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ABSRACT 

A field experiment was conducted for two years using six genotypes of wheat (Triticum aestivum L.) for response to different levels of nitrogen 

(N) use.  The experiment was laid out in split plot design with four levels (0, 50, 100 and 150 kg N ha
-1

) as main plots and six wheat genotypes 

(BL 3623, BL 3629, BL 3872, NL 1008, NL 1055 and Vijay, a check variety) as sub-plots.  Grain yield and other yield components increased 

linearly in response to N concentrations in both seasons.  Only two parameters: days to heading (DOH) and days to maturity (DTM) varied 

significantly (p ≤ 0.05) among wheat genotypes in both the years.  None of the parameters showed interaction effects in both seasons. Vijay 

showed highest grain yield of 3.12 t ha
-1

 in 2013 with the application of 100 kg N ha
-1

, and 3.23 t ha
-1

 in 2014 with 150 kg N ha
-1

. Spike length, 

productive tillers m
-2

, number of spikes m
-2

 and test weight were greater with higher N rates. The straw yield of wheat fertilized with 150 kg N 

ha
-1

 was the highest in Vijay (4.35 t ha
-1

) and BL 3872 (4.33 t ha
-1

), respectively.  Vijay with 100 kg N ha
-1

 produced the highest number of 

productive tillers m
-2

 (276.33) in 2013 and 296.00 with the application of 150 kg N ha
-1

 in 2014. 
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;f/f+z 

ux'Fsf ^ j6f pGdf]rg of]Uo hftx?df df6f]df gfO{6«f]hgsf] ljleGg dfqf /fvL b'O{ aif{{ ;Dd pTkfbg / pTkfbsTjsf] cWoog ul/of] . pQm k/LIf0f 

Split Plot Design df ;+rfng ubf{ d'Vo Kn6x?df gfO{6«f]hgsf] rf/j6f dfqfx? -), %), !)) / !%) s]= hL= gfO{6«f]hg k|lt x]=_ / ;xfos 

Kn6x?df ux'Fsf] ^ j6f hftx?   -aL= Pn= #^@#, aL= Pn= #^@(, aL= Pn= #*&@, Pg= Pn= !))*, Pg= Pn=!)%% / ljho 5l/Psf] lyof] . bfgfsf] 

pTkfbg / pTkfbgdf ;3fpg] cfofdx? kl/If0f ubf{ a9\bf] gfO{6«f]hgsf] b'j} jif{x?df ;dfgfGt/ c;/ b]lvof] . b'O{ j6f dfkb08x? k;fpg] lbg / 

kfSg] lbgx? b'j} jif{x?df hftx? lkR5] tYofÍLo ?kdf km/s b]lvP . b'j} jif{x?df ;Dk"0f{ dfkb08x?df ux'Fsf hftx? / gfO{6«f]hgsf] dfqfx? aLr 

s'g} tYofÍLo cGt/;DaGw b]lvPg . ;g\ @)!# df !)) s]=hL= gfO{6«f]hg k|lt x]= k|of]u ubf{ laho hftn] #=!@ 6g k|lt x]= pTkfbg ePsf] kfO{of], 

eg] ;g\ @)!$ df !%) s]=hL= gfO{6«f]hg k|lt x]= sf] b/n] k|of]u ubf{ ;f]xL hftsf] pTkfbsTj #=@# 6g k|lt x]= kfOof] . afnfsf] nDafO{, k|lt ju{ ld= 

df /x]sf] pTkfbgd"ns ufFhx?sf] ;+Vof, k|lt ju{ ld= df /x]sf] afnfx?sf] ;+Vof / xhf/ bfgfx?sf] tf}n a9\bf] gfO6«f]hgsf dfqf ;+u} j[l¢ ePsf] 

kfOof] . b'j} jif{x?df !%) s]= hL gfO6«f]hg k|lt x]= k|of]u ubf{ ljho hftn] $=#% 6g k|lt x]= / aL= Pn #*&@ hftn] $=## 6g k|lt x]= ;a}eGbf 

a9L k/fnsf] pTkfbg ePsf] kfOof] . ;g @)!# df ljho hftdf !)) s]= hL gfO6«f]hg k|lt x]= k|of]u ubf{ ;a}eGbf j9L pTkfbgd"ns ufFhx? 

@&^=## / ;f]xL hftn] ;g @)!$ df !%) s]=hL= gfO{6«f]hg k|lt x]= sf] b/n] k|of]u ubf{ ;a}eGbf a9L pTkfbgd"ns @(& ufFhx? ePsf] kfOof] . 
INTRODUCTION  

Wheat is the third most important crop in terms of production in Nepal (Joshi 2015, Bhattarai et al 2015).  Its area, production and yield 

were 7,54,243 ha, 17,27,346 t and 2.29 t ha-1, respectively (MoAD 2013).  In Sunsari district located in eastern Nepal, the productivity 

of wheat was 2.6 t ha-1 in 2013 (DADO 2012/13).  Since the wheat plays major role in human food and nutrition, thus after the entry of 

semi-dwarf wheat varieties, the trend of introducing advanced breeding lines has increased in Nepal.  Despite of that, the production of 

wheat remained stagnant with a clear yield gap between national average and farmers' field (MoAD 2012/13).  In addition, high 

variation could be observed among wheat genotypes with respect to phonological traits and responses to fertilizer application.  The 

stagnant yield and gap could be caused by several reasons (NWRP 2012).  One primary reason could be inappropriate and inadequate 

fertilization- thus, it is necessary to know the response of fertilizers among wheat genotypes for increasing production.  Nitrogen (N) is 

generally the most common major limiting nutrient for growth and yield of crops worldwide (Camara et al 2003).  The supply of 

nutrients in a suitable form is also a major determining factor for cereal production with N being the most important applied fertilizer 

(Spiertz 1984), as wheat is very sensitive to insufficient N and very responsive to N fertilization.  N is one of the most important 

agronomic factors affecting the yield and technological quality, especially protein content, gluten amount and quality (Podolska 2014). 

It should be noted that both an optimized N management for a less responsive cultivar and a restrictive management for a more 

demanding cultivar may result in crops with little yield potential (Rusell et al 2014).  High nutrient levels can also harm crops by making 

wheat plants more vulnerable to lodging (Ma et al 2010) and economic losses to farmers, because only 33% of all N fertilizers applied to 

cereal crops are absorbed in harvested grains (Raun and Johnson 1999).  Thus, the use of N in wheat crops must be optimized to increase 

yields.  There are reports of N use in wheat crops, ranging from 90 to 225 kg ha-1 of N, without significant responses in grain yield under 

more favorable environment and management conditions (Barraclough et al 2010).  For irrigated wheat, Heinemann et al (2006) 

observed a positive response up to 156 kg ha-1 of N, with a grain yield of 6472 kg ha-1.  So undoubtedly, N deficiency constitutes one of 

the major yield limiting factors for cereal production (Sarwar et al 2012).  

Numerous researchers found that more N was demanded by modern wheat varieties, which is typically supplied in the form of N 

fertilizers (Campbell et al 1993, Wagen et al 2003 and Salvagiotti and Miralles 2008).  The effectiveness of N depends on many factors 
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mainly the term of N applications and the variety (Podolska 2014). There are several studies on the use of N fertilizers and wheat 

production in Nepal (Rai and Khadka 2009, NWRP 2012, Bhattari et al 2015).  However, in present work we elucidate the response of 

wheat genotypes to different levels of N fertilizers applied for the selection of most promising genotypes. 

MATERIALS AND METHODS 

Two field experiments were conducted during November-April of 2012/13 and 2013/14 on a clay loam soil at RARS, Tarahara (Figure 

1). The GPS coordinates of experimental site is 26.7069 0N latitude and 087.2813 0E longitudes lying at 127 masl. The experiment was 

laid out in a split plot design with four nitrogen levels (0, 50, 100 and 150 kg N ha-1) as main plots and six wheat genotypes (BL 3623, 

BL 3629, BL 3872, NL 1008, NL 1055 and Vijay) as sub-plots. Every treatment was replicated three times for a total of seventy two 

plots of 2 m x 5 m = (10 m2).  

All other cultivation practices were uniform for all treatments. Composite soil samples from each block of the experiment were taken 

from the upper 25 cm depth before sowing.  Land was thoroughly ploughed to make the soil well pulverized.  Seed sowing was done on 

30 November in both the years.  Spacing was maintained 25 cm between rows and plot consisted of eight continuous rows of 5 m long.  

N was provided through urea and Diammonium phosphate (DAP).  Phosphorus (P) was applied through DAP, but in no-nitrogen plot, 

the source of P was Single Super Phosphate and the source of potassium was Muriate of potash (MOP).  Whole dose of P and potassium 

(K) were applied at the time of land preparation.  Half N was applied in line at the time of sowing and the remaining half was 

broadcasted with the first irrigation at 25 DAS (days after sowing). 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

                            Figure1. Location of the experimental site at RARS, Tarahara, Sunsari, Nepal. 
 

The parameters recorded were (Table 1); emergence count m-2, days to heading, days to maturity, plant height (cm), productive tillers m-

2, spike length (cm), number of spikes m-2, test weight (g), grain yield (t ha-1) and straw yield (t ha-1). Grain and straw was brought from 

whole 10 m2 for the measurement.  Straw was sun dried for a day and weighed while grain weight was estimated at 14 % moisture.  The 

measured weight of grain and straw were converted into hectare basis. The meteorological data was obtained from weather station that is 

supervised by Dharan based Department of Hydrology and Meteorology, Government of Nepal established at RARS, Tarahara.  The 

methods adopted for the laboratory analysis has been given in Table 1. The soil characteristic of the experimental sites has been 

presented in Table 2.  Data collected during the experiment were analyzed using MSTAT statistical package. The Duncan's multiple 

range (DMR) test at 5% probability level was used to test the differences among mean values. 

Table 1. Parameters and methods adopted for the laboratory analysis at RARS, Tarhara 

SN Parameter Method 

1 pH Potentiometric 1:2 (Jackson 1973) 

2 Soil Organic Matter (%) Walkely and Black (Walkely and Black 1934) 

3 Total N (%) Kjeldahl (Bremner and Mulvaney 1982) 

4 Available P (kg ha
-1

) Olsen (Olsen et al1954) 

5 Available K (kg ha
-1

) Ammonium acetate (Jackson 1967) 

6 Soil texture (Particle size analysis) Hydrometer (Bouyoucos 1927) 

 

Table 2. Soil characteristics of experimental site at RARS Tarahara, Nepal 

Characteristics 2012 2014 

pH  7.2 6.5 

Soil organic matter (%) 4.1 3.7 

Total N (%) 0.12 0.17 

Available P (kg ha
-1

) 119 115 

Available K (kg ha
-1

) 136 119 

Soil texture (Particle size analysis)  Clay loam Clay loam 
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    Figure 2. Meteorological data for the year 2013 (A) and 2014 (B) at RARS, Tarahara, Nepal. 

RESULTS 

The meteorological data of the study area has been presented in Figure 2.  Mainly three parameters were monitored, rainfall pattern, 

minimum and maximum air temperature (Figure 2). The patter of rainfall was almost similar in both the years, however, in 2014 there 

was slightly earlier rainfall even in the month of January, comparative to 2013 the rainfall in 2014 was slightly higher in the months of 

March and April, while the pattern of minimum and maximum air temperature was almost similar in both years lowest in January in 

2013 and February in 2014. N application significantly (p ≤ 0.05) affected all parameters tested in both the years (Table 3). Of all the 

parameters, days to heading (DTH) and days to maturity (DTM) significantly (p ≤ 0.05) varied among six wheat genotypes in both the 

years.  In both years, BL 3872 took the maximum days to heading ranging from 87.92 to 89.82 days. The maximum days to maturity 

(120) was observed in NL 1055 in 2013, while BL 3872 took the maximum days to maturity (126.5) in 2014.  The effect of interaction 

between N and wheat genotypes on all parameters during both the years was not significant (p ≤ 0.05).  

Table 3. Growth, yield and yield components of wheat genotypes under different levels of nitrogen in 2013 at RARS, Tarahara, Nepal 

Treatments Emergence 

count m
-2

 

Days to 

heading 

Days to 

maturity 

Plant 

height 

(cm) 

Productive 

tillers m
-2

 

Spike 

length 

(cm) 

Spikes 

m
-2

 

Test weight 

(g) 

Grain 

yield (t 

ha
-1

) 

Straw 

yield (t 

ha
-1

) 

N levels 

N0 

 

 

130.6
c
 

 

 

79.5
c
 

 

 

107.7
c
 

 

 

77.74
c
 

 

 

143.6
c
 

 

 

8.33
b
 

 

 

149.4
d
 

 

 

38.64
d
 

 

 

1.67
c
 

 

 

2.28
c
 

N1 141.4
b
 84.44

b
 115.2

b
 84.68

b
 164.6

b
 9.46

a
 167.8

c
 41.20

c
 2.30

b
 2.65

c
 

N2 148.9
b
 88.44

a
 116.6

b
 88.81

a
 251.8

a
 9.66

a
 201.1

b
 44.28

b
 2.88

a
 3.56

b
 

N3 163.2
a
 90.61

a
 124.3

a
 90.22

a
 264.9

a
 10.32

a
 220.0

a
 46.40

a
 2.90

a
 4.19

a
 

F test ** ** ** ** ** ** ** ** ** ** 

LSD (0.05) 10.23 3.79 2.89 1.94 19.4 0.89 17.28 1.67 0.280 4.47 

SEm (±) 157.3 21.5 12.49 5.64 565.9 1.19 449.0 4.21 0.12 0.33 

Genotypes 

BL 3623 

(V1) 

 

145.8 

 

83.67
b
 

 

113.4
bc

 

 

85.65 

 

208.5 

 

9.11 

 

174.1 

 

44.23 

 

2.47 

 

3.24 

BL 3629 

(V2) 

148.1 83.5
b
 115.5

abc
 85.14 202.2 9.37 186.3 42.16 2.41 2.96 

BL 3872 

(V3) 

146.6 87.92
a
 118.2

ab
 82.52 204.3 9.41 190.3 42.83 2.48 3.18 

NL 1008 

(V4) 

144.0 87.83
a
 116.4

abc
 87.14 207.8 9.72 175.8 42.07 2.33 3.25 

NL 1055 

(V5) 

148.1 85.75
ab

 120.0
a
 86.75 209.2 9.31 186.8 42.13 2.40 3.14 

Vijay (V6) 143.8 85.83
ab

 112.3
c
 87.02 213.0 9.75 194.3 45.37 2.52 3.26 

F test NS * * NS NS NS NS NS NS NS 

LSD (0.05) - 2.50 5.80 - - - - - - - 

SEm (±) 107.1 9.17 49.47 3.07 67.16 0.44 355 7.74 0.43 0.15 

CV %  7.09 3.53 6.67 7.92 8.47 7.04 10.21 6.52 8.53 11.99 

Grand mean 146.04 85.75 115.96 86.37 207.49 9.44 184.58 42.63 2.44 3.17 

Interaction  

NxV 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

(B) 
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Emergence count m-2 of wheat genotypes had significantly (p ≤ 0.05) affected in both the years by different levels of N applied.  Results 

indicated that the highest emergence m-2, 163.2 in the year 2013 and 164.8 in the year 2014 were recorded when the crop was fertilized 

with 150 kg N ha-1 (Table 3 and 4).  In both the years days to heading (DTH) and days to maturity (DTM) were significantly (p ≤ 0.05) 

affected by different N levels (Table 3 and 4). The maximum plant height (90.22 cm) was resulted in treatment N3 (150 kg N ha-1), but 

was statistically (p ≤ 0.05) similar (88.81 cm) to N2 (100 kg N ha-1) in 2013. 

In 2014, the application of 150 kg N ha-1 gave also the highest plant height (92.43 cm) in same treatment.  However, average plant height 

was lower in the year 2014 (85.30) as compared to previous year (86.37 cm) (Table 3 and 4).  The N treatments significantly (p ≤ 0.05) 

increased the numbers of productive tillers m-2 than in control in both the years. Application of 150 kg N ha-1 produced the maximum 

numbers of productive tillers (264.9 m-2) and (273.6 m-2) in 2013 and 2014, respectively.  The check variety, Vijay produced the 

maximum numbers of productive tillers in both the years with 213 m-2 and 224.6 m-2.  This trend was attributed to comparatively better 

growth due to higher fertilizer application.  Spike length increased with increasing level of N; 100 kg N ha-1 and 150 kg N ha-1 produced 

statistically similar result in 2013 (Table 3 and 4). However, application of 150 kg N ha-1 resulted the maximum spike length (11.24 cm) 

followed by 10.09 cm in case of N3 (100 kg N ha-1) in 2014. The maximum number of spikes m-2 was produced by the application of 150 

kg N ha-1 in both the years i.e. 220 m-2 and 249 m-2 in 2013 and 2014, respectively. 

The highest values of 1000-grain weight 46.40 g and 46.90 g were achieved in 2013 and 2014 respectively, both with the application of 

150 kg N ha-1.  Hence, the yield contributing characters viz. productive tillers m-2, spike length (cm), spikes m-2 and test weight (g) 

increase significantly (p ≤ 0.05) with every increase in the dose of N up to 150 kg N ha-1 in both the years (Table 3 and 4).  Grain yield 

response varied with the season and yield was higher in 2014 seasons than 2013.  The average increment of grain yield in 2014 

compared to 2013 was 5.52% at 150 kg N ha-1. In both the years,  Vijay resulted the highest grain yield; 3.12 t ha-1 in 2013 with the 

application of 100 kg N ha-1 and 3.23 t ha-1 in 2014 by 150 kg N ha-1 followed by BL 3872 in 2013 (3.01 t ha-1) and BL 3623 in 2014 

(3.16 t ha-1), both with the application of 150 kg N ha-1 (Table 3 and 4).   In both the years, N2 (100 kg N ha-1) and N3 (150 kg N ha-1) 

produced statistically similar results (Table 3 and 4).  The obtained grain yield in wheat might be the result of effective tillers, number of 

spikes m-2 and grain weight.  The highest straw yield (4.19 t ha-1) was obtained from application of 150 kg N ha-1 followed by 3.56 t ha-1 

in case of 100 kg N ha-1 in 2013.  Similarly, the maximum straw yield (3.66 t ha-1) was obtained from 150 kg N ha-1) in 2014 (Table 4).  

Table 4. Growth, yield and yield components of wheat genotypes under different levels of nitrogen in the year 2014 at RARS, Tarahara, Nepal 
 

Treatments Emergence 

count m-2 

Days to 

heading 

Days to 

maturity 

Plant 

height 

(cm) 

Productive 

tillers m-2 

Spike 

length 

(cm) 

Spikes 

m-2 

Test weight (g) Grain yield 

(t ha-1) 

Straw 

yield (t 

ha-1) 

N levels 

N0 

 

 

137.8
c
 

 

 

81.17
b
 

 

 

108.4
d
 

 

 

79.53
c
 

 

 

146.6
d
 

 

 

8.370
c
 

 

 

151.7
c
 

 

 

39.16
d
 

 

 

1.75
c
 

 

 

2.56
c
 

N1 147.6
bc

 82.61
b
 116.5

c
 85.93

bc
 165.5

c
 9.479

b
 172.6

c
 41.85

c
 2.53

b
 2.74

c
 

N2 159.0
ab

 86.89
a
 121.1

b
 86.61

b
 242.9

b
 10.09

b
 215.1

b
 44.79

b
 2.94

a
 3.38

b
 

N3 164.8
a
 89.83

a
 131.2

a
 92.43

a
 273.6

a
 11.24

a
 249.9

a
 46.90

a
 3.06

a
 3.66

a
 

F test ** ** ** ** ** ** ** ** ** ** 

LSD (0.05)   12.35 3.81 2.88 14.16 16.81 0.63 30.34 1.19 0.13 0.28 

SEm (±) 229.4 21.86 12.49 301.40 425.0 0.59 1383 2.14 0.03 0.12 

Genotypes 

BL 3623 

(V1) 

 

156.2 

 

82.75
b 

 

118.2
bc

 

 

84.46 

 

209.6 

 

9.52 

 

178.6 

 

44.28 

 

2.60 

 

3.01 

BL 3629 

(V2) 

146.3 83.08
b
 113.6

c
 83.68 201.0 9.56 200.3 42.89 2.64 2.84 

BL 3872 

(V3) 

147.7 89.82
a
 126.5

a
 86.29 204.6 9.90 197.8 42.67 2.52 3.34 

NL 1008 

(V4) 

150.6 85.75
ab

 118.2
bc

 85.16 206.2 9.99 197.1 43.17 2.49 3.15 

NL 1055 

(V5) 

155.9 84.67
b
 120.8

ab
 85.39 198.8 9.76 184.3 44.19 2.42 3.28 

Vijay (V6) 155.6 85.58
ab

 118.6
bc

 86.84 224.6 10.03 212.7 42.72 2.74 3.08 

F test NS * * NS NS NS NS NS NS NS 

LSD (0.05) - 3.66 6.49 - - - - - - - 

SEm (±) 85.13 19.67 61.77 9.17 464.7 0.48 687.8 9.47 0.09 0.13 

CV %  6.07 5.21 6.59 5.02 10.41 7.06 13.29 7.13 11.47 12.32 

Grand mean 152.03 85.13 119.29 85.30 207.125 9.79 197.33 43.18 2.59 3.09 

Interaction  

NxV 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 

 

NS 
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DISCUSSION 

The present data were supportive for the evaluation of nutritional demand and yield potential of different pipeline wheat varieties for N 

fertilization.  It was shown that higher performance of yield components and ultimate grain yield was associated with higher N 

fertilization levels (Table 4). The significant (P ≤ 0.05) enhancement of plant height in all treatments over the control (N0) in both the 

years can be credited to higher dose of N, which greatly helps the plant to expose its potential to grow potentially. The increasing dose of 

N result the linear increment in spike length in both years for all pipeline varieties. These results are in conformity with those of (Rai and 

Khadka 2009) who observed maximum spike length under fertilization of 100 kg N ha-1 as compared to control and 50 kg N ha-1 in their 

long term experiment in Khumaltar. Higher test weight with increasing N levels might be due to supply of more N and higher production 

of photosynthates (Naseri et al 2010) that showed linearly increased test weight due to increasing levels of N application (Figure 4). 

Hence, the yield contributing characters viz productive tillers m-2, spike length (cm), spikes m-2 and test weight (g) increase significantly 

(p ≤ 0.05) with every increase in the dose of N up to 150 kg N ha-1 in both the years (Table 3 and 4).This tendency was attributed to 

comparatively better growth due to higher fertilizer application. The poor growth of the wheat plants and the consequential lower grain 

yield in control (N0)) plots may be due to competition for N from the soil and starved conditions. Meteorological conditions for the two 

years were more suitable to the emergence and survival of tillers and further tillering and development of spikes at higher nitrogen levels 

(Figure 2 and 3).  
 

 
 

Figure 3. Grain yield of wheat genotypes from different treatments in years 2013 and 2014. 

Probably the meteorological suitability enhanced competition for nutrients and photo assimilates making the varieties more responsive to 

the applied fertilizers. A greater response to N fertilization is obvious when a meteorological condition remains favorable, especially 

rainfall were not the limiting factors (Figure 2 A, B). The responsiveness of the tested varieties to the applied fertilizers should be 

studied further before it reached to farmers' field.   

Benis et al (1994) argued that the yield response of wheat to nitrogen depends on factors such as climate, soil and cultivar. Identification 

of correlations between meteorological variables and grain yield for such pipelines can be another subject of study. 

 
Figure 4. Grain yield of wheat genotypes to various N levels in 2013 (A) and 2014 (B).  

 

 

(A) 
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CONCLUSION 

The study showed that all the wheat genotypes responded well up to the levels of 150 kg N ha-1 regarding yield and yield attributing 

characters. The performance of Vijay with respect to productive tillers m-2, grain yield and straw yield with combination of 150 kg N ha-

1 was the best. With well cultural management practices application of 100 kg N ha-1 can give good grain yield of wheat.  
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