
 

 
DYNAMICS OF BIOMASS GROWTH AND DRY MATTER 

ACCUMULATION IN SUDANGRASS AND SORGHUM X SUDANGRASS 
HYBRIDS 

 
Tzvetan KIKINDONOV, Georgi KIKINDONOV, Kalin SLANEV, Stanimir ENCHEV 

 
Agricultural Institute, 3 Simeon Veliki Blvd, 9700, Shumen, Bulgaria 

 
Corresponding author email: tzkikindonov@mail.bg 

 
Abstract 
 
It has been studied the growth of biomass and the dry matter accumulation during the stages of brooming, flowering, 
milky-wax maturity and technical maturity of Sudangrass and Sorghum x Sudangrass hybrids. The tests were performed 
in the Agricultural Institute – Shumen, Bulgaria during 2010 and 2011. The parameters of development and the 
intensity of dry matter accumulation were determined by biometrical analysis. 
The vegetation rainfalls have the biggest effect on the productivity of the Sudangrass and its hybrids. The development 
of Sorghum and Sudangrass is strongly affected by the vegetation temperature sum.Theshortened vegetations due to the 
extreme agroclimatic deviations are compensated by intensive dry matter accumulation. 
The parameters of biomass and dry matter accumulation are manifested with different levels depending on the 
genotype, as with the Sorghum x Sudangrass hybrids the high productivity is combined with intensive dry matter 
accumulation. 
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INTRODUCTION 
 

The often appearing during the last years 
droughts are preconditions for a larger use of 
the Sudangrass and the Sorghum x Sudangrass 
hybrids in the production of green mass for 
fresh forage, silage and hay. Thanks to its 
strongly developed root system these crops 
ensure high yields in drought conditions and if 
cultivated on poorer soils, as well as the 
possibility of numerous grow-ups and the 
receipt of green mass in the hottest and dry 
moths of the vegetation. (Smith and 
Federiksen, 2000; Kikindonov et al., 2008). 
The Sudangrass (Sorghum vulgare var. 
Sudanensis Piper) is used traditionally for 
green mass. The productivity of this crop is 
higher compared to other annual forage plants, 
reacts very well to nutrition and irrigation, use 
more effectively the available moisture 
quantities (Moga et al., 1996). Their water 
requirements are the same as corn but they 
have the ability to go dormant during extended 
drought periods. Growth will begin when the 
rains come. The Sudangrass hybrids of 
Sudangrass MS-lines and restorers resemble the 
common Sudangrass in growth and quality 
characteristics however they tend to be taller, 

have an intermediate stem diameter and are 
higher yielding than Sudangrass. (Beurlein et 
al., 1968). Sorghum-Sudangrass hybrids 
(Sorghum bicolor (L) Moench x Sorghum 
sudanense (Piper) Stapf), are more vigorous 
and taller than Sudangrass, have larger stems 
and coarser leaves, and give higher forage yield 
when harvested two or more times at the flower 
stage for green chop, or one time at the late 
milk stage for silage production (Snyman and 
Youbert, 1996; Paknejad et al., 2001). 
The hybrids of Sudangrass show their high 
productivity potential in optimum conditions of 
cultivation, but owe their wide spreading to 
their high adaptability and resistance to 
extreme droughts, high temperatures and salt 
resistance, that’s why it attains actuality in 
South-Western Europe (Antocha, 1994; 
Kertikov, 2007; Uzun et al., 2009). 
The green mass yield is a result of the 
interaction between the hereditary features and 
the surrounding media conditions, where the 
dynamics of biomass growth and dry matter 
accumulation are determinative (Gumaniuc and 
Varga, 1988; White et al., 1989). 
The aim of the research is to assess the 
parameters of growth and asccumulation of dry 
matter in Sudangrass and Sorghum x 
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Sudangrass hybrids depending on the genotype 
and the agroclimatic conditions in Agricultural 
Institute – Shumen, Bulgaria during 2010-
2011. 
 
MATERIALS AND METHODS 
 

This study was conducted at the Agricultural 
Institute-Shumen, located in North-Eastern 
Bulgaria, during the period 2010-2011. The soil 
type of the experimental fields was a carbonate 
black-earth with good mechanical structure and 
weakly alkaline reaction of the soil solution. 
The used experimental design for the tests of 
the varieties and hybrids was a random 
complete block in 4 repetitions.  The 
experimental plot  was 10.8 m2, in three rows 
with 8 m length, row spacing was 45 cm. Seeds 
were sown at 20 kg.ha-1 seed rate, at 4-5 cm 
depth, in the period 25.04 – 05.05. 
The Sudangrass variety Verkor and the 
Sorghum x Sudangrass hybrid Susu have been 
tested, as well as a stabilized Sudangrass 
population and a Sorghum x Sudangrass hybrid 
from the breeding program of the Agricultural 
Institute – Shumen. 
The weight of 15 plants of each repetition is 
measured with the mowings at brooming, 
flowering, milky-wax and technical grain’s 
maturity phases. Afterwards, the dry matter 
content  is determined by drying at 70oC for 
48h. The intensity of dry matter accumulation 
is counted by absolute growth index (AGR-g/ 
plant per day). 
 
RESULTS AND DISCUSSIONS 
 

2010 is characterized as a mean favorable year 
for the development of Sorghum and 
Sudangrass. The total rainfalls sum is 
extremely high. The conditions in July, August 
and September favoured the realization of 
productive grow-ups of green mass with 
mowings at brooming and flowering stages. 
The spring of 2011 is continuous and cool, just 
after 15th of May the air temperature exceeded 
15oC, which forced late sowing – on 12-15th of 
May. The low temperatures caused the 
development delay. The rainfalls are unevenly 
distributed during the vegetation, which could 
also proof the year to be unfavorable. 
Data given on Table 1 represent the dynamics 
of growth of the biomass and the dry matter 

during the development of the tested in 2010-
2011 varieties. We have chosen the phases 
brooming, flowering, milky-wax and technical 
maturity, when in the practice mowings are 
made for fresh forage and silage. 
An intensive growth of the biomass goes to the 
technical maturity stage, and it strongly 
depends on the genotype, and not so strongly – 
on the agroclimatic conditions. During the 
favorable 2010 the mean weight increases from 
104 g at brooming stage to 235 g at milky-wax 
maturity stage. The lack of enough rainfalls in 
2011 does not affect substantially on the 
weight, as the mean values increase from 93 to 
242 g. More significant are the differences 
between the different genotypes. The Sorghum 
x Sudangrass hybrid has the highest values of 
plants weight, which increases from 159 to  316 
g in 2010. It is impressive the intensive 
increase of the other tested sorghum x 
Sudangrass variety – from 70 to 255 g. In 
technical maturity phase, in both years, as a 
result of drying the vegetative mass a decrease 
of the green mass begins. 
The dry matter content is influenced at greatest 
extent by the agroclimatic factors. The mean 
values of the tested origins in 2010 start from 
28% at brooming and flowering stages, by 56% 
at milky-wax and to 72% at technical maturity 
stages. In the dry 2011 the differences are 
manifested in the initial phases – brooming and 
flowering – 40% dry matter. After that the 
values equalize with those from 2010. 
The information from Table 2 allows us assess 
the intensity of dry matter accumulation during 
the vegetation in dependence on the 
agroclimatic factors and the genotype. As a 
result of the later sowing and the following 
extreme drought in 2011 the phases of 
development are shortened with 5-15 days. The 
cool spring decreases the vegetation 
temperature sum with more than 200 degrees. 
The most significant for the two years is the 
extreme drought from the sowing to milky-wax 
maturity in the middle of August. These 
differences strongly affect the dry matter 
accumulation. The mean values of 
accumulation intensity until technical maturity 
stage in 2011 increase with 0.20 g per day of 
the vegetation. The drying of the vegetative 
mass due to the continuous drought strongly 

301



 

de
sta
Th
pa
ac
 

 
 
Ta

Va

Ra
Te
Da
Su
Ve
SV
SA
     
 
CO
 

Th
on
hy
Su
ve
ve

ecre
age
he 
aram
cum

Ta

able

arian

ainfa
mpe

ays o
usu 
erko
VE 
AxSV

 Av

ON

he v
n th
ybri
uda
eget
eget

ease
e. 
pro

met
mu

able

 2. I

nt 

alls 
erat
of v

or 

V 
vera

NCL

veg
he p
ids.

angr
tati
tati

es 

odu
ters
lati

e 1. 

Inte

sum
ture
vege

age 

LU

geta
pro
. T
rass
ion 
ions

the

ucti
s o
ion

Var

ensit

m 
e sum
etati

USIO

atio
odu
The
s 

te
s 

e i

ve 
f b

n in

riab

ty o

m 
ion 

ON

on r
uctiv
e d

is 
emp
du

inte

po
biom
nten

bility

of dr

NS 

rain
vity

dev
s

per
ue 

ens

oten
mas
nsit

y of

ry m

nfa
y o
elo
stro
ratu

to

sity 

ntia
ss g
ty. 

f we

matt

Bro

2
11

7
0.
0.
0.
0.
0.

lls 
of t
opm
ong
ure 
o 

a

al i
gro
Th

eigh

ter a

oom

50
182 
70
.25 
.30 
.49 
.70 
.46 

hav
the 

men
ly 

su
ext

fter

is m
owt
heir

ht an

accu

m F

ve 
Su

nt o
a

um
trem

r t

man
th a
r in

nd d

umu

Flow

28
14

8
0.4
0.4
0.4
0.9
0.6

the
uda
of 

affe
. T
me 

the 

nife
and
nter

dry m

ulati

wer

85 
99 
5 
43 
42 
45 
94 
64 

e bi
ang

So
cte
The

a

m

este
d dr
ract

mat

ion,

r 

igg
gras
orgh
ed 
e s
agr

milk

ed 
ry 
tion

tter 

 me

201
Mil

m

2

gest
ss a
hum

by
sho
rocl

ky-w

in 
ma
n w

dur
hyb

easu

10
lky-

matur
301
223
110
1.2
1.1
0.8
1.5
1.2

t ef
and
m 
y 
orte
lim

wax

th
atte
with

ring 
brid

ured

-wa
rity
1
33
0
3
1
6
0
2

ffec
d it
and
th

ened
mati

x 

e 
er 
h 

g the
ds, 2

d by 

x

ct 
ts 
d 
e 
d 
c 

t
a
a
S

e dev
2010

abs

Te
m

d
a
T
f
a
a
i
n

the
agr
ada
Sud

velo
0-20

solu

echn
matu

32
292
13
1.2
0.8
0.7
1.2
1.1

dev
acc
The
fac
ass
ada
in 
nor

e g
rocl
apti
dan

opm
011

ute g

nica
urity
28
29
35
24
87
79
28
12

viat
cum
e s
tor
ess

apta
con

rm.

gen
lim
ivit
ngra

ment
 

grow

al
y

tion
mul
ign

rs o
sme
abi
ndi
 

noty
mati
ty o
ass

t of 

wth 

Br

9

0
0
0
0
0

ns 
atio

nific
of th
ent 
lity
ition

ype
c 
of 
 hy

f Sud

ind

room

75
954
60

0.49
0.43
0.69
0.83
0.63

ar
on 
can
he 
of 

y of
ns 

 c
co
Su

ybri

dan

dex 

m

re 
of d

nt d
ye

f th
f th
of 

com
ondi
udan
ids 

gras

(AG

Flo

8
10

7
0.
0.
0.
1.
0.

co
dry

diff
ars

he p
he s
f ex

mpe
itio
ngr
un

ss a

GR, 

owe

82
058
75
.54
.52
.52
.56
.84

om
y m
fere
 of

prod
sorg
xtre

ensa
ons,
rass

niqu

and 

g/ p

r

mpen
matte
ence
f ou
duc
ghu
eme

ate
, w
s a
ue.

Sor

plan

20
Mi

m

nsa
er. 
es 
ur s
ctiv
um-
e d

s 
wh

and 

ghu

nt-1

11 
ilky

matu
14
186
10
1.4
1.2
1.0
1.8
1.4

ated

in t
stud
ve p
-su
dev

the
hich

th

um x

/ da

y-wa
urity
43 
63 

00 
40 
20 
00 
85 
41 

d 

the
dy 
pot
dan
iati

e u
h m
he S

x Su

ay-1

ax 
y 

by 

 ag
all

tent
ngr
ion

unf
ma
Sor

udan

 

1), 2

T
m

i

gro-
ow
tial
rass
ns f

favo
kes
rgh

ngra

2010

Tech
matu

16
26
13
0.
0.
0.
1.
0.

inte

-cli
w re
l an
s hy
from

orab
s t

hum

ass 

0-20

hnic
urit
68

683
30
91
70
69
08
99

ens

ima
eliab
nd t
ybr
m t

ble
the

m x

011 

cal
ty

ive

atic
ble
the

rids
the

e 
e 
x 

 

e 

c 
e 
e 
s 
e 

302



 

The parameters of biomass and dry matter 
accumulation are manifested with different 
levels depending on the genotype, as with the 
Sorgum x Sudangrass hybrids the high 
productivity is combined with intensive 
accumulation of dry matter. 
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