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ABSTRACT 
 

Two field experiments had conducted in of 2012 and 2013 summer seasons at Deir 
Mawas, Menia Governorate, Egypt to study the effect of irrigation amounts applied 
with center- pivot sprinklers and fertilization on yield and quality of soybean. The 
results indicated that application of 2880 m

3
 /feddan (4200 m

2
) significantly surpassed 

application of 2240 and 1600 m
3
 /feddan in plant height, number of pods and 

seeds/plant, seed index and seed yield/plant. The highest seed yield/fed. was 
obtained with irrigation by 2880 m

3
 /fed., which was 52.2 % higher than irrigation with 

1600 m
3
 /fed. (0.620 ton/fed.). The maximum oil content (20.74 %) and protein content 

(41.79) had achieved with irrigating by 2240 m
3
/feddan. However, the highest yields of 

oil (266.52 kg/fed) and protein (534.88 kg/feddan) had obtained from irrigation by 
2880 m

3
 water/feddan.  

The highest soybean plant height, number of pods and seeds/plant, seed index and 
seed yield/plant were obtained with addition of NPK compound (19:19:19) with15 units 
of each elements (F2). In addition, F2 fertilizer treatment recorded the highest values 
of seed, oil and protein yields/feddan and IWUE. On the other hand, application of 
NPK compound (19:19:19) with 7.5 Kg of each element/feddan(F4) produced the 
highest oil and protein contents in seeds (21.28 and 43.06 %, respectively). The 
interactions between the amounts of irrigation and fertilizer treatments revealed highly 
significant differences in plant height, number of seeds/plant, seed index, seed yields 
per plant and feddan, oil and protein contents and yields. Irrigation by 2880 m3 
/feddan with addition NPK compound (19:19:19) with 15 Kg of each element/ feddan 
significantly gave the greatest values of plant height, seeds/plant, seed index, seed 
yield/plant and yields/feddan of seed, oil and protein. 
Keywords: Soybean, Irrigation, amounts of water, center-pivot, sprinkler, NPK 

fertilizer, yield and quality, oil content, protein content. 

 

INTRODUCTION 
 

Soybean is grown for human consummation, industry and animal feed. 
Soybean seeds contain about 18 to 22% cholesterol free oil with 85% 
unsaturated fatty acids and 38 to 42% protein (Ali et al., 2009). In Egypt, 
soybean growth period range usually between 100 and 120 days and 
requires 325 -436 mm of water depending on the location (Ainer et al., 1999).  

Water shortage is one of the main constraints for economic 
development.  Egypt has a definite amount of water that can be use for 
irrigation. Due to rapid population growth, increasing food requirement and 
limited water resources, deficit irrigation is inevitable (Kulkarni, 2011). 

Decreasing plant water consumption can be achieve by using more 
efficient irrigation methods, plant breeding technology, longer irrigation 
intervals, higher moisture depletion and skipping irrigation. Center pivot 
systems greatly reduce excess water use by applying precise amounts of 
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water to crops at the right times and in the right quantities. Today, center 
pivots in many cases are replacing surface irrigation on flat lands. These 
farms are being converted to mechanized irrigation for many reasons. 
Therefore, any procedure that can maximize the use of water in agriculture is 
of extreme importance to the security and economic welfare of Egypt. 

Plants are more sensitive to water deficit at some stages than at 
other stages (Kirda, 2002). Stressful conditions, such as moisture deficiency 
reduces soybean yield. As the soybean plant ages from beginning bloom 
through seed enlargement, its ability to compensate under stressful 
conditions decreases and yield losses could increases (Foroud et al., 1993). 
The most important times for soybean plants to have adequate water are 
during pod development and seed fill (Ainer et al., 1999).  

Abd El-Mohsen et al. (2013) indicated both soybean oil and protein 
output per unit area significantly reduced, as water regimes increased. 
Skipping irrigation during vegetative, flowering and pod filling stages had no 
effect on economic yield and save 14% from total irrigation costs of soybean 
production, but skipping two or three irrigations during vegetative, flowering 
and pod filling stages had an effect on economic yield of soybean production.  

Fertilization with N, P and K can affect yield and many physiological 
processes that, in turn, could influence grain yield and protein or oil 
concentration. Soybean has classified as a poorer responder to N, P and K 
fertilization compared with other grain crops although responds have 
observed in low testing soils (Komprath, 1974). Large soybean responses to 
P or K fertilization have reported in Iowa by Bharati et al., 1986; Mallarino et 
al., 1991; Webb et al., 1992 and Borges and Mallarino, 2003.  

Bharati et al. (1986) reported that P and K applications increased soil 
and leaf P and K contents over time and application levels. Soybean 
responds to k application when the soil test levels were medium to high. 
Abdul Kabir (2007) found that, applied fertilizer significantly and linearly 
reduced all nodules and added that, applied P2O5 + K2o slightly improve it.   

Yao et al. (2009) reported that grain yields of soybean was affected 
by N levels, yields of low - N level and mid - N level treatments did not reach 
the significantly different levels, but they were obviously higher than that of 
high – N treatment.  

The objectives of this research was to define the suitable  amount of 
irrigation water and four fertilization treatments on seed yield and quality of 
soybean under condition of Menia Governorate, Egypt. 
 

MATERIALS AND METHODS 
 
The present study had conducted during the 2012 and 2013 summer 

seasons at the Deir Mawas, Menia Governorate, Egypt to study the effect of 
some irrigation amounts and some fertilizer treatments on yield and quality of 
soybean Giza 111 cultivar sown in mid May.  

The soil was a sandy loam with 0.91% organic matter content, an 
electrical conductivity (EC) of 0.29 ds m

-1
 and a pH of 7.80. Total nitrogen 
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content was 0.46%, available phosphorus was 4.81 mg kg
-1

, available 
potassium was 84.00 mg kg

-1
 and no salinity problem had observed. 

The experiments had laid out in a strip-plot design with three 
replications. The vertical plots were belonged for amount of irrigation water 
(2880, 2240 and 1600 m

3
 water/fed. and the horizontal plots had devoted for 

the following four fertilizer treatments: 

1. Addition of 25 Kg N + 31 kg P2O5 +24 kg K2o / fed. (F1). 

2. Addition of NPK compound (19:19:19) with 15 units of each elements 
/fed. (F2). 

3. Addition of 12.5 Kg N + 15.5 kg P2O5 + 12.0 kg K2O (F3) 

4. Addition NPK compound (19:19:19) with 7.5 Kg of each elements /fed. 
(F4). 

The experimental plots consisted of 7.0 m long and 5.0 m width (35 
m

2)
. Ditches of 1.5 m in width to avoid lateral movement of irrigation water 

had done. The irrigation system was pivot irrigation. The amount of irrigation 
water were (2880, 2240 and 1600 m

3
 water/fed.  

The experiments had sown on mid May in 2012 and 2013 seasons. 
Soybean seeds were planted in rows and spaced between hills 12.5 cm. 
Seeds were treated with Rhizobium japonicum immediately before seeding.  

At maturity to avoid marginal effects, soybean plants of 15 m
2
 had 

harvested. Ten guarded plants had randomly sampled from each plot to 
measure plant height, number of branches plant

-1
, number of pods plant

-1
, 

number of seeds plant
-1

 and seed yield plant
-1

. Seed index and yield per fed 
were determined on plot basis. Seed oil content was determined using 
Soxhlet apparatus and diethyl ether as a solvent. Protein percentage of 
seeds had measured according to AOAC (2000). Protein yield ha

-1
 and oil 

yield ha
-1

 had calculated by multiplying seed yield ha
-1

by protein and oil 
percentage, respectively. Irrigation water-use efficiency (IWUE) values had 
calculated according to (Bhattarai et al., 2006) as follow:    IWUE = (Ey/ Ir) x 
100 

Where IWUE is irrigation water use efficiency (kg/m
3
), Ey is the 

economical yield (kg/feddan) and Ir is the amount of applied irrigation water 
(m

3
). 

Collected data had subjected to the proper of statistical analysis of 
variance (ANOVA) of split plot design as mentioned by Gomez and Gomez 
(1984). Data of the two seasons had tested for homogeneity using Bartlett's 
(1937) test and it was found to be homogeneous so the data were combined 
for analysis. The combined ANOVA had carried out according to Steel et al. 
(1997). Least Significant Difference (LSD) had applied to detect statistical 
differences among irrigation and fertilizers treatment means, when the F-test 
for these treatments was significant at 5% probability level.  
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RESULTS AND DISSECTIONS 
 
 
Effect of irrigation water amount, fertilizer treatments and interaction 

of both on soybean traits will be present and discuss only combined seasons 
as follows: 
Effect of irrigation amount 

Results presented in Table 1 show that plant height, number of pods 
and seeds/plant, seed index and seed yield/plant  had significantly affected 
by amount of irrigation water. 

Applications of 2880 m
3 

water/feddan significantly surpassed 2240 
and 1600 m

3
 water/fed. in plant height (121.6 cm), number of pods/plant 

(85.5), seeds/plant (86.6), seed index (22.7 g) and seed yield/plant (19.7 g). 
Meanwhile, 1600 m

3
 water/fed. produced the lowest values of the previous 

traits. This could attribute to the fact that as leaf water potentials decreased, 
leaf enlargement inhibited earlier and more severely than photosynthesis or 
respiration. These results are in agreement with those obtained by Kranz et 
al., 1998  and Abd El-Mohsen et al., 2013. 

Results in Table (2) indicated that seed yield /fed., oil content, oil 
yield/fed., protein content, protein yield/fed. and IWUE (kg m

-3
) were 

significantly affected by irrigation water amounts. Seed yield is the combined 
function of different components and it is a complex character depending 
upon a large number of environmental, morphological and physiological 
characters. The highest seed yield/fed. (1.298 ton) had obtained with 
irrigation by 2880 m

3
 /fed. per season, which was 52.2 % higher than that of 

1600 m
3
 water/fed.  Reduction in soybean crop yield as a result of water 

stress has also been reported by Desclaux et al., 2000; Behtari and 
Abadiyan, 2009; Kobraee et al., 2011, Masoumi et al., 2011 and Abd El-
Mohsen et al., 2013. 

Data in Table 2 reveal that amount of irrigation had a significant 
effect on oil and protein content and yield/fed. The results  in  Table  2  
showed  that  significant  suppressive effect  on  oil  content  percentage  by  
different  amounts of irrigation. The maximum oil content (20.74 %) was 
found with application of 2240 m

3
 water/fed. Application of 1600 m3 water/fed 

significantly gave the lowest oil content (20.28 %).  In general, oil content of 
soybean seeds declined gradually as the amount of water reduced from 2880 
to 1600 m

3
 /fed. This result is in general agreement with those obtained by 

Kirnak et al.  (2010).  Reduction of the grain oil percentage due to water 
deficit had been reported in soybean (Abd El-Mohsen et al., 2013). 

Oil yield per unit area is a complex character determined by genetic 
and environmental factors, as well as its interaction. Regarding oil yield of 
soybean, data in Table 2 indicate that different amount of water had highly 
significant effect on oil yield/fed.  Irrigation by 2880m

3
/fed yielded the 

maximum oil yield (266.52 kg/fed. Irrigation with 1600 m3 water/fed., 
significantly yielded the lowest oil yield (125.76 kg/fed.). The reduction in oil 
yield with increasing severe water regime resulted from reducing seed yield 
and oil percentage (Table 2).   
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These results confirmed results of Naderi et al. (2005). Sufficient irrigation is 
useful to increase the seed and oil yield was decided by Roshdi et al., 2006 
and Abd El-Mohsen et al., 2013. 

As shown in Table 2 amount of irrigation had significant effects on 
content and yield of protein. Seed protein content (41.86%) was significantly 
higher when crop was irrigated with 1600 m

3
 /fed in comparison with 2240 

and 2880 m
3
 water /fed., It seems that the lower applied amount of water 

forced the plant metabolism to increase the protein synthesis in seeds.  
Increasing seed protein percentage under water stress was also reported in 
soybean by Ghassemi and Farshbaf, 2012 and Abd El-Mohsen et al., 2013.  

Amount of irrigation significantly affected protein yield/ feddan (Table 
2). The highest (534.88 kg/fed.)  and the  lowest  (259.39 kg/fed.)  protein 
yield belonged to 2880 and 1600 m

3
 water/fed, respectively. The extents of 

these reductions related to the variation in soybean seed yield under different 
irrigation amounts. This result is in general agreement with the results 
reported by Cober and Voldeng (2000), Behtari and Abadiyan (2009) and 
Abd El-Mohsen et al. (2013).  

Irrigation water use efficiency was significantly affected by amount of 
irrigation (Table 2). Irrigation with 2880 m

3
 water/fed. had the highest IWUE 

(0.452 kg/ m
3
 water) in comparison with the 1600 m

3
 water/fed. that had the 

lowest values of 0.388 kg/ m
3
 water.  

In  general,  it  was  observed  that  among  the various amount of 
irrigation (Table 2), maximum seed yield (1.298 ton/fed.),  oil  yield  (266.52  
kg/fed.), and protein  yield  ( 534.88 kg/fed.),  was  noted  when  crop  was  
irrigated with 2880 m

3 
water/fed.. 

Effect of fertilizer treatments 
Results in Table (3) show that significant difference between fertilizer 

treatments in its effect on all studied traits of soybean except, number of 
branches/plant. The tallest soybean plant(115.1 cm), highest number of pods 
(75.7), seeds(83.6) and seed yield/plant (17.8 g) and seed index (21.1g) were 
obtained with addition NPK compound (19:19:19) with 15 Kg of each 
elements/ feddan. On the other hand, the lowest values were obtained with 
fertilization by NPK compound (19:19:19) with 7.5 Kg of each element/ 
feddan.   

Data presented in Table (4) indicated that the measured parameters 
had significantly affected by the fertilizer treatments. Application NPK 
compound (19:19:19) with 15 Kg of each fertilizer element/feddan recorded, 
the highest values of seed yield (1.032 ton), oil yield (211.77 kg), proteins 
yield(434.87 kg) per feddan and IWUE (0.456 kg/m

3
 water).  On the other 

hand, the highest oil and protein content in soybean seeds (21.28 and 43.06 
%, respectively) were obtained with application NPK compound (19:19:19) 
with 7.5 Kg of each element/feddan (F4). This result is in general agreement 
with the results reported by Mahmoud, et al. (2013). 
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Effect of irrigation amount × fertilizer treatments interaction 
It is evident that the interactions between the amount of irrigation 

water and fertilizer treatments revealed highly significant differences in plant 
height, seeds/plant, and seed index, seed yield per plant and per  feddan  as 
well as content and yield  of oil and protein (Tables 5 and 6).  Moreover, the 
interaction of applied amount of water × fertilizer treatments did not 
significantly affect branches/plant, pods/plant and IWUE (Tables 5 and 6). 
Similar results were reported by  Kirnak  et  al.,  2010; Kobraee  et  al.,  2011 
and Aminifar et  al.,  2012.  

As shown in Tables 5 and 6, soybean plants received NPK 
compound (19:19:19) with 15 units of each element /fed. and irrigated with 
2880 m

3
 water/fed. significantly gave the greatest values of plant height 

(130.0 cm), number of seeds/plant (96.0), seed index (23.1g), seed 
yield/plant (22.2 g), seed yield/fed. (1,383 ton), oil yield/fed. (290.79 kg) and 
protein yield/fed. (570.15 kg).  

 
Table 5. Effect of irrigation amount × fertilizer treatments on some 

soybean agronomic traits (combined over 2012 and 2013 
seasons). 

Irrigation 
amounts 
(m3/fed.) 

Fertilizer 
treatments 

Plant 
height  

cm) 

Branches 
/plant 
(no) 

Pods / 
plant 
(no) 

Seeds/ 
plant 
(no) 

Seed 
index 

(g) 

Seed 
yield / 
plant 
(g) 

2880 
 

F1 123.7 3.2 89.3 95.2 22.8 21.7 

F2 130.0 3.2 91.8 96.0 23.1 22.2 

F3 113.2 2.8 82.8 79.3 22.5 17.8 

F4 119.7 2.8 78.2 76.0 22.3 17.0 

2240 
 

F1 120.0 3.0 84.0 81.2 21.1 17.1 

F2 123.0 3.0 79.2 87.8 20.4 17.9 

F3 103.8 2.8 74.7 82.0 20.3 16.6 

F4 111.0 2.8 68.2 77.8 19.8 15.4 

1600 

F1 83.3 2.0 53.8 63.5 20.3 12.9 

F2 92.7 2.0 56.0 66.8 19.9 13.3 

F3 81.8 2.0 44.8 63.7 18.9 12.0 

F4 74.0 1.3 44.2 69.8 17.0 11.8 

LSD0.05 6.0 ns ns 5.0 0.8 1.0 
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 تأثير كمية مياه الرى والتسميد على محصول فول الصويا وجودته
نبيل محمد محروس، جمالات عثمان محمود، سيد أحمد سفيينه وأيمفان عبفد الل يفم محمفد 

 أحمد الهجان
 جامعة القاهرة  -كلية الزراعة  –قسم المحاصيل 

 
  را تن  2102،  2102 صتييا أجريت  ججرتجت ح ليتيجت ح متا ظل ملتن ا ظريت  ظرمتا  يرظتاام ست ا ا ظا ت  ا

جأثير مظين ا ظي ة ا ظض من  تي اح س ا ا ا   عح طريت  ا ترب تت  رل ا ظلتارب يا تييتا ا اظ ت ظ   ا ج تظي  
: ألهتر  ا رجت  أ أح ويمكن تلخيص أهم النتائج المتحصل عليهفا فيمفا يلف عتا ظلصاا ماا ا صاي  اجا جن. 

ع  ا ا ظ راين عتا صتي   طتاا ا رتت   ، عت   ا يتراح ، عت   /ف س ا ا ظا   أعطا جأثير 2  2881إض من 
/ف. مظت  أاضتل  2  0011/ف اا 2  2221ا تذار عتا ا رت   ، ا  يا ا تذرة اظلصاا ا رت   عتح إضت من 

 0011/ف ظ ء س ا ا ظا    اعطا اعتا ظلصاا ظح ال ة ا ظ  لن عح إضت من 2  2881ا رج  أ اح إض من 
%ا اا تتراجيح  20.14%. االهر  ا رج  أ أح أعتا ظلجاب  تتذار ظتح ا ايت  ي 22.2/ف ام ر  ا اي  ة 2 
/ف ستتت ا ا ظا تتت . تيرظتتت  متتت ح أعتتتتا ظلصتتتاا ايتتت  ظتتتح ا يتتت اح 2  2221%ا رتتت جأ ظتتتح إضتتت من  20.14ي
/ف ستت ا ا ظا تت . مظتت  2  2881مجتت /فا عرتت  ا تترب  222.88مجتت /فا اظلصتتاا ا تتتراجيح ي 200.22ي

ال ة ظح متا عرصتر ألهتر جيتا  عت  ا  02تظ  ا   )04:04:04ي NPK  تظرمب أاضل  ا رج  أ أح ا ج ظي
ما صي   طاا ا رت   اع   ا يراح اا تذار عتا ا رت   ا  يا ا تذرة اظلصاا ا رتت   اظلصتاا ا يت اح ظتح 

تظ ت ا   )04:04:04ي NPKا تذار اا اي  اا تراجيح امي ءة ا جس ا  ا ظي ة. ت لاض من إ ا أح إض من ظرمب  
% عتتا  22.10ا  20.8ال ة ظح ما عرصر/ف أعطا أعتا ظلجاب ظح ا اي  اا تراجيح متا ا تتذار ي 1.2

ا جاا اا. ألهر ا جي عتا تتيح مظيتن ا ظيت ة ا ظضت من  تيت اح ست ا ا ا ت  اظ ت ظ   ا ج تظي  جتأثير عت  ا ا ظ رايتن 
اا يت اح اظلجتاب تتذار متاا  عتا صي   طاا ا رت   اع   تذار ا رت   ا  يتا ا تتذرة اظلصتاا تتذار ا رتت  
/ف ستت ا ا ظا تت  ظتت  2  2881ا صتتاي  ظتتح ا ايتت  اا تتتراجيح. أتتت ر  ا رجتت  أ ا تتك أةظيتتن إضتت من مظيتتن ا ظيتت ة 

التت ة ظتتح متتا عرصتتر  تيتت اح أعطتتا أعتتتا  يظتتن ظتتح طتتاا  02تظ تت ا   )04:04:04ي NPKإضتت من ا ظرمتتب 
 ت   اا ي اح اظلصاا ا اي  اا تراجيح  تي اح.ا رت   اع   تذار ا رت   ا  يا ا تذرة اظلصاا ا تذار  تر
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  Table 1. Effect of irrigation water amount on some soybean agronomic traits in 2012 and 2013 seasons and its 
combined 

Irrigation 
 amount 
  (m3 /fed.) 

Plant height (cm) Branches/Plant (no) Pods / plant(no) Seeds/plant(no) Seed  index(g) Seed yield / plant (g) 

2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 

2880 123.5 119.8 121.6 2.8 3.2 3.0 85.5 85.6 85.5 86.9 86.3 86.6 22.8 22.6 22.7 19.8 19.6 19.7 
2240 114.4 114.5 114.5 3.1 2.8 2.9 78.4 74.6 76.5 83.0 81.4 82.2 20.6 20.2 20.4 17.1 16.4 16.8 
1600 83.8 82.1 83.0 2.1 1.6 1.8 49.8 49.6 49.7 64.4 67.5 66.0 19.4 18.6 19.0 12.5 12.5 12.5 
LSD0.05 8.5 2.9 4.0 0.5 0.5 ns 6.5 2.2 3.0 7.9 3.7 4.0 1.4 0.5 0.6 1.0 0.6 1.5 

  Ns= not significant 

 
  Table 2. Effect of irrigation amount on seed yield /fed., oil content, oil yield/fed., protein %, protein yield/fed. and 

IWUE in 2012 and 2013 seasons and its combined 
Irrigation 
 amount 
  (m3 
/fed.) 

Seed yield /fed. 
(ton) 

Oil Content (%) 
Oil yield/fed.  
(kg) 

Protein  % 
Protein yield/fed. 
(kg) 

IWUE (kg m
-3

) 

 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 
2880 1.309 1.288 1.298 20.48 20.57 20.52 268 265 267 41.47 40.96 41.22 542.74 527.02 534.88 0.456 0.447 0.452 
2240 1.002 0.978 0.990 20.70 20.78 20.74 207 203 205 41.62 41.95 41.79 417.38 410.22 413.80 0.447 0.437 0.442 
1600 0.627 0.613 0.620 20.25 20.32 20.28 127 125 126 41.62 42.10 41.86 260.58 258.19 259.39 0.392 0.383 0.388 
LSD0.05 0.051 0.036 0.021 ns ns 0.01 18 19 5 ns ns 0.02 19.80 12.10 9.64 0.036 0.011 0.007 

    Ns=not significant 
 

 
 
 
Table 3.   Effect of some fertilizer treatments on some soybean agronomic traits in 2012 and 2013 seasons and its 

combined 
Fertilizer treatments Plant  Height  (cm) Branches/Plant (no) Pods / plant (no) Seeds/plant (no) Seed index  (g) Seed yield / plant (g) 

2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 

F1 109.6 108.4 109.0 2.7 2.8 2.7 74.6 76.9 75.7 80.0 79.9 79.9 21.5 21.3 21.4 17.3 17.1 17.2 
F2 115.1 115.3 115.2 2.8 2.7 2.7 76.9 74.4 75.7 84.3 82.8 83.6 21.3 21.0 21.1 18.1 17.5 17.8 
F3 102.2 97.0 99.6 2.8 2.3 2.6 69.0 65.9 67.4 75.6 74.4 75.0 20.8 20.3 20.6 15.8 15.2 15.5 
F4 102.1 101.0 101.6 2.4 2.2 2.3 64.6 62.4 63.5 72.6 76.6 74.6 20.1 19.3 19.7 14.7 14.8 14.7 
LSD0.05 6.3 4.9 3.0 ns ns ns 4.3 4.8 2.0 9.8 4.0 3.0 0.8 0.9 0.5 0.6 0.8 0.5 

   Ns=not significant 

   
Table 4.   Effect of fertilizer treatments on Seed yield /fed., Oil content, Oil yield/fed., Protein %, Protein yield/fed. 

and IWUE in 2012 and 2013 seasons and its combined. 
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Fertilizer 
treatments 

Seed yield /fed. 
(ton) 

Oil content (%) Oil yield/fed. (kg) Protein (%) 
Protein yield/fed. 

(kg) 
IWUE (kg m

-3
) 

2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 2012 2013 Comb. 

F1 1.007 0.979 0.993 20.39 20.54 20.47 206 201 203 40.37 40.84 40.60 406.94 399.81 403.38 0.445 0.431 0.438 
F2 1.036 1.028 1.032 20.53 20.35 20.44 213 210 212 42.58 42.11 42.35 440.04 429.70 434.87 0.458 0.454 0.456 
F3 0.955 0.917 0.936 19.77 20.00 19.88 188 184 186 40.40 40.53 40.47 386.82 369.17 378.00 0.421 0.401 0.411 
F4 0.919 0.915 0.917 21.21 21.34 21.28 196 195 196 42.94 43.19 43.06 393.79 395.23 394.51 0.404 0.403 0.403 

LSD0.05 0.063 0.036 0.031 ns ns 0.02 17 18 6 0.10 0.01 0.13 20.16 11.54 11.21 0.031 0.019 0.008 
F1:Addition of 25 Kg N + 31 kg P2O5 +24 kg K2o / fed.  
F2:Addition of NPK compound (19:19:19) with 15 units of each elements /fed.  
F3:Addition of 12.5 Kg N + 15.5 kg P2O5 + 12.0 kg K2O  
F4:Addition NPK compound (19:19:19) with 7.5 Kg of each elements /fed. 
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