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Abstract 
 
Rapeseed is a crop that has a significant agronomic response in terms of seed yield and oil content and yield. This study 
aims to assess the influence of fertilizer type, quantity and the combined effect of them on both seed and oil yield in the 
pedoclimatic conditions of Western Plain in Romania. The research was carried out on a chernozem soil with a weak 
acidic reaction and for biological material, it consisted of one rapeseed hybrid developed by Limagrain company, 
Astronom. The experimental field was uniformly fertilized at the same time with sowing with 200 kg/ha of 27:13.5:0 
complex fertilizer and in order to assess the influence of fertilizers, in the spring, three graduations of fertilizers were 
used, as follows: a1 - E34 (10:24:0 + 0.1Zn + 0.1Br +20 SO3); a2 - DAP (18:46:0) and a3 - 20:20:0. The results highlight 
the increase of both seed and oil yield, depending on the type of the fertilizer, with as much as 20% compared to the field 
average. 
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INTRODUCTION 
 
Autumn rapeseed, due to its use both in nutrition 
and as biofuel, as well as the yield determined 
by the level of production compared to the 
investment level, has experienced significant 
development in the last decade (Imbrea, 2017; 
Fridrihsone, 2020). Yields in rapeseed are 
dependent on levels of mineral fertilization, due 
to the high consumption of elements such as 
K2O, N, P2O5, S, Mg, Ca, and B (Wang et al., 
2010; Men et al., 2020) and soil moisture (Wick, 
2012; Zhang et al., 2013; Eyni et al., 2020; 
Smuleac et al., 2020; Bečka et al., 2021).  
Another important element of rapeseed 
fertilization is the rate of nutrient absorption, 
considering that the most intense absorption of 
macroelements and sulphur occurs from the 
resumption of vegetation (February-March) 
until flowering (Grosz, 2011; Suvet, 2021), as 
well as the fact that each element in particular 
has an important contribution to the expression 
of the potential of rapeseed production 
(Louvieaux, 2020).  
Regarding the absorption of micronutrients, 
boron, zinc, and molybdenum have a special 
role in fruiting, flower formation, and 
pollination, reaching a maximum absorption 

during the flowering and silique formation 
period (Haneklaus, 1999; Bătrâna et al., 2021). 
 
MATERIALS AND METHODS 
 
The effect of the type of mineral fertilizer and 
the crop establishment period on the level of 
production, content, and oil yield, as well as the 
interaction between the experimental factors, 
was studied in a bifactorial experiment set up at 
the Didactical Farm (SDE) of University of Life 
Sciences “King Mihai I” from Timisoara in the 
agronomical year 2020-2021 on chernozem, 
which is the most common soil in the region. 
The experience was arranged according to the 
method of randomized blocks, with the 
following grading of the experimental factors: 
Factor A - type of mineral fertilizer, with three 
gradations: a1 - E34 (10:24:0 + 0.1Zn + 0.1Br 
+20 SO3); a2 - DAP (18:46:0) and a3 - 20:20:0. 
Factor B - crop establishment period, with three 
gradations: b1 - 10-20.08, b2 - 21-31.08; and b3 
- 1-10.09. The fertilizers were applied in 
fractions, 200 kg/ha of 27:13:5:0 at seedbed 
preparation and 200 kg of each of the three 
fertilizers in the spring. The rapeseed hybrid 
used was Astronom. The preceding crop was 
winter wheat. 
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RESULTS AND DISCUSSIONS 
 
Table 1 presents the results of seed yield 
according to fertilization. The average seed 
yield recorded values ranging from 2841 kg/ha 
on agrofund a3 to 3626 kg/ha on agrofund a1. 
 

Table 1. Seed yield by fertilizer type 

Factor A 
Fertilizer type 

Seed production Difference 
[kg/ha] Significance 

kg % 
a1 - E34 3626 112.2 393 *** 
a2 - DAP 3231 99.9 -2 ns 
a3 - 20.20 2841 87.9 -391 000 

media 3233 100.0 ns  
DL 5% = 13.69 kg; DL 1% = 18.75; DL 0.1% = 25.55 

 
From the presented data, it can be observed that 
compared to the control - the average of the 
experiment (3233 kg/ha), two levels of 
fertilization resulted in statistically significant 
yield increases, at a1 and a3: the increase 
obtained at a1 was 393 kg, meaning that the 
production obtained at a1 exceeded the 
experiment's average by 12.2%, and at a3, 
around 391 kg, but the production is below the 

experiment's average, meaning that the increase 
is negative. Seed production according to the 
sowing period is presented in Table 2. 
 

Table 2. Seed yield according to the sowing period 
Factor B 
Sowing 
period 

Seed production Difference 
[kg/ha] Significance 

kg % 
b1 - 10-20.08 3201 99.0 -31 000 
b2 - 20-31.08 3227 99.8 -6 ns 
b3 - 1-10.09 3270 101.1 37 *** 

media 3233 100.0 mt  
DL 5% = 13.69 kg; DL 1% = 18.75; DL 0.1% = 25.55 

 
Compared to the control - the experimental 
average (3233 kg/ha), only in the variant sown 
in the first decade of September, the yield 
exceeded the control by 37 kg, a difference 
statistically significant as highly significant. In 
the case of the other two experimental variants, 
the yields obtained were below the experimental 
average. The seed production obtained at the 
interaction of factors A x B and the significance 
the production differences compared to the 
control are presented in Table 3. 

 
Table 3. The seed production obtained with the A x B interaction  

and the significance of the production differences compared to the control - average 

Factor B 
Sowing period 

Factor A  -Fertilizer type 
a1 - E34 a2 - DAP a3 - 20.20 

Crop Diff. 
[kg] Signif. 

Crop Diff. 
[kg] Signif. 

Crop Diff. 
[kg] Signif. 

kg % kg % kg % 
b1 - 10-20.08 3605 111.5 372 *** 3197 98.9 -35 00 2802 86.7 -431 000 

b2 - 20-31.08 3623 112.1 390 *** 3216 99.5 -17 ns 2842 87.9 -391 000 

b3 - 0-10.09 3650 112.9 417 *** 3280 101.5 47 *** 2880 89.1 -353 000 

Average 3233 
DL 5% = 23.71 kg            DL 1% = 32.48           DL 0.1% = 44.26 

Compared to the control - the experience 
average (3233 kg/ha), the following yields 
were obtained: 
• Statistically significant increases for 

fertilization with a1 and a3, regardless of the 
sowing time. For fertilization with a1, the 
increase ranged between 372 kg [b1] and 417 
kg [b3], meaning that the yield obtained at a1 
exceeded the experience average by 11.5% 
[b1] and 12.9% [b3]. It is worth noting that 
for a3, the increases were negative, 
regardless of the sowing time. 

• A highly significant increase was obtained 
for fertilization with a2, in sowing time b3, a 
significant increase in b1, and a non-
significant increase in b2. 

The influence of the type of fertilizer on seed 
production is shown in Figure 1. 
 

 
Figure 1. Seed yield variation according to the 

fertilization level [Factor A] 
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The seed production has a descending trend, 
varying between 3626 and 2840 kg. The type of 
fertilizer used has an influence on seed 
production, with the highest yield obtained in 
variant a1, fertilized with E34, and decreasing 
for variants a2 (DAP) and a3 (20:20:0). The 
differences in yields between fertilizer levels are 
statistically very significant [p<0.001]. 
The influence of sowing time on seed 
production is presented in Figure 2. 
 

 
Figure 2. Seed yield variation according to the sowing 

period [Factor B] 
 
The seed production increases with the sowing 
period, and the two variables are directly 
proportional. The evolution of seed production 
is ascending. The production varies between 
3200[b1] kg and 3270[b3] kg. The increase in 
production from b1 to b2 is slower than the 
increase from b2 to b3. 
The analysis of the results regarding the 
influence of the interaction between factors A x 
B [fertilizer type x sowing period] on seed 
production is presented in Figure 3 
 

 
Figure 3. Seed yield variation [A x B] 

Regardless of the sowing time, the seed yield 
has a decreasing trend as the level of fertilization 
increases.  
The highest yield is obtained in a1, while the 
lowest is in a3.  
The yields obtained in a1, at the three sowing 
times varied between 3605-3650 kg/ha, in 
variant a2 between 3200-3300 kg/ha, and those 
in variant a3 varied between 2802-2880 kg/ha.  
Figure 4 presents the contribution of the 
experimental factors and their interaction in 
achieving the production. 
 

 
Figure 4. The contribution of factors A [fertilizer type], 

B [sowing period], and the interaction of A x B 
 
Factor A [fertilizer type] contributes to the 
production in a proportion of 99.0%, factor B 
[seeding time] contributes with 0.8%, and the 
interaction A x B with 0.1%. Therefore, the 
highest contribution is made by the type of 
fertilization factor, followed by factor B 
[seeding time] and the interaction A x B. 
The oil content depending on the type of 
fertilization, seeding time, and the interaction A 
x B is presented in Table 4. 
Based on the type of fertilization, the oil content 
varied between 42.3% (20:20:0) and 44.1% 
(E34). The average experience recorded a value 
of 43.1%, and only in variant a1 (E34) was there 
a statistically significant increase of 1% 
compared to the average. 
The sowing period determined oil content 
ranging from 42.9% (second decade of August) 
to 43.2% (last decade of August and first decade 
of September). 
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Table 4. Oil content depending on the type of fertilization, the sowing period and the A x B interaction 

Experimental 
factor Factor levels Oil content 

[%] 
 

Std.Err. 
 

-95.00% 
 

+95.00% 
Diff. 
[%] Signif. 

Factor A 
[Fertilizer 

type] 

a1 - E34 44.1 0.123779 43.79100 44.36187 1.0 *** 
a2 - DAP 43.0 0.221703 42.47740 43.49990 -0.1 ns 
a3 - 20.20 42.3 0.115329 41.99917 42.53107 -0.8 000 
Average 43,1  mt  

DL 5% = 0.36 %; DL 1% = 0.49; DL 0.1% = 0.67 

Factor B 
[sowing 
period] 

b1 - 10-20.08 42.9 0.306068 42.17330 43.58489 -0.2 ns 
b2 - 20-31.08 43.2 0.297936 42.53226 43.90634 0.1 ns 
b3 - 0 - 10.09 43.2 0.305181 42.52806 43.93556 0.1 ns 

Average 43,1  mt  
DL 5% = 0.36 %; DL 1% = 0.49; DL 0.1% = 0.67 

AxB Interaction 
Factor A Factor B       

a1 - E34 
b1 - 10-20.08 44.1 0.034264 43.91871 44.21356 1.0 ** 
b2 - 20-31.08 44.0 0.207695 43.10638 44.89366 0.9 ** 
b3 - 0 - 10.09 44.2 0.364435 42.59511 45.73118 1.1 ** 

a2 - DAP 
b1 - 10-20.08 42.2 0.173968 41.43612 42.93317 -0.9 00 
b2 - 20-31.08 43.5 0.188647 42.73541 44.35877 0.4 ns 
b3 - 0 - 10.09 43.2 0.121145 42.71298 43.75547 0.1 ns 

a3 - 20.20 

b1 - 10-20.08 42.4 0.160351 41.69659 43.07646 -0.7 0 
b2 - 20-31.08 42.1 0.116490 41.60957 42.61199 -1.0 00 
b3 - 0 - 10.09 42.3 0.317024 40.93403 43.66211 -0.8 0 

Average 43,1  
DL 5% = 0.62%; DL 1% = 0.85; DL 0.1% = 1.15 

Regarding the interaction between factors, 
compared to the control - the average expe-
rience, the following increases were obtained: a 
distinct significant increase in fertilization type 
a1 (E34) regardless of the sowing period, a 
distinct significant increase in type a2 (DAP) in 
the b1 period (second decade of August), while 
the increases in the b2 (last decade of August) 
and b3 (first decade of September) periods were 
not significant. In the case of fertilization type 
a3 (20:20:0), a distinct significant increase was 
obtained in b2 (last decade of August), while the 
increases in b1 (second decade of August) and 
b3 (first decade of September) periods were 
significant. 
It is noteworthy that for the fertilization levels of 
a2 (DAP) and a3 (20:20:0), the increases are 
below the average experience, meaning negative 
increases. 
The influence of the type of fertilization on the 
oil content is presented in Figure 5 
The oil content decreases with the level of 
fertilization, the two variables being inversely 
proportional. The trend of the oil content is 
descending. The oil content varies between 44% 
and 42.3%. The differences between the levels 
of fertilization are highly significant [p<0.001]. 
The influence of the sowing period on the oil 
content is shown in Figure 6. 
 
 

 
Figure 5.  Oil content variation for the three types of 

fertilizers [factor A] 
 

 
Figure 6.  Oil content variation for the three sowing 

periods [factor B] 
 



574

The oil content increases with the sowing 
period, thus from b1 (the second decade of 
August) to b2 (the last decade of August), there 
is an upward trend [increasing from 42.9% to 
43.2%], while from b2 (the last decade of 
August) to b3 (the first decade of September), 
the oil content registers approximately the same 
value [from 43.22% to 43.23%]. The analysis of 
the results regarding the influence of the 
interaction between the factors AXB 
[fertilization x sowing period] on the oil content 
is shown in Figure 7. 
 

 
Figure 7.  Oil content variation [A x B interaction] 

 
Regardless of the sowing period, the oil content 
has a decreasing trend with respect to the 
fertilization level, with the exception of the b1 
period (the second decade of August) which has 
a decreasing trend from a1 (E34) to a2 (DAP), 
and from a2 (DAP) to a3 (20:20:0), the trend is 
ascending. The highest oil content is obtained at 
a1 (E34), while the lowest is at a3 (20:20:0). The 
oil contents obtained at a1 (E34) for the three 
sowing periods ranged from 44.1% to 44.2%, 
with a decreasing trend from b1 (the second 

decade of August) to b2 (the last decade of 
August), and an ascending trend from b2 (the 
last decade of August) to b3 (the first decade of 
September), with values ranging from 44.1% 
[b1], 44.0% [b2] and 44.2% [b3]. The same 
trend applies to a3 (20:20:0). The oil content for 
a3 (20:20:0) ranged from 42.4% [b1], 42.1% 
[b2], and 42.3% [b3]. The contribution of the 
factors A [type of fertilization], B [sowing 
period], and the interaction of AxB in achieving 
the oil content is presented in Figure 8. 
 

 
Figure 8.  The contribution of factors A [type of 

fertilizer], B [sowing season], and the A x B interaction 
 
Factor A [type of fertilizer] contributes to 
achieving the oil content by 72.8%, factor B 
[sowing season] contributes by 3.5%, and the A 
x B interaction by 12.1%. Therefore, the greatest 
contribution is made by the fertilizer factor, 
followed by the A x B interaction and the B 
[sowing season] factor. 
The oil production according to the type of 
fertilizer, sowing season, and A x B interaction 
is presented in Table 5.

Table 5. Oil crop depending on the type of fertilization, the sowing period and the A x B interaction 
,Experimental 

factor Factor levels Oil crops 
[%] Std.Err. -95.00% +95.00% Diff. 

[%] Signif. 

Factor A 
[Fertilizer type] 

a1 - E34 1598 4.60179 1587.468 1608.692 202 *** 
a2 - DAP 1389 10.70854 1364.392 1413.780 -7 ns 
a3 - 20.20 1201 5.16708 1188.938 1212.769 -195 000 
Average 1396    

DL 5% = 9.29 kg;       DL 1% = 12.73;      DL 0.1% = 17.34 

Factor B 
[sowing period] 

b1 - 10-20.08 1375 58.25851 1240.653 1509.342 -21 00 
b2 - 20-31.08 1397 57.39366 1264.709 1529.409 1 ns 
b3 - 0 - 10.09 1416 56.92218 1284.700 1547.225 20 *** 

Average 1396    
DL 5% = 9.29 kg;       DL 1% = 12.73;      DL 0.1% = 17.34 

AxB Interaction 
Factor A Factor B       

a1 - E34 
b1 - 10-20.08 1588 2.933613 1575.843 1601.088 192 *** 
b2 - 20-31.08 1594 4.966161 1572.567 1615.302 198 *** 
b3 - 0 - 10.09 1612 8.448273 1575.490 1648.190 216 *** 

a2 - DAP 
b1 - 10-20.08 1349 5.579258 1324.789 1372.801 -47 000 
b2 - 20-31.08 1401 7.056626 1370.138 1430.863 4 ns 
b3 - 0 - 10.09 1418 1.191520 1412.835 1423.088 22 * 

a3 - 20.20 

b1 - 10-20.08 1188 5.223971 1165.256 1210.210 -208 000 
b2 - 20-31.08 1197 2.154135 1187.474 1206.011 -199 000 
b3 - 0 - 10.09 1218 6.740849 1189.083 1247.090 -178 000 

Average 1396  
DL 5% = 16.09 kg            DL 1% = 22.04           DL 0.1% = 30.04 
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The highest oil yield (1598 kg/ha) was obtained 
in the a1 (E34) fertilization variant, where the 
highest seed yield and oil content were also 
achieved. The yield increase of 202 kg/ha is 
statistically significant. In the a2 and a3 
fertilization variants, the oil yield was below the 
experimental average (1396 kg/ha). 
Regarding the influence of the sowing season on 
oil yield, compared to the experimental average 
(1396 kg/ha), the highest yield was obtained in 
variant b3 (the first decade of September) with 
1416 kg/ha, a difference of 20 kg/ha, which is 
statistically very significant. 
The interaction between the type of fertilizer and 
the sowing season influenced the oil yield. The 
highest oil yields ranging from 1588 -1612 
kg/ha were obtained in the a1 (E34) fertilization 
variant in all three sowing seasons. The yield 
differences ranging from 192 kg/ha to 216 kg/ha 
are statistically very significant. For the other 
fertilization levels in interaction with the sowing 
season, except for the a2 (DAP) variant and the 
b3 sowing season (the first decade of 
September), where a yield increase of 22 kg/ha 
was obtained compared to the experimental 
average, statistically significant, the oil yield did 
not exceed the experimental average. 
The influence of fertilization on oil yield is 
presented in Figure 9. 
 

 
Figure 9.  Oil yield variation depending 

on used fertilizer [ Factor A] 
 
The oil yield decreases with the level of 
fertilization, with the two variables being 
inversely proportional. The oil yield exhibits a 
decreasing trend. The yield varies between 1600 
kg/ha (a1 - E34) and 1200 kg/ha (a3 -20:20:0). 
The differences in yield between fertilizer levels 

are highly significant [p<0.001]. The influence 
of sowing time on the yield of oil is shown in 
Figure 10. 
 

 
Figure 10. Variation of oil yield at the three sowing 

times [factor B] 
 
The oil yield increases with the sowing period, 
the two variables being directly proportional. 
The trend of oil yield is ascending. The yield 
ranges from 1375 kg/ha (B1 - second decade of 
August) to 1416 kg/ha (B3 - first decade of 
September). The analysis of the results regar-
ding the influence of the interaction between 
factors A x B [type of fertilization x sowing 
period] on the oil yield is presented in Figure 11. 
 

 
Figure 11. Variation of oil yield [A x B interaction] 

 
Regardless of the sowing time, the oil yield 
shows a decreasing trend with increasing 
fertilizer level. The highest yield is obtained 
with a1 (E34) and the lowest with a3 (20:20:0). 
The yields obtained with a1 (E34) at all three 
sowing times varied between 1590 kg/ha 
(second decade of August) and 1610 kg/ha (first 
decade of September), while those obtained with 
a3 (20:20:0) varied between 1200 kg/ha (second 
decade of August) and 1220 kg/ha (first decade 
of September). 
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Figure 12. Contribution of factors A [fertilization],  

B [sowing time] and their interaction A x B 
 
Factor A[fertilization] contributes to production 
achievement in proportion of 98.4%, factor B 
[sowing period] contributes with 1.0%, and 
interaction A x B with 0.4%. Therefore, the 
greatest contribution is made by factor 
A[fertilization], followed by factor B[season] 
and interaction A x B. 
 
CONCLUSIONS 
 
Analyzing the production results, oil content, 
and oil production depending on the type of 
fertilization and sowing time, important 
conclusions can be drawn to support rapeseed 
farmers in the western part of the country. 
Regarding fertilization, the highest production 
(3233 kg/ha) was obtained in the case of 
fertilization with E34 (10:24:0 + 0.1Zn + 0.1Br 
+ 20 SO3), a fertilizer that, along with nitrogen 
and phosphorus, contains zinc, boron, and 
sulfur. As for the highest oil content (44.1%) and 
the highest oil production (1598 kg/ha), they 
were also obtained in the variant fertilized with 
this type of fertilizer. In recent years, due to 
climate change and especially the lack of soil 
moisture during the germination period, farmers 
in the western part of the country have started to 
sow rapeseed crops in the second half of August. 
The results of the study show that the highest 
and most secure rapeseed yields for the climatic 
conditions in the researched area are obtained in 
the variant sowed in the first decade of 
September (3650 kg/ha). This period also 
produced the highest oil content and the highest 
oil production (1416 kg/ha). Regarding the 
interaction between the type of fertilizer and the 
sowing period, the best results were obtained in 
the variant fertilized with E34 (10:24:0 + 0.1Zn 
+ 0.1Br + 20 SO3) and sowed in the first decade 

of September, with a seed production value of 
3650 kg/ha, oil content of 44.2%, and oil 
production of 1612 kg/ha.  
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