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Abstract | Wheat (77iticum aestivum L.) is a major staple food crop of Pakistan. It is grown on the maximum
cropped area every year. The suitable variety identification for agro-climate and its optimum N-fertilizer de-
mand with application are need of the day to overcome on N-leaching from the soil and to ensure future food
security. Present study was, therefore, conducted in two seasons (2011-12 and 2012-13) at the Agronomy
Research Farm, the University of Agriculture Peshawar, Pakistan. Treatments were laid-out in a randomized
complete block design; split plot arrangements using four replications. The experiments were comprising of
seven N-rates i.e. 0, 30, 60, 90, 120, 150, and 180 kg ha! as main plots treatment and the five wheat varieties
i.e. Saleem-2000, Ugab, Pirsabak-2005, Tatara-96 and Pirsabak-2004 as subplot treatment. Results revealed
higher spikes m™ (286), grains spike™ (38.55) and thousand grains weight (44.67 g) which resulted maximum
grain yield (3308 kg ha!) from N-rate 150 kg ha™ as compared to the control. Among the varieties for yield
and yield traits, Pirsabak-2005 produced the highest grain yield (3043 kg ha!) and the minimum (2494 kg ha"
1) grain yield was observed by wheat variety Saleem-2000. The highest grain yield of the variety corresponds
to higher thousand grains weight (46.98 g), spikes per meter square (263) and grains spike™ (37.24). Variety
Saleem-2000 showed the minimum number of spikes m™ (242) and grains spike™ (34.13). It can be conclud-
ed from results that application of 150 kg N ha™ is optimum rate of N-fertilizer for irrigated spring wheat
production in the area. Among the available spring wheat varieties, Pirsabak-2005 is relatively the best variety
for grain yield in agro-ecological condition of Peshawar that may effectively contribute in food security of the
growing population in the region.
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Introduction raw material of paper industry (Chondie, 2015). Av-

erage yield of wheat in Khyber Pakhtunkhwa (KP) is

\N’heat (Triticum aestivum L.) belongs to the
f.

amily Poaceae and occupies the largest culti-
vated area of greater than 9039 thousand hectares in
Pakistan with a total production of 25,286 thousand
tones to yield 2797 kg ha' (IMINFSR, 2014). Wheat is
largely consumed as a staple food providing the maxi-
mum protein as compared to other cereals. Its straw is
mainly utilized as high value animal feed and partly as

around 1550 kg ha™!, which is half of the national av-
erage (MINFSR,2014). One reason of low production
is the imbalance nutrients application and unknown
variety in cultivation in addition to the low organic
matter in soil (Shah, 2014). Pakistan is endowed with
a fertile soil and favourable climate for crop produc-
tion. Wheat yield is very low in general due to diverse
tertility, improper rotations, availability of the quality
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seed, appropriate wheat variety, lodging, rust and smut
and use of traditional production techniques (Akmal
et al., 2011). Growing population pressure compelled
growers to increase yield per unit area. Farmer prefers
to grow cereals that exhaust soil nutrition (Saha et al.,
2010). It is need of the day to improve cropping sys-
tem based on scientific outcomes so that agricultural
production, specifically wheat crop, can be increased.

Nitrogen is an integral part of plants and is of primary
importance for healthy growth of plants as compared
to other nutrients. It is a vital constituent of proteins,
which increase leaf area, and as a result speeds up the
synthesis of carbohydrates. Nitrogen also increased
yield of crops. Providing adequate amount of N at
proper time can result in healthy and economic per-
formance (Chondie, 2015). Optimum N-application
to plants speeds up life processes, promotes conver-
sion of sugar into protein, which results in more pro-
toplasm (Brady and Weil, 2002). Nitrogen is almost
7% of the total dry matter of plants and in a high-
er concentration is essential for the cell components
e.g. nucleic acids, amino acids, enzymes, and photo-
synthetic pigments (Bungard et al., 1999; Maighany
and Ebrahimzadeh, 2004). They have confirmed that
split N-applications results in better yield, with higher
spikes per unit area and limited lodging with improved
grain weight. Research has confirmed that N-rate 120
kg ha' is sufficient for wheat (Abedi et al., 2011).

To get optimum production of wheat under the
changing climate expected with higher rainfall at
post-anthesis stage of the crop, it is essential to have
sufficient N-content in soil for quality grains resulting
in good baking quality. The present study, therefore,
aims to determine optimum N-rate for the most suit-
able variety of wheat to be planted under the climatic

conditions of Peshawar, Khyber Pakhtunkhwa.

Materials and Methods

Experimental Site

Comparison of most suitable wheat variety and N-rate
as spring wheat in Peshawar region was conducted in
crop growth seasons 2011-12 and 2012-13, at Agron-
omy Research Farm, The University of Agriculture,
Peshawar. The location of the experimental site was at
34° 1’13.50 “N and 71° 28’53.02 “E with an altitude
of about 350 m above the sea level. The environmental
conditions of the research farm were relatively warm
to hot (semi-arid subtropical) with the continental

climate (Shah, 2014) receives a mean annual rainfall
less than 500-700 mm. The soil of the experimental
field was silt-clay-loam having 1.15 % organic matter
and deficient in total soil nitrogen (0.089 % soil). The
nature of the soil was alkaline, has a pH of 7.85 (Ak-
mal and Ali, 2015). Soil series of the location is classi-
fied as tarnab series (Soil survey of Pakistan). Weather
data of the crops growth seasons of the experiment
duration are shown in Figure 1.
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Figure 1: Mean monthly precipitation and temperature recorded
during the crop growth seasons at the Experimental site

Experiment Detail

'The experiments were conducted in randomized com-
plete block (RCB) design; split plot arrangements
having four replications. Treatments N-rates (N) i.e.
0, 30, 60, 90, 120, 150 and 180 (kg ha™) were used as
main plots and the wheat varieties (i.e. Saleem-2000,
Ugqab, Pirsabak-2005, Tatara-96, Pirsabak-2004) as
sub plots treatment. A subplot was measuring 1.8 m
x 7 m accommodating 6 rows in North- South di-
rections; spaced equally 30 cm. Seeds of the wheat
varieties were collected from Cereal Crop Research
Institute (CCRI), Pirsabak Nowshera for sowing in
each season. Seeds were planted in second week of
Nov.in 2011 and 2012, respectively. Nitrogen was ap-
plied from urea source in three splits during the crop
growth. First application of N-fertilizer was com-
pleted at seedbed preparation, second after 30 days of
sowing (DAS) and last i.e. the 3 application about 60
DAS. Information on N application rates during the
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crop growth seasons is shown in Figure 2.

Yield Traits Observation

Data regarding spikes m™ i.e. spikes bearing tillers

v

Figure 2: Schedule of the split N-application (kg ha™), as per growth
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were counted in a meter-long row at two locations in
a sub plot, randomly selected, close to the physiologi-
cal maturity stage of the crop (first week of May each
year). Number of spikes m? was manually counted
between the marked locations in an experimental unit
and spikes density was converted to standard unit. Ten
spikes were randomly selected from each experimen-
tal unit; grains were removed, counted and averaged
for a single mean reading per spike. A total of 1000
grains weight (g) was taken at random from threshed
samples of grain yield, the grains were counted inde-
pendently using electronic grain counter and weighed.

Yield (kg ha)

On approaching the crop to maturity, two central
rows were harvested manually, bundled and allowed
to dry in the field for about 15 days. The bundles
were turned over periodically, after complete drying
weighed for total biomass and subsequently threshed,
using a mini lab wheat thresher. Grains after collec-
tion were weighed to record grain yield for an

Table 1: Spikes m~? (SPM) and grains spike™ (GPS) of wheat varieties as influenced by various N-rates

(SPM)
Treatments Years (Y)

2011-12 2012-13
N-rate (kg ha™)
0 22330 ¢ 218.29 £
30 230.10 e 225.37 ef
60 236.45 de 23520 ¢
90 246.40 cd 247.03 d
120 256.95 be 263.15 ¢
150 267.10 ab 279.23b
180 276.35 a 295.30 a
LSD (p<0.05) 14.43 11.36
Varieties (V)
Saleem-2000 236.96 d 246.75 b
Ugab 245.79 c 250.42ab
Pirsabak-2005 266.86 a 258.83 a
Tatara-96 237.89d 247.03 b
Pirsabak-2004 252.96 b 256.68 a
LSD (p<0.05) 6.74 9.48
Mean 208.1 211.8
Interactions
NxV
YxN
YxV
YxNxV

(GPS)
Years (Y)
Mean Mean

2011-12 2012-13
221 f 30.76 £ 30.52 f 30.64 g
228 ef 3220 e 31.64 ¢ 31.92 f
236 ¢ 3335e 33.45d 3340 e
247 d 35.30d 35.07 ¢ 35.18d
260 ¢ 37.55¢ 37.20b 37.38 ¢
273 b 39.30 b 37.79b 38.55b
286 a 40.70 a 39.10 a 40.00 a
8.86 1.23 1.01 0.77
242 d 34.43 ¢ 33.84 ¢ 3413 ¢
248 ¢ 35.54b 34.59 be 35.06 b
263 a 37.13a 37.36 a 37.24 a
242 cd 34.91 bc 33.40 c 34.16 ¢
255 b 35.96 b 35.64 b 35.80b
5.77 1.07 1.25 0.82

29.87 29.57
Probability (p<0.05)
0.98 0.17
0.01 0.31
0.04 0.29
0.99 0.76

Means followed by different letter(s) within a category and/or column are different statistically using LSD (p<0.05) test
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experimental unit and converted into grains weight

in kg ha™.

Two years’ data were collectively analyzed appropri-
ate for the field layout on using a computer based
software (Genstat version) and means, where found
significant were separated using LSD (p<0.05) test.
Interactions of the treatments are shown in graphics
based on two years’ averages.

Results and Discussion

Spikes (m™) and grains per spike of wheat varieties
affected by N-rate revealed the maximum number for
N- rate 180 kg ha for a year or two years’ average,
which did not differ than N 150 kg ha'in the sec-
ond year (Table 1). Spike number and/or grain per
spike decreased by limiting N-rate to non-significant
response for the spike per unit area only at N-rate 30
kg ha from control. However, spikes m™ and grains

per spike did vary for wheat varieties with the high-
est for Pirsabak-2005 followed by Pirsabak-2004 for
a year or two years averages. Saleem-2000 and Tata-
ra-96 showed the lowest spikes m~on two years’aver-
ages. Grains spike™ was observed similar for Ugab and
Pirsabak-2004 while the lowest for the variety Sal-
eem-2000. Interactive effect of treatments (N-rate x
variety) did not vary statistically for any of the param-
eters i. e., spike per unit or grain per spike. Thousand
grains weight was the highest for N-rate 180 kg ha™,
which did not varied statistically from N-rates 150,
120 and 90 kg ha™ in first year (Table 2) or N-rates
120, 150 and 180 kg ha™ in second year and/or two
year’s average. But thereafter every reduction in N-rate
decreased thousand grains weight significantly for a
year. On two years’ averages, grains weight was same
(p<0.05) for N-rate 150 and 180 kg ha*, N 120 and 90,
and 90 and 60 kg ha™. The minimum thousand grains
weight was observed for control. Among varieties, a
significant variation was found in thousand grains

Table 2: Thousand grains weight (TGW in g) and grain yield (GY in kg ha™) of wheat varieties as influenced by

various N-rate

(TGW)
Treatments Years (Y)
2011-12 2012-13
N-rate (kg ha™)
0 40.44 ¢ 4138 ¢
30 40.70 be 41.89 ¢
60 41.97 ab 42.76 be
90 4241 a 43.72 b
120 42.51a 4555 a
150 4327 a 46.07 a
180 42.94 a 45.72 a
LSD 1.41 1.56
Varieties(V)
Saleem-2000 40.65 ¢ 41.41d
Uqab 40.96 ¢ 43.01c
Pirsabak-2005 4541 a 48.54 a
Tatara-96 4051 c 41.41d
Pirsabak-2004 42.63 b 44.97 b
LSD 1.34 1.34
Mean 35.29 36.93
Interactions
NxV
YxN
YxV
YxNxV

(GY)
Years (Y)
Mean Mean

2011-12 2012-13
40.91d 1923 e 1875 d 1899 f
41.29d 2026 ¢ 2310 ¢ 2168 e
42.36 ¢ 2460 d 2550 ¢ 2505d
43.06 bc 2807 ¢ 2906 b 2857 ¢
44.03ab 3183 b 3056 ab 3119b
44.67 a 3329 ab 3286 a 3308 a
44.33 a 3389 a 3329 a 3359 a
1.02 186.52 317.62 177.78
41.03d 2576 2412 ¢ 2494 ¢
41.99 ¢ 2741b 2676 b 2708 b
46.98 2962 a 3125 a 3043 a
40.96 d 2492 ¢ 2558 be 2525 ¢
43.80 b 2883 a 3025 a 2954 a
0.94 96.45 167.32 95.86

2294.78 2332.12
Probability values (p<0.05)
0.70 0.88
0.00 0.09
0.23 0.01
0.98 0.27

Means followed by different letter(s) within a category and/or column are different statistically using LSD (p<0.05) test
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weight.Pirsabak-2005showedthehighestgrainsweight,
tollowed by Pirsabak-2004. Lowest grains weight was
observed for variety Saleem-2000 and Tatara-96.

Interactive effect of treatments on grains weight was
non-significant. Grain yield (kg ha) was recorded
maximum at N-rates 150 that did not vary from N
180 kg ha™. Thereafter, every reduction in N-rate de-
creased (p<0.05) grain yield. For varieties, a signifi-
cant variation observed in grain yield. Variety Pirs-
abak-2005 exhibited the highest grain yield that did
not differ for Pirsabak-2004. The lowest grain yield
was observed for variety Saleem-2000 that did not
differed from Tatara-96. Interactive effect of varieties
and N-rate was non-significant on grain yield.

Nitrogen has significantly increased spikes per meter
over the control (Bundy and Andraski, 2004). Khan
et al. (2008) reported increase in spikes with N-fer-
tilization to wheat. It might be due to the fact that
N had improved crop stand, enhanced tillers, which
improved spikes m™. A reduction of soil-N has lim-
ited yield components (Li et al., 2001). Sufficient N
to soil at early vegetative growth stage has accelerat-
ed the crop growth rate that has resulted in higher
spike number per meter (Rozas et al., 1999). Varieties
also differ in tillers of the genetic variability (Shah
and Ahmad, 2006; Khaliq et al., 2004). It is report-
ed that optimum N-rate increased grain per spike as
the transition of carbohydrates in phloem increased
the cell division (Tabatabaii et al., 2011). Tillers pro-
duction is believed to be an inherited genotypic trait.
However, Bhorghi (2000) reported that if N-content
increased to optimum that increased in biomass; at-
tributed to plant larger leaves, which stay green for
longer time also attributes to tall stems with relative-
ly denser tillers. Grains spike™ also interesting trait
was found significant for N-rate and variety. High-
er grain at N-rate 180 kg ha! as compared to other
level of nitrogen could be attributed to better plant
growth (Marschner, 1995). Pirsabak-2005 produced
more grains spike! could be due to its potential ex-
pression in the environment (Gozubenli et al., 2001)
and the differences among varieties are not unusual
(Abdel-Ati and Zaki, 2006). Varieties have genet-
ic potential to express as grains spike™ (Saha et al,,
2010). The 1000 grains weight (g), a meaningful trait
contributing in yield, is also affected by N-rate and
variety (Table 2) with highest for N 120 kg ha’. How-
ever, further increase in N-rate to 180 kg ha showed
a non-significant effect on thousand grains weight.

Increase thousand grains with optimum N-rate may
be due to higher grain protein (Guenis et al., 2003).
Likewise, Abdel-Ati and Zaki (2006) have observed
variations in grain weight of different varieties of the
same species. Nitrogen supplied at the rate of 150 kg
ha™ resulted significantly (p<0.05) higher grain yield
with no further increase in yield by increasing N to
180 kg ha™. This increase in grain yield is consequent
of increase in grains spike™ and grain index (Purcino
et al., 2000; Foyer et al., 2002). According to Purcino
et al. (2000) and Foyer et al. (2002), N plays a key role
in photosynthesis of plants, thus increased grain yield.
Difterences in yield by varieties are quite natural and
can be attributed with canopy architectures of the crop
in the canopy and its assimilated distribution from
vegetative to reproductive parts during growth and
development (Bakht et al., 2010; Akmal et al., 2011,
Akmal and Ali, 2015). Yield of plant is consequent of
healthier spike per unit area, higher grains per spike,
and the grain weight, resulted the yield accordingly.

Conclusions

The study suggested that under the recent climatic
change, N-fertilizer to wheat is preferably splits to
ensure higher soil N-content at post anthesis stage of
wheat for high yield. The existing 120 can be 150 kg
ha™* for well-irrigated or high rainfall conditions and
variety Pirsabak-2005 can be the best option to plant

in the area.
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