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ABSTRACT 

Two field experiments were conducted at Sakha Agricultural Research Station, 
North Delta, Egypt during two successive growing seasons (201 0-2011 and 2011-
2012) to study the effect of nitrogen fertilization with and without K and B application 
on wheat yield in addition to evaluate quantitatively the response of wheat grain yield 
to fertilizer application using a polynomial quadratic equation. Five N levels ( 0, 30, 60, 
90, and 120 kg N fecf1) were applied as a main plots, with 2 levels of K ( 0 and 50 kg 
K20 fed-1

) as sub-plot, and B solution- at 0.1% concentration sprayed after 70 days 
from sowing as sub-sub plots. The cultivated wheat variety was Sakha 69. 
The main results could be summarized as follows: 
1- Increasing N levels up to 90 kg fed-1 Jed to a significant increase in the grain yield. 

Also, the grain yield was increased with potassium application in average by 2.5 %. 
Foliar application of boron resulted in increasing the grain yield in average by 
2.48%. 

2- The estimated values of the maximum N rate (Xmax) were 2.76, 2.83, 2.78 and 2.77 
units of N fed-1

. (one N unit = 30 kg) for the treatments of N only (A), N with B (B), 
N with K(C) and N with B and K(D), respectively. The estimated values of maximum 
wheat grain yield (Ymax) (17.051, 17.586, 17.788 and 18.140 ardab fed-1 for the four 
treatments, respectively) were increased by applying K and B fertilizers. 

3- The economic optimum yield (Y opt} was obtained by applying the economic 
optimum rates (Xopt). The values of Xopt were 2.63, 2. 70, 2.65 and 2.64 N units fed-1 

for the four treatments, respectively. The values of Y opt were 17 .03, 17.57, 17.76 
and 18.13 ardab fed-1 for the previous mentioned treatments, respectively. The net 
returns of using N fertilizer were 2612.80, 2753.82, 2766.34 and 2865.10 LE fed-1 

for the four treatments, respectively. Hence, it could be concluded that the 
maximum and optimum wheat grain yield (Y max and Y opt} were increased by 
applying K and B fertilizers. 

4- Relative efficiency of applied N fertilizer (Ex) with different treatments could be 
arranged in the following descending order: D > C > B > A. The highest efficiency of 
soil N (eXs) was obtained under treatment B. The highest value of soil N (Xs) (1.486 
unit fed-1

) was obtained with A treatment. The contribution of applied N fertilizer 
increased with increasing N level and the highest value of applied N fertilizer 
contribution was obtained under D treatment. Also, the contribution of soil N 
decreased with increasing N application level up to 120 kg fecf1 (N4). The net return 
due to Boron spraying was 299.8 L.E fed-1

• 

Generally it could be concluded that increasing N level up to 90 kg/fed led to 
a significant increase in wheat grain yield. The maximum, optimum wheat grain 
yield (Ymax and Yopt). N use efficiency and the net return were increased by 
applying K and B fertilizers. Also the contribution of soil N decreased with 
increasing N application level up to 120 kg fecf1. 

Keywords: Wheat yield response, N, K and B fertilization, optimum wheat yield, N 
Relative efficiency and net return. 
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INTRODUCTION 

In Egypt, wheat consumption surpasses its production. The imported 
amount of wheat is about 50% of its consumption. Consequently, increasing 
wheat production is a must to narrowing the gap between the production and 
demand. Proper fertilization program is a good way to achieve this goal. The 
optimum rate of N, K and B fertilization is one of the important tools to 
conserve soil properties and improve its productivity as well as getting the 
maximum wheat yield. Faizy et a/. (2012) showed that the grain yield of 
wheat was increased significantly by increasing N levels and the highest 
grain yield (2.25 tons fed-1

) was obtained with 120 kg N/fed. Rashed (2011) 
and Allam (2005) stated that the highest wheat grain and straw yields were 
produced by applying 90 kg N/fed. Also, Shams El-Din and EI-Habbak (1992) 
stated that the highest grain wheat yield and its components were produced 
by applying 80 kg N fed-1

. On the other hand, grain yield of wheat increased 
by 8% with potassium application compared without K and each Kg K20 
increased grain yield by 3.33Kg (Abd ELhadi, 2004). Haikel et a/. (1996) 
found that raising potassium doses up to 24 k.p fed-1 (K20) markedly 
increased the wheat grain yield by 1.97 ardab fed- . EI-Banna eta/. (2004) 
and Magda and EI-Mahgoby (2006) found that increasing the dose of K
fertilizer increased wheat grain yield and its components. Moreover, Saleh et 
a/. ( 1982) stated that addition of N at any rate in combination with B at 1.2 kg 
fed-1 caused significant increase in wheat yield and its yield components. 
Hanafy Ahmed et a/., (2008) stated that foliar application of boron to wheat 
(40 and 70 days after sowing) significantly increased shoots height and leaf 
area as well as grains yield/plant and weight of 1000 grains. 

The objective of the current work is to study the effect of nitrogen 
fertilization with and without K and B application on wheat yield in addition to 
evaluate quantitatively the response of wheat yield to fertilizer application 
using a polynomial quadratic equation. 

MATERIALS AND METHODS 

Two field experiments were conducted at Sakha Agricultural Research 
Station, North Delta, Egypt during two successive seasons (201 0-2011 and 
2011-2012) to study the effect of different N, K and B fertilization levels on 
wheat grain and straw yields. The experiment was conducted in split-split plot 
design with four replicates, using 5 N levels (0, 30, 60, 90, and 120 kg N fed-1 

in urea form 46.5%) as a main plots, with 2 levels of K (0 and 50 kg K20 fed-1 

in K2S04 form) as sub plots and with B solution at 0.1% concentration (in 
boric acid form) sprayed after 70 days from sowing as sub-sub plots. Wheat 
variety Sakha 69 was planted on 9th and 15th of Dec. in the first and second 
seasons, respectively and all agronomic practices were conducted according 
to the standard recommendation for North Delta. 

Surface soil samples (0-30cm depth) from experimental site were taken 
before planting in the two seasons and prepared for physical and chemical 
analysis. Soil salinity, anions and cations were determined according to Page 
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et a/. (1982}. Available N was determined according to Jackson (1967}. 
Available P was determined according to Olsen eta/., (1954}. Available K 
was determined according to Page eta/. (1982}. Particle size distribution of 
soil was carried out using the pipette method as described by Dewis and 
Fertias (1970}. The soil characteristics before planting of the two seasons are 
presented in Table (1}. 

The crop yield was statistically analyzed according to procedures outlined 
by Cochran and Cox (1960}. 

Table (1):Some soil physical and chemical properties of the 
experimental field (0 - 30 em). 

Particle size Soluble cations Soluble anions Available ppm dlstr. meq/L meqll .! 
ftl 

c I!! .e on c 
0 c:'! :.e ~ i1 rn • • ~ :.e :E as 

~ + : I 
cS .... "0 .... ftl 

4D "0 D + + u 
rn c i;' ~ ftl Cll ftl i.e cS 0 0 z a. :.: IXl 0 ::J: 0 

as Ui 0 0 :E z 0 0 rn w Q. 

~ rn ::J: 
t-

I 

c 
0 • : 24.2 31.3 44.5 clay 5.5 2.7 7.8 0.7 - 0.51 5.03 1'.'' 20 7.9 390 0.64 1.6 7.9 1.6 1.9 • 11 .... 

c 
0 • ftl 

26.3 28.4 45.3 clay 6.6 2.6 8.2 0.9 1.3 4.85 1T .I• 26 8.85 420 0.58 1.8 8.1 1.7 2.2 4D . • 
l 
N 

The polynomial quadratic equation has been used to evaluate the 
wheat yield response to different N application rates under two levels of both 
8 and K. The mean values of experimental data in the two seasons were 
used to calculate the estimated values of 80 , 81 and 82 of the following 
equation: 
Y= Bo+Bt x + Bz~ 

Where Y: the obtained wheat yield at the applied x N rate, 80 : grain yield 
without N addition, 81: linear coefficient and 82: quadratic coefficient. 

The maximum yield and the relative efficiency were calculated according 
to Capurro and Voss (1981}. The maximum and optimum addition rate of N 
fertilizer Xmax and Xopt, the optimum yield ( Yopt} and the soil N content (x5} were 
calculated according to 8alba (1989}. The efficiency and contribution of soil 
nitrogen were calculated according to 8alba and Shabanah (1971}. 
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RESULTS AND DISCUSSION 

1- Effect of N, K and B application on wheat yield: 
A- Grain yield: 

Data in Table (2) indicate that increasing N level up to 90 N fed-1 led to 
increase wheat grain yield, but with N application rate above 90 kg N fed-1 a 
decrease in the grain yield is observed. The highest grain yield (17.98 and 
18.26 ardab fed-1

. for the first and second seasons, respectively) were 
obtained under 90 kg N fed-1 in the presence of K and B. These results are 
agreed with that obtained by Abd EI-Gawad et a/., (1993), EI-Leithi et a/. 
(1996), Abou-Ahmed (1999), Allam (2005) and Rashed (2011). 

Also, the results show that application of potassium increased the grain 
yield by 3 % and 2% over the control in the first and second season 
respectively. The effect of potassium on grain yield was more pronounced 
with 90 kg N fed-1

. Similar result was recorded by EI-Leithi eta/. (1996) and 
Faizy eta/. (2012). 

On the other hand, data indicted that foliar application of Boron resulted 
in increasing the grain yield by 3.48 % and 1.44 % over the control in the first 
and second seasons, respectively (in the presence of boron and absence of 
potassium). This increase in grain yield could be attributed to the ability of 
boron in affecting plant metabolism through controlling of hormonal level 
within plant tissues. Similar results were obtained by Thalooth eta/. (1989) 
and Hanafy Ahmed eta/., (2008). However, the grain yield was increased by 
5.77 % and 3.41 % in the first and second seasons, respectively with 
increasing N levels up to 90 kg fed-1 in presence of K and B. 

Table (2): Interaction effect of N_, K and B levels application on wheat 
grain yield (ardab fed"') in the two growing seasons: 

Treatments First season Second season 
N B Okg 50 kg 0 kg 50 kg 

Kg fed-1 % K20fed-1 K20 fed-1 K20 fed-1 K20 fed-1 

0 0.0 9.75 10.05 10.33 10.53 
30 0.0 13.46 14.20 13.85 14.65 
60 0.0 16.53 16.96 16.92 17.64 
90 0.0 16.93 17.63 17.40 18.02 
120 0.0 14.95 15.81 16.01 16.67 
0 0.1 9.87 10.13 10.41 10.62 
30 0.1 14.00 14.48 14.15 15.05 
60 0.1 17.00 17.40 17.35 17.90 
90 0.1 17.52 17.98 17.65 18.26 
120 0.1 15.60 16.13 16.86 16.94 

Interactions L.S.D N K B NK NB KB NKB 
** ** ** •• 

1st season 5% ** ** ** 0.034 0.046 0.029 0.065 
** ** ** ** 2nd season 5% ** ** •• 

0.048 0.032 0.020 0.046 
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B- Straw yield (ton/fed): 
Data in Table (3) show that the increase of N levels up to 120 kg/fed. led 

to increase the straw yield by 37 % over the control. In the first season, the 
highest straw yield value (4.75 ton fed"1

) was obtained under 120 kg N fed"1 in 
presence of both K and B. While in the second season, the highest value 
(4.32 ton fed"1

) was recorded with 90 kg N/fed in presence of both K and B. 
These results are in good agreement with that obtained by Rady and Abou
AI-Zahab (1990), Allam (2005) and Rashed (2011). 

Table (3): Interaction effect of N, K and B levels application on wheat 
straw yield (ton/fed.) in the two growing seasons: 

Treatments First season Second season 
N 8 Okg 50 kg Okg 50 kg 

Kg fed-1 % K20 fed"1 KzO fed"1 KzO fed-1 K20 fed"1 

0 0.0 3.27. 3.29 3.04 3.09 
30 0.0 3.64 3.69 3.30 3.37 
60 0.0 3.92 4.00 3.60 3.64 
90 0.0 4.35 4.53 4.06 4.20 
120 0.0 4.48 4.57 3.97 4.00 
0 0.1 3.28 3.30 3.07 3.11 
30 0.1 3.75 3.76 3.41 3.43 
60 0.1 4.10 4.15 3.67 3.74 
90 0.1 4.55 4.70 4.15 4.32 
120 0.1 4.70 4.75 4.11 4.20 

Interactions L.S.D N K B NK NB KB NKB 

1 •tseason ** ** ** N.S 
5% ** ** ** 0.034 0.018 0.011 N.S 

2 ncl season ** ** N.S ** 5% ** ** ** 0.017 0.016 N.S 0.023 

II- Quantitative Analysis: 
The polynomial quadratic equations were established to express the 

response of wheat grains yield to N application with and without application of 
K orB as shown in Table(4). 

Table (4): The polynomial equations expressing wheat grain yield at 
different treatments (means of two seasons). 

Treatment The polynomial quadratic equations 
(Y=BO+Btx+Bzx2

) 

~ IN only YN = 9.845 + 5.219 x - 0.945 x·, R• = 0.9753 (1 
8 IN with B YNs = 10.012 + 5.357 X -0.9471 x<, R• - 0.9812 (2} 
~ IN with K YN.K= 10.186+5.47x-0.985x' , R• = 0.9855 (3 
D IN with B and K YNBMdK = 10.302 + 5.6718 x- 1.026 x•, R• = 0.9889 (4) 

Where Y: the obtained wheat yield at the applied x N rate, 8 0 : grain yield without N, 81: 
linear coefficient and 8 2: quadratic coefficient. 

1 - The maximum N rate (Xmu): 
The maximum N rate (xmax) for each treatment is calculated according the 

following relation derived from the equations 1 - 4 according to Balba ( 1961) 
as follow: 
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XmlllC = - 81 I 2 82 
The estimated values of the maximum N rate (Xmax) are 2. 76, 2.83, 2. 78 

ar)d 2. 77 units of N fed"1for A, 8, C and D treatments, respectively (one N unit 
= 30 kg) as shown in Table {5). 

T•ble (5): The maximum N rate (xmax), the correspondin.p maximum yield 
(Ymax) and grain yield with 75 kg N fed· as affected by 
different rates of N, B and K. 

X max Ymax 
Grain yield at 75* (2.5 unit) 

kg N fed"1 Treatment (unit fed"1) (ardab fed"1) 
jardab fed"1) 

~' Nonlv 2.761 17.051 16.986 
8 Nwith 8 2.828 17.586 17.484 
IC Nwith K 2.777 17.788 17.705 
0 N with 8 and K 2.765 18.140 18.068 
* The recommended dose according to Ministry of Agric. In North Delta. 

2 ... The maximum wheat grain yield (Ymax): 
The maximum wheat grain yield(Y max) for each treatment were calculated 
according to the following relation derived from the equations 1 - 4 according 
to Capurro and Voss, (1981) as follow: 
Y max = 8o - (81 

2 I 4 82) 
The estimated values of maximum wheat grain yield (Y max) are given in 

Table (6). 
3 .... The economic optimum yield ( YopJ: 

The optimum rate of N fertilizer applied are calculated by differentiating " 
Y" in the polynomial equations 1-4 with respect to "x' ( dyldx) and then 
equating this derivative with the relative price (the ratio of the fertilizer unit 
pricCe) to grain yield unit price. This relation can be derived as follows: 

dy/, dx= 8 1 - 282 x 
dy 

dx 

N fertilizer unit price 

Wheat grain unit price 

N fertilizer unit 
price 
Wheat grain unit 
price 

Table (6): The calculated wheat grain yield (ardab fed"1
) as affected by 

different rates of N with !without B and K. 
calculated wheat grain yield (ardablfed) 

Treatment No N, Nz N3 N" 
0 kg N fecf1 30 kg N fed"1 60 kg N fed·' 90 kg N fed"1 120 kg N fed"1 

A N only 9.845 14.119 16.503 16.997 15.601 
8; N with B 10.012 14.42 16.94 17.56 16.29 
C: Nwith K 10.186 14.67 17.18 17.73 16.31 
D Nwith Band K 10.302 14.95 17.52 18.09 16.57 
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The economic optimum yield (Yopt} obtained by applying the economic 
rates (xopt). Xopt and Y opt are presented in Table (7). The values of >Copt are 
2.63, 2.70, 2.65 and 2.64 units of N fea1 for the previous mentioned 
treatments, respectively. The values ofYoptare 17.03, 17.57, 17.76 and 18.13 
ardab fed-1

, respectively. Generally, it could be concluded that the maximum 
(Ymax) and optimum (Yopt) wheat grain yield are increased by applying K and 
B. 
4 -The predicted return from applying optimum rates: 

The predicted return per feddan due to applying the optimum N rate for 
A, B, C arid D treatments are presented in Table (7). The highest value of net 
return was belonging to N application with B and K. The values of the net I 
return could be arranged in the following descending order: D > C > B > A. 

Table (7): Economic optimum N rate (Xopt), optimum yield (Yopt) and net 
return of grain yield of wheat as affected by different 
treatments mean of two seasons . 

'0 
..... .. ..... . ..... 

~~ ~-;- u~ - ..... ..... c ';" U':" • a "a 1.! "C~ u..;, ';" u.la "a "a 

~ o.! a..c a.."E >.e ~.e a:.e u,e a:.! 
)(~ 

);.g ~:I ::::~" t-11.1 >w C)~ ""w z~ e ...... c ---a .w .. 11.1 d 1-::::!. d .... .2. .!!. u.d d 

A 2.63 17.03 100 400 6813.80 3938.0 2875.80 263 2612.80 
B 2.70 17.57 100 400 7028.62 4004.8 3023.82 270 2753.82 
c 2.65 17.76 100 400 7105.74 4074.4 3031.34 265 2766.34 
0 2.64 18.13 100 400 7249.90 4120.8 3129.10 264 2865.10 

Where: 
U P W = unit price of wheat grain (LE ardab-~. 
TV W = Total value of wheat grain (LE fed·). 
TV W C = Total value of wheat grain at control treatment(LE fed-1

) . 

G R F = Gross return of fertilizer (LE fed·\ 
F C = Fertilizer cost (LE fed·\ N R F = Net return of fertilizer (LE fecf\ 

5 -The efficiency of applied N fertilizer (Ex): , 

I 

The efficiency of any fertilizer is the amount of yield produced by t~e 
fertilizer unit. The relative efficiency of fertilizer at each increment is 
calculated by Cappuro and Voss (1981) according the following equation: 

-1~-- * (B/- 4*B0 *Bz)y. 
10 

Where : Ex = Relative efficiency index, 8 0 = grain yield without N, 81 = 
linear coefficient and 8 2 = quadratic coefficient. 

Data in Table (8) shows that the values of N fertilizer efficiency (Ex) are 
increased by applying K and B. The values of Ex could be arranged in the 
following descending order: D > C > B > A. 
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Table (8): The relative efficiency of N fertilizer (Ex), efficiency of soil N 
(ex.) and soil N (X.) as affected by different treatments (mean 
of two seasons). 

Treatment Ex ex. (ardab/unitlfed.) x. (unit/fed.) 
A 0.803 7.410 1.486 
8 0.816 7.539 1.481 
c 0.837 7.133 1.472 
D 0.863 6.788 1.441 

!6 - Efficiency of soil N (ex.): 
In equations 1- 4 the first term 8 0 represent the yield obtained without N 

fertilizer application. Efficiency of soil N could be calculated by dividing 8 0 by 
k2S04-extractable soil N as representative to soil N according to Balba and 
Shabanah (1971). Data in Table (8) show that the highest efficiency of soil N 
(7.539) is obtained under B treatment (N with B). Efficiency of soil N with 
Qlifferent combinations could be arranged dissentingly as follows: B > A > C 
:>D. 
1 - The soil N (x.): 

The equation Y = 8 0 + B1x - B~ could be used to calculate soil N. 
s~bstituting the appropriate values for Bo , B1 and 82 in the polynomial 
equation resulted in the value of x, which is the soil N as no fertilizer is 
present when Y=O (Balba, 1989). Table (8) shows the values of soil N (x1). 

The highest value of Xs (1.486 unit fed"1
) was obtained with A treatment. The 

values of Xs could be arranged descendingly as follows: A> B > C >D. 
8 ... Contribution of soii-N and fertilizer -N in grain yield: 
Tfue polynomial equations 1-4 show that the yield "Y" consists of two 
cQmponents, namely: yield produced by soii-N and that produced by the 
aRplied N-fertilizer. The yield produced by N-fertilizer alone is the difference 
between the yields produced with and without fertilizer application. The 
values of x. were used to calculate the contribution of soil N and added N
feJ\tilizer in grain yield as shown in Table (9) according to the following 
fo~mulas: 

¢ontribution of soil N = 
x. 

------ .Calculated yield 
x. +x, 

qontribution of applied N = Xr 
------ .Calculated yield 

x. +x, 
Where: x. and x, are soil N and applied N, respectively. 

It could be concluded from the data that the fraction of soil N was 
decreased when the fraction of applied N fertilizer increased at the same 
ratiQ. Also, the contribution of N fertilizer was increased with increasing N 
application level. The highest contribution values of applied N fertilizer were 
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obtained under 0 treatment. In addition, data show that the contribution of 
soil N was decreased with increasing N application levels from No to N4• 

Table (9): Contribution fraction and contribution of soil and applied N 
fertilizer to grain yield at different treatments (mean of the 
two seasons) 

Applied N Soil N 
Treabnent Contribution Contribution Contribution Contribution 

fraction (ardab fed"1
) fraction jardab fed"1

) 

No 0.000 0.000 1.000 9.845 
N, 0.402 5.676 0.598 8.443 

A N2 0.574 9.473 0.426 7.030 
N3 0.669 11.371 0.331 5.626 
N4 0.729 11.373 . 0.271 4.228 
No 0.000 0.000 1~000 10.012 
N, 0.403 5.812 0.597 8.610 

8 N2 0.575 9.739 0.425 7.198 
N3 0.669 11.747 0.331 5.812 
N4 0.730 11.889 0.270 4.397 
No 0.000 0.000 1.000 10.019 
N, 0.405 5.874 0.595 8.630 

c N2 0.576 9.803 0.424 7.216 
N3 0.671 11.785 0.329 5.778 
N4 0.731 11.797 0.269 4.341 
No 0.000 0.000 1.000 10.302 
N, 0.410 6.129 0.590 8.819 

D N2 0.581 10.192 0.419 7.350 
N3 0.676 12.224 0.324 5.859 
N4 0.735 12.181 0.265 4.392 

9 -Feasibility analysis of Boron fertilization: 
Table (10) show that spraying boron led to increase grain and straw 

yields of wheat by 0.6 ardab fed"1 and 0.6 heml fed"1
, respectively. The 

increase in wheat yield resulted in increase in return by about 360 L.E fed"1 

(grain and straw wheat price in 2011 was 400 L.E. ardab·1 and 200 L.E hemr1 

straw, respectively). On the other hand increase in the cost of Boron foliar 
spraying was 60.2 L.E fed"1

• So, the net return due to Boron spraying was 
299.8 L.E fed-1

• 

Table (10) :Feasibility_ analysis of Boron fertilization 
Retum&cost Item Quantity Price (L.Eiunit) Value_(I.EJ 

Increase in Grain 0.6 ardab/fed: 400.0 240.0 
Return Straw 0.6 hemllfed. 200.0 120.0 

Total return 360.0 
Increase in cost N 10.2 

8 10 
Labour 40 

Total cost 60.2 
Net return 299.8 
* heml of straw wheat= 250 kg. 
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~neralli! could be concluded that increasing N level up to 90 
kg/fed led to a significant increase in wheat grain yield. The maximum, 
optimum wheat grain yield (Ymax and Yopt}, N use efficiency and the net return 
were increased by applying K and B fertilizers. Also the contribution of soil N 
decreased with increasing N application level up to 120 kg fed-1

• 
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