of the management of
natural resources to the principles of
sustainable development of the basic sectors of
the economy.

In particular, for the natural ecosystems the
adaptation measures are: the extension of the
protected areas for the most vulnerable ecosys-
tems to climate change; creation or restoration
of interconnected areas (creation of the ecolo-
gical network) of fragmented and dispersed
ecosystems; organizing the monitoring, in order
to assess the stability of species and ecosystems
according to climate change; directing their
evolution vector towards increasing the
resistance to these changes; elaboration and
implementation of forest restoration and
expansion programs; restoration of wetlands.
According to the above-mentioned conception,
the environmental protection requirements will
be integrated in the economic reform and in the
sectoral policies.

In this way, the properties related to waste
management, the reduction and capture of
harmful emissions, the increase of energy
efficiency, the use of renewable energy sources
and the broadening of the spectrum of research
on climate change would be taken into
consideration. All these, in conjunction with
other components of environmental policy, will
determine a  sustainable  socio-economic
development.
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CONCLUSIONS

Soils of the Republic of Moldova are severely
degraded and highly vulnerable to climatic
conditions. They no longer have the capacity to
cope with the drought, even the short one, and
at national level, over the years; there is a
decrease in agricultural productivity.

In the Republic of Moldova, research shows
that in the coming years, climate warming will
have a negative impact on autumn wheat.
Similarly, maize and sunflower, which repre-
sent the main crops in the national agricultural
sector, will suffer. However, such research
must be carried out continuously, because the
frequency of disasters differs, their geography
changes and the degree of exposure.

For the natural ecosystems, the degree of
vulnerability can also be conditioned by risk
factors, such as the reduced surfaces, the
degraded state, the fragmentary distribution, the
insufficiency of the soil moisture, the
unevenness of the distribution of precipitation.
In the conditions of climate change for the pro-
blems related to the adaptation of ecosystems to
the new climate conditions, a particular current
importance is the elaboration of the regional
climate forecast.

The changes that take place, both at the climate
level and at the level of the ecosystems,
endanger the health of millions or even billions
of people all over the world and are at this
moment the biggest challenge of the 21%
century. These changes globally threaten even
the fundamentals of human health: access to
adequate food resources, clean air, safe water
and safe housing. For the Republic of Moldova,
the priority areas in this regard are ecosystems,
the agricultural sector and human health.
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Abstract

Our studies performed on the plastic tunnels from North-East part of Romania included a field work phase (soil and
biological material sampling, soil profiles description, penetration resistance determination, digital images capture),
laboratory phase (chemical and physical soil analysis). Based on field and laboratory data were estimated packing
density and bulk density restricting rooting. The obtained results have shown that black plastic films on the entire
surface of soil favors soil compaction, in the areas located between plants rows (i), the ploughpan conducted to the
waterlogging on the bottom part of ploughed layer (ii), root system poorly developed favored some physiological
disorders such as Blossom end rot on tomatoes fruits (iii). Soil determination in field (penetration resistance,
morphological soil indicators) and laboratory (water distribution, bulk density, size particles distribution) and quality
of fruits reveled negative influence of plastic mulch. Strong soil compaction between ridges allows us to recommend

avoiding plastic mulch over the entire soil surface.

Key words: plastic mulch, ridges, penetration resistance, ploughpan.

INTRODUCTION

In Romania, growing vegetables in plastic
tunnels has greatly expanded. High plastic
tunnels are simple, tall, plastic-covered
structures used for early vegetables production.

It is also recognized that the intensive agricul-
tural system has a great impact on soils pro-
perties. The application of a suitable agricul-
tural management system, according to the soil
characteristics can have positive effects on the
prolonging service life of the greenhouses soil.

Interest concerning to processes of physical
greenhouses  soil  degradation  developed
nowadays, mainly due to increasing of
technological inputs which has the effect
amplification of soil degradation processes
such as hardsetting, crusting, cementation,
compaction etc.

Starting with 1960 plastic mulching is currently
used in horticulture especially for warm-season
crops such as tomatoes, cucumbers, melons,
peppers, eggplants (Incalcaterra et al., 2004).

In numerous publications are mentioned some
advantages of plastic mulching. The main
benefits of using plastic mulch include:
increasing soil temperature (i), decreasing of
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water loss by direct evaporation (ii), increased
yield (iii), reduced nutrient leaching (iv) and
improved nutrient uptake (v), getting early
production (vi), ensure full control of weeds
(vil), ensure maintenance of optimal water
content in soils from zone with high rainfall
(Streck, 1995; Henry, 2010).

Nowadays, it is using a wide range of films
covering both greenhouses and soil surface as
mulch. Among the main varieties of films
frequently used for mulching we mention:
transparent polyethylene film; black film;
transparent biodegradable Mater-BiTM film;
black biodegradable Mater-BiTM film, red
plastic mulch, green or brown Infra-Red
Transmitting (IRT) mulches, white or co-
extruded white-on-black mulch, yellow and
silver plastic mulch, shiny aluminum plastic
mulches, blue plastic, olive plastic etc.
(Incalcaterra et al., 2004; Nair et al., 2013).
Soils with clay content higher than 33% belong
to the third class of capabilities for greenhouses
(Florea et al, 1987) and have high
susceptibility to degradation by compaction.
Frequently, greenhouses or high plastic tunnels
have been set up on soils with a compact layer,
such as plough pan. A plough pan layer



(pressure pan, tillage pan) is a subsurface
horizon having a high bulk density and a lower
total porosity than vicinity soil layers (above or
below layer). The plough pan is formed as a
result of pressure applied by normal tillage
operations, such as plows, discs or other tillage
implements.

Degradation of soil by compaction processes
had evidenced in soil with coarse and medium
texture, especially as cumulative effects of drip
irrigation and if it was used plastic mulch
(Filipov et al., 2013, 2018).

Knowing the influence using plastic mulch on
entire surface between ridges is important for
making decision on the sustainable exploitation
of the soil resources. Some soils profiles from
poly-tunnels have been studied in order to point
the changes of soil properties after 5 years of
vegetables grown in organic system.

MATERIALS AND METHODS

The study site was located at poly-tunnels
Roznov  from Moldavian  Subcarpatians
(Romanian: Subcarpatii Moldovei) Cracau-
Bistrita Depression-geographic area spanning
in the NE of Romania, situated to the east of
the Eastern Carpathian Mountains. The studied
area included soils from 4 plastic tunnels.

The penetration resistance of the soils was
determined using a digital penetrologger
(Eijkelkamp  Equipment, Model 0615-01
Eijkelkamp, Giesbeek, The Netherlands) which
had a cone angle of 30° and a base area of 1
cm?. It was carefully inserted into the soil
profiles in 1 cm increments from the surface to
a depth of 80 cm. Ten parallel records were
made in each plot and averaged for analysis.

In order to establish the effect of black foil,
used to cover the entire surface of the soil in
the plastic tunnels, on the state of compactness
of the soil we made 4 cross section in the
middle area of the plastic tunnels.

This section comprised two ridges grown with
tomato and cucumber plants and a rill between
ridges. After morphological description of soil
from ridges and rill, soil samples were taken
from soil layers with a thickness of 10 cm to a
depth interval of 0-50 cm.

The collected soil samples were analyzed in the
lab, in three replicates independent each of
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layer. In the lab conduct size particles analyses:
pH, bulk density, content of water-according to
the current methodology (Dumitru et al., 2009;
Lacatusu et al., 2017). The period of study was
2017-2019.

Following the processing and analysis of the
data obtained in the field and laboratory,
several reclamation measures have been
recommended.

RESULTS AND DISCUSSIONS

The studied soils have been diagnosed as
Hipohortic Phacozems. The clay content of
these soils range from 32.4 to 38.3%.

Following studies of the soil profiles, the
presence of the plough pan (Figure 1) was
noticed, which we consider to be a residual
effect of the agricultural technologies practiced
before the establishment of the high plastic
tunnels and the growing of vegetables in an
ecological agricultural system. The soil is
strong compacted in the plough pan layer and
in the upper part of the soil (Figure 1). High
compactness state of plough pan favors water
stagnation, especially on the bottom part of
ploughed horizon, even if it is drip irrigation
practice

The strong compaction of the soil is also
highlighted by the high values (3.8-5.8 MPa) of
the penetration resistance recorded in the
plough pan (Figure 2).

Although penetration resistance values are
lower than 2.5 MPa soil is compacted, as
evidenced by pedomorphological parameters in
the field and by the bulk density values higher
than 1.4 g/cm?® (Figure 3).

The high values of water content in the layer O-
10 cm currently determined decreasing of
penetration resistance value. Soil profile on the
top of ridge with tomato plants has a smaller
content of water on the depth interval 0-20 cm.
We mention that the soil sampling was done
after 4 weeks of the last irrigation.

The data in Figure 4 highlights the negative
effect of the plastic foil on the soil by
increasing the water content (resulting from the
condensation of evaporated water from the
irrigated soil surface) and strong compaction
due to repeated movements for various works.



Loose soil o

Compacted soil

N

Slight compacted soil

Compacted soil

Figure 2. Strong compaction of the ploughpan layer on the rill between rows plants highlighted
by high values of penetration resistance (3.8-5.8 MPa)
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Soil profile on the rill between
rows of tomato plants

Soil profile on the rill between ridges with rows of tomato plants. Values of Bulk Density (BD) and
gravimetric content of water (Wg) registered on the depth interval of 0-50 cm

Soil profile on the ridge with
rows of tomato plants

Depin | BD | T | S
(em) | gem” | B (g/em? We (%)
1,43 27.602
0-10 1.43 1.4 22.799 24.706
1,34 23.717
1,54 21.769
10-20 1.40 1,49 19.555 20.584
1,52 20.430
1,51 19.491
20-30 1,49 1,49 20.301 19.958
1.48 20.082
1.39 25.680
30-40 1.40 1,42 25.285 25.653
1.43 25.994
1.41 27.151
40-50 1.44 1,42 26.522 26.845
142 26.861

Figure 3.
Average
Depth | BD valuegs o A'vcragc
(cm) | glem?® We (%) We % \:}aluoes
BD (g/cm? g (%)
1.42 15.982
0-10 138 1.40 16627 | 16.412
1.39 15.719
1.21 18.425
10-20 1.12 1.16 15.787 16.667
1.16 15470
1.49 19.623
20301 55 1,51 19.624 | 19.624
1.50 19.825
1.51 21.815
30-40 1.53 1.51 24028 | 23.290
1.49 23.635
1.40 23.796
40-50 142 1.40 23.820| 23812
1.38 23.572

Figure 4. Soil profile on the top of ridge with tomato plants. Values of Bulk Density (BD) and gravimetric content of
water (Wg) registered on the depth interval of 0-50 cm (V2)
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CONCLUSIONS

The obtained results have shown that black
plastic films on the entire surface of soil
favours soil compaction between plants rows.
The ploughpan conducted to the waterlogging
on the bottom part of ploughed layer and
poorly developing of root system.

High content of water favoured some
physiological disorders such as Blossom end
rot on tomatoes fruits. Strong soil compaction
between ridges allows us to recommend
avoiding plastic mulch over the entire soil
surface.
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Abstract

Since the lifecycle of plants begins with the germination phase, evaluating this process under different environmental
factors may reveal some parameters with great importance for the further development of plants. Also, it can represent
a base for other studies. The purpose of this paper was the evaluation of germination and seedling growth of maize
under different levels of heavy metal contaminations. The following heavy metals were used as mixtures: Cd, Cu, Ni,
Pb, Co and Zn. Five mixtures with different concentrations of Cd (3 to 20 ppm), Cu (20 to 200 ppm), Ni (25 to 200
ppm), Pb (30 to 150 ppm), Co (20 to 100 ppm) and Zn (100 to 700 ppm) were used as variants, and distilled water as
control variant. Seed germination percentage was determined in accordance to ISTA (International Seed Testing
Association). A series of physiological indicators associated with germination and seedling growth were calculated.
The germination was observed for ten days, until no changes occurred for three consecutive days. Several effects were
observed at the end of the experiment regarding the seed germination and especially to seedling development. Although
there were some differences on germination between control variant and high contaminated variants, the growth of
seedlings showed a high variation as the concentration of heavy metals increased.

Key words: Zea mays L., heavy metals, germination, seedling.

INTRODUCTION The capacity of plants to accumulate heavy

metals and other contaminants can vary with
As the first stage of plant life, the germination  the type of plant species, the nature of metal,
plays a substantial role on plant development. but also other environmental factors or soil
This process is easily influenced by  properties (Oladejo et al., 2017). The existence
environmental factors, which most often have of heavy metals in soil can lead to their

negative effects on germination parameters, accumulation in different parts of plant with
reducing growth, development and production = major consequences to health. The excessive
of plants. amounts can determine physiological and

Some of these factors have been studied in biochemical toxic effects (Shahid et al., 2015).
many works, each of them influencing On a study in 2005, Bashmakov et al., observed
germination parameters differently. Important  that on high concentrations of heavy metals, the
changes were noted due to humidity stress  growth of shoots and roots was inhibited,
(Shaban, 2013; Khodarahmpour, 2012), followed by death of the majority of seedlings.
temperature (Farooqi & Lee, 2016; Wang et al., Heavy metals can also determine other
2018; Bano et al, 2015), salt stress physiological responses like necrosis, browning
(Mirosavljevi¢ et al., 2013; Sozharajan &  of roots or chlorosis, but the effects may differ
Natarajan, 2014; Turk & Eser, 2016) and heavy in function of environmental condition, plant
metals (Bashmakov et al., 2005; Sethy & type or metal amount (Pourrut et al., 2013).

Ghosh, 2013; Oladele et al., 2018). Maize (Zea The majority of metals are barely soluble and
mays L.) are known to be a good accumulator ~ mobile in  soils, with very low
of heavy metals and lot of experiments was phytoavailability. Almost all heavy metals

conducted to study the effects of these contami-  occur in soils as residual forms, due to strong
nants on growth and yield of maize (Aladesanmi ~ binding with different ligands (Uzu et al.,
etal., 2019; Ahmed & Hanan, 2015). 2009).
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Even the plants can easily accumulate metals
that are dissolved as ionic compounds in the
soil solution, also chelated or complexed metals
can be absorbed due the complex structure of
soils and complex absorption mechanisms of
plants (Fairbrother et al., 2007). This would be
the main different between laboratory tests and
“in situ” growth of plants. Yet, the influence of
increasing doses of heavy metals on the
behavior of seeds and seedlings can be
observed in laboratory, with very good
remarks. This work aimed to observe the
behavior of seeds and seedlings of maize (Zea
mays L.) in the presence of increasing doses of
soluble heavy metals (Zn, Cu, Ni, Co, Pb and
Cd).

MATERIALS AND METHODS
In order to characterize the effects of heavy

metals on seed germination and seedling
growth, six soluble salts of heavy metals were

used  (Cd(NO3)224H-0, Cu(NO3)2°3H>0,
Ni(NO3)2¢6H-0, Pb(CH3COO0)2°3H-0,
Co(NO3)2°6H20, Zn(CH3CO0)2°2H20),

representing those heavy metals (Cd, Cu, Ni,
Pb, Co and Zn). The salts were mixed together
in five concentrations, representing five
variants of treatments. A control variant
represented by distilled water was used also,
resulting a total of six variants. The
concentrations for the five variants were chosen
according the Romanian regulation (Order
756/1997), aiming to cover the whole interval
from reference value to values over
intervention threshold for sensitive use of soils,
as described in the order mentioned above. The
variants are showed in the Table 1.

Table 1. Variants of concentrations used in experiment

Variants (ppm)

Metal M C1 C2 C3 C4 C5
Ni 0 25 75 100 150 200
Cu 0 20 60 100 150 200
Cd 0 3 5 10 15 20
Zn 0 100 300 450 600 700
Pb 0 30 50 75 100 150
Co 0 20 30 50 75 100

The biological material was represented by
maize seeds (DKC 3969 hybrid). The
experiment was conducted using 20 centimetres
Petri dishes, with two filter paper disks which
have been soaked in heavy metal solutions.

Each variant had four replicates (two per
vessel), and each replicate used 25 seeds
(Figure 1), resulting a total of 600 seeds. The
germination took place at room temperature
(22°C during daytime and 19°C during night),
at natural light, excepting first 24 hours when
the vessels were kept in dark conditions. The
seeds were considered to have germinated after
radicle emerged 2 mm through tegument.
Germination test was ended when no seeds
have germinated for 3 days consecutively. The
germination period ended after 8§ days, the
seeds being monitorized for 10 days.

Figure 1. The arrangement of seeds in Petri dishes
(two replicates: 2 x 25 seeds per vessel)

A series of physiological indicators were
determined, as presented on the Table 2.

Table 2. List of determined physiological indicators

Indicator Unit Formula Source
Final FGP (total number of Ranal &
germination (%) germinated seeds / Santana, 2006,
percentage total number of according to

planted seeds) x100 ISTA, 1999

Length of | Lr,Ls, Metric -
radicle, T measurements
shoot  and
total length
of seedling
Maximum PV FGP / the number of | Czabator, 1962
germination days required to
value (“peak reach the maximum
value”) germination value
Seedling SGI (Seedling length of Alietal., 2015
growth (%) control variant -
inhibition Seedling length of

tested variant) /

length of control

variant x100
Seedling PVI PVI = seedling Pati &
vigor length x FGP Chowdhury,
2015




RESULTS AND DISCUSSIONS

After eight days, the germination ended
resulting the daily evolution presented in
Figure 2. The last three days are identical,
meaning that germination is over.
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Figure 2. Germination dynamics by days

There were counted the seeds whose radicle
reached a length of at least 1 mm. It can be
observed that the contamination with heavy
metals delayed the germination in concordance
with the level of toxicity. The way how the
germination influenced the others indicators is
shown on the following calculations.

Final  germination  percentage  (FGP)
represents the total number of germinated seeds
reported to total number of planted seeds

(Figure 3).
" él 7012559 4 B
100 [ p=00010 C
=0.0001
80
60
N
40
20
0
M Cl C2 C3 C4 C5

Figure 3. Final germination percentage (FGP)
(means£SE)

Although the maximum FGP was obtained for
C2 treatment, the difference between this
variant and the control (M) in not significant
(p-value > 0.05), according to ANOVA
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unifactorial test (oo = 0.05). Actually, there are
no significant difference between control M
and C1, C2 and C3 variants. In the case of C4
variant, there is a significant difference beside
control M, and moreover, between M and C5
variant is highly significant difference.

Seedling length was obtained by adding the
length of radicle with the length of shoot
(Figure 4).
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Figure 4. Seedling length (radicle + shoot) (means + SE)

Although the FGP decreases from 99% to 81%
with the increase of concentrations, the effect
of heavy metals is not so relevant on
germination as it is observed on seedling length
(Figures 4 and 5).

Figure 5. Differences between M and CS5 seedling length

Running ANOVA test unifactorial test (o
0.05), it is shown that there are highly
significant differences between control variant
and all treatments, from C1 to C5 (Table 3).



Table 3. ANOVA P-value comparing control variant
with the rest of variants regarding seedling length

Variant | M C1 C2 C3 C4 Cs

A

D D D D
4.38E-06|3.73E-06 | 1.13E-06 | 7.28E-07

D
P-value 4.95E-05

As the control variant was not inhibited at all
by heavy metal treatment (SGI = 0), the Figure
7 show the evolution of this indicator as for the
rest of the variants.

As can be seen, the length of seedlings dropped
significantly from an average of 17.06 cm (M)
to an average of 1.09 cm(C5). The root length
followed the same trend dropping from average
of 10.97 cm (M) to an average of 0.32 cm (C5).
Maximum germination value (PV) represents
the mean daily germination of the most vigo-
rous component of the seed lot. It has a high
relevance in seed germination interpretations
(Czabator, 1962). It is determined by reporting
FGP to the number of days required to reach
the maximum germination value.

For all tested variants, the germination started
on Day 1 and ended differently, the latest
germination being observed on C5 variant. The
highest PV was reported for control variant,
followed at slight difference by C1 variant.
Running ANOVA unifactorial test (a=0.05), it
was noted that there is no significant difference
between M, C1 and C2 variants. For C3 and C4
variants, the values of PV differ significantly in
in relation to M. Also, between C5 and M the
ANOVA test showed a highly significant
difference (Figure 6).
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Figure 6. Maximum germination value (PV) (means+SE)

Seedling growth inhibition (SGI) indicator
show how much a seedling growth is inhibits
by a toxic factor. It is determined by the
difference between control variant and tested
variant length, reported to control length.
Actually, the control variant has zero inhibition
and as the length of a seedling decreases, the
SGI indicator will increase.
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Figure 7. Seedling growth inhibition (SGI) (means+SE)

100,00
80,00
60,00

240,00
20,00

0,00
20,00

-40,00

Given that for control variant the SGI is null,
from statistical point of view (ANOVA
unifactorial test a=0.05), between control and
all other variants there are highly significant
difference. As well, it can be observed that the
seedling growth inhibition follows the trend of
contamination level (Figures 7 and 8).

Figure 8. The seedling growth inhibition at the end of the
experiment, from control variant (M) to highest used
concentration (C5)

Seedling vigour (PVI) indicator is derived from
final germination percent and seedling growth
parameters (i.e. length) and is calculated as
seedling length multiplied by FGP (Figure 9).
The ANOVA test unifactorial test (a0 = 0.05)
reported that all variants differ significantly
from control variant. This shows that seedling
vigour is substantially reduced by any
contamination with heavy metals.
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Figure 9. Seedling vigour (PVI]) (means + SE)
CONCLUSIONS

The results showed that the germination
percent did not decrease significantly for the
lower level of contamination, but increasing the
concentration of heavy metals close to
intervention threshold for sensitive soils the
germination percent dropped significantly.
Regarding the seedling development, the high
concentration of heavy metals inhibited the
growth, especially the radicle evolution which
was almost stopped. The radicle length was
reduced by 17 times on highest heavy metal
treatment. Although the shoot continued to
grow slowly, it may be due to seed nutrient
reserve which did not end in the supervised
period.

The maximum germination value showed that
the higher the contamination was, the harder
the seed germinated. The highest level of
contamination increased the germination time
almost twice compared to non-contaminated
seeds.

Considering the seedling growth inhibition, it
can be noted that the first level of
contamination reduced the length of seedling
more than half of the control variant and the
highest level of contamination, the length of
seedling was reduced over 93%.

The same way, the seedling vigour is reduced
by half at the first contamination and at the
highest contamination is reduced about 20
times than the control variant.

Overall, even the germination indicators of
some variants did not suffer significant
modifications related to control variant, the
indicators concerning the seedling growth are
totally different beside the control variant,
heavy metal contaminations affecting much
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more the early development than the
germination.
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Abstract

The purpose of monitoring the thermal and hydric regime of the soils from the Somesan Plateau is to set up the
evolution tendency of pedoclimate parameters and to establish the agrotechnical measures in order to adapt
agricultural technologies to climate changes. Romania is among the areas with the lowest capacity to adapt to existing
climate changes and to those which are going to come and the Somesan Plateau is among the most affected areas due
to the reduced degree of afforestation and the lack of forest curtains. Monitoring and variability of climate elements
was achieved during 2013-2018, through a network of 10 HOBO microstations which stored soil temperature data
electronically (at 10, 30, 50 cm deep) and air (at 1 m height), soil moisture (at 10 cm depth) and rain gauges. The
thermal regime of the soils from the Somesan Plateau is mesic, with values of the annual average temperature of the
soil 50 cm deep ranging between 8-15°C, and the differences between the average of summer temperatures and the
average of winter temperatures are higher than 6°C at 50 cm depth (the difference ranging between 10.3-15.6°C). The
annual values of the soil humidity ranged between 0.153-0.344 m*/m’. The annual average of the air temperature
during 2013-2018 ranged between 9.21-11.03°C. The annual average of rainfall ranged between 476.3-879.4 mm/an.

Key words: thermal and hydric regime of soils, the Somesan Plateau.

INTRODUCTION the areas from the north and nort-western
Europe, but decreasing in the south of Europe.
The Earth’s climate is generated by factors like: ~ The majority of projections of climate models
insolation, excentricity of the Earth’s orbit, the ~ show a continuation of increased rainfall in the
movement of earthly precession, obliqueness  north of Europe and their decrease in the south
compared to the Sun, terrestrial albedo,  of Europe (EEA, 2019).
anthropic factors, humidity etc., cannot remain  The effects of climate changes in agriculture
constant as long as there are changes, evolution  reflect in the expansion to the north of areas
at the level of the earthly bark (Eastwood et al.,  favorable for certain agricultural crops during
2006; Casas-Prat, 2012; Murante et al., 2020).  blooming and harvesting of crops earlier than
Climate changes are currently a political issue  the usual ones, in the growth of irrigation need
worldwide (Ramirez-Villegas et al., 2012;  for the crops from the South and South-West of
Cattaneo et al., 2019). Europe, in the decrease of productivity in the
Scientific evidence and explanations of climate  case of certain crops due to heat waves and
changes have accumulated over decades, being  drought periods, mainly in central and southern
integrated into strategies and adaptation policies  Europe, instead there is an increase in
(Fuhrer, 2003; Hemadi et al., 2011; Lereboullet  productivity for crops from northern Europe,

et al., 2013; Clar and Steurer, 2019). where the vegetation period of crops has been
Changes in the rainfall regime at a European  extended.
level show a higher temporal and spatial varia-  In terms of the soil humidity, there are no clear

bility compared to temperatures, increasing in  clues as to the tendencies of keeping water in
35



the soil due to the lack of systematic and
harmonized data. The projections suggest a
reduction of the soil humidity in the greatest
part of Europe, significant reductions in the
mediterranian region and its growth in the
North-East of Europe (Calanca et al., 2006;
Sheffield et al., 2012).

The regional distribution of the impact of
climate changes on agricultural production can
vary a lot (Donatelli et al., 2012). Thus, the
biggest drops in crops are forecast in the
southern part of Europe, of approximately 25%,
up to 2080 based on a temperature increase by
5.4°C (Ciscar et al., 2011). Under these
conditions, Bindi and Olesen (2011) also
estimate an increcase of the risk of failure,
especially in the case of summer crops which
are not irrigated.

Romania is among the areas with the lowest
capacity to adapt to the existing climate
changes and to those which are going to come
and the Somesan Plateau is among the most
affected areas due to the reduced degree of
afforestation and the lack of forest curtains.
Right now and in perspective, a series of
strategies and plans to fight climate changes are
being proposed, but in order to put them into
practice, a strict monitoring of the thermal and
hydric regime of the area is needed in order to
identify and implement the measures to adapt
to the effects of climate changes.

The afforestation percentage of the current
geographical space of Romania has slowly
decreased from around 80%, which was in the
recent past to 55-60% at the beginning of the
XIX"™ century and to 23%, which is now.
Therefore, a considerable damage of the
environment has been produced, including an
incredible narrowing of biodiversity at all
levels (Baciu, 2006). The Somesan Plateau is a
subdivision of the Transilvanian Basin
together with the Transylvanian Plain and the
Tarnavelor Plateau. The Somesan Plateau is
aproximately a quadrilateral, as a form, with a
surface of approximately 510000 hectares,
having around 100 km on the South-West :
North-East direction, respectively 60 km on the
North-West : South-East direction. In this
region, high erosion is not only the result of
combined processes of two neotectonic
movements (the uplift of the hill compartment
and local subsidence), but also the friability of
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geological formations. The Somesan Plateau is
a “hilly complex” of plateaux and basins, with
many corridors on the side and it is very
fluctuant both in terms of relief and as
lithological structure. The lithology from the
Somesan Plateau is a dominant pedogenic
factor, influencing the type of relief, the
diversity and territorial distribution of soils. Its
influence reflects in the texture, depth, fertility
and humidity regime of soils, being at the same
time the main cause of slope processes. The
zonal soils are: phaeozems, preluvisols and
luvisols, to which intrazonal lithomorph soils
are added: rendzina, pseudorendzina,
hydromorph, halomorph, less spread. Less
developed soils like lithosols, regosols, alluvial
soils and river deposits are also met. The
analysis of crop structure from the Somesan
Plateau shows a higher share and considers
main agricultural plants: autumn wheat,
triticale, maize, potato and clover.

The annual average temperature has values
ranging between 6.5-9°C, the lower value is
very rarely reached in higher areas, and the
higher value of 8.5-9°C is rarely met, only
during very hot years. The annual average
rainfall has values ranging between 600-800
mm, rarely dropping or exceeding this limit.
The purpose of the paper is to monitor the
thermal and hydric regime of the soils from the
Somesan Plateau in order to set up the
evolution tendency of the pedoclimate
parameters and to set up the agrotechnical
measures to adapt agricultural technologies to
climate changes.

MATERIALS AND METHODS

Monitoring and variability of climate element
from Somesan Plateau was achieved during
2013-2018, through a network of 10 HOBO-
MAN-H21-002 (On-set Computer Corp.,
Bourne, MA, USA) stations, which store soil
temperature data electronically (at 10, 30, 50
cm deep) and air (at 1 m height), soil moisture
(at 10 cm depth) and rain gauges. HOBO Smart
Temp (S-TMB-MO002) temperature sensors and
Decagon EC-5 (S-SMC-M005) moisture
sensors were connected to HOBO Micro
Stations. Additionally, tipping bucket rain
gauges (RG3-M) were deployed to measure
rainfall. Data was downloaded from the Micro



Stations every four months via laptop computer
using HOBOware Pro Software Version 3.7.2.
Soil types, land slope and exposition, altitude

and geographic coordinates of the locations in
which stations were set are shown in Table 1
(Duda, 2018).

Table 1. Configuration of stations in the Somesan Plateau

No. station Location (County) Altitude (m) Soil type Exposition | Slope, %
1 Cristorel (Cluj) 404 Preluvosol N 8-10
2 Borsa (Cluj) 332 Faeoziom S 2-3
3 Lelesti (Bistrita-Nasaud) 606 Regosol \ 25-26
4 Somcutu Mic (Cluj) 271 Aluviosol S 2-3
5 Caprioara (Cluj) 416 Preluvosol S 4-5
6 Almasu (Salaj) 323 Aluviosol S 8-10
7 Racas (Salaj) 253 Preluvosol S-E 2-3
8 Simisna (Salaj) 256 Preluvosol N-E 7-9
9 Ileanda (Salaj) 225 Aluviosol S 2-3
10 Bunesti (Cluj) 209 Preluvosol N 6-8

When calculating the average, minimum and
maximum values of daily, monthly and annual
temperatures from the soil and air, as well as
the average, minimum and maximum values of
humidity from the soil and rainfall, the initial
data recorded by the HOBOware Pro Software
Version 3.7.2 Program mentioned earlier shall
be used, which is exported in Microsoft Excel
table worksheets. Subsequently, the data is
analyzed, it is graphically represented and
statistically interpreted by using both functions
specific for Microsoft Excel and specific sta-
tistic methods of interpreting data. Regression
is used as the best interpolation method in order
to spatialize climate information, taking into
account the nature of the variable (continuous
spatial character) and the time scale (monthly,
annual and multiannual average values).

In order to estimate the evolution tendency of
climate parameters we used the regression
analysis which supposes quantifying relations
from one (simple regression) or several
(multiple regression) independent variables and
a dependent variable (of reply), quantifying
cause relations being made by linear equations
(linear regression). The estimation of evolution
tendencies was applied in the evolution
analysis of climate parameters during 2013-
2018, with regards to the soil temperature at the
surface and 10 and 30 cm deep in the soil, the
air temperature 1 m from the soil surface, the
evolution of rainfall and soil humidity. The
values of the correlation coefficients in relation
to the tendencies of linear evolution of the
calculated  parameters were  graphically
represented for each of the parameters
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previously mentioned. The correlation analysis
was used in order to measure the intensity
among the variables by offering information
regarding the existance, the sense, the form and
the intensity of the connection among the
variables analyzed.

For a synthetic image of the space-time
variability of the variation of a meteorologic
parameter, we used standard deviation
(standard deviation), frequently used in clima-
tology, an index with the same unit measure as
that of the values from the data string used. The
evolution of quantitative elements were shown
by the graphical representation of standard
deviations, for example, of the annual amount
of rainfall compared to the multiannual
average, which indicates the value of positive
or negative deviations from each year
compared to the multiannual average, also
called normal, considered absolute zero
arbitrary. For the calculation of rainfall, the
HOBOware program allowed to record the
events (daily counting of the number of
tippings of the cup to collect rainfall), which
were exported in their turn in Excel calculation
sheets, where the monthly and annual amount
of rainfall was calculated by multiplying the
number of events by 0.2 (mm), a value which
corresponds to each balance of the cup
mechanism the rain gauge is equipped with.

RESULTS AND DISCUSSIONS

The thermal regime of the soil depends on a
complex of factors, first on the intensity of
solar radiation and its periodic variations in




time, to which physical properties of the soil,
composition, structure, texture, degree of
humidity or dryness of the soil, specific heat
and thermal conductivity, orientation and slope
inclination as well as nature and degree of
covering soil surface with vegetation are added.
The soil surface receives a certain amount of
energy which is converted into thermal energy,
which subsequently propagates and/or it is
taken over, then, by the soil layers through
conduction.

The thermal regime of the soil influences in its
turn the growth of plants, the biological activity
and movement of water inside the soil. In
evaluating the thermal regime of the soil, the
multiannual average of temperature is the value
mostly used.

The analysis of the thermal regime of the soils
from the Somesan Plateau during 2013-2018 by
indirect determination according to SRTS,
2012 (adding 2°C to the annual average
temperature of the soil 50 cm deep from the

surface) is not confirmed as, in the case of most

stations from the Somesan Plateau, the

temperature values 50 cm in the soil are higher
than those of the air.

Figure 1 shows the multiannual average

temperatures (2013-2018) of the temperatures

in the soil, at 10 cm, 30 cm and 50 cm in the
case of the 10 stations from the Somesan

Plateau:

- the multiannual average of the soil
temperature 10 cm deep ranged between
10.59°C at Cristorel station and 12.04°C at
Caprioara station;

- the multiannual average of the soil
temperature 30 cm deep ranged between:
10.62°C at Cristorel station and 11.98°C at
Caprioara station;

- the multiannual average of the soil
temperature 50 cm deep ranged between:
11.03°C at Almasu station and 11.91°C at
Caprioara station.
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Figure 1. Multiannual average (2013-2018) of soil temperature in the Somesan Plateau

From the data recorded during 2013-2018, it
results that the thermal regime of the soils from
the Somesan Plateau is mesic, with values of
the annual average temperature of the soil, 50
cm deep, ranging between 8-15°C, and the
differences between the average of summer
temperatures and the average of winter
temperatures are higher than 6°C at 50 cm
deep. The annual average of the soil
temperature has values ranging between 10.3°C
and 15.6°C. In terms of the differences between
the average of the summer and winter
temperatures, 50 cm deep into the soil, they
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range between 12.07°C and 19.91°C. The
differences between the annual average of the
summer and winter temperatures, 50 cm deep
into the soil, range between 12.07°C at Borsa,
in 2015 and 19.19°C at Cristorel in 2017. The
lowest differences of temperature were
recorded at Borsa (12.07°C) and Almasu
(12.6°C) stations in 2015, and the highest
differences of temperature were recorded at
Cristorel in 2017 (19.19°C) and Somcutu Mic
in 2017 (18.91°C).

The soil humidity is one of the derived
meteorological elements of atmosphere, with a



determining role, together with other factors, in
the ongoing under the best conditions of the
vegetation cycle of plants. The determination of
the soil humidity was made with soil humidity
sensors located 10 cm deep into the soil. The
annual values of the soil humidity are presented
in Figure 2, from which one can notice that the
lowest annual values of the soil humidity are

recorded at Cristorel station in 2016 of 0.153
m3/m?, in 2013 of 0.1762 m*/m?® and in 2018 of
0.176 m*/m?; followed by Céprioara station of
0.185 m*/m? in 2017. The highest values were
obtained in 2013 at Lelesti station, of 0.344
m*/m?, followed by those at Simisna station in
2018, of 0.327 m*/m?® and Ileanda in 2017, of
0.322 m*/m’.
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Figure 2. Multiannual averages of soil moisture in the Somesan Plateau

The air temperature was recorded at the stations
which were equipped with rain gauge, 1 m
high from the soil surface. The annual average
of the air temperature during 2013-2018 ranges
between 9.21°C at Cristorel station in 2017 and
11.03°C at Somcutu Mic station in 2015. The

lowest values of the annual average of air
temperature during 2013-2018 were recorded at
Cristorel and Somcutu Mic stations and the
highest values were recorded at Bunesti and
Almasu stations (Figure 3).

Somcutu Mic
Ileanda
Cristorel
Bunesti

Almas

8,5

9,5

T°C (2013 - 2018)

10,5 11

Figure 3. Multiannual averages of air temperature during 2013-2018

From the data recorded at the stations equipped
with rain gauges, the highest amount of rainfall
from the Somesan Plateau during 2013-2018
was recorded at Ileanda station in 2016 (879.4
mm/year), followed by the ones from Bunesti
station in 2016 (708.8 mm/year) (Figure 4).

In order to statistically analyze the general
direction in time of the soil temperature, the
monthly rolling average for 12 months was
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used of temperatures 10, 30 and 50 cm deep
during 2013-2018. Then, the linear tendency
was applied to the values of the rolling average
based on the size of R? determination index
and the correlation coefficients, the first 12
months of data was excluded from the graphs
in order to allow the rolling average to
accumulate all 12 months for which
calculations are made and thus to become



relevant for 1 year every month when it is
calculated. Figure 5 shows the values of the
correlation coefficients associated to the trend
evolution of the annual average temperatures
calculated by the average of temperatures at 10,
30 and 50 cm. The values range between 0.69
at Almasu station and 0.19 at Bunesti station.

The average of the rolling temperatures is
presented in Figure 6. Temperature values
between 11.5 and 13.5°C can be noticed, the
only exception is at Ileanda station, where on
an average, 14.85°C was calculated.

Somcutu Mic
Tleanda
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Figure 4. Multiannual rainfall the Somesan Plateau
R2 Index
0,8
0,7
0,6
0,5 mR2
0,4
0,3
0,2
0,1
0
> < c}\ & @\ i 5‘? oSS i o
& & & S & & ¥ & & s
A 2 < g @Q‘\ O\% NS N < %?& Q\;\o
%Q&

Figure 5. Values of correlation coefficient associated with trend evolution of annual average
temperature averaged at 10, 30 and 50 cm
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Figure 6. Temperature rolling average in the Somesan Plateau, 2013-2018

The values of the correlation coefficients
associated to the evolution tendencies of the
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annual average temperatures calculated through
the soil humidity are shown in Figure 7.



The values range between 0.6922 at Bunesti
station and 0.0097 at Somcutu Mic station. The

evolution tendencies of humidity are described
in Figure 8.
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Figure 7. Values of the correlation coefficients between temperature and humidity, Somesan Plateau, 2013-2018
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Figure 8. The trend of humidity evolution in Somesan Plateau, 2013-2018

At Bunesti and Ileanda stations, tendencies of
easy growth (0.002) of humidity were recorded,
and at the other stations decreases or an almost
constant evolution resulted. At Lelesti, the
highest decreasing tendency was recorded
(-0.0009). The highest multiannual values of

the rolling average (Figure 9) were calculated
at Lelesti and Simisna stations (of over 0.3
m’/m®), and the stations with the lowest
averages were Bunesti and Cristorel - the only
ones with values under 0.2 m*/m® (0.173 and,
respectively, 0.178 m*/m?).
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Figure 9. The rolling average of humidity in the Somesan Plateau, 2013-2018



For the stations equipped with rain gauge, the
correlation index between the amount of
rainfall and the soil humidity was calculated,
too and its results are shown in Figure 10.
Thus, a very high R? correlation index (0.8507)

between the annual rainfall recorded at the
stations with rain gauge and the records offered
by the humidity sensors in the soil is
confirmed.
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Figure 10. The correlation index between rainfall and soil moisture, Somesan Plateau, 2013-2018

CONCLUSIONS

The thermal regime of the soils from the
Somesan Plateau resulted from the data
analysis of soil temperature during 2013-2018,
indicates a mesic-type regime, with values of
the annual average temperature of soil at 50 cm
deep ranging between 8 and 15°C, and the
differences between the average of summer
temperatures and winter temperatures are
higher than 6°C at 50 cm into the soil. The
differences between the annual average of
summer temperatures and winter temperatures
at 50 cm deep range between 12.07°C at Borsa,
in 2015, and 19.19°C at Cristorel, in 2017. The
lowest differences of temperature were
recorded at Borsa (12.07°C) and Almasu
stations (12.6°C), in 2015, and the highest
differences of temperature at Cristorel, in 2017
(19.19°C) and Somcutu Mic, in 2017
(18.91°C).

The evolution of temperatures at 10, 30 and 50
cm into the soil during 2013-2018, but also of
the average of the 3 temperatures indicates
evident decreasing trends of temperature in
most of the stations. The coefficients of linear
correlation among the data strings analyzed
indicate a dropping synchronous evolution of
the annual average temperature in the soil, with
more evident tendencies at Almasu, Borsa and
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Cristorel (-3%), the only station which recorded
an increase in temperature was Ileanda, by 4%.
The R2 coefficients of linear correlation for the
rolling average, calculated every month, of the
average of temperatures range between 0.35
and 0.8 for all stations.

Following the analysis of evolution trends of
annual average temperatures, based on the data
recorded during 2013-2018 we can notice that
the latter recorded decreases, even more
important than those for the soil temperature.
Drops of up to 10-15% of the rolling average of
temperatures were recorded, the only station
with a relatively constant evolution is Somcutu
Mic, with an unimportant decrease of -0.5%.
The wvalues of correlation coefficients
associated with the evolution trends of annual
average air temperature are lower than soil
temperatures. An R2 index of 0.62 was
calculated at Almasu and approximately 0.3 at
the other stations.

From the data analysis regarding the amount of
rainfall recorded, one can observe their linear
falling trend, the highest values of the annual
average are recorded in 2016, an average value
of 616.9 mm, this year is considered a year
with rainfall close to the normal of the area.
The lowest amount of rainfall was recorded in
2017 (476.3 mm), a dry year from the point of
view of rainfall. The value of the correlation



coefficient associated with the falling evolution
trend of rainfall R2 is smaller, which expresses
the unpredictable character of rainfall from the
area.

Following the comparative analyses between
the monthly average amount of rainfall during
2013-2018 and the monthly average amount of
rainfall from the data series for 30 years and
respectively 100 years, one can notice evident
decreases of the average amount of rainfall,
especially in critical periods, with high
demands for water, mainly during the blooming
and filling the seed/grain periods.

The evolution of soil humidity during 2013-
2018, recorded at 10 cm deep indicates its
general stagnation trend. The values of R2
correlation coefficients associated to the linear
trends of soil humidity range between 0.35 at
Ileanda and 0.69 at Bunesti.
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Abstract

One of the requirements of quality management of soils in general, and of arable soils in particular, is knowledge of the
dynamics of physical and chemical characteristics especially of those which are the most sensitive under human
activities. The main objectives of the present paper were to measure the physical, chemical and hydrological properties
of soil collected from three agricultural soils, and to carry out the fertilization plan accomplished by using modern
agricultural practices and technologies for a balanced fertilization in order to preserve soil fertility and environment.
Soil samples were collected from three locations around South of Romania. The selected soils for this study are located
in the Calarasi county, namely: profile P1 in Sarulesti location - Typical Chernozem (Calcic Chernozem), profile P2 in
Tamadau Mare location - Cambic Chernozem (Haplic Chernozem), and Arges county respectively: profile P3 in
Costesti location - Vertic-Stagnic Preluvosol (Vertic-Stagnic Luvisol). The investigated soils are medium to fine
textured, starting from medium clayey-loam, clayey-silty loam to loamy clay. High contents in clay result in higher
values for bulk density and penetration resistance. On the contrary, the saturated hydraulic conductivity (Ksa) of such
fine textured soils records low values, the most significant decrease being encountered in the soil profile P3. The
highest values of K were recorded in the topsoil layer of the soil profile P2 where the total porosity was also the
highest. The deeper layers of the soil profiles (> 80 cm depth) have lower values for S index. That means the soil
physical quality as quantified by S is better in the topsoil horizons than in the subsoil horizons. The soil reaction values
highlighted a lightly acid soil in P3, a lightly acid to lightly alkaline soil reaction in P2, and a lightly alkaline soil
reaction in P1. The total nitrogen content of all three soils varied from very low-low to moderate values. The available
phosphorus content ranged from very low-low in P3, low-high in P2, up to moderate-high in P1. As for the available
potassium content, all the studied soils were moderately supplied. The fertilization plans were accomplished based on
agrochemical studies. For each of the three sites cartograms were done for soil reaction, phosphorus and potassium.
Also synthetic cartograms with the average values of soil reaction (pH), humus content, available phosphorus (Pz),
available potassium (Kuz), and nitrogen index (IN) for the established fertilization parcels from each location were
realized. The fertilization plans contained economic and technical optimum doses - DOE and DOT (which ensure a
certain level of crop yield at which the maximum benefit is achieved) for a four years crop rotation in case of P1 and P2
soils and five years crop rotation in case of P3 soil.

Key words: soil quality, balanced fertilization, arable soils, optimum economic dose.

INTRODUCTION from agricultural practices and the impact of
these practices on the environment. In order to
One of the requirements of quality management  have soil with a high physical quality it is
of soils in general, and of arable soils in  necessary to have two main structural features:
particular, is knowledge of the dynamics of  firstly, the soil must be stable. That means, the
physical and chemical characteristics especially ~ clay particles must flocculate and not disperse.
of those which are the most sensitive under Flocculation is enhanced by calcium ions
human activities. adsorbed on the clay surfaces and by
It was widely recognized and accepted that soil maintaining the electrolyte concentrations
structure represents the most important physical ~ above certain critical values. Also high levels
characteristic for all aspects of soil use and  of organic matter content are essential for the
management due to its great impact on other  stability of micro-aggregates. Secondly, the soil
soil physical properties. must have a wide distribution of pore sizes and
Soil structure can change as a result of the use a high total porosity that will make the soil able
of various agricultural practices and can, in  to absorb, store and release water for plant use
turn, influence both the productivity arising  in response to transpirational demand. Such
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soils will have also a good aeration status and
will be more easily penetrable by plant roots.
The interactions between soil chemical,
physical and microbiological properties define
a specific soil’s “quality” and influence how
effectively the soil carries out ecosystem
functions such as: a) retain and release nutrients
and other chemicals, b) distribute rainfall at the
soil surface into runoff and infiltration, c¢) hold
and release soil water to plants, streams and
groundwater, d) withstand wind and water
erosion, and e) buffer against the concentration
of potentially toxic materials (Larson and
Pierce, 1991; Karlen et al., 1997). Moreover,
soil quality is an inherent property of a soil, a
result of the factors of soil formation (i.e.
climate, vegetation, parent material, time and
topography). Therefore, from a productivity
point of view, each soil has an innate capacity
to function, and some soils will be inherently
more productive than others.

An important measure from the Code of Good
Agricultural Practices (2015), which transposes
the European Nitrates Directive in Romania,
refers to the standards on maximum quantities
of nitrogen fertilizers which may be applied on
agricultural lands in order to prevent or reduce
water pollution with nitrates. For this, fertilizer
plans at farm level are recommended to be
carried out. A fertilization plan is based on a
soil  agrochemical study. Within the
agrochemical study, the maximum nitrogen
doses which might be applied in soil are
calculated. For calculation of the maximum
nitrogen doses, soil nitrogen content, soil
physical and chemical properties as well as the
expected crop yields are taken into account. If
the maximum calculated nitrogen (mineral and
organic) dose is lower than 170 kg
nitrogen/ha/year, the maximum nitrogen dose
from animal manure which might be applied on
agricultural land should not exceed this value.
In order to obtain high yields and to increase
the soil fertility, a proper fertilizer dose should
be applied for increasing soil nutrients content
as well as the soil fertility without losing
nitrates by surface runoff or by leaching and
avoiding water bodies pollution.

The fertilization plan is accomplished for a
period of 4-6 years for crops within a certain
rotation at farm level and contains nutrients
economic optimum doses (which ensure a
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certain level of crop yield at which the
maximum benefit is achieved) and technical
doses (which take into account the ecological
potential and the amount of nutrients needed to
maintain/increase the soil fertility and to
achieve high crop yields without a certain
benefit and possible losses) (Lacatusu, 2016).
All the fertilization doses are established in

kg/ha.
The main objectives of the present paper were
to measure the physical, chemical and

hydrological properties of soil collected from
three agricultural soils, and to catry out the
fertilization plan accomplished by using
modern agricultural practices and technologies
for a balanced fertilization in order to preserve
soil fertility and environment.

MATERIALS AND METHODS

Sample collection and preparation

Soil samples were collected from three
locations around South of Romania. The
selected soils for this study are located in the
Calarasi county, namely: profile P1 in Sarulesti
location, profile P2 in Tamadau Mare location,
and Arges county respectively: profile P3 in
Costesti location. According to the Romanian
soil classification - SRTS 2012 (Florea and
Munteanu, 2012) and FAO-WRB (1998), the
soil types used in this paper are: P1-Typical
Chernozem (Calcic Chernozem), P2- Cambic
Chernozem (Haplic Chernozem), P3-Vertic-
Stagnic Preluvosol (Vertic-Stagnic Luvisol).
All the investigated areas were under the arable
land use. The soils were characterized
according to the instructions for accomplishing
the agrochemical studies by using standardized
measurement methods.

Fertilization plan execution

The fertilization plan was carried out going
three stages, namely: field stage, laboratory
stage and desk stage. The field stage included
activities such as: obtaining information about
the farm specific conditions (physical blocks,
crop location on physical blocks, previous
agrochemical treatments, soil types). Two soil
samples were collected from one physical
block within the Sarulesti sampling point, 11
soil samples were collected from four physical
blocks within Tamadau Mare sampling point



and 10 soil samples were collected from one
physical block within Costesti sampling point.
The laboratory stage included the measurement
of soil indicators used for nitrogen doses
calculation, such as: soil reaction (pH), organic
carbon (Corg), available phosphorus (Pav),
available potassium (Kar). The nitrogen index
(IN) was calculated. During the desk stage
cartograms related to soil reaction (pH) and
availability of phosphorus (Par) and potassium
(Kar) were accomplished.

RESULTS AND DISCUSSIONS

Comparative analysis of soil quality

The soils from this study were characterized in
terms of hydro-physical and chemical
properties. In Table 1 the hydro-physical
characterization of the soils is presented. It can
be observed that the investigated soils are
medium to fine textured, starting from medium
clayey-loam (P1), clayey-silty loam (P2) to
loamy clay (P3). High contents in clay result in
higher values for bulk density (BD) and
penetration resistance (RP). On the contrary,
the saturated hydraulic conductivity (Ksa) of
such fine textured soils records low values, the
most significant decrease being encountered in
the soil profile P3.

Soil penetration resistance and bulk density are
often used in studies concerning soil
degradation by  compaction. In this
investigation, in case of soil profiles P2 and P3,
the values of penetration resistance and bulk
density increased down the soil profile, the
subsoil layers showing a greater mechanical
strength than the topsoil layers. Plots of
penetration resistance and bulk density as
functions of soil depth are presented in Figure
1. The compacted layer is observed just below
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the ploughing depth, values of both bulk
density and penetration resistance increasing
sharply at this depth.

Penetration resistance is used to simulate the
mechanical impedance encountered by growing
roots (Whitebread et al., 2000). Several authors
(e.g. Ferreras et al., 2000) suggested that the
level of mechanical strength, as recorded by
penetrometer, can severely restrict root growth,
particularly in the plough pan. A value of
penetration resistance of 2-2.5 MPa is quoted in
the literature as a critical value above which
root growth is reduced significantly (Busscher
et al., 1986).

Degradation of soils due to compaction is a
worldwide problem, and the problems caused
by this were intensively studied and reported in
many articles (e.g. Defossez and Richard,
2002). Lipiec and Nosalewicz (2004) showed
that a characteristic response of a root system
to increasing soil compaction level is a
decreased root length, retarded root penetration
and shallower rooting depth. The authors in
their work showed that irrespective of soil type
and site the soil compaction resulted in greater
concentration of roots in upper soil (0-10 cm)
and reduced root growth in deeper soil, mostly
due to excessive mechanical impedance such as
hard pan.

Soil structure represents one of the major
attributes of soil quality (Dexter, 2004a). It
affects the soil pore system and through it the
water movement processes in soil. The highest
values of saturated hydraulic conductivity (Ksar)
were recorded in the topsoil layer of the soil
profile P2 where the total porosity (PT) was
also the highest (Figure 2).



Table 1. Physical characterization of the soil profiles

‘ Profile Depth Particle 51z.e distribution Soil BD RP K PT Woro
Location No sand | silt | clay texture
) (cm) (% g/g) class (g/cm®) | (MPa) | (mm/h) (% v/v)
0-18 372 | 277 | 35.1 TT 1.45 4.4 395 | 459 | 452
1828 | 40.0 | 27.6 | 324 LL 1.44 3.9 724 | 462 | 455
Sarulesti - 2845 | 377 | 29.1 | 332 T 1.37 3.1 444 | 489 | 453
ruies 4565 | 37.6 | 298 | 32.6 TT 127 2.4 1823 | 52.7 | 45.6
6592 | 352 | 325 | 323 LP 1.28 2.6 1349 | 52.1 | 464
92-138 | 40.1 | 30.0 | 299 LL 1.46 3.4 214 | 457 | 44.7
0-16 37.1 | 282 | 347 T 1.18 2.5 1693 | 560 | 47.8
1628 | 34.8 | 280 | 372 T 1.45 4.0 570 | 459 | 415
Tamad 28-45 | 348 | 265 | 387 T 1.40 4.7 121 | 476 | 413
al\‘jl’:rea“ P2 45-63 | 37.6 | 240 | 384 TT 1.43 4.8 1.04 | 468 | 42.1
63-90 | 288 | 31.6 | 396 T 1.40 43 207 | 479 | 417
90-130 | 338 | 32.5 | 337 TP 1.48 4.0 346 | 449 | 41.1
130-150 | 37.9 | 299 | 322 LL 1.36 3.0 587 | 493 | 424
0-20 296 | 292 | 412 T 1.61 2.5 0.95 | 392 | 48.7
2039 | 332 | 247 | 421 T 1.46 5.5 1420 | 449 | 41.1
Costesti - 39-57 | 21.1 | 235 | 3554 AL 1.48 5.3 240 | 442 | 474
ostes 5774 | 209 | 228 | 563 AL 1.47 6.2 118 | 445 | 497
7496 | 199 | 245 | 3556 AL 1.50 6.2 118 | 434 | 492
96-138 | 23.1 | 23.1 | 338 AL 1.51 6.9 0.80 | 43.0 | 44.7
RP (MPa) BD (g/cm3)
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Figure 1. Plots of penetration resistance and bulk density as functions of soil depth
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Figure 2. Plots of saturated hydraulic conductivity and total porosity as functions of soil depth
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Pagliai et al. (2004) stated the significant role
played by soil porosity in evaluation of the
impact of management practices on the quality
of soil structure. They found that adopting
alternative tillage systems, such as ripper
subsoiling, on a cambisol the macro-porosity
was generally higher and more-homogeneously
distributed through the profile when compared
with a conventional tillage system, and the
resulting soil structure had a better quality, as
confirmed by the higher hydraulic conductivity
measured in the soil tilled by ripper subsoiling.
As a general trend, the topsoil layers had
greater values of water content at saturation
(Wpro) when compared with subsoil layers,
except for the profile P1 where the values of
water content at saturation were constant within
the soil profile (Table 1). This may be
attributed to a decrease of organic matter
content and an increase of bulk density values
within the soil profiles.

Figure 3 shows the soil water retention curves
of the three investigated soils. The soil water
retention curves were obtained after using the
Arya-Paris model for estimating the van
Genuchten parameters (Arya and Paris, 1981).
The differences in shape of water retention
curves between topsoil and subsoil layers may
be as a result of either externally-applied
mechanical stress by agricultural machinery
which can lead to compaction of the layer
below ploughing depth, or internally-applied
mechanical stress due to drying of the soil
which causes shrinkage due to the effective
stresses generated by the pore water suction
and the surface tension in the water menisci. It
is known that both increasing bulk density and
soil drying reduces the volume of the soil pores
(Vizitiu et al., 2010).

The fitted van Genuchten (van Genuchten,
1980) parameters were then used to calculate S
index using Eq. (1) from below.

1 ~(1+m)
S = _n(esat - ere.v). [1 + :| (1)
m

where: n, m - adjustable shape factors;
Osa: - water content at saturation (kg kg™');
Ores - residual water content (kg kg™).

The van Genuchten parameters were used to
calculate the values of S index by using the
equation 1.

The resulting values of S are presented in
Figure 4 and show that these soils have
different pore size distributions along the soil
profile which is mainly due to differences in
their micro-structure. According to Dexter's
theory (2004a,b,c) the values of S index were in
the range of the S values defining a poor (S =
0.028-0.034) and good (S = 0.036-0.088) soil
physical quality, with the mention that based on
the S index values, all the soil profiles fall into
the class of good soil physical quality.

P1 - Sarulesti
Calcic Chernozem
7,0 |
6,0
—0-18cm

5.0 1 ———18-28cm

4,0 4 28-45cm
‘5 3,0 4 ———45-65cm
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1.0 A —092-138cm

0,0 T T i

0,10 0,30 0,50 0,70
water content, kg/kg
P2 - Tamadau Mare
Haplic Chernozem ——0-16 cm

7,0 16 - 28 cm

6,0 28 -45cm

50 ———45-63 cm

4,0 | ———63-90cm

"',5_ =——090-130cm

301 ——130- 150 cm

2,0 1 N

1,0 A

0,0

0,10 0,20 0,30 0,40 0,50
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P3 - Costesti
Vertic-Stagnic Luvisol

7,0

6,0 1 —0-20cm
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W ’ 57 - 74 cM
23,0 A 74 - 96 cm
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Figure 3. The soil water retention curves of the soils
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Figure 4. Values of the S index for the studied soils

From the Figure 4 it can be seen that the deeper
layers of the soil profiles (> 80 cm depth) have
lower values for S index. That means the soil
physical quality as quantified by S is better in
the topsoil horizons than in the subsoil
horizons, except for the profile P1 where the
values of § index in the top-soil layer is the
lowest, and then showed an increase up to 80
cm depth and then decreased again with depth.
This can be due to both higher contents in
organic matter of the top-soils and lower values
of bulk density.

The soil fertility and availability of the
nutrients are strongly affected by the soil
properties. Because of these, it is very
important to evaluate periodically the soil
fertility and to correlate the applied fertilization
doses with the plant needs.

The chemical characterization of the studied
soils is presented in Table 2. The soil reaction
values, in case of P3 soil profile, varied
between 5.5 and 6.7, which highlighted a
lightly acid soil. The soil profile P2 had soil pH
values ranging between 6.7 and 8.2, which
means that this soil has a lightly acid to lightly
alkaline soil reaction. At last, the soil profile P1
had values of pH between 7.5 and 8.5, meaning
that this soil had a lightly alkaline soil reaction.

Organic matter content of the studied soils
varied between very low and low contents (0.6-
3.3% and 0.9-2.7% respectively) in case of fine
textured soils (P2 and P3 respectively) up to
low — moderate contents (1.2-3.9 %) in case of
medium textured soil profile P1.

The total nitrogen content of all three soils
varied from very low - low to moderate values
(0.090-0.225%). The available phosphorus
content ranged from very low - low (2-12 ppm)

in case of soil profile P3, low - high (17-56
ppm) in case of soil profile P2, up to moderate -
high (22-52 ppm) in case of soil profile P1. As
for the available potassium content, all the
studied soils were moderated supplied (100-200

ppm).

Table 2. Chemical characterization of the soil profiles

Location Depth pH | Hu-mus | Niotal PaL | KavL
(cm) ) (%) (%) (ppm)
0-18 | 75| 39 | 0225 | 52 | 180
1828 | 81| 3.6 | 0179 | 28 | 159
Sarulesti 2845 [ 84| 26 [ 0158 [ 22 | 179
4565 | 85| 23 | 057 | 22 | 180
6592 | 85| 23 - - -
92-138 | 85 | 12 - - -
0-16 | 67| 33 | 0.8 | 56 | 170
1628 | 67| 33 | 0.183 | 51 | 167
2845 | 67| 3.0 | 0144 | 23 | 177
Tamadau ™7 717755 [ 0118 | 17 | 200
Mare
6390 | 73| 24 B R B
90-130 | 73 | 12 B - .
130-150 | 82 | 0.6 B - B
020 | 55| 27 | 019 | 12 | 100
2039 | 58| 2.1 | 0153 | 2 | 109
Costesti 3957 |58 13 0090 | 2 | 131
5774 | 60| 10 B 2 |17
7496 | 62 | 09 - 4 | 138
96-138 | 6.7 | 1.0 B 3| 123
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The nutrients uptake by absorption in plants
from the soil, by leaching or by other processes
related to the natural dynamics of the soils,
result in a decrease of the contents of mobile
forms of nutrients and the gradual decline of
soil production capacity. Therefore, both
nutrients consumption by crops and decreased
nutrient availability through natural processes
(adsorption, fixation, immobilization in humic
substances, etc.) is necessary to be
compensated by applying of mineral and
organic fertilizers (Borlan et al., 1994).
Fertilization plan - a tool for managing and
controlling the fertilizers use

To maximize their productive potential, the
cultivated plants need appropriate amounts of
water, light, carbon dioxide and mineral
nutrients (nitrogen, phosphorus, potassium,
calcium, magnesium, sulfur, and a number of
trace elements). Soil is the main source of
mineral nutrients and water for plants. Its
capacity to provide the nutrients needed by
plants varies depending on its fertility level.
The plant nutrients availability and soil fertility
are strongly influenced by soil properties.




Consequently, is very important to periodically
evaluate the soil fertility and to correlate the
applied fertilization doses with the plant
requirements. Moreover, in the Action Plan for
water protection against nitrates pollution from
agricultural sources it is mentioned that for the
farms which practice irrigated agriculture and
for that’s where the planned crop yield requires
higher amounts of nitrogen than those given by
the maximum standards set out in the Code of
Good Agricultural Practices (GAP) for water
protection against nitrate pollution from
agricultural sources (Dumitru et al., 2015), it is
mandatory to accomplish the fertilization plan
based on agrochemical study.

Cartograms of soil reaction, available
phosphorus and available potassium were
accomplished. In Figure 5 the cartograms of
soil reaction and fertilization parcels are
presented as an example for all the three
studied areas. Each soil sample was located by
numbers and agrochemical values on
cartograms. It can be seen that the two soils
from Calarasi county (P1 - Sarulesti and P2 -
Tamadau Mare) had similar values as those
found when soil smaples were collected from
profiles. The pH values varied between 6.13
(P1) and 7.64 (P2). Also the soil from Arges
county (P3 - Costesti) maintained its lightly
acid reaction, with values ranging between
5.03-5.87.

The available phosphorus content ranged from
low (8-15 ppm) in case of soil profile P1, low -
high (26-91 ppm) in case of soil profile P2, up
to low - moderate (15-33 ppm) in case of soil
profile P1. As for the available potassium
content, the studied soils from Calarasi county
(P1, P2) were good - very good suppled (143-
267 ppm), while the soil from Arges county
(P3) was moderately supplied (87-132 ppm).
The nutrients uptake by absorption in plants
from the soil, by leaching or by other processes
related to the natural dynamics of the soils,
result in a decrease of the contents of mobile
forms of nutrients and the gradual decline of
soil  production capacity. Therefore, is
necessary to compensate by applying of
mineral and organic fertilizers, both nutrients
consumption by crops and decreased nutrient
availability =~ through  natural  processes
(adsorption, fixation, immobilization in humic
substances, etc.) (Borlan et al., 1994).
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Within the investigated physical blocks, one
fertilization parcel (P 1-2) was established in
case of P1 - Sarulesti, four fertilization parcels
were established in case of Tamadau Mare - P2
and one fertilization parcel was established in
case of P3 - Costesti by fitting the
agrochemical subparcels with agrochemical
values included in the same variation range.

P3 - Costesti
Figure 5. Cartograms of the soil reaction



In Figure 6, as an example, the average values
of soil reaction (pH), humus content, available
phosphorus (Par), available potassium (Kav),
and nitrogen index (IN) for the established
fertilization parcels in case of P2 - Tamadau
Mare are presented.

Physical block
no. 17,32, 28,
66

Figure 6. Fertilization parcels established within the
physical blocks in case of P2 - Tamadau Mare

The soil pH values within the studied physical
block varied between 6.83 and 7.64, which
highlighted a lightly alkaline soil (Figure 6).
The lightly alkaline reaction of soil indicates a
high degree of bases saturation of the soil,
which indicates a good soil fertility.

Soil nitrogen content was evaluated by using
the nitrogen index (IN) and it was moderate
(the IN values were at the lower limit of the
variation range) (Figure 6). The average value
of nitrogen index (IN) was classified as
medium nitrogen content (2.61-2.84). This
indicates a good fertility level of the soil in
those specific parcels of the farm.

The soil available phosphorus content of P2
was classified as low - moderate - good, with
average values between 10 and 91 mg/kg. The
available potassium content of P2 was
classified as good, with values ranging between
164 - 191 mg/kg. On such soils with a good
fertility, the fertilizers doses containing
phosphorus and potassium should be applied
according to the plant needs, soil phosphorus
and potassium contents, expected yield.

51

Table 3. Expected yields in the studied areas

Expected yields of the farmer for which
Crop optimum econorpic doses were
established
Pl P2 P3
Wheat 7.0 7.0 6.5
Maize 9.0 9.0 9.0
Sunflower 4.0 4.0 4.0
Rape 4.0 4.0 4.0
Soybean 3.0

The expected yields at the farm level are
presented in Table 3. Based on these expected
yields, fertilization plans for the established
fertilization parcels were accomplished. These
contain economic and technical optimum doses
- DOE and DOT (which ensure a certain level
of crop yield at which the maximum benefit is
achieved) for a four years crop rotation (winter
wheat - maize - sunflower - rape) in case of P1
and P2 soils and five years crop rotation
(winter wheat - maize - sunflower - rape -
soybean) in case of P3 soil.

In Tables 4 a, b, c the fertilization plans are
presented for the physical blocks of soils from
Sarulesti (P1), Tamadau Mare (P2) and Costesti
(P3).

Table 4 a. Fertilization plan in Sarulesti location (P1)

Physical block no. | 44
Fertilization plan
Parcel no. P1-2
Doses of amendments, organic fertilizers

CaCOs; t/ha
Crop Partially decomposed

animal manure; t/ha

Doses of nitrogen, phosphorus and
potassium on parcels within the physical
block

Dose type (kg/ha active DOE | DOT

subst.)

Nitrogen (N) 117 198
Wheat | Phosphorus (P20s) 73 146

Potassium (K,0) 0 77

Nitrogen (N) 131 232
Maize Phosphorus (P20s) 61 132

Potassium (K,0) 0 93
Sun- Nitrogen (N) 70 146
flower Phosphorus (P20s) 70 140

Potassium (K,0) 0 65

Nitrogen (N) 82 141
Rape Phosphorus (P,0s) 83 137

Potassium (K,0) 0 59




Table 4 b. Fertilization plan in Costesti location (P3)

Physical block no. | 1348
Fertilization plan
Parcel no. 2 atb
Doses of amendments, organic fertilizers
CaCOs; t/ha
Crop Partially decomposed animal
manure; t/ha
Doses of nitrogen, phosphorus and
potassium on parcels within the physical
block
Dose type (kg/ha active subst.) | DOE | DOT
Nitrogen (N) 126 214
Wheat | Phosphorus (P,Os) 40 118
Potassium (K>0) 13 83
Nitrogen (N) 150 261
Maize | Phosphorus (P,Os) 41 120
Potassium (K,0) 40 126
Sun- Nitrogen (N) 86 165
flower Phosphorus (P,0Os) 66 135
Potassium (K,0) 31 94
Nitrogen (N) 96 159
Rape | Phosphorus (P,Os) 54 112
Potassium (K,0) 26 82
Nitrogen (N) 10 72
tS):;/r; Phospborus (P205) 0 55
Potassium (K,O) 0 64

For the calculation of the optimum economic
doses (DOE) and technical economic doses
(DOT) different aspects were taken into
account: prices of mineral fertilizers, nutrients

crop requirements, soil nutrients content and
economic aspects. DOE and DOT are also
calculated for achieving at farm level the
expected yields.

It is necessary a proper management and
fertilizers use at the level of each agricultural or
agro-zootechnical holding, both for economic
reasons and  environmental  protection
requirements.

Particular emphasis, especially in areas highly
vulnerable to water pollution with nitrates from
agricultural sources, should be placed on the
management of organic and mineral fertilizers
with nitrogen, given the particularly complex
behavior of this nutrient in soil and the easiness
with which it can be lost as nitrates form
together with infiltration waters and surface
runoff (Code of Good Agricultural Practices,
2015).

Therefore, the fertilization plan is a useful tool
both for establishing the organic fertilizers
doses (produced within the farm or procured
outside the farm) and mineral doses and for
making economic decisions related to the
availability of any excess organic fertilizers
produced within the farm, and for the selection
of proper times to purchase the necessary
quantitative and qualitative mineral or organic
fertilizers (if the farm does not have enough
own reserves).

Table 4 c. Fertilization plan in Tamadau Mare location (P2)

Physical block no. | 17 | 32 | 28 \ 66
Fertilization plan
Parcel no. | Pl P2 | P3 ‘ P4
Doses of amendments, organic fertilizers
Crop CaCOs; t/ha
Partially decomposed animal
manure; t/ha
Doses of nitrogen, phosphorus and potassium on parcels within the physical block
Dose type (kg/ha active subst.) | DOE DOT | DOE DOT | DOE DOT | DOE DOT
Nitrogen (N) 119 199 121 204 117 201 118 202
Wheat Phosphorus (P,0s) 0 75 67 142 81 156 22 97
Potassium (K»0) 0 74 0 75 0 74 0 75
Nitrogen (N) 134 235 136 244 131 240 132 240
Maize Phosphorus (P,0s) 0 74 56 132 65 142 24 100
Potassium (K,0) 0 70 0 88 0 87 0 88
Nitrogen (N) 72 141 73 152 70 148 70 150
Sunflower | Phosphorus (P2Os) 0 73 84 153 70 140 41 110
Potassium (K>0) 0 57 2 65 4 67 2 65
Nitrogen (N) 84 144 85 147 81 143 83 144
Rape Phosphorus (P,0s) 79 56 77 133 80 130 31 87
Potassium (K,0) 0 50 0 58 0 57 0 58
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CONCLUSIONS

The soils from this study were characterized in
terms of hydro-physical and chemical
properties.

The investigated soils are medium to fine
textured, starting from medium clayey-loam
(P1 - Sarulesti), clayey-silty loam (P2 -
Tamadau Mare) to loamy clay (P3 - Costesti).
High contents in clay result in higher values for
bulk density and penetration resistance. On the
contrary, the saturated hydraulic conductivity
of such fine textured soils records low values,
the most significant decrease being encountered
in the soil profile P3.

The highest values of saturated hydraulic
conductivity were recorded in the topsoil layer
of the soil profile P2 (Tamadau Mare) where
the total porosity (PT) was also the highest.

The topsoil layers had greater values of water
content at saturation when compared with
subsoil layers, except for the profile P1 where
the values of water content at saturation were
constant within the soil profile. This may be
attributed to a decrease of organic matter
content and an increase of bulk density values
within the soil profiles.

The soil water retention curves were obtained
after using the Arya-Paris model for estimating
the van Genuchten parameters. The differences
in shape of water retention curves between
topsoil and subsoil layers may be as a result of
either externally-applied mechanical stresss by
agricultural machinery which can lead to
compaction of the layer below ploughing depth,
or internally-applied mechanical stress due to
drying of the soil which causes shrinkage due
to the effective stresses generated by the pore
water suction and the surface tension in the
water menisci.

The deeper layers of the soil profiles (> 80 cm
depth) have lower values for S index. That
means the soil physical quality as quantified by
S is better in the topsoil horizons than in the
subsoil horizons, except for the profile P1
where the values of S index in the topsoil layer
is the lowest, and then showed an increase up
to 80 cm depth and then decreased again with
depth. This can be due to both higher contents
in organic matter of the top-soils and lower
values of bulk density.
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The soil reaction values, in case of P3 soil
profile highlighted a lightly acid soil. The soil
reaction values highlighted a lightly acid soil in
P3. The soil profile P2 had soil pH values that
led to a lightly acid to lightly alkaline soil
reaction. At last, the soil profile P1 had values
of pH that led to a lightly alkaline soil reaction.

The total nitrogen content of all three soils
varied from very low-low to moderate values.
The available phosphorus content ranged from
very low-low in case of soil profile P3 to low-
high in case of soil profile P2 and up to
moderate-high in case of soil profile P1. As for
the available potassium content, all the studied
soils were moderately supplied.

The fertilization plans were accomplished
based on agrochemical studies. For each of the
three sites cartograms were done for soil
reaction, phosphorus and potassium. Also
synthetic cartograms with the average values of
soil reaction (pH), humus content, available
phosphorus (Par), available potassium (Kar),
and nitrogen index (IN) for the established
fertilization parcels from each location were
realized.

Based on the expected yields, fertilization plans
for the established fertilization parcels were
accomplished. These contained economic and
technical optimum doses - DOE and DOT
(which ensure a certain level of crop yield at
which the maximum benefit is achieved) for a
four years crop rotation in case of P1 and P2
soils and five years crop rotation in case of P3
soil.
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Abstract

Slope instability and erosion of the soil by water and wind are major environmental hazards. Although they are result
of natural geomorphological processes, they are both affected by and have consequences for human activity often
incurring economic and social damage. The main objective of this study is to determine the costs of slope consolidation
by using different methods. There were studied four techniques for slope consolidation: vegetation, gabions, nets
biodegradable jute expanded clay and vegetation, respectively geotextiles. The economic efficiency was determined on
an area of 100 m’ for each case under study. Based on the obtained results, the variant represented by nets
biodegradable jute expanded clay and vegetation had a total cost of 4735.12 lei, the cost per square meter of
consolidated area being of 47.35 lei. This variant offers a pleasant aspect of the slopes and does not involve very high
costs, compared to the variant represented by the arrangement of slopes with gabions.

Key words: slope, economic efficiency, cost, consolidation techniques, vegetation.

INTRODUCTION

Slope instability and erosion of the soil by
water and wind are major environmental
hazards. Although they are result of natural
geomorphological processes, they are both
affected by and have consequences for human
activity often incurring economic and social
damage (Morgan and Rickson, 1995). Slope
failures are the movement of soil, and they
occur on both artificial and natural slopes.
Potential causes for slope instability range from
deep-scared failures (such as with landslides) to
surface erosion (such as when steep slopes
cause water to travel in concentrated flows,
eroding a series of gullies). There are many
types of slopes failures, including rockfalls,
rockslides, debris avalanches, debris flows and
slumps, earth flows (Fay et al., 2012).

Human-induced modifications that may
adversely affect external loads to slopes include
grading of the existing slope or adjacent slope,
construction adjacent to the slope, construction
damage caused by blasting, and vibration of
passing vehicles (Turner and Schuster, 1996).
Slope regrading can create an over steep toe, or
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base of the slope, or an accumulation of
material at the crest, which can lead to erosion.
The shape of the slope can be a defining factor
in its stability.

Natural slopes are generally concave, which is
the most stable type of slope and experiences
the least erosion (Schor and Gray, 2007). Many
man-made slopes are linear and research has
found that in many cases a linear slope will
erode until it becomes concave (Fay et al,
2012). Mechanical stabilization techniques
utilize non vegetative or nonliving components
such as rock, gabion baskets, concrete,
geosynthetics, and steel pins to reinforce
slopes. These techniques can provide stability
to both cut and fill slopes. Structures are
generally capable of resisting much higher
lateral earth pressures and shear stresses than
vegetation. Mechanical stabilization techniques
include retaining walls, mechanically stabilized
earth, geosynthetically reinforced soil and other
in-situ reinforcement techniques. For anchoring
shallow soils, wuse of in situ earth
reinforcements and recycled plastic pins has
been reported in slope stabilization (Fay et al.,
2012).



MATERIALS AND METHODS

The consolidation of slopes is very important in
our country as well as worldwide. Nowadays
there are numerous different slope stabilization
methods but unfortunately many of them are
unesthetic and very expensive. The study area
is represented by slopes located in Cluj-
Napoca.

In order to be able to calculate the economic
efficiency, both classical and modern
techniques were considered. The calculations
were performed on an area of 100 m? for each
studied variant: using vegetation, gabions, net
biodegradable jute + expanded clay +
vegetation, geotextiles, geocells and grass.

To consolidate the degraded slopes with
vegetation we used the following species
Hedera helix, Campsis radicans, Cotoneaster
horizontalis, ~ Euonymus  fortunei and
Chaenomeles japonica. 150 plants were used,
30 pieces of each species. The expenses for a
plant varies between 19 and 35 RON. The
planting of the species was done manually in
pits of 15 x 15 x 20 cm and 30 x 30 x 35 cm. In
order to carry out this work, two workers were
needed, who dug, planted and watered the
plants.The plants were planted with the root
ball in ground. To consolidate the degraded
slopes with gabions (Figure 1), in order to carry
out this work, an excavator was needed to dig
the foundation where the gabions will be
located. The following materials were used:
galvanized wire mesh with 2 mm wire diameter
and 40 x 40 mm eye dimensions - 891 m?; steel
bar with 16 mm diameter - 1188 m; galvanized
wire with 2 mm wire diameter - 600 m, broken
stone with 44 mm diameter - 223.08 m®. In
order to carry out this work, three workers were
needed, who worked 120 hours to complete the
task.

Figure 1. Gabions
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To consolidate the degraded slopes with neds
biodegradable jute, expanded clay and
vegetation (Figure 2), was needed nets
biodegradable jute having the technical data:
290 g/ml 101 ecm x 1 ml 110 m?> of
biodegradable jute were needed, 100 liters of
expanded clay and 100 pieces of stakes to
support the nets biodegradable jute on the
ground.

Also, the folowing ten species of ornamental
shrubs both through the leaves and flowers
were used: Juniperus horizontalis, Forsytia
suspensa, Lonicera pileata, Syringa vulgaris,
Viburnum opulus, Buxus sempervirum, Weigela
florida, Kerria japonica, Cedru feeling Blue,
Betula pendula. In order to carry out this work,
two workers were needed, who worked 36
hours to complete this work.

The plants were planted with the root ball in
ground. The planting of the species was done
manually in pits of 15 x 15 x 20 cm and 30 x
30x 35 cm.

Figure 2. Neds biodegradable jute, expanded clay and
vegetation

To consolidate the degraded slopes with
geotextile (Figure 3), were used 110 m? of
geotextile and 150 pieces of stakes to support
the geotextile on the ground. A worker worked
12 hours to complete this work.

Figure 3. Geotextile



To consolidate the degraded slopes with
geocells and grass, 100 m? of geocells and 5 kg
seeds of grass were needed. In order to carry
out this work, two workers were needed, for 16
hours.

RESULTS AND DISCUSSIONS

In Table 1 was calculated the economic
efficiency for the consolidation of the degraded
slope, using vegetation. The total cost for the
purchase of the 150 plants was 3420 RON and

the total cost of this variant of the study was
4593 RON.

In Table 2 was calculated the economic
efficiency for the consolidation of the degraded
slope using gabions. Expenses for excavation
are 1700 RON.

The material needed for the arrangement slope
cost 20159.75 RON and labor cost 3760 RON.
So the cost of arranging a slope area of one m?
is 256.19 RON.

This method of arranging the slopes is the most
expensive of the ones presented in this study.

Table 1. The cost of arranging a degraded slope using vegetation (RON)

Costs Materials Manual labor Equipment Total
(RON) (RON) (RON) (RON)
Employee
Gross salary - 661 - -
Direct costs 3420 661 - 4081
Contributions to social insurance (25%) - 165 - -
Social Health Insurance (10%) - 66 - -
Personal deduction - 510 - -
Income tax - 0 - -
Net salary - 430 - -
Employer
Insurance Contribution for Work B 15 B R
2.25%
The difference in CAS, CASS to their value for minimum salary
Social insurance (CAS) 53.71% - 355 - -
Social Health Insurance CASS 21.48% - 142 -
Total taxes
The employee pays the state - 231 - -
The employer pays the state - 514 - -
Total taxes collected by the state - 743 - -
Full salary - 1173 - -
To pay a net salary of 430 RON, the employer spends 1173 RON
TOTAL COSTS 3420 1173 - 4593
Table 2. The cost of arranging a degraded slope using gabions
Costs Materials Manual labor Equipment Total
(RON) (RON) (RON) (RON)
Employee
Gross salary - 3677 - -
Direct costs 20159.75 3677 1700 25536.75
Contributions to social insurance (25%) - 919 - -
Social Health Insurance (10%) - 368 - -
Personal deduction - 0 - -
Income tax - 239 - -
Net salary - 2151 - -
Employer
Insurance Contribution for Work ) 83 R R
2.25%
The difference in CAS, CASS to their value for minimum salary
Social insurance (CAS) 15.75% - 0 - -
Social Health Insurance CASS 6.27% - 0 - -
Total taxes
The employee pays the state - 1526 - -
The employer pays the state - 83 - -
Total taxes collected by the state - 1609 - -
Full salary - 3760 - -
To pay a net salary of 2151 RON the employer spends 3760 RON
TOTAL COSTS 20159.75 3760 1700 25619.75
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In Table 3 was calculated the economic
efficiency for the consolidation of the degraded
slope using nets biodegradable jute, expanded
clay and ten species of ornamental shrubs both
through the leaves and flowers. Total expenses
for the consolidation of 100 m? of slope were:

the net biodegradabile jute cost 1309 RON, the
expanded clay cost 163 RON, vegetation cost
1684.12 RON and the pieces of stakes to
support the net cost 250 RON, and the labor
was 1329 RON.

Table 3. The cost of arranging a degraded slope using nets biodegradable jute, expanded clay and vegetation

Costs Materials Manual labor Equipment Total
(RON) (RON) (RON) (RON)
Employee
Gross salary - 893 - -
Direct costs 3406.12 893 0 4299.12
Contributions to social insurance (25%) - 223 - -
Social Health Insurance (10%) - 89 - -
Personal deduction - 510 - -
Income tax - 7 - -
Net salary - 574 - -
Employer
Insurance Contribution for Work 2.25% - 20 - -
The difference in CAS, CASS to their value for minimum salary
Social insurance (CAS) 33.26 - 297 - -
Social Health Insurance CASS 13.33% - 119 - -
Total Taxes
The employee pays the state - 319 - -
The employer pays the state - 436 - -
Total taxes collected by the state - 755 - -
Full salary - 1329 - -
To pay a net salary of 574 RON, the employer spends 1329 RON
TOTAL COSTS 3406.12 1329 0 4735.12

In Table 4 was calculated the economic
efficiency for the consolidation of the degraded
slope using geotextiles. The necessary for the
material amonunted to 1154.9 RON, as follows
7799 RON cost 100 m? of geotextile, 375 RON

cost 150 pieces of stakes to support the
geotextiles and the labor was 950 RON. So the
total cost of consolidation of 100 m? of slope
was 2104.9 RON and the cost for 1 m? of
consolidation with this material is 21.04 RON.

Table 4. The cost of arranging a degraded slope using geotextiles

Costs Materials Manual labor Equipment Total
(RON) (RON) (RON) (RON)
Employee
Gross salary - 331 - -
Direct costs 1154.9 331 - 1490.9
Contributions to social insurance (25%) - 83 - -
Social Health Insurance (10%) - 33 - -
Personal deduction - 510 - -
Income tax (10%) - 0 - -
Net salary - 215 - -
Employer
Insurance Contribution for Work 2.25% - 7 - -
The difference in CAS, CASS to their value for minimum salary
Social insurance (CAS) 132.02% - 437 - -
Social Health Insurance CASS 6.27% - 175 - -
Total taxes
The employee pays the state - 116 - -
The employer pays the state - 619 - -
Total taxes collected by the state - 735 - -
Full salary - 950 - -
To pay a net salary of 215 RON, the employer spends 950 RON
TOTAL COSTS 1154.9 950 - 2104.9
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In Table 5 was calculated the economic
efficiency for the consolidation of the degraded
slope using geocells and grass. The expenses
for the material are 2207 RON and the labor

cost 1025 RON for the 16 working hours. The
cost for consolidation of one m? slope is 32.32
RON.

Table 5. The cost of arranging a degraded slope using geocells and grass

Costs Ng‘;g;;ls Manual labor (RON) Eq(‘]‘;gx;’“' (TR‘Z;;')
Employee
Gross salary - 441 - -
Direct costs 2207 441 - 2648
Contributions to social insurance (25%) - 110 - -
Social Health Insurance (10%) - 44 - -
Personal deduction - 510 - -
Income tax (10%) - 0 - -
Net salary - 287 - -
Employer
Insurance Contribution for Work 2.25% - 10 - -
The difference in CAS, CASS to their value for minimum salary
Social insurance (CAS) 92.97 % - 410 - -
Social Health Insurance CASS 6.27% - 164 - -
Total taxes
The employee pays the state - 154 - -
The employer pays the state - 584 - -
Total taxes collected by the state - 738 - -
Full salary - 1025 - -
To pay a net salary of 287 RON, the employer spends 1025 RON
TOTAL COSTS 2207 1025 - 3232
CONCLUSIONS REFERENCES

Among the presented arranging techniques for
the degraded slopes, the less costly technique is
the one that use geotextiles in the amount of
2104.9 RON.

The most expensive alternative arrangement for
the degraded slopes was the gabions variant,
amounting to the sum of 25619.75 RON.

Based on the obtained results, the variant
represented by nets biodegradable jute
expanded clay and vegetation had a total cost
of 4735.12 RON. This variant offers a pleasant
aspect of the slopes and does not involve very
high costs, compared to the variant represented
by the arrangement of slopes with gabions.
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Abstract

Breeding winter cultivars requires the combination of freezing tolerance as well as high seed productivity and
quality.Winter peas have some advantages over spring peas like: better establishment and more efficient use of
humidity during the winter season, which makes it less vulnerable to drought over the spring, frequently in Romania in
the last years, earlier harvest; has a longer vegetation period and get higher productivity and more stable yield than
spring peas type. In this paper we present data obtained from the first F4 and F5 lines of winter peas obtained in the
NARDI-Fundulea program with the germplasm of winter peas from USA, France and Austria. A number of 170 lines,
selected from winter/winter and winter/spring crosses pea genotypes, have been tested in 2019 in the field of NARDI
Fundulea.The conclusion of this preliminary study is that will be possible to realize the genetic progress in breeding in
winter peas, to select the new varieties with good enough winter hardiness and being with high yield, different earliness
or plant height.

Key words: winter peas, winter hardiness, earliness, yield.

INTRODUCTION Winter hardiness in peas is a complex
combination of phenotypes that the plants
Field pea (Pisum sativum L.) is an important express in response to environmental cues.
annual legume grown and consumed exten- Winter hardiness in peas is a combination of
sively both human and animal feed (Mustafa acclimation, tolerance, and avoidance. As the
Tan et al., 2012). The use of plant proteins as autumn temperatures fall, days shorten, and
functional ingredients in the food and feed spectral quality of light changes, the plants
industry is increasing and special attention has ~ become acclimated to cold temperatures. Some
been paid to the use of peas because they are of the physiological characteristics that have
already accepted as a part of the human and  been associated with the process of cold
animal diet throughout the world (Rodino et al., acclimation in peas are the accumulation of
2009). It is economically very important for  sugars in leaves, stems, and roots (Bourion et
many agricultural systems, but the relative al.,, 2003) and an increase of the RuBisCO
importance of abiotic stresses affecting its activity (Dumont et al., 2009). When peas that
production is poorly understood. Field pea has are cold acclimated do experience freezing
inadequate tolerance at the reproductive stage  temperatures, there is less electrolyte leakage
to winter stresses, particularly frost. (Shaista ~ than in non-acclimated peas, and associated
Shafiq, 2012). QTL have been identified (Dumont et al.,
Winter peas (Pisum sativum) is a cool-season 2009).
annual legume that has long been considered a Winter peas (Pisum sativum L.) are an
high-preference forage for whitetails. Due to its alternative. Planted in late summer to early
nitrogen-fixing ability, winter pea has autumn, winter peas confer all of the
numerous agricultural uses, and it is very easy  advantages of spring-planted peas. With
to establish in fall food plots. symbiotic ~ Rhizobia bacteria, they fix
Winter peas are broadly adapted to dryland atmospheric N, making them a low-energy and
production in all regions where winter wheat is low-greenhouse-gas-emissions  crop;  they
grown, and the improved cold hardiness of interrupt weed, disease, and insect cycles; have
winter peas rivals that of winter wheat. a relative low water use; and can flourish under
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current crop management practices with
existing farm equipment. In addition, their
greater yields compared with spring peas make
them economically viable, and late-summer
planting shifts fieldwork to avoid the vagaries,
narrow  planting window, and variable
conditions that constrain  spring-planted
peas.(Rebecca McGee, 2017)

MATERIALS AND METHODS

In 2019, the first 94 F4 peas lines were tested
in preliminary comparative cultures (46 F4
lines) and comparative cultures (48 F4 lines)
with 25 variants in three replications, on a plot
of four m? harvested area.

The 76 F5 peas lines were tested in preliminary
micro-cultures, each of them with 25 variants,
one replication, on a plot of four m? harvested
area.

The 2019 winter was slight enough, with a
short period with negative temperatures of -
16°C (the begining of January), with a snow
layer, which has protected the crop. There are
no damages registered due to frost. The early
spring was normal, fact that led to restart the
vegetation under optimum conditions.

The level of resistance to winter hardiness was
estimated in the field, early in the spring, in a
scale 1 to 9, where score 1 is very resistance
and 9 very susceptible. Plant height was
measure in cm, total length of plant from the
ground till the top to the end of flowering time.
The earliness was appreciated like number of
days from Ist January till the end of flowering
time and yield as kg/ha.

The statistic analyses of data have been
evaluated by correlations and linear regressions
between study traits.

RESULTS AND DISCUSSIONS

Yield performances lines of F4 and F5
generation, tested in advance ftrials and
respectively in preliminary trials in 2019,
(Figure 1) shows that the coefficients of
correlation are significant high (r = 0.26***) so
the coefficient of heredity is in sense large and
shows the genetic transfer between generations.
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Figure 1. Correlation between yield F4 and of F5 data of
170 lines of the winter peas

Having in view that winter hardiness in winter
peas is a very important trait, there was
necessary to highlight in what way this trait
could be recombined with other important
agronomical characteristics, like earliness to
flowering, plant height, grain yield as well as
the relationship among other traits as plant
height/earliness or yield/earliness.

In the Table 1 are presented such correlations
using the data collected from 48 F4 lines and
46 F4 lines tested in comparative cultures and
respectively in preliminary cultures in 2019.

Table 1. Correlation coefficients among different traits
in F4 winter pea lines

The Correlation between The
generation different characters correlation
these coefficient
genotypes
48 F4 lines | Winter hardiness/yield 0.18ns
tested in Winter hardiness/earliness 0.06ns
comparative | Winter hardiness/plant height -0.14ns
cultures Plant height/carliness 0.38%%*
in 2019 Yield/earliness -0.38%**
46 F4 lines | Winter hardiness/yield -0.28*
tested in Winter hardiness/earliness -0.08ns
preliminary | Winter hardiness/plant height -0.24ns
comparative | Plant height/carliness 0.57%%%
cul;(l)rlegs mn Yield/earliness -0.57%%*
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The correlation between winter hardiness and
yield in F4 lines (Tablel) was significantly
negative (r = 0.18 and r = -0.28%), what means
that in winter peas is absolutely necessary to




cultivate genotypes with good level of winter
hardiness, to realize high and stable yields.
Also relationship between plant height
and earliness was very distinct significantly
(r=0.38*** and r = 0.57***), strong enough in
some case, what mains that it quite easily to be
recombine such characteristics.

The correlation, between plant height and
winter hardiness, was negative significantly
(r = -0.14 and r = -0.24), but so that suggests
possibility to select the genotypes which
recombine both traits.

The relationship between yield and earliness, in
F4 winter pea lines was very distinct signify-
cantly negative, (-0.38%** and -0.57*%*%),
however demonstrate the existence of lines
with high yield and with earliness. The
correlation between yield and winter hardiness
of F5 lines had (Figure 2) was very distinct
significantly among those traits (r = 0.25%*%),
So that, the distribution of the lines
demonstrated existence the lines with the same
level of winter hardiness and with high level of
yield.
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Figure 2. Correlation between winter hardiness
and yield of F5 lines winter peas

Also it is very important to select the
perspective lines with good yield potential but
in the same time to recombine an acceptable
earliness for Romanian climate conditions.

The distribution of the 76 of F5 lines for
precocity (Figure 3), divides the breeding
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material in two groups of maturity: late forms
and early forms.
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Figure 3. Correlation between winter hardiness and
earliness of F5 lines winter peas

The data obtained till now form the study of
relationship between winter hardiness and plant
height  indicated  the  possibility  of
recombination of both traits of interest (plant
height and winter hardiness) (Figure 4)
suggesting that, in functions of the end use the
production, for forage need to be a tall variety,
for high biomass production or mid tall variety
for grain type.
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Figure 4. Correlation between winter hardiness and plant
height of F5 lines winter peas

The date obtained between correlation plant
height and earliness shows separation of the
material in two category, with plant height 50-



110 cm and with earliness and with plant height
150-200 cm and tardive (Figure 5).
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Figure 5. Correlation between plant height
and earliness of F5 lines winter peas

The relationship between yield and earliness is
insignificant negative (r -0.15), however
demonstrat the existance of lines with high
yield and with earliness, those are the most
important traits which must present a new
varieties winter peas (Figure 6).
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Figure 6. Correlation between yield and earliness of F5
lines winter peas

CONCLUSIONS

The data obtained in these studies, on the
advanced lines shown existance the important
lines of winter peas which posed high yield,
good level of winter hardiness, plant height
and earliness.

In this study were remarked winter peas lines
F5 with good level of winter hardiness, with
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high yield (5000-6000 kg/ha), earliness and
with the plant height between 130-145 cm, this
trait is very important for varieties of winter
peas because can utilized both as pure crops
and for cereal grain mixtures (high biomass).

In the near future, some of these winter peas
lines will be tested for registration of winter
peas cultivars, adaptated of the climatic
conditions of Romania.
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Abstract

Cotton species have adapted to their originated environment by developing different physiological and morphological
features. One of these features is heliotropic leaf movement. Gossypium hirsutum L. (GH) have diurnal leaf movement
owing to pulvinus, which is formed by specialized cells on the contrary to Gossypium barbadense L. (GB). There are
very few studies in literature about advantages and disadvantages of diaheliotropic leaf movement of cotton. To assess
effects of diaheliotropic leaf movement of both cotton genotypes on their adaptation abilities, firstly need to quantify
orientation of leaves towards light. Therefore, two different sequential experiments were carried out in this study. First
one was angle-based leaf turn experiment that contained two different measurement method for detection of leaf
movement which are midrib normal-incident angle (M;) and midrib-petiole angle (Mp). Second was area-based leaf
turn (T4) experiment. In T4 experiment, digital images of plants from same direction of light source are analysed. Then,
area of turning leaf lamina is calculated by pixel counting method using with an image processing sofiware. Results of
the study revealed that digital imaging method is easier and faster method for detecting diaheliotropic leaf movement.
Furthermore, it is possible to quantify area based diaheliotropic leaf movement as centimetre square in T4 method
unlike other two methods. According to our findings, T4 by using digital imaging is featured and accurate method to
detect phototropic leaf movement of cotton.

Key words: cotton, phototropism, phototropic leaf movement, Gossypium hirsutum L., Gossypium barbadense L.,
digital imaging.

INTRODUCTION phototropism (Moore and Hines, 2017). There
are two type of heliotropic leaf movements
Some plants have capabilities that adapt to their were reported (Darwin, 1880; Yao et al., 2018).

environmental conditions in order to survive. One of them is paraheliotropic leaf movement
This adaptation of plants can be possible by  which was developed by plants in order to
changing some physiological and avoid environmental stresses such as severe

morphological features. One of these plant’s light and heat (Inamullah et al., 2006; Bressan,
capabilities is leaf movement (Koller, 1990). It 2004; Kao and Forseth, 1992). The other one is
is possible to categorize leaf movement as diaheliotropic leaf movement which enables
circadian rhythm orientation and light-driven  tracking to diurnal sun movement for enhance
orientation. Some plants can adjust their leaves photosynthetic capacity (Zhang et al., 2009;
almost horizontally at day and positioning Yao et al., 2018).

vertically at night. This type of leaf movement The heliotropic leaf movement commonly
is known as nyctinasty and controlled by occurs in legumes and also in some other plants
circadian rhythm of plants (Ueda and such as cotton species (Moore and Hines,
Nakamura, 2007). The other leaf movement is 2017). Gossypium hirsutum L. (GH) have
light-driven  orientation and known as diaheliotropic leaf movement in contrast with
phototropism (Darwin, 1880). Growth-based Gossypium barbadense L. (GB) (Hejnak et al.,
phototropism most often observed in almost all 2015; Ehleringer and Hammond, 1987). GH
plants. However, pulvinus-based phototropism leaves have a high sensitivity to different
which known as heliotropic leaf movement has photosynthetic active radiation (PAR) (Yao et
developed in some plants by evolution to al., 2018; O’Carrigan et al., 2014; Arena et al.,
environment and it is more dynamic form of  2016) and can improve their photosynthetic
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capacity by the contribution of diaheliotropic
leaf movement (Yao et al., 2018). Furthermore,
some researchers reported that diaheliotropic
leaf movement leads to exposure more incident
light to GH leaves, thus these leaves can utilize
more light energy (Yao et al., 2018), increase
leaf N content (Yao et al., 2015; Werger and
Hirose 1991) and leaf mass per area
(Witkowski and Lamant, 1991; Niinemets,
1999; Yao et al., 2016) as well as improve leaf
longevity (Kitajima et al., 1997). On the other
hand, Fukai and Loomis (1976) suggested that
diaheliotropic leaf movement of GH leaves
lead to enhance total canopy yield in early
stage, however canopy productivity could be
reducing in late growing stage due to uneven
light distribution. Especially in intensive
agriculture, outermost leaves may limit
penetration of light to inside of canopy in
particular period of season due to diaheliotropic
leaf movement (Ehleringer and Forseth, 1980;
Thanisawanyongkura et al., 1997), thus it could
be reducing total canopy photosynthesis
(Ehleringer and Hammond, 1987).

Beside all of these discussions, to clarify
advantages and disadvantages of diaheliotropic
leaf movement of GH in different growing
stages has great importance and firstly need to
have accurate, practical and quantitative
measurement methods. Many studies were
conducted in relation to diaheliotropic leaf
movement of cotton by using different angle
measurement methods such as cosine, azimuth,
lamina and midrib angle (Ehleringer and
Hammond, 1987; Zhang et al., 2009; Yao et al.,
2018; Shell et al., 1974). Ehleringer and
Hammond (1987) used cosine method in order
to reveal leaf movement differences between
GH and GB. Yao et al. (2018) suggested that
midrib angle method is the main factor for
detecting leaf movement in contrast to lamina
and azimuth angle methods (Zhang et al.,
2009). In  these methods, generally
inclinometer, protractor and compass were used
on a couple of leaves for angle measurements.
When taking account of all plant leaves, these
angle measurement methods might have
disadvantages  especially in terms  of
practicality. Besides, estimation of area-based
leaf turns (Ta) might be more accurate,
quantitative and practical method to determine
effective leaf movement.
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Thus, objectives of this study were (i) verifying
leaf movement differences between G.
hirsutum L. and G. barbadense L. as revealed
in previous studies and (ii) evaluating of angle
measurement methods and Ta method in terms
of accuracy and practicality by using digital
imaging. When considering to diaheliotropic
leaf movement as selection criteria, one of
these methods is expected to be using in
breeding programme for fast selection.

MATERIALS AND METHODS

This study was comprised of two different
sequential experiments which have four
replications. The experiments were consisted of
two contrasting cotton genotypes in terms of
heliotropic  movement of their leaves:
G. hirsutum L. (GH) and G. barbadanse L.
(GB). The plants were grown in pots at fully
controlled climate chamber (stable at 30°C and
50% relative humidity).

Experiment 1" (Angle-based leaf movement)
Angle-based leaf movement experiment was
carried out in 2018, in fully controlled climate
chamber. Cotton plants were grown under
daylight fluorescent lamps until second true
leaf fully developed. Then, each plants were
transferred to growth cabin which is isolated
from light and contain own light source (50W
daylight power LED). We have observed in
preliminary experiments that GH leaves were
showed remarkable leaf movement during first
two hours (data not shown). Therefore, the
leaves were exposed to one directional light
(midrib of first true leaf is vertical to light
source) during two hours in the growth cabin.
Digital images collected from the leaves as
vertical to linear of light source by using with
high resolution camera with ten minute
intervals during two hours. Then, the images
were analysed by an image processing software
for different angle measurement methods as
described below.

Midrib - Petiole Angle (Mp) Method: Mp
refers to angle between midrib and petiole. This
measurement was performed by processing
images as shown in Figure 1 a. This method
could corroborate that leaf movement is
pulvinus-based or not.



Midrib normal - Incident Angle (M) Method:
M refers to angle between incident light and
midrib normal. It was measured by processing
images as shown in Figure 1b. Then, cosine of
M was calculated to scale leaf movement
between 0 to 1 according to Ehleringer and
Hammond (1987).

Figure 1. A visual of how measured Mp (a)
and M; (b) in Experiment 1%,
Mp: Midrib - Petiole Angle
M;i: Midrib normal - Incident Angle

Experiment 2"? (Area-based leaf movement)
Area-based leaf movement (Ta) experiment
was carried out in 2019 under fully controlled
climate chamber conditions. Cotton plants were
grown under daylight fluorescent lamps until
they had four fully developed leaves. Then, the
plants were exposed to light treatment by using
lighting equipment which is designed as
parallel to ground and consist of four pieces of
daylight power LED (50W). This one
directional light treatment was implemented
during two hours (09:00-11:00) according to
the previous experiment during six days. The
light treatment wasn’t conducted in fully dark
ambiance in order to simulate sunrise effect.
Then digital images of plants were collected
from 09.00am to 11.00am during the light
treatment from the same direction with light
source in order to estimation of area-based leaf
movement. Adaxial leaf areas were calculated
using with an image processing software as
centimetre square by using pixel counting
method as shown in Figure 2. The leaf area
differences between 09:00am and 11:00am
indicated leaf movement capability and
quantity for each plant.
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11:00

09:00

Figure 2. A visual of how measured Tx
in Experiment 2",
Ta: Area - based leaf movement

RESULTS AND DISCUSSIONS

In order to quantify phototropic movement of
plants, all leaves including cotyledons have to
be analysed to examine changes in full-plant
position. Furthermore, need to non-destructive
and zero-touch method while measuring leaf
movement for conducting reliable studies.
Some digital methods were used to detect
heliotropic response in many previous studies
(Bawhey et al., 2003; Rakocevic et al., 2010).
In our study, we observed that digital imaging
method is appropriate method for measuring
leaf movement.

Two types of angle measurement (M; and Mp)
were performed during ten minutes interval in
the first experiment. Leaf movements of both
cotton species were clearly detected at minutes
of 0, 50, 80 and 110. M; of GH had decreasing
trend during two hours of light treatment.
However, M; of GB was stable and only
decreased in 50 min (Figure 3 a). It is possible
to suggest that GB leaves had no diaheliotropic
feature, only showed growth-based
phototropism in 50 min; however, GH had
linear increase in diaheliotropic leaf movement
during light treatment. Earlier, this method to
measure diaheliotropic leaf movement was
examined by Ehleringer and Hammond (1987).
Shell et al. (1974) estimating light interception
capability of plants.



Joint-like pulvinus is located between leaf
lamina and petiole (Moore and Hines, 2017).
These specialized cells enable diaheliotropic
feature to plants by help of turgor pressure
(Moore and Hines, 2017). Therefore, Mp of
both GH and GB were measured in order to
support previous suggestion that is related to
diaheliotropic leaf movement. Mp of GH had
decreasing trend similar to M; of GH, but GB
had almost same Mp during two hours (Figure
3 b). It is proving that GH had diaheliotropic
leaf movement however, GB only showed
growth-based phototropic leaf orientation.
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Figure 3. Effects of light treatment on M; (a) and Mp (b)
value of GB and GH during minutes after treatment.
Mp: Midrib - Petiole Angle
M;i: Midrib normal - Incident Angle
GB: Gossypium barbadense L.

GH: Gossypium hirsutum L.

Ehleringer and Hammond (1987) reported that
when cos (M) value close to 1, there is a strong
diaheliotropic feature in leaves. According to
this suggestion, in the previous study, GH had
remarkable increase in leaf movement and
higher orientation than GB at the end of the
light treatment (Figure 4).
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Figure 4. Effects of light treatment on cos (M) value of
GB and GH during minutes after treatment.
cos (Mj): Cosine of Midrib normal - Incident Angle
GB: Gossypium barbadense L.
GH: Gossypium hirsutum L.

The second experiment which considered area-
based full leaves movement (Ta) was more
reliable method in principle since it covered
changes in whole plant position. In the present
study, GB and GH leaves were tending to turn
towards light as shown in Figure 5. GH
generally had more orientation to light during
six days, but Ta of GB and GH were almost
same in 3™, 4™ and 5™ days. This orientation
similarity between GB and GH probably was
resulted from growth-based phototropism of
GB as mentioned before. This finding is also
supported by increasing of differences again
between Ta of GH and GB at 6" day. The
growth-based phototropism of GB is also
explained by growing of cotton plants in lower
light conditions on contrary to sunlight.
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Figure 5. Effects of two hours light treatment on Ta of
GB and GH during day after treatment.
Ta: Area-based leaf turn (cm?)
GB: Gossypium barbadense L.
GH: Gossypium hirsutum L.

It is possible to estimate and quantify total leaf
movement by using Ta method. We found that
total Ta of GH is significantly higher than Ta
of GB (Figure 6).
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Figure 6. Total Tx of GB and GH through six days of
light treatment.
Ta: Area-based leaf turn (cm?)
GB: Gossypium barbadense L.
GH: Gossypium hirsutum L.



Although GH has relatively smaller leaf area
than GB (Hejnak et al., 2015; Wise et al,,
2000), leaf turn of GH were found significantly
higher than GB. It is mean that diaheliotropic
feature of GH leaves lead to turn more leaves
towards light source than growth-based
phototropic feature of GB leaves.

CONCLUSIONS

The main objective of study was determining to
accurate and practical method for quantifying
leaf movement of cotton. All measurement
methods of this study were based on digital
imaging. It was possible to measuring of
phototropic leaf movement via easier and non-
destructive way by digital imaging.
Furthermore, estimation of arca-based leaf
movement (Ta) using with pixel counting
method could be suggested as featured method
to detecting and quantifying of phototropic leaf
movement in terms of accuracy and reliability.
According to our results, GH showed strong
phototropic leaf movement on the contrary of
GB. Ta is expected to use in physiological and
breeding studies as accurate and practical
method.

However, growth-based phototropic leaf
movement of GB were detected in all
measurement methods. Therefore, measuring of
diaheliotropic leaf movement on same cotton
species  without lead to growth-based
phototropic leaf movement could be more
effective to determine accurate method.
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Abstract

Thyme (Thymus vulgaris L.) is known and used in various directions since ancient times. Some time it was marginalized
due to the impossibility of being cultivated industrially and mechanically harvested (small waist of the plant).
Currently, the species returns both in terms of pharmaceutical remedy and good honey-bearing, as well a delicate
spice, being absent from the landscape arrangements of parks, gardens and groves. Our research focused on the
selection of two forms of Thymus vulgaris (CCT) and Thymus x citriodora (CFL) obtained by clonal selection. Which
differ from the initial forms, by the increased productivity of the raw material, the waist of the plant, and production of
essential oil. Have been identified the efficient methods of multiplying the seeding material, for various tests to promote

and implement new forms.

Key words: Thymus vulgaris, pharmaceutical remedy, productivity, multiplying, essential oil.

INTRODUCTION

In the traditional and folk medicine in the
countries of the EU and the Middle East, the
cultivated thyme has been widely used due to
its numerous health benefits, possessing
antimicrobial, soothing, antitussive, antiseptic
and anthelmintic properties (Chevallier, 1996;
Menkovié¢ et al.,, 2011; Benitez et al., 2010;
Mati, de Boer, 2011; Kavita, 2011; Pieroni et
al., 2013; Redzi¢, 2007; Rexhepi et al., 2013;
Kayani et al., 2014; Mustafa et al., 2012).

The spasmolytic effect of flavonoids has been
confirmed (Van Den Broucke & Lemli, 1983).
Thyme has antimicrobial properties due to
some compounds such as terpenoids, essential
oil and flavonoids (Behidj-Benyounes et al.,
2014; Askun et al.,, 2009; Horikrrisha et al.,
2004). The cultivated species of thyme are used
as natural food preservatives, inhibiting
microbial growth and extending the shelf-life
of food products, and thus they are used to
prepare marinades, various canned foods and
desserts.

Thymus x citriodorus (Pers.) Schreb. is
currently used as an ornamental species in
landscape architecture.

Some time ago, this plant was introduced as an
aromatic species in Turkey (Bagdat et al.,
2011) and Iran (Omidbaigi and Rezaei, 2000).
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The strong antioxidant activity of thyme is due
to phenols - flavonoids (Kulisi¢ et al., 2005;
Mihailovic-Stanojevic et al., 2013; Hossain et
al., 2013). Hydro-extracts are very powerful
antioxidants due to the rosmarinic acid content
(Bauermann & Thomann, 2011).

Many varieties have been created, to which
different flavours and morphological characters
are specific: ‘Silver-Edged’ - with silver leaf
margin, 'Aureus’, 'Doone Valley', 'Golden
Dwarf', 'Variegatus' - leaves with yellow and
white spots.

Since it is a species with numerous medicinal,
aromatic and ornamental qualities, it has been
used as research object to identify, among
various sources, one cultivar with a narrower
direction of use (spice - aromatic) and higher
resistance to the climatic conditions, which are
changing from year to year.

MATERIALS AND METHODS

Three cultivars of Thymus vulgaris var.
citriodora (Pers.) Schreb., which had been
purchased at an exhibition with sale of
propagating material, and a spontaneous hybrid
between Thymus pulegioides L. x T. vulgaris L.
were used as initial material for research.

As a result of the clonal selection, several
forms were obtained, and two of them were



chosen because they had higher productivity of
raw material and essential oil and the plants
were 4-6 cm taller than the original forms.

The new forms are much more cold hardy and
thus it is not necessary to protect (cover) them
in winter. The two forms are also less
vulnerable to the extended periods without
rainfall, which have become more frequent in
the recent years. The seeds of cultivated thyme
are small and they maintain a rather high
germination capacity of 65% for three years,
under storage conditions without temperature
and humidity control.

However, the growth energy, after two years of
storage, decreases drastically with each year.
The optimization of seed storage conditions
makes it possible to extend this term.

Many researchers and growers of the given
species propose to sow thyme seeds in early
spring (Malankina, 2015), but there are also
recommendations to sow them in late autumn
or early winter (Rey, 1993).

Because the cultivated thyme is a very
polymorphous species, in our opinion, it
requires vegetative propagation in order to
maintain the obtained characters.

Thus, it was necessary to initiate the vegetative
propagation of the new forms with the
application of several factors - root stimulators.
For the multiplication of the initial population,
which was studied as control, as well as the
new lemon-flavoured form, propagation works
were initiated.

To identify the most efficient vegetative
methods of rooting the forms of Thymus
vulgaris L. var. citriodora, two variants were
tested: rooting in filtered water at room
temperature; processing of cuttings with Reglal
G natural root stimulator solution (1:400 un.
and 1:500 un. dilution) - a product obtained at
the IGPPP and officially registered as a plant
root stimulator.

The mother plants for collecting plant material
were prepared (transplanted in pots stored
indoors) in February.

The cuttings were taken at the beginning of
March and were placed in glass tubes for
rooting, filtered water and a natural root
stimulator solution at a dilution of 1:400 and
1:500 units served as media.

For rooting, the plant material was freshly
collected (cut) with sharp garden shears, the
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blade of which was treated with ethyl alcohol
for purification.

The cuttings were collected in a container with
1% KMnOs solution. One hundred thirty
cuttings of both forms of Thymus vulgaris ssp.
were subjected to rooting.

Seventy cuttings were soaked in the solution
with root stimulator at a dilution of 1:400 and
90 cuttings - at a dilution of 1:500 units, for 24
hours.

The plant material stored for rooting under
laboratory conditions, at room temperature of
22-25°C, the humidity of even better results -
the rooting rate was by the air being maintained
by frequent spraying with filtered hot water
(the filter of the "Nobil" brand) with a
temperature of 35°C.

The cuttings subjected to the rooting process
were kept in tubes placed on a support, being
maintained the constant level of the rooting
solution for 9 days, after which they were
transplanted in a solarium under controlled
conditions of humidity and temperature (under

agril foil).
At the time of transplantation, at the base of the
seedling, several outgrowths appeared -

bulbous nodules, of which several actual roots
developed in the soil.

The soil in which the cuttings were transplanted
for rooting was prepared by adding a specially
prepared industrial substrate for plants, peat
with neutral acidity, crushed gravel and river
sand in the ratio of 3: 3: 3: 1. Further, 20 days
until the extraction from soil, the cuttings had
been acclimated to the environmental
conditions (temperature) and the agril foil was
removed. The necessary humidity was provided
by spraying the foliage, in the evening or
morning, with a minimum amount of water.

RESULTS AND DISCUSSIONS

The cuttings were extracted from soil at the
beginning of October, to be tested in the CCC.
The obtained planting material was studied to
determine the rooting rate and other important
characteristics.

Thus, for the form 7. vulgaris var. citriodora -
CCT - the control consisted of 370 cuttings
placed in filtered water to take roots and then
transplanted into a solarium, so, 294 of them
took roots and the rooting rate was 79.4%.



The cuttings treated with the natural root
stimulator (Reglal G) at the dilution of 1:400 as
well as 1:500 had practically the same rooting
rate of 48.6 % and 46.7%, respectively (Table
1). As for the form selected of 7. vulgaris var.
citriodora - CFL - of 130 cuttings placed for
rooting in filtered water, 76.9% took roots, and
the rooting rate of those treated with the Reglal

G root stimulator at a dilution of 1:400 and
1:500 was 55.7% and 52.2%, respectively. The
treatment of cuttings of Thymus vulgaris ssp.
with the Reglal G root stimulator had no
advantages over the rooting in filtered water,
which had even better results - the rooting rate
was by 25% higher.

Table 1. The rooting rate of cuttings of Thymus vulgaris ssp. in various media

Filtered water Natural root stimulator Reglal G, units
v 1:400 dilution 1:500 dilution
Name . . Rooting . Rooting
of the form Number of cuttings Rooting Number of cuttings rate % Number of cuttings rate %
- N - -
Subjec_ted Rooted rate % | Subj ec_ted Rooted Sub]ec_ted Rooted
to rooting to rooting to rooting
T. vulgaris var.
citriodora - 370 294 79.4 105 44 48.6 180 42 46.7
CCT - control
T. vulgaris var.
citriodora -
CFL selected 130 100 76.9 105 39 55.7 180 47 52.2
form
At harvest, the cuttings were analysed characteristics of the treated and untreated

morphologically according to the biometric
characteristics - the size of the plants, the
length of the roots, the number of the
ramifications of the stem, the number of shoots
formed on a plant (Table 2). Because the
difference between the external morphological

cuttings was not essential, the presented data
constitute the averages (30 plants) from the
measurements of three components in each
sample (untreated, treated with Reglal G
natural root stimulator solution with a dilution
of 1:400 and 1:500).

Table 2. Biomorphological features of rooted cuttings of Thymus vulgaris var. citriodora ssp.

Height of the Length of the Number of stem Number of shoot
Name Values R 5 . .
cutting, cm root, cm ramifications per cutting
min 24.0 13.0 20.0 2.1
. vulgaris vat max 26.0 17.0 23.0 25
T X 24.4 14.0 21.0 2.4
C””Ot o V% 21.4 28.1 23.0 17.9
- contro P% 38 39 32 23
DLos 23 1.7 2.1 1.0
min 25.0 13.0 19.0 2.0
T vailgaris var max 27.0 16.0 22.0 22
s X 25.7 14.7 217 2.6
"’”10 fﬁ’f v 20.4 272 22.7 15.6
- sefected form P% 3.45 1.3 3.2 2.06
DLos 2.3 3.8 22 1.1

The height of the rooted cuttings was 24.4 cm
in the control and 25.7 cm in the selected form.
Both the length of the roots and the number of
ramifications of the stem had slightly higher
values in the selected form than in the control.
Each of the cuttings subjected to rooting
formed on average 2.4 shoots per plant in the
control and up to 2.6 the selected form.

The size of the basal ramification (2-3 per
plant) was practically equal to that of the
mature plants, starting from growing from the
base of the cuttings, the smaller apical ones
(50% of the length of the basal ones).

Thus, the plant material of Thymus vulgaris
ssp., necessary to start the testing experience in
CCC, was multiplied during a growing season.
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The treatment of the cuttings with the Reglal G
natural root stimulator did not give any
advantages as compared with the untreated
cuttings, since the results obtained in all
variants were almost identical.
The soil preparation works for planting cuttings
consisted of fertilization with organic fertilizers
as 60-80 kg/ha, applied under the plow, after
planting and after the first harvest.

Plow at 28-30 cm, leveling, shredding and
superficial loosening of the soil.

The planting norm is 160,000-180,000 threads
per/ha, and the distance between nests is
20 cm.

After planting, a mandatory irrigation was
applied, which needs to be repeated during the
vegetation period.

The care work consists of soil remediation,
weed destruction.

Harvesting was done only once because the
plantation is young, by cutting the unaligned
aerial part, before complete flowering.

During 2018, the planted cuttings developed
into mature plants. In 2019, the test plantation
was already created, and phenological
observations and biometric measurements of
the habitus of the plants were carried out.

The year 2019 was very difficult for the
initiation of plant growth and development, and
adverse ~ weather  conditions  persisted
throughout the growing season.

The lack of rainfall at key moments in plant
development and the high temperatures that
caused drought did not allow plants to develop
normally, and thus productivity indices were
very low.

The small stem of the plant, is one of the
impediments, making mechanized harvesting
impossible on industrial surfaces which
prevents the introduction into this culture of
this precious species.

During the researches, during several years, the
selection on the character of the "plant size"
was identified as a priority. The larger the size
of the plant in the thyme species, the easier the
harvesting, both the manual and the
mechanized ones.

The lemon thyme (Thymus vulgaris var.
citriodora) is a species of small plants, but this
year, the plants were even smaller than usual -
20-23 cm in the control and 21-23 cm in the
new cultivar. The diameter of the bush was
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equal to average values 19-22 cm from the
control and 26-29 cm the new cultivar.

The other morphological indices also did not
reach high values.

The number of productive stems at one plant
was only 19-22 in the control and 26 in the new
cultivar.

The length of the growing season until harvest
was 85 days in both forms (Table 3).

The average fresh raw material production was
slightly higher in the new cultivar, by 0.99 kg,
and it was statistically confirmed.

At the full flowering stage (Figure 1) of plants,
the content of essential oil was appreciated and
it constituted 0.285%, in the control and 0.32%
in the new cultivar, calculated per hectare, it
would be equal to 7.24 kg and 10.3 kg/ha,
respectively.

- IO

Figure 1. Testing CCT and CFL forms

Plants of both forms tested had abundant
flowering, each shoot having flowers all its
length. The plants in the plots predestined for
seed collection were left wuntil the
disappearance of the floral components that
constituted 35 days. The harvest for obtaining
the seeds, however, was unsuccessful, with no
seeds.

The binding of seeds may have been caused by
the high temperatures (burning in air) of that
period and the long-term lack of precipitation.
Testing for seed production will be continued,
to elucidate this case.



Table 3. Biomorphological and productivity indices of Thymus vulgaris var. citriodora, 2019

Name Height of | Diameter | Number of Length of Productivity of 10 m? of raw material
plants, ofa stems per | the growing fresh, kg dry, kg essential oil,
cm bush, cm plant season, days kg
CCT - min 20 19 148 85 2.04 1.06
control max 23 22 156 - 2.73 1.61
X 21 21 153 85 2.54 1.46 0.724
CFL - min 21 23 159 85 3.29 1.62
?ew max 23 29 166 - 4.20 1.82
orm X 2 26 161 85 3.72 1.68 1.03
BDys - 0.22 kg - for the production of dry raw material.
Lemon thyme is used as a spice in the well- REFERENCES

known mixture of dried herbs “Herbs de
Provence”. It is also used as a medicinal plant,
to produce effective medicinal preparations
such as cough suppressants, bronchiolitis -
syrups, drops, teas etc. Lemon thyme has high
potential as honey plant, making it possible to
obtain 160-180 kg/ha of honey. It is also
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Abstract

Giant knotweed, Reynoutria sachalinensis (F. Schmidt) Nakai, is a species native to the Far East, introduced in the
Republic of Moldova in the 1980s. The surveys of entomofauna and mites associated with the crop R. sachalinensis
were carried out in the experimental sector of the Plant Resources Laboratory of the “Alexandru Ciubotaru” National
Botanical Garden (Institute). The research has revealed the structure of the entomofauna on R. sachalinensis plants
during the growing season and resulted in the identification of 31 species of insects, in various growth stages, the
assessment of the phytoparasitic impact, records and analyses of morphological parameters, taxonomic affiliation,
trophic specialization, frequency values and abundance of entomofauna on the entire plant and the biological and
ecological significance in the regulation of the ratio of zoophagous/phytophagous insects.

Key words: biodiversity, giant knotweed, insects, trophic spectrum.

INTRODUCTION

The species has been introduced in the
Republic of Moldova, and a cultivar, named
'Gigant', was officially recognized and
registered in the Register of Plant Varieties of
the Republic of Moldova in 2012, with the
number 2492625. In 2016, it received a Plant
Variety Patent, with the number
205/31.05.2016 and the common name
“Hrisca-de-Sahalin”. The binomial name of
giant knotweed, or Sakhalin knotweed, is
Reynoutria sachalinensis (F. Schmidt) Nakai
and it has several synonyms Polygonum
sachalinense F. Schmidt ex. Maxim., Fallopia
sachalinensis (F. Schmidt) Ronse Decr.,
Pleuropterus sachalinensis (F. Schmidt) H.
Gross., Tiniaria sachalinensis (F. Schmidt)
Janch. (Yonecura and Ohaschi, 1997
Boiinokosa, 2007; Fuentes et al., 2011; The
plant list). This species, which is native to East
Asia, Sakhalin and Kurile Islands, has been
studied to determine its potential as medicinal
and fodder plant (Schnitzler and Muller, 1998;
Mandak et al., 2004; Wittenberg, 2005). It has
been studied in several countries in Eastern and
Western Europe as a multi-purpose plant. In the
Republic of Moldova, it was introduced from
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the Agricultural Institute of Vladikavkaz, North
Ossetia, and until now it has been investigated
as a multi-purpose research subject.

Some important aspects of this topic were
studied in 2014-2019, focusing on the
biological peculiarities of growth and
development of this crop, introduced from
another eco-geographical zone, with high
potential as forage, medicinal, ornamental and
energy plant in the Republic of Moldova. At
the same time, the environmental conditions in
our country are favourable not only for the
growth of plants but also for the diverse
association of insect complexes and their
impact on plants is favoured by the climatic
conditions throughout the growing season. An
essential risk to which this crop may be
subjected and which can affect its harvest is the
damage and diseases caused by the species of
phytophagous insects. Some of them play a
special role in maintaining the biocenotic
balance as very efficient pollinators during the
long flowering phases. Overall, associations of
numerous insects that reproduce on this plant
are created by means of adaptation and
resistance in the interaction with the given
plant, environmental factors and anthropogenic



influence (Perju, T., 1995; Lupascu, 1998;
Busuioc M., 2004;Volosciuc, 2009).

The main purpose of the study on the
entomofauna associated with this crop consists
in establishing the ways in which the
associations of parasitic insects - entomophages
are formed, their role in maintaining the
ecological-trophic balance in the system host
plant - harmful organism - environmental
factors, which can progress depending on
species associations, the trophic spectrum and
the amount of nutrients, the growth and
development phase and the relationships
between them (Perju, 1995; Busuioc, 2004).
Based on the actuality of the approached topic,
the purpose of the research carried out over
four years was to perform the entomological
phytosanitary control by estimating the
diversity of the associations of insects detected
in the plantation of the given species, by
establishing the degree of beneficial and
parasitic impact, the trophic spectrum and
useful contributions as pollinating species on
this plant.

MATERIALS AND METHODS

Observations were carried out during the
growing season of 2016-2019, with records of
the entomofauna and mite diversity on
Reynoutria sachalinensis plants. The research
was conducted in the “Alexandru Ciubotaru”
National Botanical Garden (Institute), in the
experimental sector of the Plant Resources
Laboratory, during several successive growing
seasons. Phytosanitary control observations and
insect samplings were made using the
entomological net, visually, in sequence of the
developmental  phenophases  of  plants,
periodically, with an interval of 10-15 days,
starting in May (the phase of the formation of
the stem and leaves) and ending in October
(full maturity of plants, ripening of seeds and
partial fall of leaves). In total, over 12
observations were made with the help of visual
and optical analyzes (portable binoculars and
magnifying glasses) on the experimental sector
of the laboratory with a surface of 0.25 ha, on
perennial plants aged 4-7 years (Figure 1).

At each observation, about 100 plants were
investigated at certain intervals on the diagonal
of the sector under study, sampling insects by
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collecting them manually and by mowing the
plants, besides, we examined the plants and
their organs affected by phytoparasitic insects
in various stages of phenological development,
their numerical densities and parasitic impact.

Figure 1. A - Plantation of Reynoutria sachalinensis (F.
Schmidt) Nakai: formation of vegetative organs
(April 2016); B - mature plants (July 2016),
phytosanitary observations on the experimental plot of
the “Alexandru Ciubotaru” National Botanical Garden
(Institute)

Later, under laboratory conditions, the
peculiarities of morphological structure, the
taxonomic rank and the diversity of insect
species detected in the plantation, found on
different organs and in different development
phases and trophic specialization spectrum,
were established and pictures were taken for
documentary purposes. The papers on general
entomology of Perju, 1995; Oltean, 2001;
Lazari and Busuioc, 2002; Cozari, 2010;
Talmaciu, 2014, the guides for determining
species written by IlmaBunemukos, 1994, Bei-
Bienco, 1962, and the examination under the
microscope  MBC-10 and the binocular
microscope Leica CME were used to confirm
the taxonomic identity of the collected insects
and mites.



RESULTS AND DISCUSSIONS

The assessment of the efficiency of using the
species giant knotweed can be supplemented
with  investigations on entomoparasites,
conducted under the environmental conditions
of the Republic of Moldova, with the purpose
of highlighting the presence of entomofauna
and mites on plants in different growing
seasons, and the phytosanitary control can
elucidate the diversity of harmful and useful
species, the means of reproduction of such
insects and the damage caused to this crop.

The phytosanitary research on the giant
knotweed plantation was carried out with a
purpose and objectives that illustrate, as a
result, the impact of entomofauna on the eco-
biological integrity of adaptation of the studied
crop to the environmental and biotope
conditions, on the experimental sector of the
"Alexandru Ciubotaru" National Botanical
Garden (Institute). The biodiversity of insects
and mites on the investigated plants was found
to be of a mixed type, very diverse and varied,
being favoured by the new and attractive
biomorphological characteristics of the species
for the respective fauna, related to process of
adaptation of the introduced crop to the
environmental factors in the territory of the
Republic of Moldova.

The composition of entomofauna in the R.
sachalinensis  plantation was studied by
laboratory analyses determining the numerical
density, the taxonomic units and variations of
the trophic spectrum, with the estimation of the
diversity of the species of insects and
arachnids, the parasitic impact on the plant
organs, according to the abundance and
frequency of the detected species, the way and
the degree of impact. The mass emergence and
the fast expansion of entomofauna on the plants
were noticed at the end of May - the middle of
July, then, when the pedological drought and
high air temperatures were attested (the second
half of July-August), a considerable decrease in
the numerical density and the diversity of
insects on the aerial organs of plants was
observed. The mass flowering phase is a
significant stimulus for the agglomeration of
entomofauna and mites on giant knotweed,
which, as a long-day species, blooms at the end
of August - the middle of October. During this
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period, a considerable increase in the diversity
of phytophagous insect species and their
numerical density, in different developmental
stages (adult and larval forms), was observed
on the nectar-rich inflorescences and leaves
found in the apical area. At the same time, the
abundant presence of predatory
zoophytophages feeding on colonies of aphids
and mites was noticed.

The abundance of the numerical density and the
frequency of species by the presence of adult
individuals and larvae are more significant in
late spring, with the emergence of fragile
shoots and the development of leaves, the
plants being invaded by phytophagous insects,
followed by entomophagous insects, in a
60/40% ratio, in favour of phytophagous
species. In autumn (the mass flowering phase -
the formation of seeds), entomophages with the
trophic specialization: omnivorous predators,
including pollenophagous and nectarivorous
species, predominate more abundantly in the
species diversity.

As a result of taxonomical analyses, the
diversity of the entomofauna detected in the
plantation varied considerably in the range with
two maxima during the entire growing season,
and during the spring-summer period, beetle
species of the order Coleoptera, bugs of the
order Hemiptera and aphids of the order
Homoptera predominated. All of them behaved
like parasitic species and caused damage, such
as: bites, stings, embossing, discolorations and
tunnels through newly formed leaves and
stems. When the mature plants grow very tall,
up to 5 m, and this happens in the second half
of summer and in autumn, the species of the
orders Diptera, Hymenoptera (especially
honeybees) predominate in the plantation. The
polyphagous insects of the orders Coleoptera
and Lepidoptera are more numerous in the
flowering phase with abundant nectar
production, as an essential nutritional source,
on the large inflorescences of giant knotweed
plants  (Busuioc, 2004; Lupascu, 1998;
[TnaBunbiukos, 1994).

Table 1 illustrates the diversity of species and
the trophic spectrum of insects and mites found
on giant knotweed plants. The complex of
insects detected in the dynamics of growth
stages and development phases included 31
species, with different trophic specialization



and variability of the biological development
cycle, adapted to certain organs of the plant,
depending on the trophic specialization and the
reproductive potential (Table 1, Figure 2). By
analyzes and taxonomic determinations, the
insect species were identified and it was found
that they belong to 8 orders: 1. Neuroptera, 2.
Coleptera, 3. Hemiptera, 4. Mecoptera, 5.
Hymenoptera, 6. Diptera, 7. Homoptera, 8.
Lepidoptera; 21 families: 1. Chrysipidae; 2.
FElateridae, 3. Cantaridae; 4. Curculionidae; 5.
Coccinellida; 6. Pentatomidae; 7. Coreidae; 8.
Codnidae; 9. Panorpida; 10. Apidae; 11.
Scoliidae, 12. Formicidae, 13. Vespidae, 14.
Sarcophagidae, 15. Califoridae,16. Syrphi, 17.
Tachinidae, 18. Aphididae,19. Noctuidae, 20.
Pyraustidae, 21. Tenthrediideae; 28 genera: 1.
Crysoperla, 2. Athous, 3. Chantaris, 4.

Rhagonycha, 5. Cratopus, 6. Coccinella, 7.
Adalia, 8. Harmonia, 9. Graphosoma, 10.
Coreus, 11. Tritomegas, 12. Panorpa, 13.Apis,
14. Scolia, 15. Formica, 16. Lasius, 17.
Katamenes, 18. Sarcophaga, 19. Lucilia, 20.
Syrphus, 21. Eristalis, 22. Spherophoria, 23.
Tachina, 24. Aphis, 25. Myzodes, 26. Agrotis,
27. Margaritia, 28. Athalia.

At the same time, there was a stable abundance
of tiny phytoparasitic mites on the surface of
the leaves and young shoots, throughout the
growing season, belonging to 3 orders, 3
families, 3 genera and 3 species, respectively,
with phytoparasitic impact on the leaves and
flower primordia, especially in spring and
autumn, and species of entomophages feeding

on aphids and other harmful insects [10, 11].

Table 1. The diversity and the trophic spectrum of insect and mite species found on R. sachalinensis plants

No | Species ‘ Trophic spectrum | No | Species | Trophic spectrum
Phylum: ARTHROPODA, class: INSECTA
1 Crysoperla carnea Zoophagous 17 Formica rufa L. Omnivorous, predatory
2 Athous niger L. Phytophagous 18 Lasius niger L. Omnivorous, predatory
3 Chantaris fusca L. Zoophagous predatory 19 Katamenes arbustorum Predatory
Penzer
4 Chantaris pellucida Zoophagous predatory 20 Athalia rosae L. Zoophagous, plant liquids
Fabricius
5 Rhagonycha fulvu Scopoli Zoophagous predatory 21 Sarcophaga carnaria L. Plant liquids
6 Cratopus sp. Phytophagous 22 Lucilia caesar L. Pollen and plant liquids,
zoophagous
7 Coccinella septempunctata | Entomophagous, 23 Syrphus ribesii L. Pollen, plant liquids,
L. aphidophagous zoophagous
8 Adalia bipunctata L. Entomophagous, 24 Eristalis tenax L. Pollen and nectar
acariphagous,
aphidophagous
9 Adalia quadrimaculata L. Entomophagous, 25 Spherophoria scripta L. Pollen and nectar
acariphagous,
aphidophagous
10 | Harmonia axyridis Pallas Entomophagous, 26 Tachina fera L. Pollen and nectar
acariphagous,
aphidophagous
11 Graphosoma lineatum L. Phytophagous, 27 Aphis pomi De Geer Occasional plant parasite
nectariphagous
12 | Coreus marginatus L. Phytophagous, 28 Aphis fabae Scopoli Occasional plant parasite
nectariphagous
13 Tritomegas bicolor L. Phytophagous, 29 Mpyzodes persicae Sulz. Occasional plant parasite
nectariphagous
14 | Panorpa communis L. Omnivorous, predatory 30 Agrotis segetum Denis & | Polyphagous plant
Schiffermuller parasite
15 | Apis mellifera L. Pollen and nectar 31 Margaritia sticticalis L. Polyphagous plant
16 | Scolia hirta Schrank Pollen and nectar parasite
Phylum: ARTHROPODA, class: ARACHNIDA
1 Tetranychus urticae Plant parasite 3 Tarsonemus angulatus Mycophagous
2 Paraseiulus incognitus Entomophagous,
predatory
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Figure 2. Insect species found on inflorescences and leaves of R. sachalinensis: A - Scolia hirta;
B - Sarcophaga carnaria; C - Cantharis pellucida; D - leaves affected by insects

The graphical representation of Figure 3
highlights the maximum share of the
population of insects detected on the researched
crop, with the predominance of the species of
insects of the order Coleoptera, which
constitutes 29% of all the diversity of the
species of insects collected from the field and
analyzed. The species of the orders Diptera and
Hymenoptera constitute 19%, followed by
species of the orders Hemiptera and Homoptera
with 10% each. The number of butterflies and
moths of the order Lepidoptera was lower - 6%,
in terms of diversity and numerical density, but
individuals of the orders Neuroptera and
Mecoptera belonged to a single species (Figure
3).

3% 4%

M Coleoptera
H Diptera
10% P

® Hymenoptera
B Homoptera
10%
B Hemiptera

w Lepidoptera

19%
19% ® Mecoptera

Figure 3. Comparative graphical representation
of insect complexes according to the taxonomic
abundance by orders

The results of the research on the determination
of the taxonomic structure of insect associa-
tions in giant knotweed plantations, done by
assessing the degree of invasion, by adapting
biological strategies to this crop, studying their
synergistic and antagonistic relationships and
establishing the trophic specialization are
estimated comparatively in Table 2.

The distribution through a spectrum related to
the zoophagous and phytophagous nutrition
differentiation, including the specializations
within the groups of insects, the most abundant
and frequent species are phytophagous insects

that feed on nectar, pollen and other floral
exudates, in total, there are 14 such species of
detected insects, and this fact denotes the high
melliferous potential of the species R.
sachalinensis.

Table 2. The graphical presentation of the comparative
trophic spectrum of insect complexes related to
phytophagous and zoophagous specialization

Zoophagous insects Phytophagous insects

Trophic type Ne of Trophic type Ne of
species species

Entomophagous 4 Nectar, pollen, 14

plant liquids

Omnivorous 3 Occasional plant 3

predators parasites

Zoophagous 5 Polyphagous 2

predators

The leaves and the flowers are the most
attractive to the wild entomofauna, including
the entomophagous insects. Parasitic insects
with folivorous and anthophagous
specialization, represented by a diversity of
aphids, ticks and caterpillars of polyphagous
parasitic lepidopterans etc. predominate on
these parts of the plants. The group with
zoophagous  specialization is represented
mainly by predatory species, followed by
entomophages (acariphagous and afidophagous
insects) and the omnivorous predators, and it
plays a significant role by determining the
dynamic balance within the entomofauna of the
given crop and diminishing the number of
parasitic phytophagous insects. Thus, there is
no need to apply chemical phytosanitary
treatments because the density of parasitic
species of insects is regulated with the help of
predatory-omnivorous species.

Species with acariphagous, and predatory-
omnivorous zootrophic specialization, such as:
Coccinella septempunctata, Adalia bipunctata,
A. quadrimaculata, Harmonia axyridis, Lasius
niger, Formica rufa, Panorpa communis were
found throughout the growing season, they



affected the phytophagous species and there
was an antagonistic relationship between them,
thus, these species play the role of living
biological remedies in diminishing and
regulating the number and density of
phytoparasitic species and the parasitic impact
on the polyphagous insect species, such as
mites, aphids, beetles, lepidopterans. The
diversity of insects of the order Coleoptera with
a diverse trophic spectrum was significant; it
included hundreds of species of insects, with
phytophagous and  zoophagous trophic
specialization, which regulated, particularly,
the presence of parasitic pests such as aphids,
mites and polyphagous caterpillars in early
stages (Gulii and Pamujac, 1994; lachimciuc et
al., 2012).

CONCLUSIONS

As a result of the taxonomic research and
analyses on entomofauna and mites performed
in a plantation of Reynoutria sachalinensis (F.
Schmidt) Nakai, giant knotweed, under the
environmental conditions of the Republic of
Moldova, a diversity of 31 species of insects
associated in complexes with various trophic
specialization was found; these species have
adapted to the succession of
growth/development phenological phases in
impact with environmental factors.

The morphobiological characteristics and the
trophic specialization of the diversity of insects
detected in the giant knotweed plantation were
established taking into account their spread on
the plants, with the estimation of the frequency
and the abundance of the detected insects, the
degree of damage caused by them, the trophic
spectrum estimated by the presence of 12
zoophagous and 19 phytophagous species, with
the predominance of polyphagous-parasitic
species, followed by zoophages, entomophages
and omnivores-predators with acariphagous
and aphidophagous specialization.

Laboratory taxonomic analyzes of insect and
mite samples collected from the studied plants
were carried out and helped estimating the
diversity of insects investigated per year and
during the growing season, and, in total, we
identified 34 species of insects and mites
included in 31 genres, 24 families and 11
orders, with various bio-indications and
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bioecological importance for giant knotweed
during the adaptation time, which were
influenced by the environmental conditions of
the Republic of Moldova.
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Abstract

The cultivation of potatoes is mainly influenced by the type of fertiliser used, the dose of mineral or organic fertiliser
applied based on the soil’s supply of nutritional elements and the structure of the soil. The goal of these fertilisation
experiments carried out in 2020 was the calculation of optimal and economical doses of NPK fertilisers, based on the
soil’s supply of nutritional elements, in order to obtain consistent yields of a certain level, using the methodology of an
agrochemical study, and to determine the influence of various doses of fertilisers on the yield and on the production
efficiency in potato cultivation. To monitor the soil’s supply, agrochemical mappings were carried out, used to
determine the optimal economical doses required to obtain a yield of 50 t/ha for three potato cultivars: Riviera,
Bellarosa ans Arizona. Comparisons were made based on the data obtained, between the doses used by the company
Solfarm SRL and the optimal N, P, K fertiliser doses necessary for a yield of 50 t/ha.

Key words: chemical fertiliser, potato fertilisation, nutritional elements, agrochemical mapping.

INTRODUCTION
The main purpose of wusing precision
technology in the context of sustainable

agriculture is to maintain or increase soil
fertility, in addition to ensuring crop efficiency.
The potato is one of the plants that is most
recognizant of the soil’s natural fertility and of
a rational fertilisation, when the other
vegetation factors are at an optimal level. The
potato has a high specific intake of nutritional
elements. Thus, for each 1000 kg tubers and the
corresponding surface biomass, it intakes on
average 5 kg N, 3 kg P»Os, 8 kg K»0, 3 kg CaO
and 1 kg MgO (Ion, 2010).

The doses of chemical fertilisers differ with the
purpose of the crop. Following a crop of
perennial leguminous plants, the dose of
nitrogen is reduced by 20-30 kg/ha, and the
dose of phosphate is increased by 20 kg/ha.
Following a crop annual leguminous plants, the
dose of nitrogen is reduced by 10-20 kg/ha, and
the dose of phosphate is increased by 15 kg/ha.
Following a crop of technical plants, the dose
of nitrogen and phosphate is increased by 10-20
kg/ha (Ton, 2010).

Among the chemical fertilisers containing
nitrogen, the ones that are most often
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recommended are nitrolime and urea in acidic
soils, and in neutral soils ammonium nitrate
and urea (Miron, 2015).

Nitrogen (N) has a distinguishable effect on
the growth of the crop, and is used by the plants
throughout the vegetative period.

Nitrogen contributes to the increase of the
yield, to the growth of the foliar system, to the
increase in the tuber number and size. The
potato reaches the highest uptake of nitrogen
(150-200 kg N/ha) before bulking, but a smaller
quantity continues to be uptaken afterwards. It is
an important element for protein synthesis, it
stimulates the growth of meristematic tissues,
and it encourages stem ramification.

Nitrogen deficiency leads to the growth of light
green plants, with small, rigid foliage, with
erect leaves, and to a quick (early) maturity.
Nitrogen excess leads to a quick growth of the
foliar system during tuber formation. Vines
grow very long and fall quickly (Roman et al.,
2012).

Phosphate (P20:2) is uptaken throughout the
entire growth period, especially during foliage
growth.

For seed potatoes, the soil must have a good
supply of mobile phosphate, while avoiding
excess.



Phosphate stimulates root growth and quickens
foliage maturity; it stimulates an increase in the
number of tubers, but not in their size.

As regards planting material, it provides a
vigorous growth of the sprouts and young
plants. The optimal phosphate doses encourage
quick tuber growth, increased plant resistance
against viral infections, increased tuber
resistance against shock and storage resistance.
Phosphate deficiency leads to reduced growth,
dark green foliage, upward curling of the
leaves, lack of lustre and marginal scorching.
Phosphate excess leads to a decrease in the dry
matter percentage and can even have a toxic
effect, seen in late tuber formation and
decreased yields (Burton, 1966).

Potassium (K:20) stimulates the early growth
of the potato, increases stalk vigour and leaf
area, without decreasing leaf longevity. Good
potassium intake increases plant resistance
against pathological and physiological diseases,
as well as against draught, amplifies protein
synthesis and respiration, helps the plant to

grow during dry periods.
The presence of high quantities of potassium in
seed tubers encourages early springing.

Potassium decreases the blackening of the tuber
after cutting and increases the tuber’s resistance
against breakage, having a positive influence
on the normal growth of the tubers.
Potassium deficiency is indicated by a small
plant habitus, dark green-bluish colour and the
bronzing of the leaves, which turn yellowish as
they age, and dry tips. (Burton, 1966).
Potassium excess can negatively affect the
yield, especially if the fertiliser contains
chloride, to which the potato is particularly
sensitive.
The agrochemical mapping paper proposes a
synthesis  study regarding the pedo-
agrochemical  conditions, together  with
recommendations regarding the rational use of
agricultural real estate. Agrochemical features
allow an in-depth understanding of the land’s
yield potential. The following can be achieved
based on the agrochemical study:
e the rational use of fertilisers;
o the application of preventive measures
against soil degradation;
o the increase in natural fertility;
e determining the soils’ yield potential.
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Soil reaction, expressed as pH, is an indication
of the environment where the potato plant
grows. Soil reaction can be acid, neutral, or
alkaline, with various intermediary levels.
Humus is the main source of nutritional
elements in the soil, which, depending on its
quantity and quality, determines, to a high
extent, soil fertility (Plamadeala, 2008).

The potato plant tolerates a more acidic
physiological reaction of the soil, the most
adequate pH being 5.5-6.5, but it can be grown
without significant damage on soil with pH
between 4.5-7.5 (Saulescu, 1971).

With a higher pH there is danger of a stronger
presence of the common scab. This is why
potato crops are not grown on soil that was
treated during the previous year (Axinte et al.,
2006).

The nitrogen index (NI) is used to determine
the quantity of nitrogen available in the soil.
Soil where the NI is lower than 2 is considered
to have a low supply of nitrogen, soil where the
NI is between 2.1 and 4.0 has a medium
supply, and above 4.1 good and very good

supply.
MATERIALS AND METHODS

For the production and propagation of potato
planting material from higher biological
categories, the increase of the propagation
index and the optimum efficiency of the yield,
are important objectives (Berindei, 2000).
Currently, the company SOLFARM SRL
grows seed potatoes on area of 35 ha each year.
Starting with the observation that the company,
in particular for potatoes, applies larger
quantities of chemical fertilisers than needed by
the crop for the yield obtained, the purpose of
these fertilisation plans for 2020 was to
determine the optimal and economical NPK
dose, based on the soil’s supply of fertilising
elements, to obtain consistent yields of a
certain level, using the methodology of
agrochemical studies in the future.

For trial cultivars, the higher biological
category was used when planting, tubers from
the 30-55 mm diameter fraction, i.e.:

- Riviera, very early potato cultivar



Riviera

- Bellarosa, extra-early, red, potato cultivar

Bellarosa

- Arizona, medium-early potato cultivar

Arizona

Organic fertiliser was applied in autumn,
30 t/ha per trial lot. Chemical fertiliser was
applied on all 3 lots of the company
SOLFARM as follows Table 1.

The following are represented in Table 2: soil
reaction, the soil’s supply of mobile phosphate,
the values of the nitrogen index reflecting the
soil’s supply of available nitrogen, the soil’s
supply of mobile potassium, the organic matter
content (humus).

Table 2. The results of the soil samples

Prem. | Recent

Area |Culture | crop H NI [ Humus m (S)b;};e (I:{l:;;llin

(ha) | (2018- | (2019- | P % | % |P ; pm) P oo
2019) | 2020) PP pp

2 | Rape | Potato | 5.92 | 2.18 | 259 | 84.63 300

2 Rape | Potato | 5.43 | 2.84 | 3.68 55.63 260

2 Rape | Potato | 525 | 2.41 | 3.22 55.22 240

The soil samples taken from the 3 lots, the pH
varied between 5.25-5.92 indicating a moderate
acidity.

As regards the supply of nutritional elements,
the soil has a good supply of phosphate (55.22-
84.63 ppm) and a very good supply of
potassium (240-300 ppm). The values of the
nitrogen index were Dbetween 2.18-2.84
(medium).

The organic matter content (humus) in the soil
falls within the limits of a medium to good
supply level (2.59-3.22%).

The recommended quantities of chemical
fertiliser were between 372 and 432 kg a.s./ha
(Table 3).

Table 1. The influence of fertiliser doses on the yield obtained by SC. SOLFARM SRL

Fertilisation 1 Fertilisation 2 Fertilisation 3
Species Wit YARIMILA with YARSMILA NITROCALCAR Yield
Type year year year (Vha)
a.s. kg/ha 5019 a.s. kg/ha 5019 a.s. kg/ha 5019
Riviera 430 08.03 430 29.03 350 17.04 40
Bellarosa 430 08.03 430 29.03 350 18.04 55
Arizona 430 08.03 430 29.03 350 19.04 42
Table 3. Fertiliser doses calculated based on an agrochemical study
Fertilisation recommendations for 2020 (a.s./ha) Remarks
Species Estimated Total NPK Compound
Type yield (t/ha) N K20 (s.a./ha) Nitrolime
(4 years)
Riviera 50 239.98 86.98 65.44 372 16:16:16
Bellarus 50 226.94 115.41 71.61 414 16:16:16
Arizona 50 234.63 116.68 80.15 432 16:16:16




RESULTS AND DISCUSSIONS

Taking under analysis the influence on the
yield of these fertiliser doses, it seems that the
highest total yield was obtained for the
Bellarosa veriety (55 t/ha), followed by the
Arizona variety with a yield of 42 t/ha, and the
lowest yield was obtained for the Riviera
variety (40 t/ha) (Figure 1).
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Riviera Bellarosa Arizona

Potato variety

Figure 1. Yield obtained by SC Solfarm SRL in 2019
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Figure 2. Determining the NPK fertiliser dose for the
yield of 50 t/ha

The most efficient yield is obtained based on
the recommended system of the NPK dose
calculation, based on the data in the
agrochemical mapping of the soil for obtaining
a potato yield of 50 t/ha (Figure 2).

It can be seen that based on the methodology of
the agrochemical study, from the yield
perspective, the quantity obtained is almost
identical in both cases (Bellarosa variety-yield
of 55 t/ha and estimated yield of 50 t/ha), using
a fertiliser dose significantly lower, without the
risk of reduced yield. There is no business
reason either for the fertiliser dose to be too
high (Figure 3).
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Figure 3. The NPK a.s. quantity used and proposed for
2020

CONCLUSIONS

The potato is a staple crop with a distinct
economic and social importance for the
agriculture in the Covasna county, first of all as
a result of the ecological conditions favourable
to this crop and less favourable to others, and
secondly as a result of the productivity
provided, compared to other crops.

If the soil is supplied with phosphates, it can be
seen that good and very good results are
obtained for the three lots. This synthesis
shows that on most lots there are no special
problems regarding phosphate fertilisation.

It must be noted that the soil’s supply of mobile
potassium on the three lots exceeds the “very
good supply” threshold, in which case
potassium is applied in very low doses,
decreasing the fertiliser cost.

We believe that the results of the agrochemical
mapping initiated by SOLFARM SRL aiming
to streamline potato fertilisation according to
the planned yield will lead to higher and more
efficient yields.
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Abstract

During the period of 2015-2018 in South-Central Bulgaria a field experiment was researched. The cultivars common
wheat ‘Ekzotik’, ‘Miryana’, ‘Avenue’, ‘Anapurna’ and ‘Neven’, were studied. The experiment was applied in block
design with 4 replications and 15 m’ plot size, after pre crop sunflower. The growing of plants was performed in
compliance with the standard technology. The aim of the present investigation was to carry out a comparative study of
the yield and quality of some common wheat cultivars grown in South-Central Region of Bulgaria. The analysis of the
results showed that the highest grain yield was obtained from ‘Avenue’ variety - 7400 kg/ha, followed by ‘Anapurna’ -
7100 kg/ha and the lowest one - from ‘Neven’ variety 4067 kg/ha. Among the studied common wheat cultivars, the
highest values of thousand kernel (grain) weight and the test weight were reported for ‘Miryana’ (50.3 g and 81.0 kg,
respectively) and the highest wet gluten content was established in ‘Anapurna’ cultivar (27.0%). The lowest value of the
test weight was reported for ‘Neven’ cultivar (73.3 kg); of the thousand kernel (grain) weight - for ‘Anapurna’ cultivar
(34.3 g) and of the wet gluten content - for ‘Avenue’ cultivar (22.0%).

Key words: wheat, cultivars, grain yield, thousand kernel (grain) weight, test weight, wet gluten.

INTRODUCTION yields. That necessitates systemic studies of the
cultivars in the different regions of the country

One of the major ways of increasing the yield (Aktas et al., 2017; Kaya and Akcura, 2014;

and improving the wheat grain quality under = Yanchev & Ivanov, 2016).

the current market conditions is the The aim of the present investigation was to

establishment of new highly productive carry out a comparative study of the yield and

cultivars and their introduction into practice. quality of some common wheat cultivars grown

Establishing the proper cultivar structure in South Central Region of Bulgaria.

depending on the concrete agroecological

conditions of the region can significantly = MATERIALS AND METHODS

increase grain yield and quality. That requires a

very good understanding of the characteristics A field experiment with common wheat was

of the different cultivars, in order to be able to carried out on the experimental field of the

make the right choice (Dallev and Ivanov, village of Carimir (South Central Bulgaria) in
2015; Dimitrov et al., 2016; Ilieva, 2011; the period 2015-2018. The test was performed
Ivanova et al., 2010; Kirchev and Delibaltova, by means of a block method with four
2016; Williams et al., 2008). replications; experimental field area - 15 m?,

Studies of a number of authors show that the  after the predecessor sunflower. The following
amount of grain yield is closely related to the  cultivars were tested; ‘Ekzotik’, ‘Miryana’,
cultivar, the use of farming machinery and the ‘Avenue’, ‘Anapurna’ and ‘Neven’. All the
soil and climatic conditions of the region (Mut stages of the established technology for wheat
etal., 2017; Stoeva et al., 2006; Studnicki et al., growing were followed.

2018). Soil tillage included single disking (10-12 cm)
Therefore, in order to use the full productive  after harvesting of the previous crop, and
potential of the cultivar, the proper choice of  double disking after the main fertilization. The
suitable cultivars for each agroecological area was treated by Ni2oPgo and the whole
region is a decisive factor for obtaining high  quantity of the phosphorous fertilizer and 1/3 of
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the nitrogenous fertilizer were applied before
main soil tillage. The remaining amount from
the nitrogen norm was applied before the
beginning of permanent spring vegetation.
Triple super phosphate and ammonia nitrate
were used. Sowing was completed within the
agrotechnical term optimal for this region at
sowing norm 550 germinating seeds/m?. Control
of weeds, diseases and pests was done with
suitable pesticides when necessary. Harvesting
was done at full maturity. The grain yield is de-
termined with standard grain moisture of 13%.
The indices grain yield (kg ha™); thousand
kernel (grain) weight (g), test weight (kg); wet
gluten content (%) and were determined.

For the purpose of determining the quantity
dependence between the studied indicators, the
experimental data was processed by the method
of dispersion and correlation analyses.

The period of the research (2015-2018) is
characterized with variety of temperature and
rainfall conditions which enables to evaluate

the reaction of the studied varieties in
accordance with their yields and quality
characteristics  under  different  climatic

conditions (Figure 1).
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Figure 1. Temperature and rainfall distribution during the
period 2015-2018

The results show that the air temperatures were

close to or slightly higher than those
established for a multiple-year period, with no
significant ~ deviations from the crop
requirements.

The differences between the three years of the
study were established in the amount of rainfall
during vegetation. Rainfalls in autumn and
during the critical spring period are decisive for
the development of the wheat plants. The mean
annual precipitation sums during October -
March, which formed the autumn-and-winter
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moisture  reserves in soil during the
experimental years 2015-2016, 2016-2017 and
2017-2018 were higher with 61, 101 and 7 mm,
respectively, than the mean sums of the long -
term period. During April-May when plants
were at stages booting and heading, the mean
annual precipitation sum in 2016 and 2017 was
lower than the mean long - term value, while in
2018 this sum was higher with 119 mm. In
June and July (during grain filling-maturation)
rainfalls in harvest year 2018 was higher with
62 mm, in comparison to the long - term
period, while in 2016 and 2017 they were with
44.3 and 14.0 mm, respectively lower.

The most favourable for plant growth and
development was the third experimental year
(2017-2018), followed by the second (2016-
2017), and unfavourable was the first year
(2015-2016), of the experiment, having an
effect on yield and grain quality of common
wheat.

RESULTS AND DISCUSSIONS

Data about the grain yield (Table 1) show that
‘Avenue’ cultivar surpassed the other cultivars
included in the experiment, when reporting the
harvest by years and in average for the period
of study.

In result of the better moisture provision of
plants during the vegetation period and in the
period of grain formation and ripening, higher
yields were obtained in 2017-2018 compared to
2015-2016 and 2016-2017.

Under the conditions of that season they varied
from 5000 kg/ha for ‘Neven’ cultivar to 8400
kg/ha for ‘Avenue’. The cultivars ‘Miryana’,
‘Ekzotik’ and ‘Anapurna’ yielded by 2900,
2300 and 200 kg/ha less than ‘Avenue’ and by
500, 1100 and 3200 kg/ha more than ‘Neven’,
respectively. All  the differences were
statistically significant.

The lowest grain yields during the studied
period were reported in the first year of the
experiment (2015-2016) and it was due to the
insufficiency of moisture during the critical
stages of growth and development of the wheat
plants. In that season the lowest yield was
obtained from ‘Neven’ cultivar - 3000 kg/ha,
which was by 16.7% less compared to ‘Miryana’,
by 83.3% less compared to ‘Ekzotik’, by 190%
less compared to ‘Anapurna’ and by 200% less
compared to “Avenue’ cultivar.



Table 1. Grain yield - kg/ha

Cultivar Years of study Average
2015- 2016~ 2017- for the

2016 2017 2018 period

(kg/ha) | (kg/ha) | (kg/ha) | (kg/ha)
Ekzotik 5600 ¢ 6500¢ 6200°¢ 6100
Miryana 3600° | 4600° 5600° 4600
Avenue 6100°¢ 7600 ¢ 8500°¢ 7400
Anapurna | 5800¢ | 7200¢ 83004 7100
Neven 3100° 4100° 5000° 4067

*Means within columns followed by different lowercase letters are
significantly different (P < 0.05) according to the LSD test

In 2016-2017 the yields obtained ranged from
4000 kg/ha to 7500 kg/ha. The differences
between the studied cultivars were statistically

significant. The grain yield during the second
experimental year was by 24.5% higher in
average than in 2015-2016 and by 12.5% lower
than in 2017-2018.

The highest grain yield, in average for the three
years of the study, was reported for ‘Avenue’
cultivar - 7300 kg/ha, surpassing the cultivars
‘Anapurna’, ‘Ekzotik’, ‘Miryana’ and ‘Neven’
by 4.2; 16.7; 55.6 and 75.0%, respectively.

The results of the dispersion analysis about the
effect of the factors Cultivar and Year, as well
as their interaction, on the indicator grain yield,
(Table 2) show a statistically significant effect
of the studied factors.

Table 2. Analysis of variance ANOVA

Source of Variation Sum of Square df Mean Square F P-value F crit
Year** 32980870 2 16490435 386.7212 0.00 3.204317
Cultivar** 111922206 4 27980552 656.1787 0.00 2.578739
Interaction** 5429813.3 8 678726.7 15.91698 0.00 2.152133
Within 1918875 45 42641.67

*F - test significant at P < 0.05; **F - test significant at P < 0.01; ns - non significant.

Interactions between the studied factors were
also significant for the grain yield.

The thousand kernel (grain) weight is a cultivar
specific trait influenced by the agroecological
conditions and the growing technology.

The results show that thanks (Table 3) to the
favourable climatic conditions during the wheat
vegetation period in the third year, the values of
that characteristic were significantly higher
compared to the other experimental years.

Table 3. Thousand kernel (grain) weight, g

Average

Years of study for the

Variety period
2015- 2016~ 2017- (2015-

2016 2017 2018 2018)
Ekzotik 46.0¢ | 49.0¢ 48.0¢ 47.6
Miryana 48.0¢ 51.0¢ 52.0¢ 50.3
Avenue 36.0° | 39.0° 43.0° 39.3
Anapurna_| 31.0° 33.02 39.0* 34.3
Neven 41.0¢ | 43.0° 44.0° 42.7

*Means within columns followed by different lowercase letters are
significantly different (P < 0.05) according to the LSD test

In 2017-2018 ‘Miryana’ cultivar produced the
largest grains (52.0 g of 1000 grains), followed
by ‘Ekzotik’ (48.0 g), while ‘Anapurna’ had the
smallest grains (39.0 g). The differences
between the cultivars were statistically
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significant. The thousand kernel (grain) weight
of ‘Avenue’ and ‘Neven’ cultivars had similar
values (43.0 and 44.0 g, respectively) and the
difference was statistically insignificant.
Drought weather combined with high air
temperatures at the stage of grain formation and
ripening in 2015-2016 had an effect on grain
weight.

The lowest weight of thousand kernel (grain)
was reported for ‘Anapurna’ cultivar (31.0 g).
The cultivars ‘Miryana’ and ‘Ekzotik’
surpassed in weight of thousand kernel (grain)
the cultivars ‘Avenue’ and ‘Neven’ by 30.5%
and 17.75%, respectively, the differences being
significant.

The largest grains in average for the period
2015-2018 were reported for ‘Miryana’ cultivar
(50.3 g), followed by the cultivars ‘Ekzotik’
(46.3 g), ‘Neven’ (41.7 g) and ‘Avenue’ (39.3
g). The lowest values of that characteristic were
established for ‘Anapurna’ cultivar.

The data of the dispersion analysis about the
influence of the factors and their interaction on
the thousand kernel (grain), are presented in
Table 4. The results show clear statistically

significant variations and the interaction
between the two factors was statistically
insignificant.



Table 4. Analysis of variance ANOVA

Source of Variation Sum of Df Mean Square F P-value F crit
Square
Year** 166.2333 2 83.11667 11.24887 0.00 3.204317
Cultivar** 2375.233 4 593.8083 80.36504 0.00 2.578739
Interaction™ 43.76667 8 5.470833 0.740414 0.66 2.152133
Within 3325 ] 45 7.388889
*F - test significant at P < 0.05; **F - test significant at P < 0.01; ns - non significant.
Test weight is a commercial indicator showing  evidence that for those cultivars, the

grain quality and it plays an important role in
determining the market price. That charac-
teristic of the studied cultivars in the years of
the experiment varied from 69.0 to 82.0 kg
(Table 5).

Table 5. Test weight, kg

Years of study Averagq for
Variety 075 T 2016 (2017 ] comse
- - -1 o1s-
2016 2017 2018 2018)
Ekzotik 77.0° 79.0° | 80.0° 78.7
Miryana 80.0¢ 81.0¢ 82.0°¢ 81.0
Avenue 78.0° 79.0° | 80.0° 79.0
Anapurna | 72.0* | 74.0® | 79.0° 75.0
Neven 69.0° 73.0* | 78.0? 73.3

*Means within columns followed by different lowercase letters are
significantly different (P < 0.05) according to the LSD test.

The test weight of the cultivars ‘Ekzotik’,
‘Avenue’ and ‘Miryana’ had similar values in
all the three years of the study, which is an

characteristic is slightly influenced by the
climatic conditions in the separate years and it
depends more on the cultivar

In contrast to ‘Ekzotik’, ‘Avenue’ and
‘Miryana’, the test weight of the cultivars
‘Anapurna’ and ‘Neven’ is significantly
influenced by the climatic conditions and less
by the cultivar.

The highest test weight of wheat grain, in
average for the period of the study, was
reported for ‘Miryana’ cultivar (81.0 kg.),
followed by ‘Avenue’ and ‘Ekzotik’ (79.0 and
78.7 kg, respectively), and the lowest values
were reported for the cultivars ‘Anapurna’ and
‘Neven’ (75.0 and 73.3 kg, respectively).

The results of the dispersion analysis about the
effect of the factors Cultivar and Year, as well
as their interaction, on the indicator test weight,
(Table 6) show a statistically significant effect
of the studied factors.

Table 6. Analysis of variance ANOVA

Source of Variation Sum of Square df Mean Square F P-value F crit
Year** 185.4333 2 92.71667 49.81791 0.00 3.204317
Cultivar** 436.2667 4 109.0667 58.60299 0.00 2.578739
Interaction** 68.73333 8 8.591667 4.616418 0.00 2.152133
Within 83.75 45 1.861111

*F - test significant at P < 0.05; ** F - test significant at P < 0.01; ns - non significant.

The data obtained about the wet gluten content
showed that in the studied cultivars, this
characteristic was greatly influenced by the
production year (Table 7).

In the first year of the experiment the lowest
values of that characteristic were reported for
the cultivars ‘Neven’ (22.0%) and ‘Miryana’
(23.0%), while the highest values of that
characteristic for the same two cultivars

were established in the third experimental year
(30.0 and 28.0%, respectively).
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Table 7. Wet gluten, %

Years of study Averagf? for
Variety the period
2015- | 2016- | 2017- (2015~
2016 | 2017 | 2018 2018)
Ekzotik 22.0? 29.0° 26.0° 25.6
Miryana 23.0° 25.0? 28.0°¢ 25.3
Avenue 21.0* 25.0° 20.0* 22.0
Anapurna | 26.0° | 30.0° | 25.0° 27.0
Neven 22.0° 26.0° 30.0°¢ 26.0

*Means within columns followed by different lowercase letters are
significantly different (P < 0.05) according to the LSD test.



In 2018 a comparatively low wet gluten content
was reported for ‘Avenue’ cultivar (14.0%), i.e.
the significant amount of rainfall at the ripening
stage led to washing out of the wet gluten, while
in ‘Neven’ cultivar, rains caused an increase of
the values of that characteristic (30.0%).

In the second experimental year (2016-2017),
the wet gluten content in the cultivars
‘Miryana’, ‘Neven’ and ‘Avenue’ varied from
25.0 to 27.0%, the differences being slight and
statistically insignificant, while the cultivars
‘Ekzotik’ and ‘Anapurna’ produced grains with
11.5% higher wet gluten content.

The highest wet gluten content, in average for
the whole study period 2015-2018, was
established in ‘Anapurna’ cultivar (27.0%) and
the lowest - in ‘Avenue’ cultivar (22.0%).

The dispersion analysis about the effect of the
factors Variant and Year, as well as their
interaction, on the wet gluten content, shows a
significant influence of the factors on the
changes of the characteristic and statistically
insignificant effect of the interaction between
them (Table 8).

Table 8. Analysis of variance ANOVA

Source of Variation Sum of Square df Mean Square F P-value F crit
Year* 217.2 2 108.6 20.92934 0.00 3.204317
Cultivar* 213.1667 4 53.29167 10.27034 0.00 2.578739
Interaction* 299.1333 8 37.39167 7.206103 0.00 2.152133
Within 233.5 45 5.188889
*F - test significant at P < 0.05; **F - test significant at P < 0.01; ns - non significant
Table 9. Values of the coefficient of correlation
Grain yield - Thousand kernel Test weight, | Wet gluten,
kg/ha (grain) weight, g kg %
Grain yield - kg/ha 1.000
Thousand kernel (grain) weight, g -0.314 1.000
Test weight, kg 0.360 0.614 1.000
Wet gluten, % 0.029 0.051 0.029 1.000

As a result of the correlation analysis between
the grain yield and quality indicators (Table 9),
a high positive values of correlation (r > 0.6)
were reported for thousand kernel (grain)
weight and test weight.

Mean correlation was found between grain
yield and test weight (r = 0.360). Weak
correlation (r < 0.3) was observed between the
wet gluten and all the other indicators. A
negative correlation was reported for grain
yield and thousand kernel (grain) weight (r = -
0.314).

CONCLUSIONS

The highest grain yield, in average for the
experimental period 2015-2018, under the
climatic conditions of South Central Bulgaria,
was obtained from ‘Avenue’ cultivar (7300
kg/ha), followed by ‘Anapurna’ (7000 kg/ha),
and, the lowest one - from ‘Neven’ cultivar
(4000 kg/ha).

‘Avenue’ cultivar produced by 300; 1300; 2800
and 3300 kg/ha higher grain yield than the
cultivars ‘Anapurna’, ‘Ekzotik’, ‘Miryana’ and
‘Neven’, respectively.

Among the studied common wheat cultivars,
the highest values of the thousand kernel
(grain) weight and the test weight were
reported for ‘Miryana’ (50.3 g and 81.0 kg,
respectively) and the highest wet gluten content
was established in ‘Anapurna’ cultivar (27.0%).
The lowest value of the test weight was
reported for ‘Neven’ cultivar (73.3 kg); of the
thousand kernel (grain) weight - for ‘Anapurna’
cultivar (34.3 g) and of the wet gluten content —
for ‘Avenue’ cultivar (22.0%).
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Abstract

On the ARDS Caracal chernozem, in the last two years, 2018 and 2019, were tested a number of nine sunflower hybrids
(Performer, Euromis, Generalis, Terramis, Neoma, Diamantis, Subaro, FDI15C27 and FDI116MI1) sown at three
different plant density: 43,000 pl/ha, 57,000 pl/ha and 71,000 pl/ha. The green biomass was determined at 3 different
moments: at 44 days, 54 days and 68 days after emergence. The interactions studied showed that the hybrids have a
vegetative growth (green biomass) differentiated according to the plant density, hybrid and the moment of
determination. As much as the plant density increases, the biomass decreases very significantly. Also, green biomass,
regardless of the time of determination, is significantly correlated with production. There are very significant
differences between the green biomass determined at the first and the second plant density, at the first and the third
plant density, but disappears between the second and the third plant density, at each moments of determination.

Key words: sunflower, green biomass, plant density, time of determination, chernozem.

INTRODUCTION

Helianthus annuus L. (sunflower) is one of the
67 species of Helianthus (from the Greek
“helios” - sun; “anthus” - flower). Of these,
only two species, H. annuus and H. tuberosum,
are cultivated for food, remaining species being
ornamentals species, weeds or wild plants.
Originally from the United States and Mexico,
the sunflower was introduced in Europe in the
16th century, initially in Spain and later in
England and France (Azania et al., 2008).
Sunflower (Helianthus annuus L.) is an
important oil crop which provides more than
13% of the total amount of oil produced
globally (Rauf S., 2008).

The sunflower presents one of the most
profitable crops for agriculture, which
determines significant growth of the sown areas
and increased market demands regarding the
created hybrids. The breeding of competitive
commercial sunflower hybrids for the European
seed market is achievable by diversifying the
sunflower germplasm. A major importance in
the improvement process is the knowledge of
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the development phases and the analysis of the
transformations that the plants suffers during
each phenological phase, determined by a
complex of interactions between the genetic
and environmental factors, such as temperature,
photoperiodicity, rainfall quantity.

The phenological data analysis allowed to
highlight the irregularity of the growth and
development process and a different speed of
interphase  growth  genotype  dependent
(vegetative growth - from seedling to button
appears; reproductive growth - from button
appears to flowering; maturing stage - from
flowering to full maturation) (Cucereavii,
2017).

Detailed research on sunflower biomass was
conducted by Tingyue (2013) in order to
improve its yield and quality as an alternative
to the production and implementation of new
energies.

Daugthry et al (1992) showed that the green
biomass can be estimated by spectrometry.
Wanjura and Hartfield (1985) found that a
linear combination between NIR and red ratio
was correlated with biomass by the ratio of



biomass = a + b (NIR/red). At sunflower a =
0.24 and b = 0.69 compared to soybean where a
=0and b=1.02.

Serrano et al. (2000) found a strong correlation
between biomass and harvested yield.

MATERIALS AND METHODS

On the ARDS Caracal chernozem, in the last
two years, 2018 and 2019, were tested a
number of nine sunflower hybrids (Performer,
Euromis, Generalis, Terramis, Neoma,
Diamantis, Subaro, FD15C27 and FD116M1)
sown at three different plant density: 43,000
pl/ha, 57,000 pl/ha and 71,000 pl/ha. The green
biomass was determined at 3 different
moments: at 44 days, 54 days and 68 days after
emergence.

The plots were placed in randomized blocks, in
3 repetitions. The length of the plot was 10 m
and the width was 2.8 m, the equivalent of 4
rows, two of them, the marginal rows, being
eliminated.

The first step in the preparing the land was to
make the ploughting at a depth between 25 and
30 cm. In the spring the works continued with
the soil disking in 2 passes, process executed
using a heavy disc. The last work in preparing
the seedbed was performed using a combiner
before sowing the sunflower crop.

Fertilization was administered manually in the
NPK form, before sowing, and the nitrogen
difference was applied in vegetation under the
type of ammonium nitrate

In 2018 the sowing was done on 23.04.2018
and the emergence took place on 8.05.2018. In
2019 the sowing was done on 22.04.2019 and
the emergence took place on 6.05.2019.

After sowing, the land was pre-emergent
herbicidated with Dual Gold 960 EC herbicide
(active substance S-metolachlor 960 g/l) in a
dose of 1.2 I/ha.

At the stage of 4-6 leaves of the sunflower
crop, Select Super 120 EC herbicide (active
substance Clethodim 120 g/l) for the annual
and perennial monocotyledon weeds was used
in a dose of 1.5 I/ha. In the 8-10 leaf phase, a
treatment made of 0.6 1/ha Reveller fungicide
(active substances Cyproconazole 80 g/l +
Picoxystrobin 200 g/I) and 0.15 1/ha Decis
Mega 50 EW insecticide (active substance
Deltamethrin 50 g/1) was applied to prevent
foliar diseases and the attack of pests.
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The green biomass was determined at 3 plants
from the marginal rows, entirely removed,
including roots, at each variant and repetition.
The plants were immediately chopped and
weighed and then were used to determinate the
analysis at three different moments in
dynamics: at 44, 54 and 68 days after
emergence. Between time 1 (T1) and time 2
(T2) the interval was 10 days and between time
2 (T2) and time 3 (T3) the interval was 14 days.
The biomass was then reported in g/pl. The
harvested production from the surface of 10
square meters has been reported to the number
of plants on the same surface, resulting the
yield per plant reported in g/pl.

RESULTS AND DISCUSSIONS

The density at sunflower influences the green
biomass, it being very significantly lower at
57,000 pl/ha and 71,000 pl/ha plant density
compared to 43,000 pl/ha. The influence of
density was analysed without taking into
account the hybrid and the time of
determination (Figure 1).
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Figure 1. Plant density influence on green biomass at
sunflower

The green biomass has oscillated to the tested
hybrids, irrespective of density and time of
determination, between 1,238 g/pl in the
Romanian hybrid FD15C27 and 896 g/pl in the
hybrid Terramis. Compared to the Performer
hybrid, the most wide-spread Romanian hybrid
in the country, the FD15C27 and FD116M1
Romanian hybrids are very significantly higher
in terms of green biomass. In contrast, the
Terramis, Neoma and Diamantis hybrids have a
lower vegetative mass with statistical assurance
compared to the control hybrid (Figure 2).

Similar results which show that biomass
production depends on the hybrid but also on



the level of water supply, were obtained by
other researchers (Merrien, 1992; Rodriguez et
al., 2002).
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Figure 2. Hybrid influence on green biomass at
sunflower

Depending on the time of determination, the
results obtained suggest that the green biomass
increases very significantly from the first time
of the determination (44 days after emergence)
to the second time (54 days after emergence)
and from the first time of determination (44
days after emergence) to the third time (68 days
after emergence). In Caracal conditions it is
observed that the biomass grows in the first 10
days from emergence much faster than it grows
in the next 14 days (Figure 3).
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Figure 3. Time of determination influence on green
biomass at sunflower

Similar results were presented by Moriondo et
al. (2003) who observed that the accumulation
of biomass in the sunflower decreases
especially in pre-anthesis.

Interaction between plant density, hybrid and
the time of determination shows that, at all
three density, all hybrids have a very
significantly increased biomass at time 2 versus
time 1 and at time 3 versus time 1, but with a
few exceptions.
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If, in a rare crop, this tendency is uniformly
maintained, at a density of 57,000 pl/ha and
71,000 pl/ha, the Performer hybrid records a
decrease in vegetative mass at the time 2 of the
determination in relation to the first one, which
suggests that this hybrid does not grow up well
under the conditions of a dense crop.

At the density of 57,000 pl/ha, this decrease is
even very significantly lower. It is not excluded
that this hybrid also has a deficiency because of
the applied herbicide which, under high density
conditions, acts as a growth inhibitor (Table 1).

At a density of 71,000 pl/ha the hybrid
FD15C27 did not showed an increase of green
biomass between 44 and 54 days after
emergence.

A smaller but still significant increase has
recorded the Diamantis hybrid at the density of
57,000 pl/ha between the time 1 and time 2 of
determination, the conclusion being that this
hybrid has a more pronounced growth over the
54 days after emergence.

The relationship between the 10 days
vegetative growth interval (T2-T1) and
respectively 14 days (T3-T2) is negative and it
is not significant. Only about 5% of growth
variability in the first 10 days is associated with
vegetative growth in the next 14 days.

Starting from the green biomass value of
182.21 g/pl, an increase in vegetative mass by
1 g/pl in the first 10 days interval is associated
with a decrease with 0.0793 g/pl in the
following 14 days (Figure 4).
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Figure 4. The relationship between the 10 days
vegetative growth interval (T2-T1) and respectively 14
days (T3-T2)

However, the hybrids are distinguished from
each other also according to their density. The
vegetative biomass average between 44 and 54
days after emergence is 305 g/pl and the green
biomass average between 54 and 68 days after
emergence is 158 g/pl.



Thus, under the cultivation conditions from
Caracal, the Generalis hybrid had an above-
average increase in both intervals studied at all

plant densities. The Diamantis hybrid had an
above-average increase only at the 43,000 pl/ha
and 71,000 pl/ha plant densities and the Subaro

hybrid at 57,000 pl/ha and 71,000 pl/ha plant
densities. Growth above-average also registered
Euromis hybrid but only at the plant density of
43,000 pl/ha and the FD116M1 hybrid at
71,000 pl/ha plant density.

Table 1. Interaction between plant density, hybrid and the time of determination and its influence on green biomass at

sunflower
TIME OF 43,000 pl/ha 57,000 pl/ha 71,000 pl/ha
HYBRIDS DETERMI GREEN DIF. SIGNIFI GREEN DIF. SIGNIFI GREEN DIF. SIGNIFI
NATION BIOMASS CT CANCE BIOMASS CT CANCE BIOMASS CT CANCE
(G/PL) G) (G/PL) (G) (G/PL) (G)
44 d.a.s.* 1,150 ct 1,029 ct 964 ct
PERFORMER 54 d.a.s. 1,405 255 HxE 806 -223 000 961 -3
68 d.a.s. 1,492 342 HokE 955 -74 1,135 171 ok
44 d.a.s.* 768 ct 654 ct 738 ct
EURAMIS 54 d.a.s. 1,078 310 Hokk 1,370 716 ok 1,172 434 ok
68 d.a.s. 1,286 518 HHE 1,439 785 Hokk 1,298 560 Hork
44 d.a.s.* 719 ct 724 ct 792 ct
GENERALIS 54 d.a.s. 1,539 820 HrE 1,041 317 ok 1,112 320 Hok
68 d.a.s. 1,706 987 HokE 1,210 486 ok 1,286 494 ok
44 d.a.s.* 823 ct 701 ct 539 ct
TERRAMIS 54 d.a.s. 1,121 298 Hkk 949 248 ok 827 288 ok
68 d.a.s. 1,201 378 HHx 1,030 329 Hkk 869 330 Hork
44 d.a.s.” 1,102 ct 749 ct 762 ct
NEOMA 54 d.a.s. 1,252 150 HkE 1,035 286 ok 945 183 Hok
68 d.a.s. 1,398 296 Hokk 1,166 417 ok 1,106 344 ok
44 d.a.s.* 930 ct 878 ct 614 ct
DIAMANTIS 54 d.a.s. 1,292 362 Hokk 959 81 * 922 308 ok
68 d.a.s. 1,499 569 HxE 1,297 419 Hokk 1,226 612 Hork
44 d.a.s.* 934 ct 648 ct 693 ct
SUBARO 54 d.a.s. 1,336 402 HkE 961 313 ok 1,194 501 Hok
68 d.a.s. 1,453 519 Hkk 1,145 497 ok 1,383 690 ok
44 d.a.s.* 1,049 ct 1,098 ct 911 ct
FD15C27 54 d.a.s. 1,528 479 Hokk 1,409 311 ok 956 45
68 d.a.s. 1,626 577 Hxx 1,443 345 Hokk 1,121 210 Hok
44 d.a.s.* 1,105 ct 887 ct 781 ct
FD116M1 54 d.a.s. 1,567 462 Hokk 1,072 185 Hkk 1,174 393 ok
68 d.a.s. 1,717 612 Hkk 1,398 511 ok 1,367 586 ok

d.a.s.* = days after seedling
DL 5% = 78 g/pl; DL 1% = 103 g/pl; DL 0.1% = 133 g/pl

The second category contains hybrids who had
increases below average at both intervals. Thus,
the Terramis hybrid highlighted this aspect at
all plant densities, while the Neoma and
Performer hybrids only at the first and second
plant densities.

The hybrids with a significant increase within
the 10 days interval and then a decrease within
the 14 days interval, depending on the average,
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were: the Euromis hybrid at the second and
third density, the FD15C27 hybrid at the first
two densities and the Subaro and FD116M1
hybrids at 43,000 pl/ha.

The last category includes hybrids that had a
smaller growth within the 10 days interval and
then a more pronounced growth within the next
14 days interval. These hybrids (Neoma,
Diamantis, Performer, FDI15C27, FDI116M)



show this aspect at at one single density, either
57,000 pl/ha or 71,000 pl/ha.

The ratio between the biomass growth within
the 14 days interval and the biomass growth
within the 10 days interval, showed that the
Diamantis and FD116M1 hybrids, at 57,000
pl/ha plant density, and the Performer and
FD15C27 hybrids, at 71,000 pl/ha plant
density, grow much faster between 54 and 68
days after seedling, the growth being 2 to 4
times higher.

For the rest of the hybrids, at all densities, and
even for those hybrids mentioned above, but at
other densities than those recorded, the growth
is stronger within the 44-54 days interval after
emergence.

The correlation between the aquenes
production obtained at the sunflower and the
green biomass, both expressed in g/pl, is a
positive and significant correlation.

As the density increases, the production and the
green biomass decrease, as shown in the figure
below, taking as landmark the control hybrid
Performer (Figure 5).

1600
51500
§1400
2 1300
%1200
Z1100
1000
z

E oo
=

¢ 700

600

¥ = 6.6558x+ 572.09 FD1I6ML D1
R*=0.3659 ® _ FDI5C27 D1

PERFORME
oo ! RDI1

O pramantis
o® D1

PERIORMIS?Q"". (L]

RD: 2 @
\ PERFORME
RD2

@

50 100

YIELD (G/PL)

150 200

Figure 5. The relationship between production and green
biomass at sunflower, without the influence of the time
of determination

Published studies have shown that the biomass
and the harvest index were strongly correlated
with the amount of radiation intercepted during
the filling of the grain, which, in turn, were
correlated with the duration of the grain filling
and the surface of the green leaf at sunflower
(Vega and Hall, 2002).

CONCLUSIONS

The density at sunflower influences the green
biomass of the sunflower plant, it being very
significantly lower at 57,000 pl/ha and 71,000
pl/ha plant density compared to 43,000 pl/ha.
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Compared to the Performer hybrid, the most
wide-spread Romanian hybrid in the country,
the FD15C27 and FD116M1 Romanian hybrids
are very significantly higher in terms of green
biomass. In contrast, the Terramis, Neoma and
Diamantis hybrids have a lower vegetative
mass with statistical assurance compared to the
control hybrid.

Depending on the time of determination, the
results obtained suggest that the green biomass
increases very significantly from the first time
of the determination (44 days after emergence)
to the second time (54 days after emergence)
and from the first time of determination
(44 days after emergence) to the third time (68
days after emergence).

In Caracal conditions it is observed that the
biomass grows in the first 10 days from
emergence much faster than it grows in the
next 14 days.

Under the cultivation conditions from Caracal,
the Generalis hybrid had an above-average
increase in both intervals studied at all plant
densities. The Diamantis hybrid had an above-
average increase only at the 43,000 pl/ha and
71,000 pl/ha plant densities and the Subaro
hybrid at 57,000 pl/ha and 71,000 pl/ha plant
densities. Growth above-average also registered
Euromis hybrid but only at the plant density of
43,000 pl/ha and the FDI116M1 hybrid at
71,000 pl/ha plant density.

Hybrids that had increases below average at
both intervals were: the Terramis hybrid at all
plant densities and the Neoma and Performer
hybrids only at the first and second plant
densities.

The relationship between the 10 days
vegetative growth interval (T2-T1) and
respectively 14 days (T3-T2) is negative and it
is not significant. Only about 5% of growth
variability in the first 10 days is associated with
vegetative growth in the next 14 days.
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Abstract

Three grain sorghum varieties have been tested in field trials during the period 2017-2018 with variants of beet and
sorghum (monoculture) forerunner crops, and mineral Nitrogen fertilization. The agro-climatic conditions are defining
factor for the grain yield and the differences between the varieties in their reaction to fertilization and monoculture
growing manifest themselves in the water deficiency conditions of the test period. The Nitrogen fertilization increases
the average values of the yield to 113.0% when the applied dose is 20 kg N/da, and to 120.8% when 40 kg/da is the
applied Nitrogen dose. The increase of the water deficit decreases the effects of mineralization and the influence of the
forerunner crop. The yield of sorghum when grown in monoculture is with 11.6% less than the yield after good
forerunner crop as the beet. The Nitrogen fertilization, even with lower doses of Nitrogen overcomes this negative
effect. The variety Maxibel manifests the highest adaptability to the stress factors of monoculture growing and reacts

with significant increase of the grain yield to fertilization.

Key words: sorghum, monoculture, fertilization, productivity.

INTRODUCTION

The optimization of effective crop rotation is a
basic factor for the intensive and sustainable
agriculture in the conditions of the new
economic realities and the tendency for
increase of the extremal deviations from the
agro-meteorological norms (Vasilev, 1986).
The unique plasticity and drought resistance of
sorghum makes actual its place in the
agricultural crops structure. A basic factor for
the drought resistance is its powerful root
system, which absorbs intensively water and
nutrition elements even from the deepest soil
horizons (Tanchev, 1996).

The breeding of new varieties, the balanced
fertilization and the optimization of the modern
agro-technics disprove the old standpoint that
sorghum is a bad forerunner crop. Thus the
potential for ensuring the forage balance is
increased in the agriculture in conditions of
water deficiency (Hanssmans, 1998; Berenji
and Dahlberg, 2004; Kikindonov and Slanev,
2008; Kikindonov et al., 2009).

The intensive market character of the
agricultural practice in Bulgaria is concentrated
in the narrow parameters of grain production,
which brings the necessity of studying the
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possibilities of monoculture growing of crops.
The researches with sorghum started in the 80-s
of the last century and are concentrated on the
agrochemical sequels from the sorghum as a
forerunner crop (Zarkov, 1995; Ran et al,
2009). In the last years the accent is on
breeding decisions by selection of forms with
increased self-sustainability.

The aim of the study is to assess the genotypic
reaction in terms of productivity of sorghum
varieties when grown in conditions of
monoculture compared to grown in optimal
crop rotation with a beet forerunner crop.

MATERIALS AND METHODS

The research was conducted in 2017-2018 on
the experimental field of Agricultural Institute -
Shumen. The soil is carbonate black soil with
weekly alkaline reaction.

In the tests are included the early variety Alise
of Euralis Semences, the medium-late variety
Maxired and the late variety Maxibel from the
list of the Agricultural Institute.

The experimental field is part of a crop rotation
wheat/corn/oats/beet/sorghum, and part of the
sorghum area is maintained in monoculture.
The experiment is conducted according to the



long plots method, in 4 repetitions, with a 3-
rows plot of 12 m?, with 50 cm inter-row space
and a sowing rate of 30000 plants per da.

The sowing is at the beginning of May, and the
fertilization is made after germination together
with a manual hilling. The harvestings in
technical maturity stage are made by hand at
the end of October. After the threshing of the
grain the moisture is measured and the yield is
calculated for 13% moisture of grain.

Data are treated by dispersion analysis for
calculating the limit values for discernment GD
1% and experimental exactness P%. The
control for each variety is the non-fertilized
variant after beet forerunner. For determination
of the main action of the factors is used
dispersion analysis with averaging of values for
each variant.

RESULTS AND DISCUSSIONS

The agro-meteorological conditions in years of
research are characterized with extreme and
continuous drought in the active period of
sorghum vegetation during July-August. This
opens possibility of manifestation of sorghum
as a drought resistant crop and to limit the

genotype’s influence in the conditions of water
deficiency and monoculture. In 2018 is
registered a greater moisture retention from the
rainfalls in June.

The results for the yield (Table 1) are strongly
affected by the extreme drought during the
vegetation of sorghum (end of May to
September). The yield of the control non-
fertilized variants after beet forerunner is 667
kg/da for the late Maxibel, 705 kg/da for the
mean-late variety Maxired and 810 kg/da for
the early variety Alise. The effect of
fertilization is the strongest and statistically
proved for the higher fertilizer dose, and for
Maxired it reaches 127% of the control. In
conditions of monoculture the yields decrease
significantly, as the mean-early variety
Maxired is the most strongly affected variety —
84% of the control variant. Even the lower dose
of 20 kg N/da compensates the negative
influence of the forerunner. Maxired is with the
strongest reaction to fertilization, no matter the
forerunner crop. Comparatively weaker is the
reaction of the early Alise, and this affects the
yields from the variants grown in monoculture.

Table 1. Influence of the variety, fertilization and the forerunner crop on the yield of grain sorghum, 2017

Beet forerunner Sorghum forerunner - monoculture
VARIETY Variant
kg/da Rel. % kg/da Rel. %
Control 667 100.0 639 95.8
MAXIBEL +20kg N 703 105.4 685 102.7
+40kg N 767 114.9 732 109.7
Control 705 100.0 593 84.1
MAXIRED +20kg N 769 109.1 718 101.8
+40kg N 897 127.2 805 114.2
Control 810 100.0 718 88.6
ALISE +20kg N 907 111.9 745 91.9
+40kg N 918 1133 875 108.0
GD 1% 97.1 kg/da - 7.8%
P% 3.10%

The better moisture retention in 2018 reflects in
the comparatively higher grain yields (Table 2).
The differences between the control variants
with beet forerunner are not proved statistically
and vary from 815 to 855 kg/da. The effect of
fertilization is high, but with small differences
for the fertilization dose. The levels of
monoculture influence remain between 82%
and 88% of the control.

The late variety Maxibel manifests the
strongest reaction to fertilization. The earlier
varieties Maxired and Alise form equal to
control variants’ yield when the higher dose of
Nitrogen fertilizer (40 kg) is applied.

On Table 3 are given the results of the
dispersion analysis of the averaged data for
determining the main action of the studied
factors. The agro-meteorological conditions are
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defining factor for the grain yield. In the water
deficiency conditions of the test years the
differences  between the wvarieties are
manifested depending on their early maturity.
In the comparatively damper 2018 the
differences significantly increase, and the high
productivity of the late Maxibel shows itself.

The fertilization significantly increases the
averaged values of yield - mean of 113.1% for
the 20 kg dose, and 120.8 - for the higher dose

of 40 kg N/da. The differences between the
varieties regarding their reaction to fertilization
are in narrow frames. More significant, but not
proved statistically, is that difference for the
Maxibel variety.

The averaged effect of monoculture growing of
sorghum is a 11.6% decrease of the yield
compared to the variants with a beet forerunner
crop.

Table 2. Influence of the variety, fertilization and the forerunner crop on the yield of grain sorghum, 2018

Beet forerunner Sorghum forerunner - monoculture
Variety Variant kg/ da rel. % kg/ da Rel. %
Control 852 100.0 736 86.4
Maxibel +20kg N 1056 123.9 916 107.5
+40kg N 1080 126.8 948 111.3
Control 815 100.0 724 88.8
Maxired +20kg N 906 111.2 781 95.8
+40kg N 917 112.5 826 101.3
Control 855 100.0 704 823
Alise +20kg N 970 113.5 809 94.6
+40kg N 1032 120.7 859 100.5
GD 1% 159 kg/da - 18.4%
P % 7.43 %

Table 3. Main action of factors variety, year, fertilization and forerunner on the yield of grain sorghum, 2017-2018

Year Fertilization with N Forerunner crop
Mean
2017 2018 +20kg N +40 kg N Beet Sorghum kg/da
kg/da kg/da Control kg/da Rel. % Rel. % Kkg/da Rel. %
Maxibel variety
699 | 931 | 724 | 160 | 1218 [ 84 [ 909 [ g5
Maxired variety
747 | 828 | 709 | e | 1214 [ 84 [ 888 | 788
Alse variety
829 ‘ 872 ‘ 772 ‘ 111.1 119.3 ‘ 915 ‘ 85.8 ‘ 850
Average
758 ‘ 877 ‘ 735 ‘ 113.1 120.8 ’ 868 ‘ 88.4 ‘ ’18
GD 1% - 56.4 kg/da, 6.94%
P% - 3.77%
CONCLUSIONS 113.0% for the 20 kg of nitrogen and to
120.8% for the 40 kg doses of nitrogen
The agro-meteorological conditions are fertilizer application. The increase of the water

defining factor for the grain yield and in water
deficiency conditions the differences between
the varieties are manifested in their reaction to
fertilization and monoculture growing. The
averaged values show increase of the yield to

105

deficit decreases the effects of fertilization and
forerunner crop’s influence.

The decrease of yield of monoculture growing
is on the average of 11.6% in comparison with
the yield after beet forerunner crop. The



fertilization with even smaller doses of nitrogen
overcomes this negative effect. The variety
Maxibel manifests itself with the highest
adaptability to the stress factors of monoculture

growing, reacting very  positively  to
fertilization.

REFERENCES

Berenji, J., Dahlberg, J. (2004). Perspectives of

Sorghums in Europe. Journal of Agron. and Crop
Science, 190(5), 332.

Hanssman, B.G. (1998). Hybrid performance of sorghum
and its relationship to morphological and
physiological traits under drought stress. Plant

Breeding, 117(3), 223-229.

Kikindonov, Tz., Slanev, K. (2008). Productivity and
chemical structure of grain of sorghum varieties.
Plant Sciences, 3(42), 218-221.

Kikindonov, Tz., Slanev, K., Enchev, S. (2009).
Influence of the variety and the sowing rate on the
productivity of sorghum. Journal of Mountain
Agriculture on the Balkans, 12(5), 971-979.

Ran, L. S., Jia, Y., Li, W. (2009). Fertilization processes
in sorghum and its performance time for each stage.
Acta Agronomica Sinica, 36(12), 2234-2242.

Tanchev, D. (1996). Results of green mass sorghum
hybrids study. Plant Sciences, 3, 36—38.

Vasilev, A. (1986). Intenzification of the crop rotation.
Thesis, Al - Karnobat.

Zarkov, B. (1995). Productive capabilities of sorghum,
grown in non-irrigation conditions. Plant Sciences, 3,
138—139.

106



Scientific Papers. Series A. Agronomy, Vol. LXIII, No. 2, 2020
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785

CORRELATION DEPENDENCE BETWEEN BIOMETRIC INDICATORS
AND PRODUCTIVITY IN THREE COTTON VARIETIES

Galina GOSPODINOVA!, Antoniya STOYANOVA!, Velika KUNEVA?

!Trakia University, Faculty of Agriculture, 6000, Stara Zagora, Bulgaria
2Agricultural University, 12 Mendeleev Blvd, 4000, Plovdiv, Bulgaria

Corresponding author email: galina.gospodinova37@googlemail.com

Abstract

The purpose of the study is to evaluate, by means of correlation analysis, the correlation between the main biometric
indicators for three cotton varieties. The study was conducted in the field of experience of the Department of Crop
Production, Faculty of Agriculture at the University of Trakia, Stara Zagora during the period 2018-2019. The field
experience is derived by the method of fractional plots. The influence of both factors (fertilization and irrigation) on the
development and productivity of the three varieties of cotton was studied. The relationships between the mass of one boll,
the number of bolls per plant, the biomass by phase, the total yield per plant and the total yield of cotton per hectare were
studied. Correlation dependencies were found, with a high degree of Helius correlation between the structural elements:
mass of one boll and bud-formation (r = 0.989), mass of one boll and number of bolls per plant (r = 0.988) under
irrigation conditions. Darmi is distinguished by a high degree of correlation between flowering and the number of bolls
in a plant (r = 0.996). Colored naturally of Isabell is characterized by a high degree of correlation between positive
depending of bud-formation and ripening (r = 0.967) and between the number of bolls in a plant and a total yield (r =
0.958). For irrigation are established correlations between bud-formation and flowering (r = 0.983) and between
ripening and number of bolls in one plant (r = 0.979) in Helius. With a high degree of correlation feature dependencies
between bud-formation and ripening (r = 0.963), and bud-formation number of bolls in a plant (r = 0.994) in Darmi.
Strong positive correlation is drawn between bud-formation and flowering (r = 0.964) and between flowering and
ripening (r = 0.956).

Key words: cotton, irrigation, fertilization, yield, correlations.

INTRODUCTION

In a market economy, efficient use of water is
related to the optimization of mineral nutrition.
Dosing of the required amount of mineral
fertilizer supplied and distributed evenly over
the area, optimizes resources for irrigation
water, fertilizers, labor and energy.

The reduction of water resources is forcing
researchers to focus on improving the efficiency
of water use through introduction of new cotton
varieties resistant to drought, or management of
irrigation water. In an economic viewpoint,
25.0% saving in irrigation water (T75) resulted
in 34.0% reduction in the net income. However,
the net income of the T100 treatment is found to
be reasonable in areas with no water shortage
(Dagdelen et al., 2009).

The application of water-saving technologies
has been a priority in the agricultural
engineering of crops in recent years. The impact
of regulated water scarcity has been the subject
of research by many researchers. The cotton

response rate was determined by reducing the
irrigation rate. Polynomial equations establish
the nature of dependencies between vegetative
growth, the laying of the generative organs,
productivity and irrigation rates (Wanjura et al.,
2002; Ibragimov et al., 2007; Wang et al., 2011;
Yang et al., 2015).

Study of the technology allowing a regulated
water supply at a specific topographical and soil
conditions was conducted in Southeast Anatolia
(GAP) of Turkey establishes yields of cotton
were respectively 4380, 3630 and 3380 kg/ha of
a drop, furrow, sprinkler irrigation. Drip
irrigation produces 21% more cotton seeds by
the method of the furrow and 30% more than
the method of spraying. The efficiency of use of
water (WUE) proved to be respectively 4.87,
3.87 and 2.36 kg/ha/mm dropping groove and
the sprinkler (Cetin and Bilgel, 2002).

Increase of boll number per plant under water
stress condition showed that cotton had high
ability for adapting water stress conditions. The
highest yield was obtained in the 1100
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treatment. A second degree polynomial relation
could adequately describe the cotton seed yield
response to the irrigation water amount. The
team of scientists found that under 125
(irrigation 25 %), 150 and I75 treatment
conditions, evapotranspiration, total cotton seed
yield, boll weight, lint percentage, number of
sympodial branches and leaf area index
decreased while some boll parameters such as
boll weights and opened boll numbers increased
(Onder et al., 2009).

Cotton grown in different soil-climatic regions
manifests itself in different ways their
productive potential. Impact on structural
elements yields have predecessors, the rate of
fertilization, seeding density and variety, the
degree of weeding and soil preparation. Each
element of agrotechnics is the object of study of
a number of researchers (Koleva and Petrova,
2014; Barakova et al., 2018; Barakova et al.,
2019)

Balanced diets and optimizing the moisture in
the soil affords higher yields. Examining the
influence of fertigiraneto with drip irrigation on
the efficiency and productivity of cotton
Jayakumar et al. (2015) establish a positive
influence of a drop fertigirane on the potential
of culture and soil fertility. Increasing the
efficiency of nitrogen nutrition in drip irrigation
was established by Aujla et al. (2005).
Agronomic efficiency of nitrogen is increased
from 21.65 to 28.59 kg of seed cotton per kg N,
applied when applying the same amount of
water and N by drip irrigation in comparison to
the control pool. The nitrogen is nutrient
element influencing the greatest extent on the
growth and yield of cotton (Hou et al., 2007;
Shah, 2008). The results suggest that once
fertilization of the first stage of flowering
reduces labor costs without reducing yield and
thus can be a practical alternative for
fertilization of cotton. Yang et al. (2012) found
that fertilization has a higher rate of
accumulation of biomass during the rapid
accumulation. Single fertilization is a practical
alternative to cotton fertilization.

Have been used an interesting approach to
manage and comparing data in Bulgaria on
some basic food products. It were calculated
correlation coefficients and analyzed for all
indicators of the products concerned (Dimova,
2018).
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The main objective of the development is to
evaluate, by means of correlation analysis, the
nature of the relationship between certain bio-
metric indicators and the productivity in cotton
varieties, against the background of different
levels of mineral nutrition and moisture supply.

MATERIALS AND METHODS

Establishing ecological plasticity and the impact
of mineral nutrition on growth, development,
productivity and quality of three varieties of
cotton was set field experience in the
experimental field of the Department of Plant
Agriculture Faculty at Trakia University, Stara
Zagora, Bulgaria. During the 2018-2019, three
cotton varieties were subject to field research:
Helius, Darmi and Isabel. The field study was
conducted on soil type typically meadow-
cinnamon soil in a fertilizer experiment under
irrigation and non irrigation conditions. Based
on the method of the small plots in 4 repetitions,
with the size of a harvest plot of 15 m? (1.80 x
8.34 m), over a two-year period three types of
cotton were tested.

The factors of the field experiment are varieties
of cotton, the levels of nitrogen fertilization
(No.8,1624), humidity of the soil layer and the
influence of climatic elements of the year. A
basic fertilization with triple superphosphate
norm Pg in the autumn before sowing of cotton.
Nitrogen fertilizer (NH4NO;) is imported
sowing. Crop density is 12-16 thousand plants
per hectare in a depth of seeds 3-5 cm. Irrigation
is performed with a drip irrigation system.
During the first year they were made two
irrigations, and in the second were four
irrigations to maintain 75% FC in the soil layer
0-0.50 m. For establishing the timing and
duration of phenophase postemergence 40
plants are marked of the embodiment.
Beginning of the phase is assumed as 10% of
the plants enter the corresponding phase, and
when 50% is reported mass occurring. During
the growing season, double digging and
pesticide treatment were carried out. The first
harvest begins in September, after 50-60% of
the boxes are burst.

The Bulgarian selection varieties have been
studied and they were characterized by medium-
sized to large boxes, a high yield of raw cotton
and the yield of the fiber. Variety Izabell is



representative of a variety of naturally colored
fiber with high ecological and economic effect.
Inferior to the length of the fiber with the
standards, but the extraction of raw cotton and
precocity not inferior to standard varieties.
Assessing the impact of mineral fertilization,
irrigation, and development of plants in three
varieties of cotton is made based on the
following biometric indicators: mass of one boll
(x1); bud-formation (x2); flowering (x3);
ripening (x4); number of bolls per plant (xs);
total yield (xs).

Performed a correlation analysis, by means of
which it is established and evaluated the rela-
tionship between the indicators examined,
expressed by the correlation coefficient r. Corre-
lations are the product of mathematical and
statistical processing of the output data on
Genchev et al. (1975). Are calculated correla-
tion coefficients (r) statistical program SPSS.

RESULTS AND DISCUSSIONS

Since the two years of study in conducted field,
the course of major phenophases has been
record onset of the phenological observations.
Sowing was conducted in optimal time. With
regard to the dynamics of the dry biomass of
cotton plants under irrigation and irrigation
registered higher values under irrigation. Terms
of the year, represented mainly by the different
security temperatures and rainfall, are affecting
plant development.

Values of dry biomass through phenophase
budding vary on average depending on soil
moisture in all three varieties. Helios variety is
characterized by higher biomass values under
irrigation and non irrigation conditions. For
non-irrigation, biomass values are lower by
4.6% for Darmi and 5.1% for Isabel, compared
to Helius.

In terms of irrigation, Darmi yields only 1.2% to
Helius, while at Isabel 8.2% for all fertilizer
levels is lower for biomass. A tendency for an
increase in dry biomass has been reported in the
three  varieties. Helius under irrigation
conditions has an increase rate of 46.1% at Noa.
Under irrigation conditions, the rate is less than
13.8%. This can be explained by the better
natural moisture supply in 2018. During the first
year, a higher amount of registered rainfall at
the beginning of the growing season provides

enough moisture for the normal development of
the plants. In Darmi, irrigation provides a
growth rate of 28.9%, and without irrigation
again the dry biomass is 43.5% higher with the
high fertilizer background. Isabell recorded a
higher rate of increase in dry biomass under
irrigation conditions under the influence of
mineral nutrition (35.4%). Under irrigation
conditions, the increase in biomass was reported
at 14.9%.

The results of flowering phenophase are similar.
With the highest dry biomass, Helius stands out
with a high fertilizer background (N24) under
irrigation and irrigation conditions. Helius
exceeds the standards and the Macedonian
variety shows a study by Spasov (2010) on
productivity and yield of fiber. The results help
to define the variety as environmentally
friendly. For the other two varieties, irrigation
has a greater influence on the formation of plant
boss. Darmi by 11.1% is more responsive to
irrigation. The naturally colored Isabell variety
9.7% exceeds the biomass formed during
irrigation through phenophase flowering.

Cotton varieties have higher values of biomass,
under the influence of irrigation and during the
ripening phase. In terms of mineral fertilization
levels, an increase in dry biomass has been
reported for each variety. Under irrigation
conditions, Helius produces more biomass,
averaging 27.5% over non-irrigation options.
From 52.1% to 60.8%, the increase in biomass
growth in Darmi. Isabell responds to irrigation,
but the growth of biomass during phenophase
ripening is narrow in irrigation and non-
irrigation range (52.5-55.1%).

Has been reported that with increasing in
fertilizer rate, the Helius variety an increase in
the generative growth. The results show that the
average for irrigation levels under irrigation
conditions and without irrigation, the average
number of boxes is in the range of 4.56-4.66.
The total yield of one plant, first and second
harvest averages 20.80 g for non-irrigation
variants and 22.38 g for irrigated variants.
Optimization of the moisture factor forms a
higher yield. The trend observed in the number
of boxes at Darmi under the influence of
different fertilization levels is similar. Other
researchers have come to the same conclusions.
According to Shah (2008), nitrogen (N) is the
most essential nutrient of a plant, the most
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important growth limiting factor among all
nutrients. Nitrogen is considered to be a major
factor in cotton production, according to
Bondada and Oosterhuis (2001) and Hou et al.
(2007).

Darmi does not show much responsiveness to
irrigation. The formed total yield of a single
plant in Isabel under irrigation conditions is
averages 18.33 g, while under irrigation
conditions the variety forms 21.70 g. Under the
influence of optimal moisture supply, Isabell
forms a total yield of 18.4% per plant. The
results show that the higher number of boxes
placed, in irrigation conditions, is able to feed
and burst in a timely manner.

After  correlation  analysis, correlation
dependencies were found for each cotton variety
with a high degree of correlation. The results for
the Helius variety show a very high correlation
dependence under non-irrigation conditions
between the following indicators: mass per boll
and bud-formation (r = 0.989); flowering (r =
0.963), number of bolls per plant (r = 0.988).

Table 1. Correlation dependencies of Helius variety
under non-irrigation conditions

X X1 X2 X3 X4 X5 X6

x; | 1.00 ] 0.989*0.963* | 0.909 | 0.988* 0.691
X2 1.00 | 0.965*| 0.943 | 0.959* 0.604
X3 1.00 | 0.976* 0.966*| 0.495
X4 1.00 | 0.891| 0.326
Xs 1.00 | 0.699
X6 1.00

Also between the indicators bud-formation (x2)
and flowering (x3); number of bolls per plant
(x5). A positive correlation also was recorded
between the indices: flowering (x3) and ripening
(x4), number of bolls per plant (xs5) (Table 1).
The correlation between the indicators is high
and positive: mass of one boll (x1) and bud-
formation (x2), as well as between bud-
formation (x2) and flowering (x3). The high
correlation coefficients reflect the linear
relationship between the indicators considered.

For irrigation variants, a high degree of
correlation was found between ripening (x4) and
the number of bolls per plant (xs5), with a
correlation coefficient r = 0.979 (Table 2). The
correlation coefficient between bud-formation
and flowering is also high (r = 0.979). This
indicates that there are conditions for the
buttons that appear to develop and blossom. The
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lower coefficients between the number of bolls
per plant (xs); total yield (x¢) is an indicator that
not all bolls of the laid boxes are guarded, there
are dropped boxes and as a result the yield is
lower.

Table 2. Correlation dependencies of Helius variety under
irrigation conditions

X X1 X2 X3 X4 Xs X6

X1 1.00 | 0.955*]0.939 0.835] 0.907| 0.269
X2 1.00 | 0.983*| 0.850| 0.870| 0.081
X3 1.00 | 0.932| 0.933| 0.219
X4 1.00 | 0.979* 0.513
Xs 1.00 | 0.555
X6 1.00

When analyzing the indicators of the Darmi
variety, recorded under the conditions of natural
moisture supply, the correlation between
flowering (x3) is most pronounced; and the
number of bolls per plant (xs5) (r = 0.996), and
the mass of one boll (x1) less pronounced
between the indicators; and flowering (x3);
ripening (x4); number of bolls per plant (xs) (r =
0.955+0.973) (Table 3). The dependencies
establish a strong relationship between the
number of bolls filled and the blooms under
non-irrigation  conditions. The correlation
between the number of bolls and the yield is
with the coefficient r = 0.884, which is an
indicator that the boxes placed under natural
moisture supply are able to guarantee a stable
yield. Generative growth is weaker, but the
organs provided provide good productivity even
with unsustainable soil moisture.

Table 3. Correlation dependencies of Darmi variety
under non-irrigation conditions

X X1 X2 X3 X4 Xs X6

X1 1 0.901 | 0.963* | 0.973*| 0.955*| 0.769
X2 1 0.950*| 0.970* 0.920 | 0.946
X3 1 0.963* 0.996*%  0.902
X4 1 0.938 | 0.853
Xs 1 0.884
X6 1

The data in Table 4 shows that a correlation was
found with a positive coefficient between the
indicators: bud-formation (x2) and flowering
(x3); ripening (x4); number of bolls per plant
(xs), with the strongest between bud-formation
(x2) and number of bolls per plant (x5) (r =
0.994). The analyzes were made on the basis of



the results of biometric indicators under

irrigation conditions.

Table 4. Correlation dependencies of Darmi variety under
irrigation conditions

X X1 X2 X3 X4 X5 X6

X1 1 0.850 | 0.915 | 0.734| 0.833 ] 0.100
X2 1 0.952*% ] 0.963*] 0.994*%  0.580
X3 1 0.935| 0916 | 0.327
X4 1 0.937 | 0.608
Xs 1 0.629
X6 1

From the attached Tables 5 and 6, a less
pronounced correlation between the parameters
considered in the naturally colored Isabell
variety is established. In it, without irrigation,
the dependencies between bud-formation (x2)
and ripening (x4) (r = 0.967) are derived.
Comparison with the previous varieties
considered here with the Isabell variety has a
high correlation between the indices: number of
bolls per plant (xs5) and total yield (x¢) under
non-irrigation conditions. The high number of
bolls and the total yield were also characterized
by a high ratio (r = 0.958).

When optimizing the irrigation conditions,
strongly correlated correlations were found
between bud-formation (x2) and flowering (x3)
with a correlation coefficient (r = 0.964),
respectively. The correlation between flowering
(x3) and ripening (x4) with coefficient r = 0.956
is also highly correlated.

Table 5. Correlation dependencies of Izabell variety under
non-irrigation conditions

X X1 X2 X3 X4 X5 X6

X| 1 0.769 |-0.077 | 0.904 | 0.726 | 0.768
X2 1 -0.190 | 0.967*| 0.943 | 0.834
X3 1 -0.201| 0.146 | 0.365
X4 1 0.898 | 0.834
Xs 1 0.958*
X6 1

Table 6. Correlation dependencies of Izabell variety under
irrigation conditions

X X1 X2 X3 X4 X5 X6

X1 1 0.670 10.473 10.298 | -0.256| -0.159
X2 1 0.964* | 0.855| 0.538 | -0.022
X3 1 0.956*| 0.730 | 0.147
X4 1 0.820 | 0.410
Xs 1 0.292
X6 1

As a result of the correlation analysis,
correlation dependences between the studied
parameters for the three cotton varieties were
deduced. The strongest positive correlation is
found for the variety Darmi between the number
of bolls per plant and bud-formation and
flowering. The highest correlation between the
indicators is found in the Helius variety under
irrigation conditions.

Mathematically unproven are correlations
between yield and other parameters considered
variety Helius Darmi as well as in a variety
Isabell for irrigation regime.

CONCLUSIONS

The results show that when mineral nutrition
increases, the vegetative and generative growth
increase as well.

Correlation dependencies were found, with a
high degree of Helius correlation between the
structural elements: mass of one boll and bud-
formation (r = 0.989), mass of one boll and
number of bolls per plant (r = 0.988) under
irrigation conditions. Darmi has a high
correlation coefficient between flowering and
the number of bolls per plant (r = 0.996).
Naturally dyed Isabell is characterized by a high
degree of positive relationship between bud-
formation and ripening (r = 0.967) and between
the number of bolls per plant and total yield (r =
0.958).

Irrigation correlations were found between bud-
formation and flowering (r = 0.983) and
between ripening and number of bolls per plant
(r = 0.979) in Helius. The high correlation
coefficient distinguishes between bud-formation
and ripening (r = 0.963), bud-formation, and the
number of bolls per plant (r = 0.994) in Darmi.
A strong positive correlation was found between
bud-formation and flowering (r = 0.964) and
between flowering and ripening (r = 0.956).

The analysis which has been made, can serve
that to predict the productivity of each variety
and the advantages of each one of them.
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Abstract

The life cycle parameters of Nezara viridula were studied in 2018 under laboratory conditions at the Department of
Entomology, Agricultural University of Plovdiv. In the beginning of May field collected adults were placed in Petri
dishes for mating and laying eggs (a couple of female and male per dish). A constant temperature of 25 + 2°C, RH 60-
70% and a photoperiod of 16:8 hours L:D were maintained at the laboratory. The larvae, hatching from 15 egg groups,
were reared individually in Petri dishes and monitored daily to determine the duration of each stage. The eggs were
laid in groups of 27 to 83. The mean duration of the embryonic development was 6.04 £ 0.71 days. The five nymphal
stages last as follows: 3.56 = 1.56 days for the first instar, 9.75 + 4.99 days for the 2" instar, 7.16 + 3.47 days for the
3 instar, 10.36 £ 2.98 days for the 4" instar, and 13.46 £ 3.39 days for the 5" instar.

Key words: color morphs, copulation, developmental stages, fecundity, Nezara viridula.

INTRODUCTION

The geographical origin of the southern green
stink bug Nezara viridula (Linnaeus) is a
matter of debate. The most likely origin is the
Mediterranean area and/or the African
mainland (Hokkanen, 1986; Jones, 1988).
According to DeWitt and Godfrey (1972)
Bulgaria falls within the native range,
nevertheless the species was mentioned for the
first time in 1959 by Strawinski (1959) for the
southern part of the country. It was mentioned
later by Josifov (1963, 1999) and Josifov &
Simov (2004) as part of the heteropteran
entomofauna of the country, and only recently
there were records in the northern part (Black
Sea Coast in 2001, Sofia in 2011) (Simov et al.,
2012).

The geographical distribution of the southern
green stink bug extends across temperate and
tropical areas (Todd, 1989; Waterhouse, 1998).
It was reported as a common pest in most
European countries like France, Germany,
Greece (CABI/EPPO, 1998), Romania (Grozea
et al., 2012; 2015), etc. N. viridula is classed
by Todd (1989), as "... one of the most
important pentatomid insect pests in the world
... It is cosmopolitan and highly polyphagous
on many important food and fiber crops".

N. viridula causes economic damages to many
horticultural and field crops such as tomatoe
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(Lycopersicon esculentum), corn (Zea mays),
grape-vine (Vitis vinifera), pepper (Capsicum
annuum), raspberry (Rubus idaeus) and apples
(Malus domestica). Feeding causes
malformations, discoloration and premature
drop of fruits. Feeding on tomato fruits causes
reduction of the yield and the fruits become
unmarketable. Feeding punctures can also
provide access for fungal and bacterial
infections (Russin et al., 1988) which can be
toxic to vertebrates feeding on maize kernels
(Stringer et al., 1983; Payne and Wells, 1984).
In USA Nezara viridula caused 34-53% fruit
drop on pecan (Dutcher and Todd, 1983).

Regarding the pest biology, it is known that is
mostly multivoltine with the extent of voltinism
related to local differences in climate and the
availability of host plants suitable for
reproduction (Velasco et al., 1992; Velasco et
al., 1995). N. viridula overwinter as an adult
under bark of trees (Jones & Sullivan, 1981),
inside buildings and facilitates. The adults start
to emerge in spring, in the beginning of May.

They leave their overwintering sites and
migrate to different crops to feed and
reproduce.

Though N. viridula has become a common pest
on many agricultural crops in Bulgaria,
especially on raspberries and field tomato,
since the 90s of the last century (the region of
Plovdiv, Harizanova, unpublished data)



(Figures 1 and 2.), it had not been studied so
far. Simov et al. (2012) mentioned about some
evidence that the species might be a pest in
Bulgaria, recording damage (chlorosis) on
tomatoes fruits in Gorno Spanchevo Vill., due
to many piercings by larvae and adults of the
southern green stink bug.

The aim of the present study was to establish
lifecycle parameters of the local populations of
N. viridula.

MATERIALS AND METHODS

The study was conducted in 2018-2019 under
controlled laboratory conditions at the premises
of the Agricultural University - Plovdiv. A
constant temperature of 25 + 2°C, RH 60-70%
and a photoperiod of 16:8 hours L:D were
maintained at the laboratory.

Insect rearing

The laboratory colony of Nezara viridula was
reared using adults collected in the beginning
of May from raspberry plants in a private
garden in Stamboliyski, Plovdiv’s region. The
adults were placed in Petri dishes for mating
and laying eggs (a couple of male and female
per dish) (Figures 3 and 4). On the bottom of
each Petri dish a filter paper for absorbing the
moisture was placed. Pods of green bean
(Phaseolus vulgaris) and pieces from apple
(Malus domestica) were provided as food. Fan-
like folded paper was placed inside the Petri
dish where the adults could lay their eggs. The
food in the Petri dish was replaced every two
days with fresh one.

Developmental Time and Life Table Studies
Egg stage

After eggs were laid the egg group, together
with part of the paper on which had been laid,
they were transferred to new Petri dishes for
hatching and determining the duration of the
egg stage

Nymphal stage

Fifteen egg masses were obtained and placed in
Petri dishes (one egg mass per dish). The larvae
hatched from each egg group were reared
individually in Petri dishes and monitored daily
to determine the duration of each instar. On
hatching first instars have a strong aggregation
behavior (Simmons and Yeargan, 1988) and for
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this reason they were initially left on the egg
shells until they molted to the second instar and
began to disperse. Each nymph was moved
individually to a Petri dish by using a thin
brush. On the bottom of the dish a filter paper
and a fresh pieces of apple (Malus domestica)
as a food were placed, together with a folded
pieces of paper where the nymphs could hide if
disturbed.

Adult stage

At adult emergence, the sex of all individuals
was determined by the morphology of their
external genitalia. Newly emerged adults were
placed in Petri dishes (a couple of male and
female per dish) for mating, laying eggs, and to
determine longevity and fecundity. The
duration of each copulation was measured and
recorded in hours. The number of eggs in each
newly laid egg group were counted and number
recorded for calculating the average fecundity
of the females. The adult longevity was
calculated by recording the time from
emergence to the death. In each Petri dish fresh
pieces of apple (Malus domestica) as food and
folded pieces of paper were placed where the
adults can hide for maiting and laying their
eggs.

All nymphal instars and adult’s development,
behavior and survivorship were monitored and
recorded at regular basis.

Data were analyzed using Microsoft Excel
statistics 2010.

RESULTS AND DISCUSSIONS

Egg stage

The embryonic development lasts 6.04 + 0.71
days (Table 1), similar to the results reported
by Harris and Todd (1980). The eggs are light
yellow in color, barrel shaped and with flat
tops. They are laid in clusters and firmly glued
to each other. Parallel to the embryonic
development, changes are observed in the color
- eggs become orange three days after laying
and a small red triangle starts to appear on the
top of each egg. The eggs turn into red color
day before hatching (Figures 5 and 6). Young
larvae hatch by opening the disk-shape cap.
Hatching takes about five minutes for an
individual egg, but the entire egg mass is
hatching for 1 to 2 hours.



Nymphal stage

As described by Waterhouse (1998), the 1%
instar nymphs did not feed and aggregated on
the empty egg shells. Newly hatched larvae are
light orange with red eyes. Larvae become red

in color twelve hours after hatching and dark
red twenty four hours after hatching.

Mean development time of the first instar is
3.56 + 1.56 days (Table 1).

Table 1. Mean developmental time (days + STDEVA) for Nezara viridula (Linnaeus)
at constant temperature of 25 + 2°C

Duration (days) Average STDEVA Min. Max. n
egg stage 6.04 0.71 5 8 419
nymphal stage

1% instar 3.56 1.56 2 8 286
2" instar 9.75 4.99 3 29 128
3" instar 7.16 3.47 3 15 122
4™ instar 10.36 2.98 5 19 118
5" instar 13.46 3.39 7 25 113
from egg to adult 41.92 6.87 35 67 52

The mean development time for the second
instar was 9.75 + 4.99 days (Table 1). Third
and fourth in stars are different from second in
color. The overall green color starts to appear.
Third instar nymphs start to disperse and feed
mainly on fruits. When disturbed they
immediately start to disperse and hide under the
leaf surface. The mean development time was
7.16 + 3.47 days (Table 1).

Fourth instar nymphs live alone. The mean
development time of the fourth instar as 10.35
+ 2.98 days. Fifth instar nymphs differ in color
among the individuals - part become black in
color and the others - green. The percentage of
the green against black forms was 60%. The
mean development time of the fifth instar was

13.46 £ 3.39 days. A 5" instar nymph molted
about 20 to 30 minutes to become an adult.

N. viridula required averagely 41.92 days to
develop from first instar to adult. The ratio
males: females of the resulting adults was 36:
64.

Males and females start to mate 12.3 + 4.85
days after becoming adults. Adults mated only
in shaded places. This happened under the
folded paper inside the Petri dishes. The egg-
laying period of a female lasts throughout her
lifespan. The mean duration of mating was
32.66 + 15.26 hours. Females deposited their
eggs under the folded paper mainly at night.
The eggs were firmly glued to each other. The
females laid 1 to 3 egg masses.

Figures 1 and 2. Nymphs and adults of N. viridula on raspberry and tomato fruits in Plovdiv’s region
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Figure 3. Mating in Petri dishes

Figure 5. Freshly laid eggs

Table 2. Adult longevity, pre-oviposition period and fecundity (days + standard error)
for Nezara viridula (Linnaeus) at constant temperature of 25 + 2°C

Female adult Male adult Preoviposition Fecundity Eggs per egg
longevity longevity period (days) (number) group
(days) (days) (number)

Mean 47.35 34.81 19.82 89.88 57.27
Standard error 5.02 5.24 1.57 16.61 5.92
Min. 10 11 14 29 27
Max. 88 75 30 201 83
Sample size 26 16 11 11 13

The females lived longer than the males (an
average of 47.35 days against 34.81 days)
(Table 2). The pre-oviposition period was
19.82 days, the average fecundity — 89.88 eggs
per female and the average number of egg per
egg group - 57.27.

As described by McPherson (2018) the species
has several ‘color types’ (i.e., genetic morphs)
of adults but two main morphs exist (i.e.,
numerically dominant in most regions): var.
smaragdula F. (G-type, completely green
coloration) and var. forquata F. (O-type,
predominantly green body with anterior

yellowish coloration). During the entire study
in Plovdiv,s region, the most prevailing was the
G-type, N. viridula var. smaragdula F.,
comprising 95.4% of all the collected adults.

CONCLUSIONS

Nezara viridula is a pest of many horticultural
and field crops in Bulgaria. The populations in
the southern part of Bulgaria are predominantly
var. smaragdula F. (G-type, completely green
coloration), and rarely var. torquata F.



At constant temperature of 25 + 2°C, RH 60-
70% and a photoperiod of 16:8 hours L:D one
generation may develop for 41,92 days. Female
live longer than males and lay an average of
89.88 eggs.
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Abstract

Recent researches recommend red mud (red sludge) by using in a possible correction of soils with acid reaction and
poor content in nutrients. In addition, it was observed that plants of Poaceae family (called generic herbs) show a
certain tolerance to this residue. Wheat plants grown in the second year after applying different doses of red mud have
shown significantly positive plants trends. Thus, wheat plants grown at a dose of 60 t/ha compared to those of 10 t/ha
red mud, formed ears 1 cm longer, had two (2) additional spikes, and the weight of the ear was larger by 0.4 grams.
The number of grains in an ear was greater by seven (7), the weight of the grains in the average ear was 0.3 grams
more, while the grains were relatively similar in size. The use of red mud in agricultural field conditions was used for
the first time on the white luvic soil at the Pitesti- Albora resort.

Key words: ears, grains, red mud, variability.
INTRODUCTION

One of the residual products of alumina
extraction is red mud/red sludge. The highly
alkaline reaction and its content in different
chemical elements (macro and microelements),
led in time to a possible preservation through
herbs (Xendis et al., 2005). Red sludge is one
of the residues obtained in the process of
alumina (Al2O;) extraction from bauxite.
Extraction from the bauxite ore is done with
sodium hydroxide at high temperature and
pressure (Bayer process). This sludge contains
iron oxides, aluminium oxides, titanium
oxides, clay minerals, which together form
sodium alumino-silicates. The product as such
cannot be used in agricultural fields mainly due
to its caustic nature and the content of very fine
sand particles that impede the development of
the root system of plants. In addition the
residue has a high pH (> 10), high electrical
conductivity (EC > 30 dS.m™') and a high
percentage of exchangeable sodium (> 70%).
Therefore, the crude residue is recommended to
be separated on one side by sand and the other
part by red mud/red sludge (Figure 1).

A treatment with positive effect, namely
seawater, has also been suggested. In this case,
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there is an increase in the concentration
available to plants for calcium (Ca) and
magnesium (Mg) together with the reduction of
pH values.

Figure 1. The PG 102 wheat variety

In contrast, recent research has shown that red
sludge resulting from different technological
processes can be improved by mixing with
different materials used in plant cultivation
(Jala & Goyal, 2006). Thus, combinations of
different doses of red sludge have been used
with manure, compost, domestic sludge and
even crop soil (Eastham & Morald, 2006a;
Eastham et al., 2006b). From here it was
suggested the idea of using improved red mud
in agriculture (Gupta et al., 2002; Snars et al.,



2004). The high pH values of the red mud
could cause a relative improvement of the
acidity of the crop soils, while the modest
microelement contents could have a beneficial
effect on the died of the plants. The first tests
from us were carried out in vegetation vessels
with soil in which cetain doses of red slurry
were introduced. For the vegetation different
plants were used, of which also some herbs
(plants of the Poaceae family). Highlighting
the effect of red sludge on culture soil requires
longer- term research, usually over 3-4 years.
For field conditions an experiment was chosen
on the white luvicsoil within the Pitesti resort.
In addition to the various chemical analyzes of
soil and plants, series of morphological
determinations on plants have also been carried
out. The present material presents results
obtained from the winter wheat cultivated in
the second year of research.

MATERIALS AND METHODS

In 2018, a stationary experiment was
established, consisting of different doses of red
mud (factor A with 10, 20, 40 and 60 t/ha) on a
constant basis of mineral and organic
fertilization (factor B). The duration of the
research lasts 3 years (until 2020), in the
rotation of the maize- winter wheat- sunflower.
Doses of red mud were applied to the maize
crop under the plow. The data in this paper
refer to the winter wheat of the second year, as
a carry over effect of the red mud (Figure 2).
The variants had an area of 40 m? (5 x 8 m), in
three replicates, placed according to the block
design method. The winter wheat variety used
was PG 102. The culture technology was the
one recommended by the resort. The chemical
analyzes performed complied with the standard
methods known in such situations.

Figure 2. 60 t/ha red mud in wheat crop
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In order to observe the influence of exclusive
doses of red mud on wheat plants, a number of
morphological aspects were analyzed. Among
the variants used, we compared wheat plants
grown exclusively at the dose of 10 t/ha red
mud compared to those obtained exclusively at
the dose of 60 t/ha red mud (without fertilizers
of any kind). Thus, 100 plants each from three
repetitions were chosen, cut and brought to the
laboratory. The determinations included: the
length of the ear, the weight of the ear, the
number of spikelets in the ear, the number of
grains in an ear, the weight of grains in the ear,
the length and thickness of the grain.

The morphological characters obtained were
analyzed by the histograms (or frequency
polygons) method. In their expression were
used the class intervals established according to
the specific string of values obtained. The study
carried out highlighted several aspects namely:
i) the modal values (with the highest
frequencies), ii) the limits of the intervals of
variability of the studied characters and iii) the
specificity of each character of the wheat
variety in the analyzed area. Between the
analyzed characters the respective correlations
were established, with the help of which they
could also observe their tendencies within the
studied variety. The Excel program was used to
express the values. The significance of the
correlation coefficients was obtained by
comparing with the rmax values (Erna Weber,
1961) for the 5%, 1% and 0.1% levels of the
transgression probabilities.

In the statistical calculation of all the obtained
values, the analysis of variance (Anova test)
was used, namely on the ranges of variation.
Statistical parameters were calculated used the
formulas: a Xx/n, where a = media of
determinations, and x = values, S? (variance) =
1/n-1.[2x2<(Zx)?/n], S (standard error) = VS2
and S % (variation coefficient,%) = S/a.100.

RESULTS AND DISCUSSIONS

Characteristics of the contents in chemical
elements of soil and red mud. For the purpose
of establishing the experiment, chemical
analyzes of crop soil and red mud were
performed. Thus, the soil was characterized by
a moderately acidic reaction, with humus over
2% and with a low supply in macro-elements



(Table 1). The red mud had high pH, very low
total nitrogen content (tN), relatively high
phosphorus, and potassium- like crop soil. The
mobile sulfur was more present in the mud and
in lower concentration in the crop soil. The
micro-element content of the soil shows
relatively low values, both as total forms and as
mobile forms (Table 2).

The exception is manganese, which has
relatively high values, characteristic of this soil.
The red mud contained total forms in micro-
elements at higher values, while the mobile
forms were very low. Of the chemical elements
with a pollutant character, the red mud excelled
in nickel and chrome.

Table 1. Contents in macro-clements

Elements Luvicsoil Red mud
pH 5.30 10.46
Nt, % 0.142 0.005
PaL mg.kg! 39 352
KaL mgkg! 83 89
S-SOs mg.kg™! 23 83
Humus, % 2,41 -

Table 2. Contents in micro-elements

Elements Luvicsoil Red mud
TF* ME** TF MF

Zn mg.kg’! 51 1.47 33 0.30
Cu mg.kg' 14 2.80 64 0.85
Mn mg.kg! 820 50.4 136 0.66
Ni mg.kg"! 25 352
Pb mg.kg! 16 5
Cr mg.kg! 24 616
Co mg kg 10 9

*TF - total forms; **MF - mobile forms

Variability of some morphological

characters of wheat plants. By increasing the
doses of red mud in the soil of crops, gains of
some morphological characters of wheat plants
were observed. The data obtained are presented
graphically by simultaneous evolutions within
each character. Thus, the length of the spike
was generally between 2.9 and 8.3 cm. The
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modal values were in the range 5.1-6 cm (35%)
for wheat in the variant with 10 t/ha red mud
and between 6.1-7 cm (34) at that of the dose of
60 t/ha red mud (Figure 3). Close limits were at
4.1-5 cm (29%) at wheat from the lower dose
of mud and 5.1-6 cm (32%) at the higher dose
of red mud. In both cases, the extremes
constituted 1-2%. The number of spikelets in a
spike ranged from 4 to 17. The modal values
ranged from 10-11 spikelets/ spike at 10 t/ha
red mud (34%) and 12-13 spikelets/ ear at 60
t/ha red mud (33%) (Figure 4). Close limits
were at 8-9 spikelets (25%) at the low dose of
mud and at 10-11 spikelets (28%) at the higher
dose of red mud. Extreme values were at only
1-4% frequency. The weight of the wheat ear
generally ranged between 0.40 g and 3.27 g. In
the 10 t/ha mud, the ear had weight values
between 0.40 g and 2.9 g, while the ears
formed in the 60 t/ha red mud has values
between 0.40 g and 3.27 g (Figure 5). The
modal values were at 1.0-1.4 g (44%) at the
lower dose of mud and the same interval 1.0-
1.4 g (33%) at the higher dose of red mud.
Close to these maximums were the frequencies
of 28% in the range 0.5-0.9 g at the low dose of
mud and 31% in the range 1.5-1.9 g at the high
dose. And in these case the extreme frequencies
constituted 1% of the total. The number of
grains in a spike generally ranged from 7 to 51.
In the lower dose of red mud the number of
grains was between 7 and 40 grains, while in
the higher dose they ranged from 8 to 51
grains. Modal values were in range of 11-20
grains (59%) in the low dose and 21-30 grains
(36%) in the high dose of red mud (Figure 6).
Close values were in the ranges fo 21-30 grains
(25%) in the lower dose with 31-40 grains
(30%) in the higher dose of red mud. the
extreme values of the frequencies of this
character constituted 1-2%. The weight of the
grains from a spike ranged from 0.23 g to 2.78

g.
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Figure 9. Frequency of grain length

The weight of the grains from an ear raised at
the lower dose of red mud was between 0.23
and 2.04 g, and under the conditions of the
higher mud dose they formed between 0.30 and
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Figure 10. Frequency of grain thickness

2.78 g (Figure 7). The modal values were in the
range 0.5-0.9 g (58%) at the lower dose of mud
and in the range 1.0-1.4 g (38%). Near values
were in the range 0.5-0.9 g (32%) on the low



dose of mud and on the 1.0-1.4 g (26%) on the
higher dose of red mud. The mass of one
thousand grains (MTG/TGW) had absolute
values between 26.5 g and 65.5 g (figure 8).
The small mud dose was formed with grains
between 25 and 69 g, and on the larger mud
dose the values were between 35 and 59 g. The
modal values were at 45-49 g (34%) at the low
dose of mud and in the same range 45-49 g
(51%) at the high dose of residue.

The wheat grains formed under the conditions
of the two doses of red mud have demonstrated
approximately similar dimensions. Thus, the
grain length had extreme values between 4.9
and 7.1 mm. The dominant frequencies were in
the range 6.0-6.4 mm (51%) on the lower dose
of mud and in the same range 6.0-6.4 mm
(58%) on the higher dose of red mud (Figure
9). The thickness of wheat grains had extreme
values between 2.6 and 4.0 mm, with a slightly
greater dispersion in the conditions of wheat
grown on the lower dose of red mud. The
modal values were at the values of 3.2 mm on
the low dose and 3.1 mm on the higher dose of
mud (Figure 10).

Statistical analysis of the variability of
morphological characters in wheat. The
results obtained in the morphological analysis
of some wheat characters showed specific
aspects. Thus, the length of the spike/ear
measured 5.3 cm a the small dose of mud (10
t/ha) and 6.0 cm on the larger dose of red mud
(60 t/ha). The variability demonstrated medium
to large values (Table 3). The weight of the
wheat ear ranged from 1.21 g at the low dose of
mud, to 1.57 g at the higher dose of red mud.
The wvariability of this character was
particularly high. The number of spikelets in
one spike was 10.1 in the low dose and 11.9 in
the spikelets raised on the higher dose of red
mud. The variability of this character was great
to very high. The number of grains in one spike
ranged from 19.5 on the low dose of mud and
26.4 on the high ones on the high dose of red
mud. The variability was very high in both
situations. The grain/ spikelet weight ranged
from 0.90 g for the lower dose of mud and 1.21
g for the larger dose of red mud. And for this
parameter, the variability was very high in both
situations.

Table 3. Statistical indices of winter wheat ears and grains

Indices ‘ Ear length, ’ Ear weight, ‘ No. spikelets/ | No. grains/ | Grain weight/ ‘ TGW, Grain ’ Grain
cm g ear ear ear, g g length, mm_| thickness, mm
10 t/ha red mud
Media, @ 5.31 1.21 10.1 19.5 0.90 45.7 6.0 33
Variance, s’ 0.381 0.205 6.745 45.06 0.135 47.35 0.194 0.072
Std. error, s 0.617 0.453 2.579 6.713 0.367 6.881 0.440 0.269
Var. coef.,% 11.6 37.5 25.7 344 41.0 15.1 74 8.2
60 t/ha red mud
Media, @ 6.02 1.57 119 26.4 1.21 454 6.2 3.2
Variance, s> 1.131 0.330 5.326 84.82 0.195 30.05 0.160 0.075
Std. error, s 1.064 0.574 2.308 9.210 0.442 5.482 0.400 0.187
Var. coef,,% 17.7 36.5 194 35.0 36.6 12.1 6.5 5.8
The mass of one thousand grains had average =~ CONCLUSIONS

of 45.7 g at the wheat raised on the dose of 10
t/ha mud and 45.4 g at the wheat in the high
dose of sludge. The grain size, length and
thickness, had close relative average values.
Thus, the grain length had values of 6.0 mm on
small mud dose and 6.2 mm on the larger mud
dose. The variability of wheat grain length was
reduced in both situations. The thickness of the
grain had average values of 3.3 mm for the
wheat from the low dose of mud and 3.2 mm
for the grains from the higher dose of the red
mud. And in this case, the character variables
were in the small category.
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The sludge/red mud residue can be used as a
product that can improve the chemical regime
of the soil. It has been suggested that its
agricultural role would be in the form of an
amendment. Considering the alkaline reaction
and a sensitive content in nutrients, the red mud
was tested under the conditions of white luvic
soil, an acidic soil with low reserves of plant
food. In fact, there was a correction of the acid
reaction of the soil together with the
contribution of various chemical elements,
necessary for the growth and development of



the plants. Analyzes of both soil and red mud
demonstrated these characteristics.

From the determinations it emerged that the
winter wheat plants grew and developed
normally, and to prove the effective
contribution of the red sludge in the vegetation
were made series of determinations on mature
wheat plants grown on two doses of mud: 10
t/ha and 60 t/ha, without chemical fertilizers.
The obtained data show the gain of the
productivity elements from this environment
improved with the red mud i.e.: an average
ear/spike 0.7 cm longer, a heavier spike 0.36 g,
a higher number of spikelets/spike 1.8, and the
number of grains from ear was 6.9 higher. The
weight of the grains in an ear increased by
0.31 g, and the absolute weight of the grains
was similar to 45 g.
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Abstract

Sunflower, one of the most important oil crops, is generally considered to be very competitive against weeds. However,
this is not valid for all hybrids, weeds and conditions, since in many cases there have been reported yield losses up to
70%. A field study was conducted in western Greece to evaluate growth, grain and oil productivity of sunflower under
different weed management treatments (weed free, weed presence for 2, 4 and 8 weeks after sowing). Grain yield of the
several treatments resulted to losses up to 64% compared with the weed free plots. Oil concentration was not affected
by the presence of weeds, however oil yield was also significantly reduced in the plots with a late weed removal,
probably due to the seed yield reduction. The findings of the present study reveal the significant reduction of seed and
oil productivity in sunflower due to weed competition and highlight the need of an early weed management.

Key words: sunflower, seed yield, oil yield, weed competition.

INTRODUCTION

Sunflower (Helianthus annuus L.) is certainly
among the most important oil and bioenergy
crops with a high oil content and productivity,
high non saturated fatty acids content and
absence of cholesterol (De la Vega and Hall,
2002; Papatheohari et al., 2016). It is generally
considered to be among the most important oil
crops, while it has been already subjected to the
improvement by plant breeders.

Biotic and abiotic factors such as weeds and
water deficit, respectively, can result in huge
yield losses to sunflower and consequently, the
selection and cultivation of the most
competitive and drought resistant hybrids is
crucial (Breccia et al., 2011).

In general, sunflower is considered to be a crop
of satisfactory competitive ability against the
weeds, mostly due to its large height (Elezovic
et al., 2012). However, under the real field
conditions, competition with weeds can be
high, especially with the earliest growing ones
and result in seed yield reduction up to 60-70%
(Soares et al., 2019). Competition with weeds
begins shortly after emergence, while the low
number of registered herbicides makes the
situation more difficult. Pannacci et al. (2007)
have reported high phytotoxicity of several
herbicides to several sunflower varieties, while
many  herbicide-tolerant  varieties  (like
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Clearfield and ExpressSun technologies) have
already been developed and globally used
(Jocic et al., 2011). However, despite such
achievements, there is still a lack of available
information regarding the effects of weeds and
the timing of their control on sunflower growth
and productivity.

The main objective of the present study was to
evaluate the growth, grain and oil productivity
of a sunflower hybrid with a weed presence for
different periods under the conditions of
Greece.

MATERIALS AND METHODS

The field experiment was conducted during
2017 in Dokimi area of Agrinio (38° 37 13"’
N, 21° 22’ 44°° E). Soil was a clay loam (CL),
the physicochemical characteristics of which (0
to 15 cm depth increment) were clay 341 g/kg,
silt 488 g/kg, sand 171 g/kg, pH (1:2 H20) 7.4,
1.61 g/kg total nitrogen, 0.054 g/kg available
phosphorus (P-Olsen) and 0.98 g/kg available
potassium. EC was 2810 pumhos, CaCO; 270
g/kg and organic matter content 19.4 g/kg
(Walkley and Black, 1934). The field was
irrigated as needed for the sunflower crop,
while this year was of moderate rainfall and
temperature (not very low and not very high).

Sunflower was sown on 23 April 2017. Sowing
was performed by hand in 75 cm rows with



distances within rows of 20 cm. Before sowing,
28 kg N/ha, 15 kg P/ha and 30 kg K/ha were
incorporated into the soil. Weed density was
moderate, with the dominant weed species
being  Chenopodium  album, Amaranthus
retroflexus and Echinochloa crus-galli. These
weeds are common for sunflower stands and
has been reported by other researchers as well
(Tyr and Vavrik, 2015; Jursik et al., 2017).
Weed management treatments were: 1) weed
free, ii) weed presence for 2 weeks, iii) weed
presence for 4 weeks and iv) weed presence for
8 weeks after sowing. Weed removal was done
by hand-hoeing. The above-mentioned
treatments with four replicates were arranged in
a completely randomized design with a plot
size of 8 m?.

Several measurements of plant height, leaf area
index (LAI) and above-ground plant part
biomass were taken from plants in the two
center rows of each plot at 40, 60, 80 and 100
days after sowing (DAS). Leaf area was
estimated by means of DT-area meter (Delta-T
Devices Ltd, Burwell Cambridge, UK), while
dry weights were measured after 36 h at 70°C.
Harvest was made by hand at 119 DAS and
grain yield was measured by harvesting the
plants in the two middle rows. Near infrared
method was used for oil content measurement.
Oil yield was calculated by multiplying seed
yields by the concentration of oil in seeds.
Analysis of variance (ANOVA) was conducted
for all data and differences between means
were separated using Fisher’s LSD test at p <
0.05. All statistical analyses were conducted
using the Statistica 11 software package
(StatSoft, Inc. 2300 East 14th Street, Tulsa, OK
74104, USA).

RESULTS AND DISCUSSIONS

The findings of the present study revealed
some significant (p < 0.05) differences between
the several weed management treatments
regarding the growth and the yield of
sunflower. In particular, weed presence for two
weeks had no adverse effects on sunflower’s
growth, at least for the most cases. However,
when removal of the weeds was at 4 or § weeks
after crop sowing, then plant height, leaf area
and dry weight of the plants was significantly
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lower than the weed-free plots and the plots
with a weed presence for two weeks (Table 1).

Table 1. Growth parameters for the several treatments
at 60 DAS. Different low case letters in each row
denote statistically significant differences between the

means (p < 0.05)
Weed Weed Weed
Weed presence | presence
Growth parameter presence
free ) for 4 for 8
for 2 weeks
weeks weeks
Plant height (cm) 133 a 125a 109 b 98 ¢
LAI 2.6d 2.1e 1.7f l4g
Biomass (g) 128 h 116 h 97i 78

Concerning seed yield, this was significantly
reduced as a result of weed competition.
Particularly, as shown in Table 2, grain yield of
sunflower in the weed-free plots was up to 4.78
tn/ha. However, in the cases of weed removal
at 2, 4 and 8 weeks after sowing, yield was
reduced by 34, 53 and 64%, respectively.
Regarding oil concentration, this was not
affected by weed presence and ranged from
37.65 to 39.23%. On the contrary, oil yield was
also significantly reduced in the plots with a
late weed removal, probably due to the seed
yield reduction. Thus, oil yield in the weed free
plots was 32, 54 and 74% higher than the plots
with a presence of weeds for 2, 4 and 8 weeks
after sowing, respectively (Table 2).

Nalewaja et al. (1972) have sown that weed
removal at 2, 4, 6 and 8 weeks after crop
emergence resulted in yield reductions by 8,
25, 29 and 33% compared to the weed-free
plots. Our findings are also in accordance with
previous studies highlighting the importance of
the first weeks after planting, with a total
prevention period of interference ranging from
26 to 43 days (Elezovic et al., 2012). In all
cases, yield reductions are related to the weed
density, the weed species present (more or less
competitive), the cultivated hybrids and
varieties and the specific soil and climatic
conditions.

It seems that despite the plant height, sunflower
needs to emerge and grow at least for the first
weeks with the minimum weed presence.
Biotic factors like weeds and abiotic stresses
are considered major yield limiting factors for
sunflower crop and therefore ought to be taken
into account. Our findings highlight the
importance of early weed management and



agree with previous studies showing that the
efficacy of several herbicides against many
common weeds of sunflower crop (like
C. album, E. crus-galli and A. retroflexus) was
strongly affected by the growth stages of weeds
(Jursik et al., 2017). Therefore, an earlier weed
control ensures a higher efficacy of herbicides
(in the case of chemical control) and allows a
better growth and productivity of sunflower
crop due to the absence of weed competition
for a longer period.

Harvest measurements also showed that there
was not any significant difference between the
treatments regarding oil concentration. This is
something that could be attributed to the fact
that oil content (and even fatty acid profile) of
sunflower is known to be mainly affected by
the hybrid (Skoric, 1992; Izquierdo et al.,
2002).

Table 2. Grain and oil productivity parameters for the
several treatments. Different low case letters in each row
denote statistically significant differences between the
means (p < 0.05)

Weed Weed
Weed
. Weed presence | presence
Yield parameter presence
free for 4 for 8
for 2 weeks
weeks weeks
Grain yield
(Uha) 478 a 3.17b 224c¢ 1.72d
Thousand grain
weight TGW (g) 60.12 ¢ 5834ef | 58.14ef | 55.77f
8/‘1)%“0““&"0“ 3824 | 3923g | 37.65g | 38.78g
0
Oil yield . .
(tha) 1.83 h 1.241 0.84) 047k
CONCLUSIONS

The results of the present study revealed that
even the highly productive sunflower hybrids
like ‘PR63A90’ suffer from weed competition.
In particular, even a small delay of weed
control can cause significant reductions to both
the growth and productivity of the crop. Yield
losses due to weed presence were from 34 to
64%. It is noticeable that even a delay of weed
control for 2 weeks resulted in a yield reduction
of 34%. On the contrary, oil concentration was
not affected by the presence of weeds, however
oil yield was significantly reduced in the plots
with a late weed removal, probably due to the
seed yield reduction. In particular, later weed
removal resulted in oil yield reduction by 32 to
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74%. Consequently, the need of an early weed
management is imperative and crucial for the
successful establishment, growth, productivity
and quality of sunflower.

ACKNOWLEDGEMENTS

Thanks to the comments and suggestions of
peer reviewers that gave of their time to ensure
that the manuscript was strengthened via their
insights.

REFERENCES

Breccia, G., Vega, T., Nestares, G., Mayor, M.L.,
Zorzoli, R., Picardi, L. (2011). Rapid test for
detection of imidazolinone resistance in sunflower
(Helianthus annuus L.). Plant Breeding, 130, 109—
113.

De la Vega, A. J., Hall, J. (2002). Effects of planting
date, genotype, and their interactions on sunflower
yield: 1. Determinants of oil-corrected grain yield.
Crop Science, 42, 1191—-1201.

Elezovic, 1., Datta, A., Vrbnicanin, S., Glamoclija, D.,
Simic, M., Malidza, G., Knezevic, S.Z. (2012). Yield
and yield components of imidazolinone-resistant
sunflower (Helianthus annuus L.) are influenced by
pre-emergence herbicide and time of post-emergence
weed removal. Field Crops Research, 128(3), 137—
146.

Jocic, S., Malidza, G., Cvejic, S., Hladni, N., Miklic, V.,
Skoric, D. (2011). Development of sunflower hybrids
tolerant to tribenuron methyl. Genetika, 43, 175—182.

Jursik, M., Fendrychova, V., Kolarova, M., Andr, J.,
Soukup, J. (2017). Optimising Clearfield and
ExpressSun sunflower technologies for central
European conditions. Plant Protection Science,
53(4), 265-272.

Izquierdo, N., Aquirrezabal, L., Andrade, F., Pereyra, V.
(2002). Night temperature affects fatty acid
composition in sunflower oil depending on the hybrid
and the phenological stage. Field Crops Research,
77, 115—126.

Nalewaja, J.D., Collins, D.M., Swallers, C.M. (1972).
Weeds in sunflowers. Farm Research, 3—6.

Pannacci, E., Graziani, F., Graziani, F., Covarelli, G.
(2007). Use of herbicide mixtures for pre- and post-
emergence weed control in sunflower (Helianthus
annuus). Crop Protection, 26, 1150—1157.

Papatheohari, Y., Travlos, 1.S., Papastylianou, P.,
Argyrokastritis, 1.G., Bilalis, D.J. (2016). Growth and
yield of three sunflower hybrids cultivated for two
years under Mediterranean conditions. Emirates
Journal of Food and Agriculture, 26(2), 136—142.

Skoric, D. (1992). Achievements and future directions of
sunflower breeding. Field Crops Research, 30, 231—
270.



Soares, M.M., Freitas, C.D.M., De Oliveira, F.S., De Walkley, A., Black, I.A. (1934). An examination of

Mesquita, H.C., Silva, T.S., Silva, D.V. (2019). Degtjareff method for determining soil organic
Effects of competition and water deficiency on matter and a proposed modification of the chromic
sunflower and weed growth. Revista Caatinga, 32(2), acid titration method. Soil Science, 37, 29—37.
318-328.

Tyr, S., Vavrik, D. (2015). Chemical weed control of
sunflower stands. Research Journal of Agricultural
Science, 47(1), 243—-251.

127



Scientific Papers. Series A. Agronomy, Vol. LXIII, No. 2, 2020
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785

YIELD CAPACITY OF ELBRUS DURUM WHEAT UNDER THE
INFLUENCE OF ORGANO-MINERAL FERTILIZER PRODUCTS

Tanko KOLEV, Mitka TODOROVA, Zhivko TODOROV
Agricultural University of Plovdiv, 12 Mendeleev Blvd, Plovdiv, Bulgaria

Corresponding author email: tanko.kolev@abv.bg

Abstract

During the period 2014-2017, a field experiment was conducted at the Experimental and Implementation Base of the
Department of Crop Production at the Agricultural University of Plovdiv, in which the effect of two organo-mineral
products was studied: Megafol (3000 mL/ha) and Megafol protein (3000 mL/ha) on the yield capacity of Elbrus durum
wheat. There was also untreated control. The fertilizers were applied in the phases of tillering, shooting-up and ear
formation. The experiment was made after the precursor chickpea by the method of fractional plots in four repetitions
with a size of 10 m’ of a harvest plot. As a result of the experience, the following was proved: The organo-mineral
fertilizer products tested had a positive effect on the yield capacity of Elbrus durum wheat. The highest grain yield of
durum wheat of Elbrus variety was obtained in the variant processed in the phase of tillering with the organo-mineral
product Megafol (3000 mL/ha), where the yield capacity increased averagely for the experimental period with 479
kg/ha (13.8%) more than unprocessed control. The new organo-mineral products helped to increase the values of the
structural elements of the crop such as: number of spikelets, number of grains and mass of grains per plant.

Key words: durum wheat, organo-mineral products, yield.

INTRODUCTION and Implementation Base of the Department of

Plant Growing at the Agricultural University of
Over the last few years, with the admission of  Plovdiv, in which the effect of two organo-
Bulgaria to the European Union, there has been mineral products was studied, namely: Megafol
a rise in durum wheat production. The area (3000 mL/ha) and Megafol protein (3000 mL/
sown with durum wheat in Bulgaria has  ha) on the production of Elbrus durum wheat.
increased up to 18,000 ha, but the yield of grain ~ The results of the variants treated with the
per hectare is lower from 15% to 25% organo-mineral products tested were compared
compared to common wheat. The positive  with an untreated control. Spraying with
impact of the use of organo-mineral products organo-mineral products was carried out in the
and biologically active substances in enhancing  phases of tillering, shooting up and ear
the productive capacity of a number of cereals formation of durum wheat. The experiment was
has been demonstrated in experiments carried out after chickpea precursor, repeated 4
conducted abroad (Petr, 2005; Wolber et al., times, with size of the cultivated plot of 10 m?,
2006) and in Bulgaria (Delibaltova et al., 2009; on alluvial-meadow soil (FAO, Molic
Kolev et al., 2011). The published scientific Fluvisols), characterized by an average sandy-
literature presents data on preparations that  clay mechanical composition, humus content of
increase the resistance of plants to various 1-2%, pH 7.7, with presence of carbonates up
stress factors, such as high and low  to 7.4% and absence of salts. In the 0-20 cm
temperatures (Delchev et al., 2001; Delchev et soil layer, the contents of the basic nutrients
al., 2011, Kolev et al., 2015). were as follows: N - 15.6 mg/1000 g, P20s - 32
In this study, we set out to identify the impact mg/100 g, KoO - 47 mg/100 g (Popova &
of new organo-mineral products on the  Sevov, 2010).

productivity of Elbrus durum wheat. Durum wheat of Elbrus variety is sown in the
optimal period from 20.10 to 05.11, with a
MATERIALS AND METHODS sowing rate of 500 germinating seeds/m? and

mineral fertilization with 120 kg/ha of nitrogen
During the period 2014-2017, a field and 80 kg/ha of phosphorus, with all the
experiment was conducted at the Experimental
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phosphorus fertilizer and 1/2 of the nitrogen
being imported before sowing and the rest of
the nitrogen in the early spring as a further
nutrition.  During the  experiment, all
agrotechnical measures of the approved
technology for cultivation of durum wheat were
observed (Yanev et al., 2008), except for the
tested organo-mineral products applied in the
three phenological phases of the plant
development.

The number of tillers per m? the number of
ear-bearing stems per m? the number of
spikelet per ear (pcs), the number of grains per
ear (pcs), the mass of grains per ear (g), and the
yield of grain (t/ha) were reported. The
statistical processing of the data obtained on the
surveyed indicators was carried out with the
BIOSTAT software (Penchev, 1998).

RESULTS AND DISCUSSIONS

The rainfall during the durum wheat growing
season was as follows: 2014/2015 - 655.8 mm,
2015/2016 - 388.5 mm and 2016/2017 - 264.2
mm compared to the value of 419.0 mm over a
thirty-year period. During the studied years,
favourable for the growth and development of
durum wheat with good rainfall distribution
was the year 2017 (regardless of the less but
better distributed rainfall during the critical
phenophases of the plant development), and
when also higher yields were obtained of all the
grain  variants.  Unfavourable for  the
development of the plants was the first year,
2014/2015, due to the drought in April, when
the structural elements of the production
develop, see Figures 1 and 2.
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Figure 1. Precipitation by months, sum mm/m?
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Figure 2. Monthly temperatures (average)
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Number of tillers per m?

Tillering is a process that begins in the early
stages of growth and depends mainly on the
sowing density, moisture supply and nitrogen
supply of the plants (Garsia del Moral et al.,
1991; Simane, 1993). Similar results were
observed for this phenophase by Fuccillo et al.
(2015). He found that in the case of favourable
plant development, if there were differences,
they were mainly due to the use of resources
such as soil moisture, nutrients and light. The
process has a strong connection with the yield
results.

Tillering can partially or completely
compensate for the differences in the number of
plants. It helps for their recovery after a bad
winter. According to Garsia del Moral et al.
(2003), the tillering and the number of ears per
m? are positively affected by good moisture
supply and low temperatures, while water and
nitrogen deficiency severely limit this process.
Some researchers, Peterson, (1984), Rickman
(1983), report that tillering is highly sensitive
to lack of water. It can be reduced to a half if

there was a drought during this phase. Other
authors consider lower tillering capacity as the
main reason for lower yields. As a result of
many years of phenological observations
(Krasteva et al., 2006), has established that the
number of ears per m? is related to the tillering
capacity of the plants and is formed mainly by
the end of March and the beginning of April.
According to her, the lower yield at high
densities is due to productive tillering capacity,
which reduces the possibility of high sowing
density. Researchers (Slafer et al., 1993) cite
high temperatures as one of the main causes of
reduced tillering, especially in dense crops.
Under ideal conditions, the varieties would
better unleash their potential. Similar results
shed light on the causes of reduced yield in dry
winters by Lioveras (2004). He indicated as a
reason for a reduced yield the reduced number
of ear-bearing stems, due to reduced tillering.
The results in Table 1 show that the highest
number of tillers per m? was reported in plants
treated with the product Megafol in tillering
phenophase, averaging 473 pcs/m?.

Table 1. Number of tillers per m?> and number of ear-bearing stems per m? (average 2014-2017)

Phases of Organo-mineral products Number of2 % Number of ear-bgaring %
growth tillers per m stems per m

Tillering Control 408 100 307.5 100
Megafol 473 115.9 389 126.5
Megafol protein 444 108.8 357.5 116.3

Shooting-up Control 396.5 100 304 100
Megafol 446 112.5 348.5 114.6
Megafol protein 418.5 105.5 315 103.6

Ear formation Control 388.5 100 327 100
Megafol 405 104.2 330 100.9
Megafol protein 394.5 101.5 328 100.3

In plants treated during the same phenophase
with the product Megafol Protein, a better
result was reported for the Elbrus variety - 444
pes/m?. The results in the phenophase of
shooting up are similar, maintaining the same
trend - a greater number of tillers per square
meter in the Elbrus variety - 446 pcs/m?, treated
with the product Megafol, followed by plants
treated with Megafol Protein, respectively
418.5 pcs/m®. The results obtained in the
treatment of plants during the phenophase of
ear-formation are lower than the application of
these preparations in phenophase of tillering
and shooting up. This leads to the conclusion
that the two organomineral products Megafol
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and Megafol Protein have the best effect when
administered in the tillering phenophase.

Number of ear-bearing stems per m?

The results presented in Table 1 show that the
number of ear-bearing stems per m? in the
Elbrus variety varies from 328 pcs/m? to 389
pes/m? when treated with the organo-mineral
products tested in the different phenophases
during the vegetation of the plants. The best
results for the Elbrus variety have been
reported with the wuse of Megafol in
phenophases of tillering and shooting up. The
number of ear-bearing stems is higher,
respectively by 81.5 pcs/m’> when treated in




tillering phenophase and by 44.5 pcs/m? in
shooting up phenophase. The highest number
of ear-bearing stems when using the product
Megafol Protein is reported in the same
phenophases, but the values obtained are lower
compared to Megafol.

Number of spikelets

The greater number of spikelets under
favourable conditions during flowering and
fertilization is a guarantee for the formation of
well-grained ears. Extremely favourable
weather conditions during this period are a
good prerequisite for the formation of a large
number of durum wheat spikelets.

The data from the experiment given in Table 2
shows that the application of Megafol in
tillering phenophase of Elbrus durum wheat
gives the best result according to the criterion

number of spikelets, respectively 21.5 pcs.
Good results were also obtained in the
treatment of plants in the shooting wup
phenophase, respectively 20.1 pcs. Treatment
with Megafol Protein in tillering phase gives
the best results - 20.0 pcs for the Elbrus variety.
A relatively large number of spikelets are also
formed with treatment in phenophase of
shooting up, while the least number of spikelets
are formed when applying the two tested
products in the ear-formation phenophase. The
experiment carried out showed that the smallest
number of spikelets are in the untreated
controls, which allows us to conclude that the
use of organo-mineral products Megafol and
Megafol Protein in the tillering phase has the
most beneficial effect on the number of
spikelets in durum wheat of Elbrus variety.

Table 2. Biometrical data (average 2014-2017)

Phases of growth Organo-mineral Number of spikelets Number of grains in Grain mass in the

products the ear ear, g

Tillering Control 19.4 37.8 1.787
Megafol 21.5 44.2 2.039

Megafol protein 20.0 40.2 1.851

Shooting-up Control 18.8 37.2 1.623
Megafol 20.1 41.9 1.839

Megafol protein 19.2 39.4 1.718

Ear formation Control 17.8 34.9 1.569
Megafol 18.7 39.7 1.657

Megafol protein 18.3 354 1.631

Number of grains in the ear

This indicator is strongly linked to yield. This
has been proven by many researchers. Philip et
al., (2018) found that the major factor for the
formation of yield in durum wheat was the
greater number of grains of the ear. According
to Bergman (1991), the increase in yield is due
to the increased number of grains in the ear.
The indicator is closely linked to the conditions
during the formation of spikelets and flowers.
Rajkine  (1960) reports an established
relationship between the number of grains
formed and the duration of flowering. The
moisture supply during flowering of the durum
wheat and the formation of the grain is of great
importance both for the number of grains in the
ear and for their normal development. Another
researcher, Araus et al. (2005), points out that
one of the main directions of modern selection
is to increase the number of grains in the ear.
According to Sayre (1997), the increased yield
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achieved over the last 30 years is probably
related to the increased number of grains.
Essential for achieving the productive capacity
of the variety, as well as for the yield volume,
is the number of grains in the ear of the main
tiller. The formation of more grains depends a
lot on the climatic conditions during flowering
and fertilization.

Table 2 shows that the application of the orano-
mineral product Megafol in the tillering phase
of durum wheat gives the best result in terms of
the number of grains in the ear of Elbrus
variety, respectively 44.2 pcs. Good results
were obtained in the shooting up phase,
respectively 41.9 pcs., while the least increase
is obtained by treatment in the phase of ear-
formation, which is 39.7 pcs.

Treatment with the organo-mineral preparation
Megafol Protein in the tillering phase gives the
best results - 40.2 pcs. The smallest is the
number of grains in the untreated control in the



three tested phenophases of the development of
durum wheat of Elbrus variety, respectively
37.8 pes. during tillering, 37.2 pcs. during
shooting up, and 34.9 during ear formation,
which allows us to point out that the use of the
organo-mineral products Megafol and Megafol
Protein has a positive effect on the number of
grains in durum wheat of Elbrus variety.

Grain mass in the ear

Another very important indicator of the
productive capacity of the variety and the
amount of yield is the mass of grains in the ear.
Both meteorological conditions and various
agro-technical activities play an important role
in the period of grain formation.

Table 2 summarizes the data obtained from the
implementation of this experiment for this
indicator.  Regarding the first factor
investigated, i.e. organo-mineral fertilizers, the
greatest grain mass was reported when
applying the ograno-mineral product Megafol
during tillering phase, namely - 2.039 g. A
tendency to increase the mass of grains in the
ear is also observed in the treatment of plants in
phenophase of shooting up - 1.839 g. The least
increase in the grain mass in the ear was
reported when applying Megafol in the ear-
formation phase, which was 1.657g.

High values of the indicator were also reported
in the second organo-mineral fertilizer tested -
Megafol Protein. The largest mass of grains

was reported in phenophase of tillering - 1.851
g, followed by phenophase of shooting up
1.718 g, and in ear formation - 1.657 g. The
values of the control crops for this indicator are
the lowest in all three phenophases tested,
which shows the positive effect of the two
organo-mineral products Megafol and Megafol
Protein on the grain mass of durum wheat, with
the highest results reported when treated with
Megafol and Megafol Protein during the phases
of tillering of the durum wheat of Elbrus
variety.

Grain yield
Grain yield is the most important and accurate

criteria for the effect of agri-environmental,
organizational and technological factors. Thus,
the application of organo-mineral products
together with the introduction of new higher-
yielding varieties, and technologies of durum
wheat cultivation are some of the most
effective  factors in intensifying grain
production and meeting consumer needs. To
produce bigger quantities of and high quality
grain is unthinkable without optimizing the
varietal ~ composition,  sowing  density,
fertilization, diseases, pest and weed control,
harvesting, storage and processing of durum
wheat.

The results of the experiment carried out to
determine the influence of the studied factors
are shown in Table 3.

Table 3.Grain yield, t/ha

Phases of growth |  Organo-mineral 2015 2016 2017 Average %
products

Tillering Control 3.101 3.332 3.951 3.461 100.0
Megafol 3.961 3.630 4.429 4.007 115.7
Megafol protein 3.491 3.589 4.083 3.721 107.5

Shooting-up Control 3.420 3.500 4.008 3.643 100.0
Megafol 3.756 3.935 4.215 3.969 108.9
Megafol protein 3.491 3.683 4.031 3.735 102.5

Ear formation Control 3.385 3.415 3.972 3.591 100.0
Megafol 3.542 3.621 4.055 3.739 104.1
Megafol protein 3.465 3.493 3.996 3.651 101.7

A B AxB A B AxB A B AxB

GD 5% 0.02 253 391 0.13 221 315 0.09 3.51 465

The highest yield of grain, on average for the
study period 2015-2017 was obtained with the
variant of Elbrus durum wheat treated with the
organo-mineral product Megafol in phenophase
of tillering - 3.940 t/ha or with 0.479 t/ha more
(13.8%) than the untreated control. By years,
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the increase in yield is in the range of 0.298
t/ha in 2016 to 0.86 t/ha in 2015. Next is the
variant of applying the product Megafol in
phenophase of shooting up of the durum wheat
from 0.207 t/ha in 2017 to 0.435 t/ha in 2016 or



an average over the study period of 0.326 t/ha
more than the untreated control.

The grain yield in the case of treatment with the
organo-mineral product Megafol Protein is less
than that of the Megafol-treated variants, with
the best result being reported in phenophase of
tillering, from 0.132 t/ha in 2017 to 0.390 t/ha
in 2015, with average result for the three-year
experimental period being 0.260 t/ha. The
control crops achieved the lowest yield results.
The use of the organo-mineral products
Megafol and Megafol Protein during the
phenophase of ear-formation does not lead to
any significant positive changes in the grain
yield obtained.

From the data obtained from the conducted
experiment we can say that higher yield is
achieved with the organo-mineral product
Megafol, applied in phenophase of tillering and
phenophase of shooting up of durum wheat.
The organo-mineral product Megafol Protein
produces lower results than Megafol, with the
highest yield being observed when applied
during the phenophase of tillering of the Elbrus
variety.

CONCLUSIONS

The organo-mineral products tested have
positively affected the productivity of Elbrus
durum wheat.

The highest grain yield was obtained in the
period of 2014-2017 by treating with the
organo-mineral product Megafol in phenophase
of tillering. On average for the experimental
period for Elbrus durum wheat, the yield
reported was 3.940 t/ha, or with 0.479 t/ha
more (13.8%) than the control crops. Next is
the variant of applying the product Megafol in
phenophase of shooting up of durum wheat, the
yield being averagely for three years with 0.326
t/ha more than the untreated control.

The grain yield achieved with the use of the
organo-mineral product Megafol Protein was
smaller than the variant treated with Megafol,
with the best result being achieved in
phenophase of tillering, averagely for the
experimental period 3.721 or with 0.260 t/ha
(7.5%) more than control.

The use of the organo-mineral products
Megafol and Megafol Protein during the
phenophase of ear formation did not lead to
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significant positive changes in the grain yield
obtained.

The new organo-mineral products helped to
increase the number of tillers, number of ear-
bearing stems, number of spikelets in an ear,
number of grains and grain mass of one plant.
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Abstract

The objective of the present study is by means of a mathematical approach (variance, regression and variation
analysis) to estimate the yield itself and to determine the row spacing influence on yield. Data analysis and
mathematical processing, obtained during the study period (2016-2018), showed that the tested alfalfa varieties
produced the best results at standard row spacing of 12.5 cm, regardless the used seed rate. The dispersion analysis of
green mass and hay yields registered that the influence in the first year was the strongest (1 = 96). In the second and
third years, the variety had stronger influence on the yield (n = 95 and n = 99). The strongest factor correlation was the
one between variety and row spacing (n = 89; 5 = 91; n = 94), which confirmed the fact that varieties react differently
and have different compensatory capacity with the row spacing increase. The linear regression model between hay
yield and total green mass yield for both varieties (Multifolium 1 and Legend) showed a high degree of correlation.

Key words: alfalfa, yield, analysis of variance evolution.

INTRODUCTION function that describes empirical data
distribution on yield.
Alfalfa quality and durability depend on both,
external environmental conditions and internal MATERIALS AND METHODS
genetic factors. Alfalfa related research shows
that yields have increased by 20% over the last The experiment was conducted during the
hundred years (Kertikova, 2000), with only  period 2016-2018 in the experimental field of
10% of the increase being due to genetic the Crop Production Department at the
improvements (Riday and Brummer, 2002). Agricultural University — Plovdiv. A basic task
Along with environmental factors, production  was to determine the influence of variety, row
potential is also influenced by the alfalfa crop  spacing and sowing rate factors on plant
age and the intensity of use (Brink et al., 2010). biometric parameters. The experiment was
Successful alfalfa crop production is a basic ~ based on the block method in four repetitions
factor for obtaining maximum production. The (Barov, 1982).
optimum sowing rate continues to be the  The obtained experimental data were included
subject of numerous studies because of the fact  in a factor variance analysis. The factors
that significant differences have been found  variety (factor A), row spacing (factor B),
depending on the region environmental sowing rate and their interaction were
conditions. The recommended sowing rate for examined. The following options and
alfalfa varies from 4 to 40 kg/ha depending on combinations were tested: bl - row spacing
the area, its soil and climatic conditions, and 12.5 cm; b2 - row spacing 25 cm; b3 - row
the sowing method, which directly affects seed spacing 50 cm; cl - seed rate 2.5 kg/da; c2 -
germination and sprouting. seed rate 1.5 kg/da (Table 1).
The present experiment aims at: 1) analyzing  The total yield of alfalfa green mass and hay
the influence of variety, row spacing and was formed by the yield obtained from swaths
sowing rate factors on plant biometric indices developed under different climatic conditions,
by means of factor dispersion analysis,  both, during the growing season and the
establishing both, their self-action and their experimental years.
interaction; 2) finding a proper mathematical

135



Table 1. Green mass and hey total yields for the period

2017-2019
Multifolium 1 Legend
Average for the period | Average for the period
2017-2019 2017-2019
Options | Total green | Total hey | Total green | Total hey
mass yield yield mass yield yield
blcl 6.75 1.49 7.59 1.79
blc2 6.48 1.45 7.41 1.73
b2cl 6.13 1.38 7.36 1.72
b2c2 6.14 1.37 7.28 1.70
b3cl 5.96 1.33 6.29 1.47
b3c2 5.95 1.34 6.27 1.46
The regression analysis included: 1)
constructing the mathematical model of

dependence, i.e. calculating the function
parameters and compiling the regression
equation; 2) verifying the model statistical
significance and the function parameters; 3)
determining the actual deviations size from the
theoretically expected results and on this basis,
estimating the dependent variable state (Y)
according to the individual state of the
independent variable (X). Experimental data
were estimated by the average values x of each
variety multiplied with the total yield, the error
of the average Sx, the standard deviation s and
the variation coefficient CV, %. An interesting
approach has been used to manage and
compare data on some major food products in
Bulgaria (Dimova, 2018). This approach has
been used for establishing the relation between

important agronomic indicators in maize
hybrids (Stoyanova and Delchev, 2014),
common wheat (Delchev et al., 2015,

Stoyanova et al, 2016, Stoyanova et al., 2018)
and celery (Kuneva et al., 2016).

The mathematical and statistical empirical data
processing was performed using MS Excel.

RESULTS AND DISCUSSIONS

The dispersion analysis of green mass and hay
yields (Table 2) showed that in the first year the
influence of row spacing on yield was the
strongest (n = 96). In the second and third
years, the variety had stronger influence on
yield (n = 95 and n = 99). The strongest factor
correlation was the one between variety and
row spacing ( = 89; n = 91; 1 = 94), which
confirmed the fact that wvarieties react
differently and have different compensatory
capacity as the row spacing increases.

Interaction between sowing rate and row
spacing factors (n = 91) was also proven,
leading to changes in plant height, leaf weight
and number, emergence of multifoliage, with
changes in sowing density.

2018 differed slightly from the previous year
due to the fact that variety influence was the
strongest (n = 98). Row spacing influence came
on the second place (n = 95). The correlation
between variety and row spacing factors (n =
89) was the strongest, as it was also the case for
green mass production.

In 2019, the trends observed over the years
were confirmed. Variety had the most signi-
ficant influence on hay production (n = 99).
Row spacing influenced yield (n = 97), and the
interaction between sowing and row spacing (1
= 94) was also proven. Data analysis and ma-
thematical processing obtained during the study
period (2017-2019) showed that the tested
alfalfa varieties produced the best results at a
standard row spacing of 12.5 cm, regardless the
used seed rate. In rarer crops, both varieties
formed more leaves, the degree of multiplicity
was higher and biomass with a higher protein
content was obtained. For successful practice,
alfalfa leaf can also be used in a lower seed rate
of 1.5 kg/da, as recommended by other authors
(Contreras-G et al., 2009), without affecting
green mass and hay yield and quality.

Table 3 presents the analysis data of variance
for hay yield. The results showed that in 2016
the row spacing (m = 98), followed by the
variety effect on yield (n = 97), had the
strongest influence on hay production, as in the
case of green mass. The interaction between
sowing and row spacing (n = 84) was also
proven (Table 2).

For both tested cultivars, considering the three
mowings and the growing season in general,
the best results were obtained with the standard
alfalfa cultivation - 12.5 cm, for the case of
Multifolium 1 - 6.90 t/da, and 6.79 t/da, and for
the Legend variety - 7.67 and 7.76 t/da,
respectively, for both sowing rates. Again, the
Legend variety exceeded the Multifolium 1
variety in both, green mass and hay production,
regardless the swath sequence (Table 1), 2 kg -
0.235 kg of hay were obtained from 1 kg green
mass for the Multifolium 1 variety through
different swaths, while the Legend yield ranged
from 0.220-0.240 kg.



Table 2. Dispersion analysis of green mass yield by years

Sourse of variation SS | Df | MS | P-value | ETA, Sqd

2016
Variety (A) 2630343.6 1 2630343.4 0.000 87
Line spacing (B) 9594649.0 2 4797324.1 0.000 96
Sowing rate ( C) 9441.36 1 9441.6 0.465 2
Interaction (AxB) 414676.2 2 207228.6 0.000 50
Interaction (AxC) 104868.3 1 104868.03 0.021 20
Interaction (BxC) 996371.2 2 498185.86 0.000 71
Interaction (AxBxC) 1496264.6 2 74632.03 0.024 27
Errors 411250.7 24 17135.44

2017
Variety (A) 5666780.3 1 5666780.3 0.000 95
Line spacing (B) 6742886.0 2 3371443.0 0.000 96
Sowing rate (C) 2256.3 1 2256.3 0.672 0,8
Interaction (AXB) 2293728.0 2 1146864.0 0.000 89
Interaction (AxC) 39800.3 1 39800.3 0.085 12
Interaction (BxC) 7214.0 2 3607.0 0.749 24
Interaction (AxBxC) 134304.0 2 67152.0 0.011 31
Errors 295516.0 24 12313.2

2018
Variety (A) 9770834.03 1 9770834.0 0.000 99
Line spacing (B) 2690550 2 1345275.0 0.000 98
Sowing rate (C) 573806.25 1 9770834.0 0.000 89
Interaction (AXB) 1094505.6 2 547252.8 0.000 94
Interaction (AxC) 24174 1 24174 0.362 4
Interaction (BxC) 654450.0 2 327225.0 0.000 91
Interaction (AxBxC) 86822.2 2 43411.1 0.000 56
Errors 672353 24 2801.5

Table 3. Dispersion analysis of hey yield by years

Sourse of variation SS | df | MS | P-value | ETA, Sqd

2017
Variety (A) 310620.4 1 310620.4 0.000 97
Line spacing (B) 489887.7 2 244943.9 0.000 98
Sowing rate ( C) 1272.1 1 1272.1 0.083 12
Interaction (AxB) 20291.7 2 10145.9 0.000 69
Interaction (AXC) 2952.1 1 2952.1 0.011 24
Interaction (BxC) 49457.1 2 24728.5 0.000 84
Interaction (AxBxC) 6927.1 2 3463.5 0.001 43
Errors 9307.3 24 387.8

2018
Variety (A) 551306.3 1 551306.3 0.000 98
Line spacing (B) 333747.2 2 166873.6 0.000 96
Sowing rate ( C) 0.03 1 0.03 0.994 0
Interaction (AXB) 136620.2 2 68310.1 0.000 91
Interaction (AxC) 27214 1 2952.1 0.035 17
Interaction (BxC) 1147.4 2 573.7 0.363 8
Interaction (AxBxC) 6517.1 2 3258.5 0.008 33
Errors 13039.3 24 543.3

2019
Variety (A) 794475.1 1 794475.1 0.000 99
Line spacing (B) 128376.1 2 64188.0 0.000 97
Sowing rate ( C) 28448.4 1 28448.4 0.000 88
Interaction (AXB) 58628.7 2 29314.4 0.000 94
Interaction (AxC) 444 1 444 0.601 12
Interaction (BxC) 30935.4 2 15467.7 0.000 89
Interaction (AxBxC) 4605.4 2 2302.7 0.000 55
Errors 3806.7 24 158.6
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Figure 1. A- Linear regression model between hey yield and green mass total yield for Multifolium1 variety
B- Linear regression model between hey yield and green mass total yield for Legend variety

The visual representation of the correlation
between both indicators for the tested varieties
is obtained from the graphical presented data
(Figures 1 A and B). Based on the empirical
values, a point diagram (scatterplot) is drawn.
The obtained linear regression models express
the influence of hay yield indicator on green
mass yield, allowing us to theoretically
determine how and in what direction the
change in these indicators contributes to yield
improvement.

The determination coefficient R? indicates the
percentage of resultative variable scattering and
is explained by the factor variable action.

In our case, R> = 0.9871, i.e. hay yield depends
on 98.7% of green mass yield for Multifolium
1, and for Legend variety it is R> = 0.998, ie.
99.8%. As green mass yield increases, the total
hay yield increases.

We can assume that the linear regression
models are reliable.

Table 4. Descriptive Statistics for the Multifolium 1 variety

Indicator Min Max Mean Std. Variance
Statistic Std. error
Yield of hay 5.95 6.75 6.24 0.13 0.32 0.100
Yield of green mass 1.33 1.49 1.39 0.03 0.06 0.004
Table 5. Descriptive Statistics for the Legend variety
Indicator Min Max Mean Std. Variance
Statistic Std. error
Yield of hay 6.27 7.59 7.03 0.24 0.59 0.351
Yield of green mass 1.46 1.79 1.65 0.06 0.14 0.020
It is logical that the hay yield for both varieties =~ CONCLUSIONS

decreases with the row spacing increase,
regardless of the sowing rate. For Multifolium
1, this is mathematically proven within all
options with row spacing of 25 and 50 cm; for
the Legend variety it is proven only within
options with row spacing of 50 cm.

Variation analysis for Multifolium 1 and
Legend varieties take into account the limits of
variation in yields for each individual variety
(Tables 4 and 5). Results of the variability
between the studied indicators show lowest
value at the yield of green mass for
Multifolium 1 (x = 1.33), and highest at the
yield of hay for Legend variety (x = 7.59).
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The dispersion analysis registered that the
examined alfalfa varieties showed best results
at standard row spacing of 12.5 cm, regardless
the used seed rate. The obtained linear
regression models express the influence of the
hay yield indicator on the green mass yield,
allowing us to theoretically determine how and
in what direction the change in these indicators
contributes to yield improvement.

In our case, R = 0.9871, i.e. hay yield depends
on 98.7% of green mass yield for Multifolium
1, and for the Legend variety it is R> = 0.998,
i.e. 99.8%. As green mass yield increases, the
total hay yield increases.
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Abstract

The classical Osborne wheat protein fraction (albumins, globulins, gliadins, glutenins), modified according Maes and
chemical - technological characteristics, were determined in ten lines of soft wheat, collected during the summer season
of 2014. The solvent, used during the process of extracting proteins from wheat flour, consisted of distilled water, 40%
isopropyl alcohol, 3.85% lactic acid and 0.5% potassium hydroxide. Wheat lines investigated in the experiment was
carried out as a randomized block design in 3 m? plots with three replicates. The flour obtained from those lines of
wheat has the following quality: protein: 15.05%, Zeleny Sedimentation: 47 ml and gluten index (GI): 53.95%. The

protein extraction with this procedure was efficient and provided 90-99% protein recovery.

Key words: soft lines, quality parameters, protein fraction, gluten index.

INTRODUCTION

Among the large assortment of food products
from wheat, the bread is still the most essential
food product from wheat. For this reason, the
good quality is important and thus, the studies
of bread making quality are of a fundamental
nature. The quality of wheat could be affected
by several variables, including: physical grain
properties, protein content and composition,
starch and lipid content. Among the quality
characteristics, the baking quality of wheat
flour is primarily dependent on the quantity and
quality of flour protein (Finney, 1987; Dowell
et al., 2008). As most of the proteins in flours
are gluten and gluten forming proteins play key
roles in baking quality of wheat by improving
the water absorption capacity, extensibility and
elasticity of the dough. Total protein content, as
well as protein quality, as measured by Zeleny
sedimentation (K-SDS), wet gluten (WG) and
Gluten Index (GI), are influenced by
environmental and genetical factors (Curic et
al., 2001; Dowell et al., 2008; Sekularac et al.,
2018). Wet gluten content is determined by
washing the dough obtained from flour, with
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water or other solutions (e.g. NaCl solution), in
certain conditions, to remove the starch and
other soluble compounds of the sample (Mis,
2000). The rubbery mass that remains after
washing is the wet gluten. The gluten proteins,
the gliadins and glutenins, constitute up to 80-
85% of the total flour protein (Shewry et al.,
1995). The gliadins and glutenins constitute
each around 50% of the gluten proteins. In
1907,0sborne  classified  wheat  protein
according to the basics of solubility: albumins
(soluble in water), globulins (aqueous solution
of salt), gliadins (aqueous ethanol) and
glutenins (dilute acid or alkali). Water-soluble
albumins and salt-soluble globulins constitute
anywhere from 10% to 22% of the total flour
protein (Singh and MacRitchie, 2001). The
gliadins constitute anywhere from 30% to 40%
of total flour proteins and are divided into four
groups, alpha- (0-), beta- (B-), gamma- (y-), and
omega- (w-) gliadins, based on their
electrophoretic mobility at a low pH (Woychik
et al., 1961; Kasarda et al., 1983). Maes (1962)
presented a novel approach of fractionating of
flour protein based on solubility. The new
solvent sequence consisted of: distilled water,



40% isopropyl alcohol, 3.85% lactic acid and
0.5% KOH.

The goals of the study are as follows: (i) to
evaluate the wheat protein fraction according
Maes (albumin, globulin, gliadins and glutenins)
in ten lines of soft wheat and (ii) to determine
the content of protein, wet gluten, gluten index
and K-SDS as quality parameters of wheat
flour.

MATERIALS AND METHODS

Ten lines of soft wheat (L 1, L2, L3, L4,L5,
Lo6,L7,L8& L9, L 10) were grown during the
year 2013-2014 in the Experimental Didactics
Economy (E.D.E) of the Agricultural
University of Tirana (latitude 41°19°39”N,
longitude 19°49°08”E; average altitude 89 m).
Each plot was planted in five rows; the plot size
being 5 m x 1.2 m. The protein content (% N x
5.7) was determined by the Kjedahl method
(AOAC, Method 979, 09), and lipid content
was analysed based on the Soxhlet extraction
method utilizing n-hexane (AOAC, Method
4.5.01). The Wet Gluten and Gluten Index
values for all flours samples were determined
using the Glutamatic system (Petern Instrument
AB, Stockholm, Sweden) with the use of the
AACC method 38-12.02. Sedimentation value
(K-SDS) was determined according to Zeleny
(Zeleny, 1947). The fraction of wheat protein
was based on solubility using the continuous
extraction procedure proposed by Maes (1966)
and applied with some modification by Mattern
et al. (1968) and Williams and Butler (1970).
Solvent sequence consisted of: distilled water,
40% isopropyl alcohol, 3.85% lactic acid and
0.5% KOH. All chemical analyses were
performed in three replications and the results
were statistically analysed. Pearson’s correla-
tion and the analysis of variance (ANOVA)
between the obtained results were performed
using StatSoftStatistica 10.0 software.

RESULTS AND DISCUSSIONS

Data in Table 1 indicates that the content of
total protein was significantly higher in ten
lines of wheat, which varied from 13.31% (line
8) to 17.34% (line 4). In wheat, the bread -
making characteristics of dough is strongly
influenced by protein content and protein
quality (Johansson and Svensson, 1999).
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Table 1.Chemical parameters in ten lines of wheat

Lines Protein (%) 1G (%) K-SDS (ml)
1 14.9340.16® 90.80+0.14" 49.50+0.71°
2 15.07+0.06® 53.65+0.21¢ 47.50+0.71°
3 14.90+0.11% 59.85+0.21° 48.00+0.00°
4 17.34+0.03" 19.60+0.14* 42.50+0.71*
5 15.07+0.04® 92.20+0.28! 51.00+1.41°
6 14.93+0.06* 25.70+0.00° 51.00+1.41°
7 15.68+2.07% 42.25+0.21¢ 47.50+0.71°
8 13.31+0.07* 34.35+0.21¢ 42.50+0.71*
9 14.41£0.02° 42.80+0.14¢ 41.00+1.41°
10 13.45+0.06" 78.75+0.21¢ 49.00+1.41°

“The results are expressed as mean + SD values, followed by different
letters in the same column that are significantly different (p < 0.05),
according to Tukey's HSD test.

However, high value of grain protein content
does not reliable indicator for good bread
making quality (Zhu and Khan, 2002), while
gluten proteins (content and composition of
gliadin and glutenins) are associated with
viscoelastic properties of dough and with bread
making quality (Shewry and Halford, 2002;
Bekes et al., 2004; Delcour et al., 2012). Gluten
is the rubbery mass that is left when wheat
flour is washed with water to remove starch.
Gluten structure has a major importance on
dough rheological properties (Pedersen and
Jorgensen, 2007). Guten proteins (gliadin and
glutenins) are responsible for viscoelastic
characteristics of dough and bakery products
(Singh and Singh, 2013; Wang et al., 2015).
Gluten Index (GI) is a method of analysing
wheat protein that provides necessary
information for gluten quality and quantity
(AACC, 2000). The Gluten Index (GI) value
was the highest in Line-1 (92.20%) and the
lowest in Line 4 (19.60%). In this study the GI
range between 19.60% (L-4) and 92.20% in L-
5. According to scale of Oikonomou et al.
(2015) we can classify analyzed wheat line in
three groups. First group had strong gluten
with GI over the 80% (L-1 with GI = 90.80%
and L-5 with GI = 92.20%), second group of
line L-2, L-3, L-7, L-8, L-9 and L-10 which
have normal gluten which gluten index was
between 30% and 80% and third group of
wheat with weak gluten which GI is lower than
30% L-4 with GI = 19.60% and L-6 with GI =
25.70%) (Table 1). The line 10 with GI =
78.75% can classify in the group with strong
gluten if we consider criteria of to Curi¢ et al.
(2001) who are reported that the optimum



value of gluten index is between 75% and 90%.
The wheat line (L 1, L 5 and L 10) had high
protein content (14.93%, 15.07%, 13.45%) and
an optimum level of gluten index (90.80%,
92.20%, 78.75%), belongs the group of wheat
which can provide optimum bread making
quality (Table 1). According to Sekuralec et al.,
(2018), in two years of experimental study
values of gluten Index (GI) were higher than
80% for all six wheat varieties in both years
and GI varied from the lowest 80.50% in
Zvezdana to the highest 96.50% in NS 40S.
Zeleny sedimentation (K-SDS) is another test
used to determine protein quality. In this study
K-SDS value varies from 41 ml (line 9) to 51
ml (lines 5, 6). The significant differences
among the investigated parameters were
established for protein content and GI.Similar
data of significat differences for gluten index
(GI) among wheat cultivars were found in
investigation of Sekularac et al. (2018). The
protein composition is strongly influenced by
the genetic background (Curi¢ et al., 2001).

Because grains were collected from plants
grown under equal conditions in the field at the
same location during the same growing season,
the influence of environmental factors can be
ignored. The fraction of wheat protein was
based on solubility using the continuous
extraction procedure proposed by Maes (1962).

Solubility fractions of wheat are presented in
Table 2. Data are expressed as the percentage
of total protein (protein solubility index - PSI).
Compared to the Osborne method, this method
investigates the whole spectrum of wheat
proteins. The following fractions were under-
stood to be present; in water, there are albumin
extractions, in isopropyl alcohol 40% of the
fractions are globulins extractions, in lactic acid
3.85% are gliadins extractions and in KOH
0.5% are glutenin extractions. The protein
fraction content soluble in water (albumin) and
protein fraction content soluble in isopropyl
alcohol 40% (globulin) ranged from 18.10%
(line 7) to 22.68% (line 3); 10.26% (line 4) to
17.89% (line 5), respectively. According to
Stehno et al., (2008), albumin - globulin
constitute from 22.29% to 30.81%, in soft
wheat. Similar mean values of albumin
contents (23.12 g kg!) for 15 analyzed bread
wheat found Brankovi¢ et al. (2015). In most of
the lines of wheat samples it was found that the
protein fraction content soluble in lactic acid
3.85% (gliadin) was lower and ranged from
23.30% (line 4) to 42.16% (line 8). Although
the albumin and globulin fractions are not
known to play a direct role in bread making,
they may be necessary for normal baking
properties (Peruffo et al., 1996).

Table 2.The content of protein fraction (%) in 10 lines of wheat

Lines H,O Isopropyl alcohol Lactic acid KOH

40% 3.85% 0.5%
1 21.81+0.08" 13.49:0.04" 30.66+0.04" 18.37+0.08¢
2 20.23+0.06¢ 15.67+0.07" 26.88+0.03¢ 20.12+0.06¢
3 22.68+0.17¢ 17.8240.01° 27.55+0.21¢ 16.18+0.01¢
4 19.50+0.07¢ 10.26+0.08" 23.30+0.02* 14.98+0.07*
5 19.7940.08¢ 17.89+0.06° 25.86+0.04° 19.61+0.11°
6 18.99+0.01° 17.45+0.05' 28.41+0.04° 19.96+0.03¢
7 18.10+0.06* 12.38+0.03¢ 38.45+0.01" 22.89+0.11°
8 20.71+0.11¢ 15.05+0.01¢ 42.16+0.03) 19.46+0.01¢
9 20.60+0.01¢ 13.09+0.01¢ 38.13+0.02¢ 25.25+0.18°
10 20.90+0.08¢ 11.65+0.13¢ 40.16+0.03! 14.85+0.11*

"The results are expressed as mean + SD values, followed by different letters in the same column that are significantly different (p < 0.05), according

to Tukey's HSD test.

A higher variation of gliadins was found in ten
lines of wheat samples. The protein fraction
content soluble in KOH 0.5% (glutenin) ranged
from 14.85% (line 10) to 25.25% (line 9).
Gliadins and glutenins are recognized as a
major wheat storage protein. Glutenin affects
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the elastic properties of dough where as
gliadins affect the viscous properties of dough.
Pearson correlation coefficients were calculated
between flour quality characteristics and
protein fraction.



Table 3. Correlation between chemical parameters and protein fraction content

Lipids 1G K-SDS H,O Isop. alc Lactic ac. KOH
Protein -0.071 -0.297 -0.079 -0.369 -0.237 -0.649" -0.120
IG 0.562" 0.459" 0.209 -0.031 -0.172
K-SDS -0.028 0.491" -0.317 -0.229
H,O 0.209 -0.010 -0.3817"
Isop. alc -0.322 0.119
Lactic ac. 0.340

“Correlation is statistically significant at p < 0.01 level; “correlation is statistically significant at p < 0.05 level; “correlation is statistically significant

atp <0.01 level.

Table 3, indicates a significant positive linear
correlation between gluten index (GI) and
Zeleny sedimentation (K-SDS) (r = 0.592). It
was not possible to find a correlation between
the variation of the protein fraction and quality
characteristics. The only correlation of practical
interest found, was between K-SDS and
isopropyl alcohol fraction (r 0.491).
According to the previous study conducted by
Maes (1966), it was not possible to confirm
either the positive correlation between K-SDS
and alcohol soluble fraction or the negative
correlation between protein content and the
lactic acid fraction. This is because the flour
quality characteristics, in most cases, are
strongly  influenced by  recessive or
incompletely dominant genes (Fortini et al.,
1976; Weegels et al., 1996).

CONCLUSIONS

From the results of this research study, all the
lines of soft wheat are characterized with high
protein content and good bread making
characteristics.  There  were  significant
variations in means of soluble protein fraction
between ten lines of wheat. The correlation
between wheat protein fraction and quality
parameters, characterizes the flour and the
quality of finished the product, and shows a
positive correlation between GI- K-SDS (r
0.592) and K-SDS - isopropyl alcohol fraction
(r = 0.491). It was not possible to find a lot of
correlations between the variation of protein
fraction and quality characteristics due to the
fact that the quality characteristics are
influenced by genetic background. The protein
extraction with this procedure was efficient and
provided 90-99% recovery of proteins.
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Abstract

Under the current conditions of climate drying, the identification of agricultural practices with the potential to mitigate
the impact of climate change on the security of agricultural production is raising more and more interest. In this
context, the orientation towards drought resistant crops is emerging as an alternative solution. Known as a culture
specific to areas with arid climate and poorly productive soils, grain sorghum (Sorghum bicolor (L.) Moench, var.
eusorghum) has become, in the context of increasingly obvious climate change, an alternative to maize, the cultivated
area of sorghum increasing annually due to the stability of the productions and their nutritional quality.

The results of the research presented in this paper show that the level of the registered productions increased with the
density of plants and the increase of the nutrient doses, the productions registering values of over 8,140 kg/ha in the
variant with the density of 30 seeds/square meter on the level of fertilization with N;soPsy + Aminosol. The level of
fertilization ensured has led to high values of production quality indices: protein and starch.

Key words: grain sorghum, fertilization, density, yields.

INTRODUCTION are far below the production potential that the
climatic conditions in Romania offer and that is
Worldwide sorghum culture has recorded an  why it is necessary as the cultivation
upward trend in last 10-15 years due his technology to be improved.
important agronomic features: resistance to Oprea et al., 2017, in a research carried out in
drought, diseases and pests, high ecological South East part of Romania, using ten
plasticity and high and constant production. fertilization levels and two sowing distances
In 2017, the world Sorghum production  between rows had concluded that both sowing
reached 63.9 million tons, and the average yield  distance and fertilization had a statistically
was of 1,427 kg/ha. The main producers of  significant influence on sorghum's grain yield.
Sorghum are the USA, Nigeria, Sudan, Mexico, The most favourable combination of techno-
Ethiopia and India (Popescu et al., 2018). At  logical factors, which ensured a maximum
EU level, sorghum represent only 0.12% from  yield of 9.22 t/ha, was represented by sowing
world area cultivated with sorghum and from  sorghum at the distance of 70 cm between rows
the main EU producers of Sorghum we can and using a fertilization level N-120 P-60 K-60.
highlight: Italy, France, Spain, Romania, @ Compared to the sowing distance of 50 cm
Austria, Hungary, and Bulgaria. between rows, the sowing distance of 70 cm
The area of sorghum cultivated in Romania  between rows generated yield increases
represent a bit of over 25% of the total EU. The  between 0.21 t/ha and 0.48 t/ha.
data from FAOSTAT (2018 records) show that Pochiscanu et al.,, 2017, in a research from
the area cultivated in Romania was 15,819 ha Central area of Moldavia focused on the
with an average production of 4,823 kg/ha. influence of technological measures of quality
However, the yields obtained on grain sorghum  of grain sorghum yield show that the sowing
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density had  negative influences on
phenological characters and on quality of the
grain, but positive on yield. The correlations
were positive between fertilization with
nitrogen and phosphorus and number of shoots
ha'!, yield and grain quality and negative
between sowing density and number of shoots
ha™! and grain quality.

MATERIALS AND METHODS

The research was carried out at Agricultural
Research and Development Station Caracal
(ARDS), during the 2019 year in the conditions
of a chermozem soil, medium rich in nutrient
and with a humus content which varied
between 3% to 4%. The soil in the arable layer
(0-20 cm) has a lutearic texture with a clay
content (particles below 0.002 mm) of 36.2%,
an apparent density of 1.42 g/cm’ a total
porosity of 47% and one medium penetration
rate (penetration resistance of 42 kg/cm?).

From the point of view of the hydric features in
the superficial layer, the wilting coefficient
records the value of 12.3%, the field capacity
24.5% and the hydraulic conductivity is 9.2
mm/h.

The main aim of the research was to establish
the most valuable variant of fertilization on the
best density on grain sorghum. As
experimented genotype we use grain sorghum
hybrid Albanus (Concep III treatment) from
Euralis Company, an early hybrid, with high
tolerance on drought and good capacity for
productions. The experiment was placed into
rotation of 4 years with previous plant colza.

The crop was sowing on 2" of May and the
complete emergence of plants was registered
11" of May. The weed control was ensured by
the treatment with Dual Gold herbicide in pre
emergence and Casper herbicide applied in the
first stage of plant development.

The experiment had two factors:

A factor - crop density - with three graduations:
e al - 20 seeds/square meter;

a2 - 25 seeds/square meter;

a3 - 30 seeds/square meter.

B factor - fertilization - with five graduations:
bl - unfertilized variant;

b2 - N75Pso;

b3 - N75Pso + Aminosol;

b4 - NisoPso;

b5 - Nis0Pso + Aminosol;

The collected data in the field were analysed
using statistical ANOVA program.

RESULTS AND DISCUSSIONS

Climatic conditions (Table 1) during the
experiment had an important influence on the
evolution of grain sorghum crop. The recorded
data certify that the 2019 year was an
excessively hot year.

Compared to the normal area, an average
temperature of 12.7°C was achieved, with
2.1°C higher than the normal range for the area
of 10.6°C. Regarding the months of the warm
period of the year (April - September) we find
that in no month were temperatures lower than
the multiannual average.

Table 1. Climatic conditions registered in 2019 at ARDS Caracal

2019 Temperature Solar radiation Precipitations Wind speed Daily

[°C] [W/m2] [mm] [m/s] ETO0
Month avg. | max | min avg. sum avg. max [mm]
January -0.85 | 9.01 | -13.47 41 38.6 1.6 8.5 0.2
February 342 | 1741 | -8.19 90 14.2 1.4 8.2 0.4
March 9.4 | 25.07 | -3.96 156 25.2 1.7 9 2.8
April 12.11 | 27.16 | -0.2 167 44.4 1.7 7.8 2.8
May 17.13 | 30.88 | 4.45 215 69 1.7 9.2 2.9
June 22.79 | 34.13 | 12.87 269 285.8 0.5 6 2.6
July 23.13 | 38.81 | 9.62 263 60 0.4 6.2 4.8
August 25.02 | 38.71 | 125 242 1 0.5 3.6 4.8
September 20.01 | 35.02 | 2.74 167 2 0.8 4.9 3.4
May-September | 21.6 | 38.81 | 2.74 417.8
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The deviations were positive, ranging from
0.4°C to 3.1°C. It is noted as extremely hot in
July, August and September, with a thermal
surplus between 2.3°C and, respectively, 3.1°C.
Also worth mentioning are the many days in
July and August when the maximum
temperature has exceeded the value of 38°C
and daily ETO had registered values of over 4.8
mm significantly reducing the water from soil.
During the vegetation period of the sorghum,
from May to September, the total of 417.8 mm,
numerically representing a sufficient value for
a plant with relatively low requirements
compared to the vegetation factor of water, but
during the period of formation and filling of the
grain, the months of August-September as very
poor in precipitation, with a deficit of -49.7 mm
and respectively -37.6 mm conduct to have
resulted in the diminution of the elements of
production, especially of the MMB.

Having a good capacity to efficiently capitalize
on natural resources, sorghum has produced
high yields under ecological conditions slightly
favourable to other cereals (Antohe et al., 1981;
Draghici, 1989; 1999; Matei, 2011; 2016).
Research has shown that the elements of
technology: crop rotation and fertilization
(Varvel, 2000; Khalili, 2008), crop density
(Schatz et al., 1990) and distance between rows
(Fernandez et al., 2012) significantly
influence the production potential of grain
sorghum (Sorghum bicolor (L.) Moench var.
Eusorghum).

The growth and development of the plant of
grain sorghum was directly correlated with the
technological factors studied: density and
fertilization. = The  main  morphological
determinations made were presented in Table 2.

Table 2. The influence of fertilization and density on the development of the grain sorghum plants

A Factor B Factor Height Average leaves Panicle length
Sowing density Fertilization cm number cm
(seeds/sqm) (kg a.s./ha)
Unfertilized 106.8 8.6 23.7
N75Pso 107.3 9.0 254
20 N75Pgo + Aminosol 108.4 9.0 25.7
NisoPso 109.0 9.5 26.1
NisoPsgo + Aminosol 112.0 9.8 26.3
Average 108.7 9.2 254
Unfertilized 106.6 8.0 25.0
N75Pgo 107.3 8.5 25.2
25 N75Pgo + Aminosol 109.2 8.8 25.3
NisoPso 113.3 8.9 25.6
Nis0Pgo + Aminosol 114.6 9.4 25.6
Average 110.2 8.7 25.3
Unfertilized 115.9 7.5 25.0
N75Pso 116.5 7.6 25.6
30 N75Pgo + Aminosol 117.4 7.9 25.6
NisoPso 118.3 8.0 26.0
NisoPsgo + Aminosol 119.0 8.0 26.3
Average 1174 7.8 25.7

In the conditions of 2019, an increase in the
size of the plant was observed in the range
106.6 cm to 119.0 cm, depending on the
fertilization regime and in the range 108.7-
117.4 cm, depending on the density of plants
per unit area. Related to the leaves number we
can observe that there is a positive correlation
with level of fertilization - from 7.5 to 9.8 - and
a negative one with plant’s density 9.2 on the
smallest density to 7.8 on the highest plant’s
density.
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Related the panicle length, the experimented
hybrid reacts only in case of fertilization, with
small increase simultaneously with amount of
doses and had a neutral reaction due the second
factor - density - explained by very small
differences between registered values.

Croitoru et al. (2018) into an experiment
carried out in the condition of sandy soils from
South of Oltenia, testing 10 hybrids of grain
sorghum has concluded that the production
potential for the area ranged between 5,077



kg/ha and 9,646 kg/ha depending of the

genotype,
climatic conditions.

the technology of culture and

The results obtained at SCDA Caracal show
that in the conditions of the year 2019 for the

Caracal Plain area, sorghum is proving to be a
species with real capacities of extension of the
cultivated areas due to its adaptability, high
production capacity and quality of grain
production (Table 3, Figures 1 and 2).

Table 3. The influence of interaction of density (A) and fertilization (B) on yield at grain sorghum

A Factor B Factor Grain yields
Sowing density Fertilization . Differences Signification
(seeds/sqm) (kg a.s./ha) kg/ha (%) ke/ha
Unfertilized 3,761 62.3 -2,272 000
N75Pso 5416 89.8 -617 -
20 N75Pgo + Aminosol 5,964 98.9 -69 -
NisoPso 6,023 99.8 -10 -
Nis0Pgo + Aminosol 6,583 109.1 550 -
Unfertilized 4,166 69.1 -1,867 000
N75Pso 5,511 91.3 -522 -
25 N75Pgo + Aminosol 6,190 102.6 157 -
NisoPso 6,386 105.8 353 -
Ni50Pgo + Aminosol 7,083 117.4 1,050 Hk
Unfertilized 4,785 79.3 -1,248 00
N75Pso 6,309 104.6 276 -
30 N75Pgo + Aminosol 6,916 114.6 883 *
NisoPso 7,261 120.4 1,228 *x
Ni50Pgo + Aminosol 8,142 135.0 2,109 Rk
Average/experience (Control) 6,033 100 CONTROL CONTROL
LSD 5% (kg/ha) 637
LSD 1% (kg/ha) 1,023
LSD 0.1 % (kg/ha) 1,548
7000 6683**
5867*
6000 5549
5000
[}
'-‘:"' 4000
¥
-
E 3000
=
2000
1000
(4]

u 20 seeds/sq.m.

u 25 seeds/sq.m.

m 30seed/sq.m.

LSD 5% - 235 kg/ha; LSD 1% - 594 kg/ha; LSD 0.1% - 1027 kg/ha

Figure 1. Influence of the A factor - plant’s density - on the yields at grain sorghum
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N75P80+AMINOSOL
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LSD 5% - 826 kg/ha; LSD 1% - 1472 kg/ha; LSD 0.1% - 2945 kg/ha.

Figure 2. Influence of the B factor - fertilization - on the yields at grain sorghum

The lowest production, of 3,761 kg/ha, was
registered at the density of 20 seeds/sqm in the
unfertilized version, and the highest value of
the production was obtained at the density of
30 seeds/sqm in the version with NisoPgo +
Aminosol, of 8,142 kg/ha.

The average/experiment, used as control, has
reached 6,033 kg/ha. Compared to this, it is
noted on the 3 densities tested statistically
assured increases in production for variants
with higher levels of mineral fertilization to
which was added also Aminosol, statistically
assured increases at the NisoPso + Aminosol
dose of 1,050 kg/ha at density of 25 seeds/sqm
and 2,109 kg/ha at a density of 30 seeds/sqm.
The probability of achieving a crop at a high
density, of 30 seeds/sqm, is also supported by
the average of the productions on the
experienced densities (A factor), of 5,549 kg/ha
for the density of 20 seeds/sqm, of 5,867 kg/ha
for the density 25 seeds/sqm and 6,683 kg/ha at
a density of 30 seeds/sqm.

The climate and soil condition of the area also
allowed to obtain valuable productions also in
the case of the unfertilized variants, sorghum
having the capacity to capitalize on the
agroproductive  properties of the argic
chernozem that was experimented, the average
of the factor B - fertilization - ranging between
4,237 kg/ha for the unfertilized variant and
7,269 kg/ha for the Nis50Pgo + Aminosol variant.
The role of the Aminosol ®, as biostimulator,
containing 22 different amino acids and
peptides (56-58%), corresponding to 9% N
(110.7 g/N/l) organic nitrogen, has been
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highlighted in ensuring a high productivity of
drought plants in drought conditions and the
ability of the preparation to form a stronger
root system, facilitating the absorption of
nutrients from the soil and increasing the
plant's resistance to drought. The applied
Aminosol indirectly influenced the
development of plants through the rhizosphere
microbial community, which increased the
absorption capacity of the nutrients in the soil
and also had a very good influence to the main
parameters of the quality of productions.

The quality of the grain sorghum production
obtained was another goal of our research and
the results of the accumulations of protein and
starch (determined using a rapid seed analyser
PERTEN-TA 7200) were analysed at the level
of the tested variants. The recorded data shows
that both factors - density and fertilization level
- had influenced the chemical composition of
sorghum grains, in terms of quality (Table 4).
The research literature on quality of grain
sorghum yields shown that Khalil et al. (1984)
had obtain under the conditions of Saudi Arabia
values of the protein content which varied
between 15.3% and 15.9%.

Other research of related the response of grain
protein concentration and yield of sorghum to
nitrogen fertilization in rates of 0, 60, 120, 180,
240 and 300 kg N.ha' was studied in the
experimental field of Agricultural University of
Plovdiv, Bulgaria in 2017-2018 under non-
irrigated conditions by Kostadinova et al.
(2019). The main result proved that the
fertilizers and climatic conditions had a



powerful influence to the quality of grain
sorghum yields: rate N-300 significantly
increased concentration of grain protein by
15.0% and 21.9%, respectively in 2017 and
2018, compared to N-0 plants. Fertilization N-
60 - N-300 proven increased grain protein yield
over the N-0. Rate N-180 provided higher grain
protein yield of 708 kg.ha! in 2017 and higher
N-240 and N-300 rates showed a downward

trend in protein yield within limits 677-708
kg.ha™!. In snore favourable in terms of rainfall
2018, the highest grain protein yield 907 kg.ha"
! was obtained at N-240. Application of N-300
proven reduced by 80 kg.ha™! the protein yield,
compared to N-240 Rates 0-300 kg N.ha'!
highly positively correlated with grain protein
concentration (0.864%*-0.962**) and protein
yield (0.839**-0.874**) of sorghum.

Table 4. The influence of interaction of density (A) and fertilization (B) on quality of yield at grain sorghum

A Factor Protein Starch
. B Factor
Sowing Fertilization
density % Differences | Signification % Differences | Signification
(kg a.s./ha)
(seeds/sqm)
Unfertilized 9.29 -0.37 00 64.50 0.78 *
N75Pso 9.95 0.29 ** 63.80 0.08
20 N75Pso + Aminosol 10.06 0.40 wx 63.90 0.18
Nis0Pso 10.09 0.43 * 63.00 -0.72 O
Nis0Pso + Aminosol 10.60 0.94 HEE 63.50 -0.22
Unfertilized 9.20 -0.46 00 64.70 0.98 **
N75Pso 9.45 -0.21 O 63.80 0.08
25 N75Pso + Aminosol 9.51 -0.15 O 63.60 -0.12
NisoPso 9.67 0.01 63.20 -0.52
NisoPso + Aminosol 10.12 0.46 *x 63.40 -0.32
Unfertilized 8.27 -1.39 000 64.60 0.88 *
N7s5Pgo 9.36 -0.30 00 62.90 -0.82 (0]
30 N75Pso + Aminosol 9.7 0.04 63.10 -0.62 O
NisoPso 9.8 0.14 * 62.90 -0.82 (0]
NisoPso + Aminosol 9.85 0.19 * 64.90 1.18 wok
Average/experience (Control) 9.66 CONTROL | CONTROL 63.72 CONTROL | CONTROL
DL 5% 0.12 0.59
DL 1% 0.26 0.93
DL 0.1 % 0.71 2.04

The protein level accumulated by the Albanus
hybrid ranged from 10.60% at the NisoPso +
Aminosol variant at the density of 20
seeds/sqm and 8.27% at the unfertilized variant
at the maximum tested density of 30 seeds/sqm.
High doses of nitrogen applied alone or in
combination with the Aminosol biostimulator
led to qualitative increases in production,
quantified in increases in the protein level in

grains,  statistically  assured  increases
predominantly at the densities of 20 and 25
seeds/sqm.

Research by Kaufman et al. (2013) showed that
the protein content in sorghum grains increased
with increasing nitrogen rate. Looking at the
results that we present we can see the same
evolutions of the protein content, starting to
lowest level on the unfertilized variant and
increasing to the highest level of the fertilizers
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on all three densities tested, from 20 seeds/sqm.
to 30 seeds/sqm.

Regarding the level of starch accumulated
under the conditions of experimentation in
2019, we notice the small differences between
the variants, the level of the registered values
falling between 62.90% for the variants N7s5Pgo
and respectively NisoPso from the density of 30
seeds/sqm and 64.70% at unfertilized variant
from the density of 20 seeds/sqm. If we look at
the quality data, we can notice a kind of an
inverse proportional relationship between the
two components: protein and starch.

CONCLUSIONS

Taking in account all the date presented in this
paper, we can highlight, the follow important
conclusions:




e climatic conditions of 2019 year from
ARDS Caracal ensure the grain sorghum to
give good productions which varied
between 3,761 kg/ha obtained at
unfertilized variant on the smallest density
to 8,142 kg/ha registered on highest density
at maximum level of applied fertilizers;

e both tested factors, sowing density and
nutritional regime had very powerful
influence on the level of yields, ensuring
very significant increase in productions
related the Control used,;

e for grain sorghum cultivated on argic
chernozem, the best variant of plant’s
density prove to be 30 seeds/square meter,
variant where the average production
registered was over 6,683 kg/ha;

e the level of fertilization had also a very
strong influence to the yields, grain
sorghum having the ability to harness very
well the nutrients applied and from this
point of view, the most valuable variant
proved to be NisoPso + Aminosol, whatever
the density tested;

e the increases in production of the variants
treated with Aminosol in comparison with
those without treatment, at the same level
of fertilizers, shown us that the grain
sorghum has a very good capacity to use
the minerals applied and conduct to the
development of plants through the
rhizosphere microbial community, which
increased the absorption capacity of the
nutrients from soil;

e in terms of quality of productions, we can
observe that there is a correlation between
protein content and starch content, in sense
that on the variant where we observe the
highest content of protein, the starch level
decrease - on the same density variant;

e a large nutritional space on 20 seeds/square
meter conduct to a higher accumulation of
protein, of 10.60% at the highest level of
fertilizers of NisoPso + Aminosol.
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Abstract

The aimed of the study is to investigate the effect of nourishment and irrigation on the productivity of oleaginous rose
(Rosa damascena Mill). The study was conducted with a bio-fertilizer based on natural hydrolyzed Siapton proteins.
The observations were carried out under irrigated and non-irrigated conditions. The field experiment was performed in
the field of experience of the Institute for roses, aromatic and medicinal plants, Kazanlak, Bulgaria in the period 2015-
2017. The treatment was done twice with in a period of 20 days, of foliage in the following variants: Siapton treated
1500 ml/ha, Siapton treated 2500 ml/ha, Siapton treated 3500 ml/ha. The biometric analysis shows an increase in mass
and color diameter of the treated variants. The correlation relationships obtained indicate the degree of the influence of
each indicator in the formation of yields in oleaginous rose under the irrigation conditions considered. The linear
regression models are expressing the influence of the indicator of yield, enabling theoretically how to determine and
also in which direction it have to be change this indicator contributes to improved yield.

Key words: damask rose, organic fertilizer, rose oil, irrigation, correlation.

INTRODUCTION

Rose production is a traditional industry in
Bulgaria. The oleaginous rose (Rosa
damascena Mill.) Is a crop of priority
economic importance to the country. According
to the Ministry of Agriculture, about 4,500 ha
are occupied by oleaginous rose. Bulgaria is the
world-recognized supplier of the highest
quality rose oil. Since the beginning of 2020
the law act guarantees the quality and price of
Bulgarian oleaginous rose. The requirments for
propagating matelia and the varietal of which
can be produced rose oil has been advertised.
Extremely rich is the choice of cosmetics and
food products created on the basis of rose oil
and rose water from Bulgarian rose. Products
from oleaginous rose is used in perfumery and
cosmetics. The pharmaceutical oleaginous rose
industry is included in drugs production for
eyes, stomach, skin and dental diseases.

The climatic conditions in the country are
favorable for obtaining high yields and quality
rose oil. In addition, oleaginous rose
plantations (Rosa damascena Mill.) Also
perform anti-erosion functions (Kovacheva et
al., 2010). Climate change towards global
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warming and drought has created a strain on
water resources. Water deficit during crop
vegetation impedes growth, development,
productivity and quality of yields. Optimizing
irrigation and nutrition in the oilseed rose (Rosa
damascena Mill.) is a condition for improving
productivity.

The application of soil absorber Terawet, when
creating a new plantation, has a positive effect
on the rate of uptake and survival of young
plants during the growing season, established
Kovacheva (2011). This can save the extra
watering needed for young plants when
planting. Soil improvers serve as a reservoir of
soil moisture and reduce the risk of plant deaths
in water shortages (De Boodt, 1990; Johnson
and Leah, 1990; Yangyuru et al, 2006). Rose
plants require well-aerated soils with a large
humus horizon (Pal et al., 2013). Improving the
diet influences the formation of vegetative
growth of shrubs, Lambev points out in his
study (Lambev, 2011). The use of Humus Life
Universal in dose of 300 ml/da contributes to a
7% to 11% increase in rose yields.

Production efficiency is related to the
application of appropriate modern agrotech-
nical approaches in the cultivation of



oleaginous rose (Rosa damascena Mill.).
Proper agrotechnology is a guarantee for
obtaining a specific composition of rose oil and
authentic rose aroma. All this involves soil
tillage, pesticide treatment, and mechanization
of the technological process is particularly
important (Mihov et al., 2015; Bozhkov et al.,
2017).

In this study, we aim to examine the effect of
nourishment and irrigation on the productivity
of the oleaginous rose (Rosa damascena Mill).
Applying  mathematical  approaches to
determine the correlation between qualitative
indicators to make a more objective
assessment. Using the possibilities of the
regression analysis to express the influence
between the indicators and the trends for
improving the yield of pink color and rose oil.

MATERIALS AND METHODS

The field experiment was performed in the
experimental field of the Institute for roses,
aromatic and medicinal plants, Kazanlak,
Bulgaria. During the period 2015-2017, the
impact of a specialized bio-fertilizer on the
vegetative growth and productivity of the
oleaginous rose was tested. The study was
conducted with a bio-fertilizer based on natural
hydrolyzed proteins “Siapton”. Observations
were recorded under irrigation and non-
irrigation conditions. The experiment is based
on the Zade method (by the method of long
plots), in four variants of five repetitions. Size
of the test plot 25 m?.

The field experiment was conducted under the
conditions of leached forest soils. During the
vegetation of oleaginous rose, variety
"Svezhen", treatments with bio-fertilizer were
carried out. The treatment was done by foliage
twice with a period of 20 days in the following
variants: Siapton treated -1500 ml/ha, Siapton
treated 2500 ml/ha, Siapton treated 3500 ml/ha
and untreated control. Irrigation is done
through a drip irrigation system. From the
beginning of the emergence of buttons to the
end of flowering, waterings are implemented to
maintain the water supply in the soil. By the
irrigated variant irrigation rates were done by
drip system as the soil moisture contents was
maintained minimum in the range of 80 to 85%
of the field capacity (FC) in the layer of 0-0.60
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m. Dynamics of soil moisture in the layer 0-
1.00 m was monitored periodically (once a
week) by a weight method.

The bio fertilizer Siapton is a versatile organic
fertilizer and biostimulant for leaf and soil
applications containing amino acids and
peptides. Ingredients: Total nitrogen 9.1%;
organic nitrogen 8.7%; Ammonium nitrogen
0.4%; Organic carbon 25%; Total amino acids
(of animal origin) 54.4%; Free amino acids
10.0%; Dry matter content 63%.

During the growing season, phenological
observations and biometric measurements of
the plants were carried out. In the rose
plantation, harvesting during flowering is
carried out manually. The analysis of the rose
oil was recorded using a micro-distillation
apparatus - a cleaver. Using gas-chromatophore
analysis, the qualitative indicators of variants
were established.

Test conditions: Column: capillary length 30 m,
diameter 0.32 mm, film thickness of 1.0 pm,
oven temp 70°C to 240°C at rise 8°C/min,
isotherm at 240°C - 10 min, injector -300°C,
detector 300°C. Standards/Validated Methods -
Bulgarian State Standard (BSS) ISO 9842-
2004, BSS ISO 11024-1.

The mathematical and statistical processing of
the empirical data was performed through the
SPSS statistical program.

RESULTS AND DISCUSSIONS

In the first and second years of the study, the
average daily temperature values were close to
those for a multi-year period (1978-2008). In
the third year average daily temperatures above
the normal were recorded. In terms of size and
amount of rainfall, 2015 is favorable for the
development of rose plants. Falling rainfall
during the period of phenophase budding is in
higher quantities, which, in combination with
normal temperatures during this period, helps
to lay more flower buds in rose bushes.

During the flowering period, precipitation
amounts are lower than the norm for many
years, but they are sufficient. In 2016, the
amount of registered rainfall in May (209 mm)
is three times higher than the norm (71 mm).
The limited sunshine and the adverse
distribution of rainfall have an adverse effect
on the quality of rose oil. Meteorologically, the



third year is characterized by rainfall and
temperatures close to the norm and favoring the
development and flowering of rose bushes.

The analysis of biometric indicators shows an
increase in the mass and color diameter of the
control variants. The increased vegetation
growth and the increase in blossom is due to
amino acid fertilizer applications.

The statistical analysis is based on the results of
biometric measurements on fresh blossom
oleaginous roses - blossom diameter (DM) and
blossom weight (Mass) and yield of rosy
blossom and essential oil. The experimental
data were processed by correlation and
regression analysis, with the help of which the
correlation between the studied parameters was
established and evaluated.

Correlation  coefficients  expressing  the
relationship between the studied indicators are
indicated in the correlation matrices (Tables 1
and 2).

Table 1. Correlation dependencies under non-irrigation

conditions
Yield of rosy
. Yield rose| flower from
Indicators Mass] DM . damask rose
oil
(Rosa damascena
Mill.)
Mass 1.00| 0.965** 0.917* 0.897
DM 1.00 0.885 0.939*
Yield rose oil 1.00 0.960%**
Yield of rosy
flower from
damask rose 1.00
(Rosa damascena
Mill.)

Table 2. Correlation dependencies under irrigation

conditions
Yield of rosy
vied |G e
Indicators Mass| DM rose
oil (Rosa
damascena
Mill.)
Mass 1.00| 0.934%* -0.042 0.878
DM 1.00 | -0.369 0.676
Yield rose oil 1.00 0.232
Yield of rosy flower
from damask rose 1.00
(Rosa damascena '
Mill.)

A strong positive correlation was found
between Mass and DM, and rose oil yield and
rose color, respectively, with correlation
coefficients - r = 0.965 and r = 0.960. The
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correlation between mass and production of
rose oil is less pronounced; DM and rosy
blossom yield, respectively, with ratios - r
0.917 and r = 0.939.

Regression analysis was performed at the
biometric indicator rose blossom under natural
moist supply and under irrigation conditions
(Figures 1 and 2). In the figures shown blossom
weight is X and blossom diameter is
respectively Y.
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Figure 1. Linear regression model between Mass and
DM under natural moist supply
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Figure 2. Linear regression model between Mass and
DM under irrigation conditions

The correlation coefficient, R” is called the
coefficient of determination, it shows what
percentage of the variance of the resultant
variable is explained by the effect of the factor
variable. In our case, R = 0.931, i.e. 93.1% of
the yield under non-irrigation conditions and R?
=0.691, ie 69.1% of the yield under irrigation
conditions. In the figures 3 and 4 shown rose
oil yield is X and yield rose blossom is
respectively Y.

As can be seen, the coefficient of determination
is high, which means that the models describe
well-observed values in the oleaginous rose.
We can assume that the linear regression model
is adequate.
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Figure 3. Linear regression model between rose oil yield
and yield rose blossom under natural moisture supply

Figure 4. Linear regression model between rose oil yield
and yield rose blossom under irrigation conditions

Table 3. Results of statistical processing of experimental data in the regression analysis performed, without irrigation

Descriptive Statistics

N Minimum | Maximum Mean Std.
Statistic Statistic | Statistic | Statistic Std. Error | Statistic
VAR00001 4 2.30 2.40 2.3750 .02500 .05000
VAR00004 4 558.27 677.70 | 625.8850 | 25.12120 | 50.24240
VAR00002 4 5.70 6.40 6.1500 15546 31091
VAR00003 4 07 .09 0818 00354 .00709
Valid N (listwise) 4

Table 4. Results of statistical processing of the experimental data in the regression analysis performed,

under irrigation conditions

Descriptive Statistics
N Minimum | Maximum Mean Std. Variance
Statistic Statistic Statistic Statistic Std. Error | Statistic Statistic

VAR00001 4 2.30 2.80 2.5250 10308 20616 .043

VAR00002 4 5.70 6.40 6.1000 14720 29439 .087

VAR00003 4 .09 10 0928 .00338 00675 .000

VAR00004 4 552.87 685.97 | 603.1275 | 30.55917 | 61.11834 | 3735.451

Valid N (listwise) 4
CONCLUSIONS REFERENCES
The obtain correlation dependences under Boodt, M.D. (1990). Application of polymeric

irrigation conditions, shows that the degree of
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which direction has to be change this indicators
to improve yield.

substances as physical soil conditioners. In Soil
colloids and their association in soil aggregates. (M.
De Boodt et al, ed.), pp. 580-592. Planum
Publishing Corporation, London, New York.

Bozhkov, S., Stanchev, S., Mihov, M., Penyashki, T.,
Badrikov, E., Kabadijski, K., Gyorina, Ts., Todorova,
T., Badzhelova, V., Mineva, R. (2017). Experimental
research of three modular farm implement for
oleaginous rose harvesting, Bulgarian Journal of
Crop Science, 54(1), 73-81.

Johnson, M.S., Leah, R.T. (1990). Effects of
superabsorbent polyacrilamide on efficacy of water
use by crop seedlings. J. Sci. Fd Agric., 52, 431-434.

Kovacheva, N., Rusanov, K., Atanassov, I. (2010).
Industrial cultivation of oil bearing rose and rose oil
production in Bulgaria during 21st century, directions
and challenges, Biotechnol. & Biotechnol, 24(2),
1793-1798.

156



Kovacheva, N. (2011). Effect of applying a synthetic soil
improver on some economic characters of oil —
bearing rose. Science & Technologies. Plant studies,
1(6), 165-169.

Lambev, H. (2011). Influence of Organic Fertilizer
"Hummus Life-Universal” On The Development and
Productivity of Rosa damascena Mill. Science &
Technologies. Plant studies, 1(6), 118—121.

Mikhov, M., Bozhkov, S., Badrikov, E., Stanchev, A.
(2015). Machine for mechanization of picking of oil-
bearing rose with pneumatic detachment of pink

157

color, International Scientific Journal
"Mechanization in agriculture", LXI(1), 19-21.

Pal, P., Singh, R. (2013). Understanding crop-ecology
and agronomy of Rosa damascena Mill. for higher
productivity. Austr. J. Crop Science, 7(2), 196-205.

Yangyuoru, M., Boating, E., Adiku, S.G.K., Acquah, D.,
Adjadenh, T.A., Mawunya, F. (2006). Effects of
natural and synthetic soil conditioners on soil
moisture retention and maixe yield, West Africa,
Journal of Applied Ecology, 9, 1-8.



Scientific Papers. Series A. Agronomy, Vol. LXIII, No. 2, 2020
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785

PROTEIN, LYSINE AND METHIONINE CONTENT IN THE GRAIN
OF TRITICALE GROWN UNDER ORGANIC SYSTEM

Angelina MUHOVA, Stefka DOBREVA
Field Crops Institute, 2 Georgi Dimitrov Blvd, Chirpan, Bulgaria

Corresponding author email: muhova.angelina@gmail.com

Abstract

The present study was conducted to determine the effect of variety, organic fertilizer and predecessor on protein, lysine
and methionine contents, and their variation in triticale grains under biological cultivation. During the 2014-2017
period, a three factors experiment was managed on field certified for organic farming in Field Crops Institute -
Chirpan, Bulgaria. Three varieties, three doses of organic fertilizer and two predecessors (sunflower and durum wheat)
were tested. Based on the data obtained, it was found that the variety has a significant influence on the parameters
studied. The highest significant values of the chemical parameters were observed when applying organic fertilizer at a
dose of 1,750.0 kg/ha. After a predecessor of durum wheat, the value of lysine was higher and statistically significant
compared to predecessor of sunflower. Similar coefficients of variation of the studied parameters were found, which not
depended of a variety, a predecessor and an applied organic fertilizer, varying between 4.38% and 5.35% for protein,
4.1% and 5.33% for lysine and 4.31% and 5.22% for methionine.

Key words: lysine, methionine, organic farming, protein, triticale.

INTRODUCTION the period 1990-2002 and have found that the
protein and lysine levels in triticale grains are
The quality of the grain is determined by the  higher than those in maize and wheat. Recent
content of organic compounds, minerals, studies have showed that the protein content of
vitamins, antioxidants and more. The protein is triticale grains is close to wheat protein (11.4-
one of the most important chemical component 14.0%) but has a higher amount of lysine (0.33-
of the grain, which largely determines its 0.71%) (Frat et al., 2016). According to
nutritional value as a food crop and feed. In  Glamoclija et al. (2018), the average total
cereals, the content of lysine as a proteinogenic ~ protein content of triticale grains varies from
essential amino acid largely determines the 10.2% to 15.6% of the dry matter. These
biological value of proteins. Triticale has a high ~ protein and lysine advantages are major factors
nutritional  value, contains considerable for the development of triticale as a commercial
quantity of protein, fiber, vitamins and minerals crop (Gebre-Mariam and Larter, 1979) and
(Kruma et al., 2018) and is rich in essential  determine its use primarily as a source of feed.
amino acids (Fernandes-Figares et al., 2000). According to Glamoclija et al. (2018), the
The most important nutritional characteristics direction for triticale use depends from the
of triticale grains are starch, as well as the  characteristics of the variety, namely higher
quantity and quality of the protein (Edel Leon  protein varieties can be use as concentrated
et al., 2008). feed for poultry, ruminants and non-ruminants,
The interest in triticale as a source of feed is and varieties with high biomass can be use for
determine by a higher protein concentration  grazing, silage or hay.
and a better amino acid balance than other The protein quality is determined by the
forage crops (Myer et al., 2004). On the other = proportions of essential amino acids, which
hand, the triticale has low gluten content, cannot be synthesized by animals and humans
effective viscoelasticity and the prepared bread  and must be provided through a diet. The lysine
has low quality compared to wheat bread  and methionine (sulfur-containing amino acid)
(Doxastakis et al., 2002). Myer et al. (2004) are the first two essential amino acids, of great
have summarized data from various authors for ~ importance composing diet for farm animals, as
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they participate in a numbers of biochemical
processes in the animal cell (Bouyeh, 2012). In
this regard, although winter cereal grain is poor
of lysine, it is an optimal source of sulfur
amino acids (Alijosius et al., 2016).

When triticale is used in feed ration, it is more
important to consider lysine content than
protein (Angelova and Angelov, 1981). The
lysine and methionine contents are low in
plants, i.e., their levels are insufficiently to
guarantee optimal growth for animals and
humans (Galili and Amir, 2013). Consequently,
the composing of fodder rations entirely from
organically grown crops is complicated.

The organic farming is gain in popularity as an
alternative to conventional farming systems
(Benaragama, 2016), and should be understood
as highly specialized farming. Along with the
search for technological solutions to increase
productivity for cereals, there is a requirement
for grain quality. The triticale is a suitable crop
for cultivation under biological system due to
its stable yield, tolerance to unfavorable
conditions, resistance to diseases and high
competitiveness against weeds (Kronberga et
al., 2013).

In Bulgaria a detailed investigation about the
chemical qualities of triticale grain prodused
under biological technology was missing so far.
Considering the advantages and importance of
triticale, the present study was conducted to
determine the influence of the variety, organic
fertilizer and predecessors on protein, lysine
and methionine content, and their variation in
the triticale grain under biological breeding
system.

MATERIALS AND METHODS

During the period 2014-2017 experiment was
managed in field certified for organic farming
of Field Crops Institute, Bulgaria (42°11'58"N,
25°19'27"E). The experiment was based on a
block method, with a perpendicular
arrangement of the degrees of the tested factors
in four replicates. The area of the crop plot was
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18 m? with a seed rate of 550 g s/m’. The
following factors and levels were tested: factor
A - variety (Colorit, Boomerang and Respect),
factor B organic fertilizer Lumbrical
(applicated in a rate of 0, 1,400.0 kg/ha and
1,750.0 kg/ha) and factor C - Predecessor
(sunflower and durum wheat). The organic
fertilizer was applied manually before the last
pre-sowing treatment of the soil, after which
the area was cultivated. Lumbrical is a product
of the processing of manure and other organic
wastes from red Californian worms (Lumbricus
rubellus and Eisenia foetida). It is applicated
for organic farming under EU Regulation
889/2008. According to the FAO classification
systems (FAO), the soil of the experimental
field of the Field Crops Institute is Pellic
Vertisols (Vp.). The contents of protein, lysine
and methionine were monitored. The protein
content (g/kg DM) was determined as the total
nitrogen content by the Kjeldahl method in
duplicate (Bremner, 1965), and was calculated
using nitrogen conversion coefficient 6.25. The
contents of lysine and methionine (g/100 g
crude protein) in a protein were determined by
Degussa (2001) regression equations. In order
to establish statistically significant influences
of the studied factors the software BIOSTAT
(Penchev et al., 1989-1991) was applied on the
data from the three years. Statistica 13 was
used to determine the coefficients of variation.
Acording to Table 1, compared to the average
of multi-year period 1928-2013 (2009.7°C), the
sum of temperatures during the harvest years
2014/15 and 2015/16 were higher, respectively
2,264.1°C and 2,530.4°C. In the third year of
the study, the temperature during the growing
season was lower (1,843.5°C) than the 86-year
period. With regard to precipitation 2014/15
was very humid (578.1 mm), 183.2 mm more
than the average for a period 1928-2013. The
total amount of precipitation for 2015/16 (323.4
mm) was lower compared to a multi-year
period (395.0 mm), and for 2016/17 (375.2
mm) was about the climatically average 1928-
2013.



Table 1. Meteorological conditions during triticale vegetation

Period Months z
xt [ xau | 1 | 1 m [ v [ v [ wvI
Temperature sums (X°C)
1928-13 215.9 61.1 -6.2 49.4 188.9 357.9 S11.5 630.7 2,009.7
2014/15 227.2 138.0 74.9 96.0 192.7 340.4 586.0 608.9 2,264.1
2015/16 299.3 115.1 -8.7 233.6 273.5 439.8 498.0 679.8 2,530.4
2016/17 201.7 26.2 -160.7 -46.5 289.2 355.7 513.7 664.2 1,843.5
Rainfall (mm)
1928-13 47.3 54.0 44.3 37.7 37.0 452 64.1 65.4 395.0
2014/15 36.9 142.3 50.3 61.7 134.9 15.1 58.8 78.1 578.1
+ -10.4 +88.3 +6.1 +24.0 +97.9 -30.1 -5.3 +12.7 +183.2
2015/16 50.2 1.3 73.9 28.3 53.1 26.6 75.0 15.0 3234
+ +2.9 -52.7 +29.6 -9.4 +16.1 -18.6 +10.9 -50.4 -71.6
2016/17 47.7 5.9 80.1 23.8 51.3 22.6 59.5 84.3 375.2
+ +0.4 -136.4 +35.8 -13.9 +14.3 -22.6 -4.6 +6.2 -19.8

RESULTS AND DISCUSSIONS

The averages date for the period showed
differences in the values of the studied
parameters, both after the two predecessors and
the varieties (Figure 1). A linear increase of
values depending on the dose of organic
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fertilizer was observed due to the higher
quantity of macronutrients imported with
organic fertilizer. The content of protein, lysine
and methionine was highest in grain at Colorit
variety after the two predecessor, followed by
Boomerang and Respect varieties.
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Figure 1. Protein, lyzine and methionine content 2014/2017 period

A similar coefficients of variation were found
for the three indicators within two predecessors
(Table 2). After a predecessor of durum wheat
varied between 5.22% and 5.33%, and after
sunflower between 4.71% and 4.96%.

Rodehutscorda et al. (2016) have reported
similar values of the variation coefficients for
triticale. The coefficients found in their study
were 5.23%, 4.66% and 3.30%, respectively for
crude protein, lysine and methionine. The
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higher variation coefficients after durum wheat
are consequence of higher averages values of
crude protein, and subsequently of lysine and
methionine (Tables 4 and 5). The variation
coefficients of the indicators under fertilization
were between 4.81% and 5.07%. The results
obtained show stability of the studied indicators

for all varieties under different agroecological
conditions during 2014-2017 period. Base on
the date from three years, the analysis of
variance showed no significant influence of the
interaction between the studied factors on the
content of lysine, protein and methionine
(Table 3).

Table 2. Crude protein, lysine and methionine coefficients of variation

Colorit Boomerang Respect Predecessor Predecessor Fertilizer
sunflower durum wheat Lumbrical
Crude protein (g/’kg DM)
Mean 134.9 128.8 126.9 129.5 130.9 131.4
Min 125.2 119.5 118.7 118.7 118.7 120.8
Max 145.6 139.4 136.5 145.6 143.0 145.6
CV% 4.56 4.54 4.38 4.96 5.35 5.07
Error 1.45 1.46 1.31 1.23 1.34 1.11
Lizyne (g/100 g CP)
Mean 3.03 2.89 2.85 291 2.94 2.97
Min 2.82 2.69 2.68 2.68 2.68 2.72
Max 3.25 3.12 3.06 3.25 3.25 3.25
CV% 4.1 433 4.18 4.71 5.33 4.81
Error 0.03 0.02 0.02 0.026 0.029 0.02
Methionine (g/100 g CP)
Mean 1.87 1.79 1.76 1.80 1.82 1.82
Min 1.74 1.66 1.65 1.65 1.65 1.68
Max 2.02 1.93 1.89 2.02 1.98 2.02
CV% 4.5 4.46 431 4.85 5.22 4.96
Error 0.01 0.01 0.01 0.01 0.01 0.015

Table 3. Effect of cultivars, biofertilizing, predecessors and their interaction on protein, lysine and methionine content
of triticale grain

Source of df Protein Lysine Methionine
variation n, MS n, MS n MS
A 2 26.03 309.0" 26.05 0.14™ 25.20 0.05™
B 2 9.90 117.5™ 9.95 0.05™ 10.10 0.02"
C 1 1.15 27.31" 1.22 0.01™ 1.05 0.004 "¢
AxB 4 0.35 2.06™ 0.33 0.0009 ™ 0.31 0.0003 ™
AxC 2 0.84 9.91™ 0.81 0.004 "¢ 0.66 0.004 "¢
BxC 2 0.38 4.53" 0.37 0.002 "¢ 0.36 0.0008 "
AxBxC 4 0.46 2.70™ 0.46 0.001™ 0.34 3.76™
Error 36 60.9 40.17 60.82 0.02 61.99 0.008
A great, significant effect on the three  Alaru et al. (2003) also have found that the

indicators had the variety, respectively 26.03%,
26.05% and 25.20% of the total variance.

protein level in triticale grain to a great extent
dependent of a variety.

Table 4. Protein content (g/kg DM)

A B C
Colorit 134.9 0 kg/ha 127.7 Sunflower 129.5
Boomerang 128.91 1,400.0 kg/ha 130.2" Durum wheat 130.9"
Respect 126.9" 1,750.0 kg/ha 132.8" - -
5% 43 5% 43 5% 3.5
8 1% 5.7 8 1% 5.7 8 1% 47
0.1% 7.6 0.1% 7.6 0.1% 6.2

161




Various values of protein in triticale grains
under biological breeding system have been
cited within the scientific literature. Kronberga
(2008) has reported protein content between
10.4 and 13.2%, Straumite et al. (2017) within
9.10 and 11.14 g/100 g”!, and Mikulioniene and
Balezentiene (2009) - 8.2%.

On Table 4 the results of ANOVA are
presented for independently action of the
factors on the protein content in the grain. In
the study was established particularity of the
varieties for indicator studied. Similar results
for the influence of variety have reported by
Gulmezoglu et al. (2010).

The data showed statistically no significant
values, with lower crude protein content for
Boomerang (128.9 g/kg) and Respect (126.9
g/kg) varieties, compared to a control variety
Colorit (134.9 g/kg). These results are higher
than obtained by Wlcek and Zollitsch (2003),
which have establiched a protein value 101.0
g/kg of dry matter under biological system of
triticale growing. The highest crude protein

content was obtained in the grain (132.8 g/kg)
when was applied 1,750.0 kg/ha Lumbrial, and
the difference was statistically confirmed
compared to a control option—Lumbrial 0
kg/ha. The value for Lumbrial 1,400.0 kg/ha
(130.2 g/kg) was not statistically confirmed.
Buhedma et al. (2016) also have reported an
increase in protein content (%) in triticale
grains when applying organic fertilizer, with no
significance statistical values. The control
values of their study ranged within 12.33 and
12.23%, and from test variants were between
12.59 and 12.79%. Although the protein con-
tent in the grain after a predecessor of durum
wheat was 1.4 g/kg higher than after sunflower,
the difference was no significant. Unlike our
research Dimitrova-Doneva (2010) has reported
for significant influence of predecessor on the
crude protein content for triticale grain.

The content of lysine followed the trends of
protein content, regarding the independent
influence of the test factors (Table 5).

Table 5. Lysine content (g/100 g CP)

A B C
Colorit 3.029 0 kg/ha 2.874 Sunflower 2913
Boomerang 2.900 " 1,400.0 kg/ha 2.928" Durum wheat 2.944"
Respect 2.858"™ 1,750.0 kg/ha 2.984" - -
5% 0.009 5% 0.009 5% 0.008
8 1% 0.123 o 1% 0.123 2 1% 0.101
0.1% 0.162 0.1% 0.162 0.1% 0.133

The highest lysine content was obtained for
Colorit variety (3.029 g/100 g CP). Wlcek and
Zollitsch (2003) have reported a similar content
of lysine in the protein in triticale grains
(3.1 g/100 g CP), grown under organic farming
system. The values of lysine for Boomerang
(2.900 g/100 g CP) and Respect (2.858 g/100 g
CP) varieties were lower and statistically no
significant. Concerning the fertilizer factor the
both tested doses of 1,400.0 and 1,750.0 kg/ha
had significant statistical effect on the indicator

increased, the lysine content also increased
—2.92 ¢/100 g CP and 2.984 g/100 g CP.

The content of lysine after a predecessor of
durum wheat was higher compared to value
after predecessor sunflower and statistically
significant.

Concerning the methionine content (Table 6)
the values were no significantly, both in the
tested varieties and after a predecessor of durum
wheat. A significant effect on increasing the
methionine content was observed when applying

studied. When the fertilizer rates were 1,750.0 kg/ha Lumbrial - 1.848 g/100 g CP.
Table 6. Methionine content (g/100 g CP)
A b C
Colorit 1.874 0 kg/ha 1.778 Sunflower 1.803
Boomerang 1.795" 1,400.0 kg/ha 1.811" Durum wheat 1.822™
Respect 1.768"™ 1,750.0 kg/ha 1.848" -
5% 0.059 5% 0.059 5% 0.048
9 1% 0.079 8 1% 0.079 8 1% 0.064
0.1% 0.104 0.1% 0.104 0.1% 0.085
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CONCLUSIONS

The obtained results can be summarized as
follows: The variety has a significant effect
on the protein, lysine and methionine
content; When applying organic fertilizer at
a rate of 1,750.0 kg/ha, the highest and
statistically ~ significant values of the
indicators tested were established; After a
predecessor of durum wheat, the protein,
lysine and methionine content was higher
than after sunflower, but was si