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Abstract 
 
From 2013 to 2015 soybean planted area in Europe - including Ukraine and the European part of Russia - increased 
160% respectively, from 2,653 thousand ha to 4,206 thousand ha. The most favorable area for soybean, Danube region 
recorded 170% increase of the soybean area from 2013 to 2015, from 441 thousand ha to 758 thousand ha. The new 
CAP measures - entering into force in 2015 - allows EU member states to grant subsidies under Voluntary Coupled 
Support (VCS) for protein crops, soybean being included. VCS amounts are on top of the Single Area Payment System 
(SAPS). Therefore, the soybean crop is more and more reconsidered by the farmers all over Europe in general, mostly 
in the Danube region due to the agronomic and commercial benefits. In some countries from the Danube region, such 
as Romania and Bulgaria, soybean cultivation was disrupted for many years. Under present growing interest in 
cropping soybean, the development of farmers’ technological skills and the transfer of know-now became more and 
more important for obtaining high and good quality yields. The experimental plots have been created with the purpose 
to provide farmers with field observations and solutions for various factors of soybean technology such as soybean 
genotypes, time of sowing, distance between rows, seeding density, weed control, bacterization, fertilization and micro-
elements.  
The research was focused on two technological factors: time of sowing and distance between rows. The information 
and data were collected cover two consecutive years, 2015 and 2016. 
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INTRODUCTION 
 
From 2013 to 2015 soybean planted area in 
Europe - including Ukraine and the European 
part of Russia - increased 160% respectively,
from 2,653 thousand ha to 4,206 thousand ha
(Figure 1).
 

 
Figure 1. Soybean planted area in  

Europe and Danube region (2013-2015) 
 
The most favorable area for soybean, Danube 
region recorded 170% increase of the soybean
area from 2013 to 2015, from 441 thousand ha

to 750 thousand ha. All Danube region 
countries increased the planted area with 
soybean (Kruppa, 2016). Out of these countries 
an increase over the average of 170% was 
registered in Germany (360%, from 5 thousand 
ha to 18 thousand ha), Romania (246%, from 
67 thousand ha to 165 thousand ha), Croatia 
(189%, from 47 thousand ha to 89 thousand 
ha), Hungary (174%, from 42 thousand ha to 
73 thousand ha) and Czech Republic (171%, 
from 7 thousand ha to 12 thousand ha). A 
significant increase was recorded in Bulgaria 
where the soybean area increased from below 
one thousand ha to 30 thousand ha. The new 
CAP measures - entering into force in 2015 - 
allows EU member states to grant subsidies 
under Voluntary Coupled Support (VCS) for 
protein crops, soybean being included. VCS 
amounts are on top of the Single Area Payment 
System (SAPS). The countries introducing 
VCS are Bulgaria, Croatia, Czech Republic, 
France, Greece, Hungary, Italy, Poland, 
Romania, Spain and Slovenia (Kruppa, 2017). 
Therefore, the soybean crop is more and more 
reconsidered by the farmers’ all over Europe in 
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general, mostly in the Danube region due to the 
agronomic and commercial benefits.  
In some countries from the Danube region, 
such as Romania and Bulgaria, soybean 
cultivation was disrupted for many years. 
Under present growing interest in cropping 
soybean, the development of farmers’ 
technological skills and the transfer of know-
now became more and more important for 
obtaining high and good quality yields (Dima, 
2016). 
Among the factors influencing the yield, time 
of sowing and distance between rows have an 
important impact. Time of sowing is 
influencing the production potential of a 
specific soybean variety (Roman et al., 2011) 
and should be closely observed under present 
climate change. The distance between rows has 
impact on the yield, mainly from the weed 
control point of view. The seeding can be done 
either with row crop planter or with small 
grains drill (Ion, 2010). 
 

MATERIALS AND METHODS 
 

This paper was completed based on the 
observations and gathering of field 
experimental data in demonstration platforms 
organized in three soybean cultivation areas 
with different climate conditions namely, Turda 
- Central Romania, Secuieni - East Romania 
and Caracal - South Romania (Figure 2).  
 

 
Figure 2. Demo platform locations: 

Turda, Secuieni and Caracal 
 
Turda experimental fields are located at 46°35' 
latitude North and 23°47' longitude East and an 
altitude of 345 - 493 m above sea level. The 
experimental fields in Secuieni are located at 

46°5' latitude North and 26°5' longitude East, 
altitude of 205.7 m. Caracal experimental fields 
are located at 44°06' latitude North and 24°21' 
longitude East, altitude of 98 m. 
The rainfall monthly sum for 2015 in Turda, 
Secuieni and Caracal is presented in Figure 3. 
The rainfall data for 2016 in same three 
locations is presented in Figure 4. 

 
Figure 3. Rainfall in Turda, Secuieni  

and Caracal in 2015 
 

 
Figure 4. Rainfall in Turda, Secuieni and Caracal in 2016 
 
The air temperature average sum for 2015  
in Turda, Secuieni and Caracal is presented in 
Figure 5. 
 

 
Figure 5. Air temperature in Turda, Secuieni  

and Caracal in 2015 
 
The air temperature data for 2016 in same three 
locations is presented in Figure 6. 
The information and data collected cover two 
consecutive years, 2015 and 2016.  

 

 

The research was focused on two technological 
factors: time of sowing and distance between 
rows. 
The scope of this paper is to provide farmers 
and other interested stakeholders with 
information on soybean technology factors 
researched in different experiences established 
in demonstration platforms. 
 

 
Figure 6. Air temperature in Turda, Secuieni  

and Caracal in 2016 
 
RESULTS AND DISCUSSIONS 
 
The genetic material used in the research is of 
Romanian and French origin. The soybean 
genotypes are presented in Table 1. 
 
Table 1. The soybean genotypes used in 2015 and 2016 

 
 
The experimental plots in Turda in 2015 and 
2016 displayed three time of sowing: early, 
normal and late.  
In 2015 (Table 2) the highest yield of 1794 
kg/ha was obtained when sowing was executed 
on April 28th. For the other two sowing dates, 
the yields were nearly the same, respectively 
1443 kg/ha for sowing date April 1st and 1419 
kg/ha for sowing on April 15th.  
The highest plant height was recorded when 
sown on April 1st, respectively 114 cm. The 
lowest plant height of 105 cm was obtained 
when sowing was done on April 28th. For 

sowing on April 15th, the plant height had an 
intermediate value of 109 cm. The insertion 
height of the first basal pods registered very 
close values for all three sowing times (13-15 
cm). The highest TGW value of 178 g was 
registered for sowing on April 15th followed by 
175 g on April 1st and 168 g on April 28th. 
In 2016 (Table 2), in Turda the highest yield of 
3934 kg/ha was obtained when sowing was 
done on April 18th, followed by 3878 kg/ha for 
sowing on April 4th and 3483 kg/ha for the 
sowing date of May 5th.  
The plant height ranged between 117 cm for 
sowing date April 18th, 119 cm in case of 
sowing on April 4th and 133 cm for sowing on 
May 5th. The insertion height of the first basal 
pods presented similar values for all three 
sowing experiences (13 - 14 cm). In this year, 
the highest TGW value of 202 g was registered 
for sowing on April 18th, followed by 188 g on 
April 4th and 178 g on May 5th.  
 

Table 2. The influence of time of sowing on soybean 
crop (Turda, 2015-2016) 

 
 
The experimental plots in Secuieni in 2015 
displayed three time of sowing: early, normal 
and late.  
In 2016, time of sowing was done normal and 
late. In 2015 (Table 3), the highest yield of 
3244 kg/ha was obtained when sowing was 
done on April 30th, followed by 3065 kg/ha for 
sowing on April 20th and 2934 kg/ha for the 
sowing date of April 9th.  
The highest plant height of 103.4 cm was 
recorded for sowing on April 30th; the next was 
the plant height of 102.4 cm for sowing date of 
April 20th. The lowest plant height (92.5 cm) 
was recorded for sowing on April 9th. The 
highest insertion of the first basal pods of 10.5 
cm was registered for the soybean sown on 
April 30th, followed by 9 cm on April 20th and 
7 cm for the sowing date of April 9th. The 
highest TGW value of 145 g was registered for 
sowing on April 30th, followed by 130 g on 
April 20th and 128 g on April 9th. 

Year Experience Genotype Turda Secuieni Caracal
Variety Felix Onix ES Mentor

Maturity group 00 00 00
Breeder ARDS Turda ARDS Turda Euralis
Variety Felix Onix Sponsor

Maturity group 00 00 I
Breeder ARDS Turda ARDS Turda Euralis
Variety Caro TD Onix ES Mentor

Maturity group 00 00 00
Breeder ARDS Turda ARDS Turda Euralis
Variety Caro TD Onix Sponsor

Maturity group 00 00 I
Breeder ARDS Turda ARDS Turda Euralis
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between
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2016

Time 
of 

sowing

Time 
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sowing
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between

rows

Year Sowing
 Date

Date of 
Emerging

Plant 
Height

(cm)

Insertion 
Height

(cm)

Yield

(Kg/ha)

TGW

(g)

01-Apr 27-Apr 114 14 1443 175
15-Apr 4-May 109 13 1419 178
28-Apr 7-May 105 15 1794 168
04-Apr 18-Apr 119 13 3878 188
18-Apr 4-May 133 14 3934 202
5-May 14-May 117 14 3483 178

2015

2016



231 

 

general, mostly in the Danube region due to the 
agronomic and commercial benefits.  
In some countries from the Danube region, 
such as Romania and Bulgaria, soybean 
cultivation was disrupted for many years. 
Under present growing interest in cropping 
soybean, the development of farmers’ 
technological skills and the transfer of know-
now became more and more important for 
obtaining high and good quality yields (Dima, 
2016). 
Among the factors influencing the yield, time 
of sowing and distance between rows have an 
important impact. Time of sowing is 
influencing the production potential of a 
specific soybean variety (Roman et al., 2011) 
and should be closely observed under present 
climate change. The distance between rows has 
impact on the yield, mainly from the weed 
control point of view. The seeding can be done 
either with row crop planter or with small 
grains drill (Ion, 2010). 
 

MATERIALS AND METHODS 
 

This paper was completed based on the 
observations and gathering of field 
experimental data in demonstration platforms 
organized in three soybean cultivation areas 
with different climate conditions namely, Turda 
- Central Romania, Secuieni - East Romania 
and Caracal - South Romania (Figure 2).  
 

 
Figure 2. Demo platform locations: 

Turda, Secuieni and Caracal 
 
Turda experimental fields are located at 46°35' 
latitude North and 23°47' longitude East and an 
altitude of 345 - 493 m above sea level. The 
experimental fields in Secuieni are located at 

46°5' latitude North and 26°5' longitude East, 
altitude of 205.7 m. Caracal experimental fields 
are located at 44°06' latitude North and 24°21' 
longitude East, altitude of 98 m. 
The rainfall monthly sum for 2015 in Turda, 
Secuieni and Caracal is presented in Figure 3. 
The rainfall data for 2016 in same three 
locations is presented in Figure 4. 

 
Figure 3. Rainfall in Turda, Secuieni  

and Caracal in 2015 
 

 
Figure 4. Rainfall in Turda, Secuieni and Caracal in 2016 
 
The air temperature average sum for 2015  
in Turda, Secuieni and Caracal is presented in 
Figure 5. 
 

 
Figure 5. Air temperature in Turda, Secuieni  

and Caracal in 2015 
 
The air temperature data for 2016 in same three 
locations is presented in Figure 6. 
The information and data collected cover two 
consecutive years, 2015 and 2016.  

 

 

The research was focused on two technological 
factors: time of sowing and distance between 
rows. 
The scope of this paper is to provide farmers 
and other interested stakeholders with 
information on soybean technology factors 
researched in different experiences established 
in demonstration platforms. 
 

 
Figure 6. Air temperature in Turda, Secuieni  

and Caracal in 2016 
 
RESULTS AND DISCUSSIONS 
 
The genetic material used in the research is of 
Romanian and French origin. The soybean 
genotypes are presented in Table 1. 
 
Table 1. The soybean genotypes used in 2015 and 2016 

 
 
The experimental plots in Turda in 2015 and 
2016 displayed three time of sowing: early, 
normal and late.  
In 2015 (Table 2) the highest yield of 1794 
kg/ha was obtained when sowing was executed 
on April 28th. For the other two sowing dates, 
the yields were nearly the same, respectively 
1443 kg/ha for sowing date April 1st and 1419 
kg/ha for sowing on April 15th.  
The highest plant height was recorded when 
sown on April 1st, respectively 114 cm. The 
lowest plant height of 105 cm was obtained 
when sowing was done on April 28th. For 

sowing on April 15th, the plant height had an 
intermediate value of 109 cm. The insertion 
height of the first basal pods registered very 
close values for all three sowing times (13-15 
cm). The highest TGW value of 178 g was 
registered for sowing on April 15th followed by 
175 g on April 1st and 168 g on April 28th. 
In 2016 (Table 2), in Turda the highest yield of 
3934 kg/ha was obtained when sowing was 
done on April 18th, followed by 3878 kg/ha for 
sowing on April 4th and 3483 kg/ha for the 
sowing date of May 5th.  
The plant height ranged between 117 cm for 
sowing date April 18th, 119 cm in case of 
sowing on April 4th and 133 cm for sowing on 
May 5th. The insertion height of the first basal 
pods presented similar values for all three 
sowing experiences (13 - 14 cm). In this year, 
the highest TGW value of 202 g was registered 
for sowing on April 18th, followed by 188 g on 
April 4th and 178 g on May 5th.  
 

Table 2. The influence of time of sowing on soybean 
crop (Turda, 2015-2016) 

 
 
The experimental plots in Secuieni in 2015 
displayed three time of sowing: early, normal 
and late.  
In 2016, time of sowing was done normal and 
late. In 2015 (Table 3), the highest yield of 
3244 kg/ha was obtained when sowing was 
done on April 30th, followed by 3065 kg/ha for 
sowing on April 20th and 2934 kg/ha for the 
sowing date of April 9th.  
The highest plant height of 103.4 cm was 
recorded for sowing on April 30th; the next was 
the plant height of 102.4 cm for sowing date of 
April 20th. The lowest plant height (92.5 cm) 
was recorded for sowing on April 9th. The 
highest insertion of the first basal pods of 10.5 
cm was registered for the soybean sown on 
April 30th, followed by 9 cm on April 20th and 
7 cm for the sowing date of April 9th. The 
highest TGW value of 145 g was registered for 
sowing on April 30th, followed by 130 g on 
April 20th and 128 g on April 9th. 

Year Experience Genotype Turda Secuieni Caracal
Variety Felix Onix ES Mentor

Maturity group 00 00 00
Breeder ARDS Turda ARDS Turda Euralis
Variety Felix Onix Sponsor

Maturity group 00 00 I
Breeder ARDS Turda ARDS Turda Euralis
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In 2016 (Table 3), in Secuieni the highest yield 
of 1548 kg/ha was obtained when sowing was 
done on April 27th, the next yield was of 1433 
kg/ha for sowing on May 9th.  
The plant height ranged from 93.3 cm for 
sowing date April 27th to 84.3 cm for sowing 
on May 9th. The highest insertion of the first 
basal pods of 23.4 cm was registered for the 
soybean sown on April 27th, followed by 18.1 
cm for the sowing date of May 9th. The highest 
TGW value of 154 g was registered for sowing 
on April 27th, followed by 151 g on May 9th. 
 

Table 3. The influence of time of sowing  
on soybean crop (Secuieni, 2015-2016) 

 
 
The experimental plots in Caracal in 2015 and 
2016 displayed three time of sowing: early, 
normal and late.  
In 2015 (Table 4) the highest yield of 3524 
kg/ha was obtained when sowing was 
completed on May 8th, 2015. For the other two 
sowing dates, the yields were 3374 kg/ha for 
sowing date April 27th, respectively 3122 kg/ha 
for sowing on April 16th.  
The plant height ranged between 50 cm for 
sowing date April 27th, 56 cm in case of sowing 
on April 16th and 65 cm for sowing on May 8th. 
The insertion height of the first basal pods was 
between 5 cm to 7 cm. The highest TGW value 
of 184 g was registered for sowing on April 
16th, followed by 176 g on April 27th and 172 g 
for sowing date of May 8th. 
 

Table 4. The influence of time of sowing  
on soybean crop (Caracal, 2015-2016) 

 
 
In 2016 (Table 4), in Caracal the highest yield 
of 3300 kg/ha was obtained when sowing was 
completed on April 26th, followed by 3220 

kg/ha for sowing on May 10th and 3120 kg/ha 
for the sowing date of April 15th.  
The highest plant height of 50 cm was recorded 
for sowing on May 10th; the next was the plant 
height of 40 cm for sowing on April 26th, 
followed by 38 cm for sowing date of April 
15th. The insertion height of the first basal pods 
presented similar values for all three sowing 
times. The highest TGW value of 220 g was 
registered for sowing on May 10th, followed by 
210 g on April 15th and 208 g for sowing date 
of April 26th.  
The experimental plots in Turda in 2015 and 
2016 displayed three distances between rows: 
12.5 cm, 25 cm and 50 cm.  
In 2015 (Table 5) the highest yield of 1977 
kg/ha was obtained for 25 cm between rows, 
followed by 1710 kg/ha for 50 cm and 1696 for 
12.5 cm. 
 

Table 5. The influence of distance between rows  
on soybean crop (Turda, 2015-2016) 

 
 
For all three distances between rows the plant 
height presented very close values: 106 cm for 
12.5 and 25 cm, respectively 108 cm for 50 cm 
between rows. The insertion height of the first 
basal pods was 16-17 cm. In the same year, 
TGW recorded very close values for all three 
experiences, 184 g for 12.5 and 50 cm and 182 
g for 25 cm. 
In 2016 (Table 5), in Turda, the highest yield of 
4721 kg/ha was obtained for 50 cm between 
rows, followed by 4607 kg/ha for 25 cm and 
4277 kg/ha for 12.5 cm.  
The highest plant height of 126 cm was 
recorded for 50 cm distance between rows; the 
next was 122 cm for 25 cm and 119 cm for 
12.5 cm. The insertion height of the first basal 
pods ranged from 15 to 16 cm. The highest 
TGW value of 182 g was registered for 12.5 cm 
between rows; the next was 174 g for 25 cm 
and the lowest was 173 g for 50 cm. 
The experimental plots in Secuieni in 2015 and 
2016 displayed three distances between rows: 
12.5 cm, 25 cm and 50 cm.  

Year Sowing
 date

Date of 
Emerging

Plant 
Height
(cm)

Insertion 
Height
(cm)

Yield

(Kg/ha)

TGW

(g)

9-Apr 24-Apr 92.5 9.0 2934 128
20-Apr 7-May 102.4 7.0 3065 130
30-Apr 18-May 103.4 10.5 3244 145
27-Apr 5-May 93.3 23.4 1548 154
9-May 23-May 84.3 18.1 1433 151

2015

2016

Year Sowing
 Date

Date of 
Emerging

Plant 
Height

(cm)

Insertion 
Height

(cm)

Yield

(Kg/ha)

TGW

(g)

16-Apr 4-May 56 5 3122 184
27-Apr 8-May 50 6 3374 176
8-May 12-May 65 7 3524 172
15-Apr 8-May 38 7 3120 210
26-Apr 15-May 40 6 3300 208
10-May 22-May 50 8 3220 220

2015

2016

Year Distance
Between Rows

(cm)

Sowing
 date

Plant 
Height

(cm)

Insertion 
Height

(cm)

Yield

(Kg/ha)

TGW

(g)

12.5 106 16 1696 184
25 106 17 1977 182
50 108 17 1710 184

12.5 119 16 4277 182
25 122 15 4607 174
50 126 15 4721 173

05-May2015

2016 22-Apr

 

 

In 2015 (Table 6), the highest yield of 2530 
kg/ha was obtained for 50 cm between rows, 
followed by 1961 kg/ha for 25 cm and 1490 
kg/ha for 12.5 cm.  
The highest plant height of 98 cm was recorded 
for 50 cm distance between rows, followed by 
97 cm for 25 cm and 77 cm for 12.5 cm. The 
insertion height of the first basal pods varied 
from 7.1 cm for 12.5 cm between rows, 6.6 cm 
for 25 cm to 5.3 cm for 50 cm. TGW registered 
the following values: 156 g for 50 cm between 
rows, 134 g for 25 cm and 121 g for 12.5 cm. 
 

 Table 6. The influence of distance between rows on 
soybean crop (Secuieni, 2015-2016) 

 
 
In 2016 (Table 6), in Secuieni, the highest yield 
of 2206 kg/ha was obtained for 50 cm between 
rows, followed by 1849 kg/ha for 25 cm and 
1510 kg/ha for 12.5 cm.  
The highest plant height of 113.6 cm was 
recorded for 12.5 cm distance between rows, 
followed by 97.4 cm for 25 cm and 94.4 cm for 
50 cm. The highest insertion of the first basal 
pods of 35 cm was registered for 12.5 cm 
distance between rows, followed by 26.8 cm 
for 50 cm and 26.2 cm for 25 cm. The highest 
TGW value of 187 g was registered for 50 cm 
between rows; the next was 163 g for 25 cm 
and the lowest was 138 g for 12.5 cm. 
The experimental plots in Caracal in 2015 and 
2016 displayed two distances between rows: 25 
cm and 50 cm. 
In 2015 (Table 7) the highest yield of 2215 
kg/ha was obtained for 50 cm between rows, 
followed by 1503 kg/ha for 25 cm.  
The highest plant height of 95 cm was recorded 
for 50 cm distance between rows, followed by 
89 cm for 25 cm. The insertion height of the 
first basal pods varied from 9 cm for 50 cm bet-
ween rows to 7 cm for 25 cm. TGW registered 
the following values: 155 g for 50 cm between 
rows and 144 g for 25 cm. 
In 2016 (Table 7), in Caracal, the highest yield 
of 4710 kg/ha was obtained for 50 cm between 
rows, followed by 3300 kg/ha for 25 cm.  

The highest plant height of 78 cm was recorded 
for 50 cm distance between rows, followed by 
73 cm for 25 cm. 
The insertion height of the first basal pods  
was 9-10 cm. TGW registered the following 
values: 153 g for 50 cm between rows and  
148 g for 25 cm. 
 

Table 7. The influence of distance between rows  
on soybean crop (Caracal, 2015-2016) 

 
 
CONCLUSIONS 
 
In 2015, in Turda, sowing on April 1st, the 
plants emergence occurred on April 27th (26 
days since the date of sowing) due to low air 
temperatures. In case of sowing on April 15th, 
the emergence occurred on May 4th (19 days). 
Sowing on April 28th, the emergence was 
normal and uniform within 9 days (May 7th). 
The highest yield of 1794 kg/ha was obtained 
when soybean was sown on April 28th. For this 
time of sowing, the plant height registered 105 
cm, the insertion height of the first basal pods 
was 15 cm and TGW was 168 g. In 2016, in 
Turda all three experiences with time of sowing 
indicated a uniform emergence of the plants 
(11-16 days). The highest yield of 3934 kg/ha 
was obtained sowing the soybean on April 18th. 
For this sowing time, the plant height registered 
133 cm, the insertion height of the first basal 
pods was 14 cm and TGW was 202 g. 
In 2015, in Secuieni, for the soybean sown on 
April 9th, the emergence was observed on April 
24th, 15 days from the date of sowing. In case 
of sowing on April 20th, the emergence 
occurred within 17 days (May 7th). Sowing on 
April 30th, the emergence occurred on May 18th 
(18 days). The highest yield of 3244 kg/ha was 
obtained sowing the soybean on April 30th. For 
this time of sowing, the plant height registered 
103.4 cm, the insertion height of the first basal 
pods was 10.5 cm and TGW was 145 g.  
In 2016, in Secuieni, for the sowing date of 
April 27th, the soybean uniformly emerged 
within 9 days, on May 5th. For sowing on May 

Year Distance
Between Rows

(cm)

Sowing
 date

Plant 
Height

(cm)

Insertion 
Height

(cm)

Yield

(Kg/ha)

TGW

(g)

12.5 77.0 7.1 1490 121
25 97.0 6.6 1961 134
50 98.0 5.3 2530 156

12.5 113.6 35.0 1510 138
25 97.4 26.2 1849 163
50 94.4 26.8 2206 187

24-Apr2015

2016 27-Apr

Year Distance
Between Rows

(cm)

Sowing
 date

Plant 
Height

(cm)

Insertion 
Height
(cm)

Yield

(Kg/ha)

TGW

(g)
25 89 7 1503 144
50 95 9 2215 155
25 73 9 3300 148
50 78 10 4710 153

2015

2016

8-May

8-May
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In 2016 (Table 3), in Secuieni the highest yield 
of 1548 kg/ha was obtained when sowing was 
done on April 27th, the next yield was of 1433 
kg/ha for sowing on May 9th.  
The plant height ranged from 93.3 cm for 
sowing date April 27th to 84.3 cm for sowing 
on May 9th. The highest insertion of the first 
basal pods of 23.4 cm was registered for the 
soybean sown on April 27th, followed by 18.1 
cm for the sowing date of May 9th. The highest 
TGW value of 154 g was registered for sowing 
on April 27th, followed by 151 g on May 9th. 
 

Table 3. The influence of time of sowing  
on soybean crop (Secuieni, 2015-2016) 

 
 
The experimental plots in Caracal in 2015 and 
2016 displayed three time of sowing: early, 
normal and late.  
In 2015 (Table 4) the highest yield of 3524 
kg/ha was obtained when sowing was 
completed on May 8th, 2015. For the other two 
sowing dates, the yields were 3374 kg/ha for 
sowing date April 27th, respectively 3122 kg/ha 
for sowing on April 16th.  
The plant height ranged between 50 cm for 
sowing date April 27th, 56 cm in case of sowing 
on April 16th and 65 cm for sowing on May 8th. 
The insertion height of the first basal pods was 
between 5 cm to 7 cm. The highest TGW value 
of 184 g was registered for sowing on April 
16th, followed by 176 g on April 27th and 172 g 
for sowing date of May 8th. 
 

Table 4. The influence of time of sowing  
on soybean crop (Caracal, 2015-2016) 

 
 
In 2016 (Table 4), in Caracal the highest yield 
of 3300 kg/ha was obtained when sowing was 
completed on April 26th, followed by 3220 

kg/ha for sowing on May 10th and 3120 kg/ha 
for the sowing date of April 15th.  
The highest plant height of 50 cm was recorded 
for sowing on May 10th; the next was the plant 
height of 40 cm for sowing on April 26th, 
followed by 38 cm for sowing date of April 
15th. The insertion height of the first basal pods 
presented similar values for all three sowing 
times. The highest TGW value of 220 g was 
registered for sowing on May 10th, followed by 
210 g on April 15th and 208 g for sowing date 
of April 26th.  
The experimental plots in Turda in 2015 and 
2016 displayed three distances between rows: 
12.5 cm, 25 cm and 50 cm.  
In 2015 (Table 5) the highest yield of 1977 
kg/ha was obtained for 25 cm between rows, 
followed by 1710 kg/ha for 50 cm and 1696 for 
12.5 cm. 
 

Table 5. The influence of distance between rows  
on soybean crop (Turda, 2015-2016) 

 
 
For all three distances between rows the plant 
height presented very close values: 106 cm for 
12.5 and 25 cm, respectively 108 cm for 50 cm 
between rows. The insertion height of the first 
basal pods was 16-17 cm. In the same year, 
TGW recorded very close values for all three 
experiences, 184 g for 12.5 and 50 cm and 182 
g for 25 cm. 
In 2016 (Table 5), in Turda, the highest yield of 
4721 kg/ha was obtained for 50 cm between 
rows, followed by 4607 kg/ha for 25 cm and 
4277 kg/ha for 12.5 cm.  
The highest plant height of 126 cm was 
recorded for 50 cm distance between rows; the 
next was 122 cm for 25 cm and 119 cm for 
12.5 cm. The insertion height of the first basal 
pods ranged from 15 to 16 cm. The highest 
TGW value of 182 g was registered for 12.5 cm 
between rows; the next was 174 g for 25 cm 
and the lowest was 173 g for 50 cm. 
The experimental plots in Secuieni in 2015 and 
2016 displayed three distances between rows: 
12.5 cm, 25 cm and 50 cm.  

Year Sowing
 date

Date of 
Emerging

Plant 
Height
(cm)

Insertion 
Height
(cm)

Yield

(Kg/ha)

TGW

(g)

9-Apr 24-Apr 92.5 9.0 2934 128
20-Apr 7-May 102.4 7.0 3065 130
30-Apr 18-May 103.4 10.5 3244 145
27-Apr 5-May 93.3 23.4 1548 154
9-May 23-May 84.3 18.1 1433 151

2015

2016

Year Sowing
 Date

Date of 
Emerging

Plant 
Height

(cm)

Insertion 
Height

(cm)

Yield

(Kg/ha)

TGW

(g)

16-Apr 4-May 56 5 3122 184
27-Apr 8-May 50 6 3374 176
8-May 12-May 65 7 3524 172
15-Apr 8-May 38 7 3120 210
26-Apr 15-May 40 6 3300 208
10-May 22-May 50 8 3220 220

2015

2016

Year Distance
Between Rows

(cm)

Sowing
 date

Plant 
Height

(cm)

Insertion 
Height

(cm)

Yield

(Kg/ha)

TGW

(g)

12.5 106 16 1696 184
25 106 17 1977 182
50 108 17 1710 184

12.5 119 16 4277 182
25 122 15 4607 174
50 126 15 4721 173

05-May2015

2016 22-Apr

 

 

In 2015 (Table 6), the highest yield of 2530 
kg/ha was obtained for 50 cm between rows, 
followed by 1961 kg/ha for 25 cm and 1490 
kg/ha for 12.5 cm.  
The highest plant height of 98 cm was recorded 
for 50 cm distance between rows, followed by 
97 cm for 25 cm and 77 cm for 12.5 cm. The 
insertion height of the first basal pods varied 
from 7.1 cm for 12.5 cm between rows, 6.6 cm 
for 25 cm to 5.3 cm for 50 cm. TGW registered 
the following values: 156 g for 50 cm between 
rows, 134 g for 25 cm and 121 g for 12.5 cm. 
 

 Table 6. The influence of distance between rows on 
soybean crop (Secuieni, 2015-2016) 

 
 
In 2016 (Table 6), in Secuieni, the highest yield 
of 2206 kg/ha was obtained for 50 cm between 
rows, followed by 1849 kg/ha for 25 cm and 
1510 kg/ha for 12.5 cm.  
The highest plant height of 113.6 cm was 
recorded for 12.5 cm distance between rows, 
followed by 97.4 cm for 25 cm and 94.4 cm for 
50 cm. The highest insertion of the first basal 
pods of 35 cm was registered for 12.5 cm 
distance between rows, followed by 26.8 cm 
for 50 cm and 26.2 cm for 25 cm. The highest 
TGW value of 187 g was registered for 50 cm 
between rows; the next was 163 g for 25 cm 
and the lowest was 138 g for 12.5 cm. 
The experimental plots in Caracal in 2015 and 
2016 displayed two distances between rows: 25 
cm and 50 cm. 
In 2015 (Table 7) the highest yield of 2215 
kg/ha was obtained for 50 cm between rows, 
followed by 1503 kg/ha for 25 cm.  
The highest plant height of 95 cm was recorded 
for 50 cm distance between rows, followed by 
89 cm for 25 cm. The insertion height of the 
first basal pods varied from 9 cm for 50 cm bet-
ween rows to 7 cm for 25 cm. TGW registered 
the following values: 155 g for 50 cm between 
rows and 144 g for 25 cm. 
In 2016 (Table 7), in Caracal, the highest yield 
of 4710 kg/ha was obtained for 50 cm between 
rows, followed by 3300 kg/ha for 25 cm.  

The highest plant height of 78 cm was recorded 
for 50 cm distance between rows, followed by 
73 cm for 25 cm. 
The insertion height of the first basal pods  
was 9-10 cm. TGW registered the following 
values: 153 g for 50 cm between rows and  
148 g for 25 cm. 
 

Table 7. The influence of distance between rows  
on soybean crop (Caracal, 2015-2016) 

 
 
CONCLUSIONS 
 
In 2015, in Turda, sowing on April 1st, the 
plants emergence occurred on April 27th (26 
days since the date of sowing) due to low air 
temperatures. In case of sowing on April 15th, 
the emergence occurred on May 4th (19 days). 
Sowing on April 28th, the emergence was 
normal and uniform within 9 days (May 7th). 
The highest yield of 1794 kg/ha was obtained 
when soybean was sown on April 28th. For this 
time of sowing, the plant height registered 105 
cm, the insertion height of the first basal pods 
was 15 cm and TGW was 168 g. In 2016, in 
Turda all three experiences with time of sowing 
indicated a uniform emergence of the plants 
(11-16 days). The highest yield of 3934 kg/ha 
was obtained sowing the soybean on April 18th. 
For this sowing time, the plant height registered 
133 cm, the insertion height of the first basal 
pods was 14 cm and TGW was 202 g. 
In 2015, in Secuieni, for the soybean sown on 
April 9th, the emergence was observed on April 
24th, 15 days from the date of sowing. In case 
of sowing on April 20th, the emergence 
occurred within 17 days (May 7th). Sowing on 
April 30th, the emergence occurred on May 18th 
(18 days). The highest yield of 3244 kg/ha was 
obtained sowing the soybean on April 30th. For 
this time of sowing, the plant height registered 
103.4 cm, the insertion height of the first basal 
pods was 10.5 cm and TGW was 145 g.  
In 2016, in Secuieni, for the sowing date of 
April 27th, the soybean uniformly emerged 
within 9 days, on May 5th. For sowing on May 

Year Distance
Between Rows

(cm)

Sowing
 date

Plant 
Height

(cm)

Insertion 
Height

(cm)

Yield

(Kg/ha)

TGW

(g)

12.5 77.0 7.1 1490 121
25 97.0 6.6 1961 134
50 98.0 5.3 2530 156

12.5 113.6 35.0 1510 138
25 97.4 26.2 1849 163
50 94.4 26.8 2206 187

24-Apr2015

2016 27-Apr

Year Distance
Between Rows

(cm)

Sowing
 date

Plant 
Height
(cm)

Insertion 
Height
(cm)

Yield

(Kg/ha)

TGW

(g)
25 89 7 1503 144
50 95 9 2215 155
25 73 9 3300 148
50 78 10 4710 153

2015

2016

8-May

8-May
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9th, the emergence occurred within 14 days 
(May 23rd). The highest yield of 1548 kg/ha 
was obtained when sowing the soybean on 
April 18th. For this time of sowing, the plant 
height registered 93.3 cm, the insertion height 
of the first basal pods was 23.4 cm and TGW 
was 154 g. 
In 2015, in Caracal, when sowing on April 16th, 
the emergence occurred within 18 days, on 
May 4th. In case of time of sowing on April 
27th, the plant emergence occurred within 11 
days (May 8th). The soybean sown on May 8th 
emerged rapidly and uniform on May 12th (4 
days). The highest yield of 3524 kg/ha was 
obtained for sowing the soybean on May 8th.  
In 2016, in Caracal, for sowing date of April 
15th, the plant emergence occurred within 23 
days (May 8th). For sowing on April 26th, the 
emergence was observed on May 15th (19 
days). For sowing on May 10th, the emergence 
occurred within 12 days (May 22nd).  
The highest yield of 3300 kg/ha was obtained 
sowing the soybean on April 26th. 
In 2015, in Turda the highest yield of 1977 
kg/ha was obtained for 25 cm between rows, 
closely followed by 1710 kg/ha for 50 cm.  
For both 25 and 50 cm distances between rows, 
identical or very close values had been 
recorded for plant height (106/108 cm), 
insertion height of the first basal pods (17 cm) 
and TGW (182/184 g). 
In 2016, in Turda the highest yield of 4721 
kg/ha was obtained for 50 cm between rows, 
closely followed by 4607 kg/ha for 25 cm.  
For both 25 and 50 cm distances between rows, 
identical or very close values had been 
recorded for plant height (122/126 cm), 
insertion height of the first basal pods (15 cm) 
and TGW (174/173 g). Both distances of 25 
and 50 cm between rows can be used with good 
results subject to weed infestation and available 
equipment and methods for weed control. 
In 2015, in Secuieni the highest yield of 2530 
kg/ha was obtained for 50 cm between rows. 
For this distance between rows, the plant  
height registered 98 cm, the insertion height of 
the first basal pods was 5.3 cm and TGW was 
156 g.  

In 2016, in Secuieni the highest yield of 2206 
kg/ha was obtained for 50 cm between rows. 
For this distance between rows, the plant  
height registered 94.4 cm, the insertion height 
of the first basal pods was 26.8 cm and TGW 
was 187 g. 
In 2015, in Caracal the highest yield of 2215 
kg/ha was obtained for 50 cm between rows. 
For this distance between rows, the plant height 
registered 95 cm, the insertion height of the 
first basal pods was 9 cm and TGW was 155 g. 
In 2016, in Caracal the highest yield of 4710 
kg/ha was obtained for 50 cm between rows. 
For this distance between rows, the plant height 
registered 78 cm, the insertion height of the 
first basal pods was 10 cm and TGW was  
153 g. 
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Abstract 
 
The rationale of the overall experiment was to emphasize the ecophysiological behavior of alfalfa in the eco-climatic 
conditions of Targoviste Piedmont Plain, from the south of Romania, during three contrasting years of cropping (2012-
2014) from the rainfall point of view. Potential evapotranspiration (PET) is a complex index that describes the 
conceptual processes of soil water losses in atmosphere through evaporation and transpiration from the canopies 
depending on the plant species, land cover, climatic conditions, and soil type. Reference ET from a defined vegetated 
surface is a function of local weather serving as an evaporative index by which specialists can predict ET for a wide 
range of vegetation and surface conditions using the application of “crop” coefficients for agricultural or landscaped 
areas. The objectives of the study were to establish the water use (ETc) and water use efficiency (WUE) of alfalfa for 
the specific conditions of Targoviste Piedmont Plain, Romania, and to quantify the effects of limiting water on the 
growth and development of alfalfa tested cultivars. Roxana and Mihaela cultivars of alfalfa (Medicago sativa L.) 
developed by NARDI Fundulea were sown in a Latin rectangle design with four replicates. Both cultivars showed 
valuable biological characteristics regarding the WUE in non-irrigated conditions i.e., annual average of WUE of  
13.4 kg DM mm-1 ha-1 (1st year of cropping), 14.7 (2nd year) and 18.4 (3rd year) in Roxana cultivar, and 13.6 kg DM 
mm-1 ha-1 (1st year of cropping), 16.1 (2nd year) and 19.1 (3rd year) in Mihaela cultivar, respectively. The significant 
increasing of WUE in the last year of cropping was correlated with a well-distributed rainfall regime during the 
vegetation season and increased annual quantity (>1000 mm). No significant differences (p<0.05) were found in yield 
and WUE among varieties and between cropping years. The results can be used to estimate the economic impact of 
irrigation use, water consumption and optimal scheduling in alfalfa cropping systems.  
 
Key words: evapotranspiration, reference evapotranspiration, ASCE modified Penman-Monteith algorithm, dry matter. 
 
 
INTRODUCTION  
 
Ecological factors play an important role in the 
growth and development of alfalfa (Medicago 
sativa L.) plants. Alfalfa has a wide ecological 
plasticity, but its productive potential can be 
reached only under certain soil and climatic 
conditions. It is a C3 perennial legume with a 
high water use. 
Because of its deep and well-developed root 
system, alfalfa has an increased resistance to 
drought, despite the fact that consumes 
significant quantities of water to accumulate 
dry matter. In Romania, the highest yields are 
recorded in areas with annual rainfall of 500-
650 mm, which are well distributed during the 

growing season (Motcă, 2005). Alfalfa does not 
support the water puddles on the surface and 
any excess of water in the soil. The stagnation 
of water, for 3-9 days, immediately after 
mowing, has determined the mass reduction of 
the root system by 30-80%, respectively the 
production by 20-60% (Moga et al., 1996). On 
the lands where the ground water table is at a 
depth of less than 1.2 to 1.5 m, the root growth 
and the activity of nitrogen-fixing bacteria are 
intensively hindered reducing the vitality and 
production of alfalfa. 
Requirements for heat and light are large in 
alfalfa. The amount of temperature for alfalfa 
plants required to reach the start of flowering in 
the 2nd and 3rd year of vegetation is around 


