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Abstract 
A field study was conducted during 2006-2007 and 2007-2008 at Central Cotton Research Institute, Multan, Pakistan, on silt loam soils to evaluate 
the effect of irrigation at different growth stages and phosphorus application methods on agronomic traits of wheat. The field experiments were laid 
out in a split plot design with three replications. The irrigation treatments, i.e. control - no irrigation (I

1
), two irrigations at crown root and booting 

stage (I
2
),  three irrigations at crown root, booting and grain development  (I

3
), four irrigations at crown root, booting, anthesis and grain development 

(I
4
) and five irrigations at crown root, booting, earing, anthesis and grain development (I

5
) were kept in main plots. The subplots were allocated to 

three phosphorus application methods viz. side dressed, 3 inches aside seed (I
1
), broadcasting at the time of seedbed preparation (P

2
), and top 

dressing after first irrigation (P
3
). Data on yield components such as tiller number m-2, spikelet number spike-1, number of grains spike-1 and 1000-grain 

weight as well as grain and total dry matter (TDM) yields were collected. Full irrigation (I
4
, I

5
) treatments significantly affected yield and yield 

components. A reduction in all studied characters of wheat crop was subjected to water stress at low or greater degree (e.g. I
1
, I

2
, and I

3
). Phosphorus 

application as side dressed (P
1
), 3 inches aside seed, was more beneficial for increasing yield and yield components of wheat compared to other 

methods of P application. 

Key words: Grain yield, number of tillers and spikelets, Pakistan, total drymatter, yield components. 

Introduction 
Agriculture has an important direct and indirect role in generating 
economic growth. However, agricultural productivity is low in 
most of the developing countries, including Pakistan 24. As a 
result, slow and inconsistent agricultural growth is unable to 
keep pace with the fact of persistently growing population 
pressure in these countries 2-4. Agriculture in Pakistan contributes 
over 21 percent of the GDP and employs 45 percent of its 
workforce. Wheat (Triticum aestivum L.), the main staple food, 
contributes 13.1 percent to the value added in agriculture and 
2.7 percent to GDP. It is grown on an area of 8.805 M ha with an 
estimated production of 24.214 M tons with an average of   2.750 
t ha-1 yield 8. However, this average yield is very low compared to 
other wheat-growing countries of the world 9. 

Phosphorus fertilizer is an expensive input and its use 
efficiency by crops may range from 10 to 25% 5. Many researchers 
have obtained significant increases in grain yield of wheat due 
to P application 11, 20. Under normal conditions, amount of 
fertilizer to be applied depends on crop, soil fertility status, yield 
goal and other considerations like irrigated or rainfed conditions. 
P is applied to the soil in the form of both inorganic and organic 
fertilizer when available P is less than crops requirement 18. The 
residual effect of P fertilizer application can persist for several 
years and management must emphasize the buildup and 
maintenance of adequate soil available P levels to ensure that P 

supply does not limit crop growth and N use efficiency 20. 
Inadequate and imbalance crop nutrition along with limited water 

availability are main factors restricting wheat yield. The current 
gap of 40% between the average and realizable yield potential of 
Pakistan could be reduced to 20% through adoption of effective 
management practices and improve fertilizer usage technologies. 

Irrigation has been shown to increase crop yield in arid and 
semi-arid climates 7, 14, 12, 23. Water stress affects crop phenology, 
leaf area development and results in low yield 10. The rate and 
duration of crop growth, therefore, needs to be synchronized to 
water availability to get maximum grain yield 16, 17. It is considered 
that soil nutrition can be a constraint under different moisture 
conditions. Negative interaction between P and water shows that 
increasing P could enhance crop drought resistance under water 
shortage conditions. Soil moisture affects practically every 
aspect of plant growth, modifying their anatomy, morphology, 
physiology and biochemistry. Soil moisture not only affects 
physicochemical activities of a plant but also regulates availability 
and translocation of plant food materials to various organs of 
the plant, therefore, its deficiency or restricted availability 
hampers plant growth. Hence adequate and timely irrigation is 
one of the most important cultural practices that should be 
considered necessary for successful crop husbandry. 
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Materials and Methods 
A field experiment was conducted during 2006-2008 at the 
experimental area of the Central Cotton Research Institute 
(CCRI), Multan, Pakistan (30.12oN, 71.28oE, 123 m) to evaluate the 
effect of irrigation at different growth stages and P application 
methods on agronomic traits of wheat. The experiment was laid 
out in randomized complete block design (RCBD) with split plot 
arrangement keeping moisture regimes in main plots and P 
application methods in sub-plots. Treatments assigned for the 
main plot were I

1
 (control, no irrigation), I

2
 (two irrigations at crown 

root and booting stage), I
3
 (three irrigations at crown root, booting 

and grain development), I
4
 (four irrigations at crown root, booting, 

anthesis and grain development) and I
5
 (five irrigations at crown 

root, booting, earing, anthesis and grain development). Sub plot 
treatments were P

1 
(side dressing, 3 inches aside seed), P

2
 

(broadcasting at the time of seed bed preparation) and P
3
 (top 

dressing, application immediately after first irrigation in standing 
water). Each experiment consisted of three replications with a plot 
size of 2.2 m x 8.0 m, having 10 rows and each row 20 cm apart. In 
each season, the experimental site was wetted to field capacity by 
heavy irrigation (locally called “rouni”) and seed bed preparation 
was done when the paddock was at proper moisture conditions. 
The trial site was prepared for the experiment before early 
November in both the seasons. Phosphorus (P) at the rate of 75 
kg ha-1 and potassium (K) at the rate of 62.5 kg ha-1 were used in all 
plots. Nitrogen (N) was applied at the rate of 115 kg ha-1 in two 
splits. Half of N and all of P and K were applied in the form of urea, 
DAP and SOP at planning, respectively. Remaining half of N was 
applied at first irrigation, 20 days after sowing (das). Irrigations 
were applied as per treatments in each year. All plots were sown 
manually with the help of single row hand drill on November 27, 
2006 and November 20, 2007. All other agronomic practices such as 
weeding, plant protection, etc. were kept uniform for all the 
treatments. 

Yield and yield components: At maturity an area of 3.2 m2 
(1.6  m x 2 m) was harvested on 30th April 2007 and 25th April 2008. 
Final harvest data (grain yield, biomass, 1000-grain weight) were 
collected from harvested area of 3.2 m2. A sub-sample of 10 
plants was collected at random from each plot for the 
determination of different yield components. Harvest index was 
determined as the ratio of grain yield to total dry matter and 
expressed in percentage. Data were subjected to analysis of 
variance according to the split plot design and treatment means 
were compared using least significant difference (LSD) at 
probability level of 0.05 22. 

Results 
Number of tillers m-2: Number of tillers m-2 was significantly 
affected by treatments in both seasons (Table 1). Highest number 
of irrigations (I

5
) gave maximum tillers m-2 compared with other 

irrigation treatments. This was followed by I
4
 (4 irrigations) 

treatment that also gave higher number of tillers over lower levels 
of irrigation. Significantly lowest number of tillers m-2 was 
produced by the control treatment (I

1
). Average number of tillers 

ranged from 289 to 506 m-2 among different irrigation levels in 2006- 
2007. Equivalent values varied between 289 and 502 m-2 in  2007- 
2008. Treatment P

1
 (side dressing) resulted in higher number of 

tillers m-2 than P
2
 (broadcasting) and P

3
 (top dressing) treatments. 
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Differences in number of tillers m-2 between P
2
 and P

3
 treatments 

were also significant. Average number of tillers was 431, 412 and 
369 m-2 in P

1
, P

2
 and P

3
 treatments, respectively, in 2006-2007. 

Equivalent values were 429, 409 and 365 m-2, respectively in 2007- 
2008 (Table 1). 

Number of spikelets spike -1: Table 1 reveals that irrigation levels 
significantly affected number of spikelets spike-1 in both the years. 
Application of four (I

4
) and five (I

5
) irrigations resulted in the 

highest number of spikelets at 26.0 and 26.8 (2006-2007), 26.2 and 
25.8 (2007-2008) over all other irrigation levels. Differences between 
I

4
 and I

5
 treatments in 2007-2008 were also significant. Significantly 

lowest (14.4, 13.7) number of spikelets spike-1 was obtained from 
I

1
 (control) treatment. Treatment P

1 
(side dressing) significantly 

increased the number of spikelets spike-1 compared to treatments 
P

2
 (broadcasting) and P

3
 (top dressing) in both the years. 

Differences in the number of spikelets spike-1 between P
2
 and P

3
 

treatments were non-significant in the two seasons. The average 
number of spikelets spike-1 varied from 20.8 to 22.1 (2006-2007) 
and 20.0 to 21.4 (2007-2008) among different P application methods 
(Table 1). 

Number of grains spike-1: Table 1 shows that I
4
 irrigation level 

significantly increased the number of grains spike-1 as compared to 
all other moisture regimes in both the seasons. The ranges of 
number of grains were  27.8-53.4 and 27.3-53.1 in 2006-2007 and 
2007-2008, respectively. Differences in number of grains spike-1 
between I

1
, I

2
 and I

3
 treatments were also significant in two years. 

In 2006-2007, average number of grains spike-1 was 27.8, 36.8, 49.4, 
53.4 and 53.0 in I

1
, I

2
, I

3
, I

4
 and I

5
 treatments, respectively. Equivalent 

values, in 2007-2008, were 27.3, 35.0, 46.3, 53.1 and 51.0, respectively. 
There were highly significant differences among different P 
application treatments for number of grains spike-1 in both the 
years (Table 1). Treatment P

1
 (side dressing) resulted in the highest 

number of grains spike-1 at 45.9 and 44.4 during 2006-2007 and 
2007-2008, respectively.  Differences  in the number of  grains 
spike-1 between P

2
 (broadcasting) and P

3
 (top dressing) were also 

significant in both years. Average number of grains spike-1 in 
2006-2007 was 45.9, 44.0, 42.3 in P

1
, P

2
 and P

3
, respectively. 

Equivalent values in 2007-2009 were 44.4, 42.5 and 40.7, respectively. 

1000-grain weight (g): Effect of irrigation levels on 1000-grain 
weight was significant in both years (Table 1). Treatment I

4
 (4 

irrigations) and I
5
 (5 irrigations) resulted in maximum grain weight 

over other irrigation treatments. Treatment I
1
 (no irrigation) 

produced the lowest grain weight at 18.5 and 17.8 g during 2006- 
2007 and 2007-2008, respectively. Differences in average grain 
weight between I

2
 (2 irrigations) and I

3
 (3 irrigations) were also 

significant in both the years. The average grain weight, in 2006- 
2007, was 18.5, 24.9, 33.0, 38.2 and 38.4 g in I

1
, I

2
, I

3
, I

4
 and I

5
 

treatments, respectively. Equivalent values, in 2007-2008 were 17.8, 
24.2, 31.8, 37.0 and 36.9 g, respectively. Effects of P application 
methods on 1000-grain weight were significant in both seasons. 
The 1000-grain weight of treatment P

1
 (side dressing) was greater 

than that of P
2
 (broadcasting) and P

3
 (top dressing) treatments 

(Table 1). Differences in 1000-grain weight between P
2
 and P

3
 

treatments were also significant. Average mean grain weight ranged 
from 26.8 to 33.2 g in 2006-2007 and 25.8 to 32.1 g in 2007-2008 
among different P application methods. 

Grain yield (t ha-1): Irrigation effects on grain yield were significant 
in both years (Table 1). Grain yield of I

4
 and I

5
 treatments was 

markedly higher than in I
1
 (no irrigation), I

2
   (2 irrigations) and I

3
 (3 

irrigations) treatments. Differences in grain yield between I
4
 and I

5
 

treatments were non-significant in both the seasons. Lowest grain 
yield was produced by I

1
 (no irrigation) treatment. Differences in 

grain yield between I
2
 and I

3
 treatments were significant in both 

years. The average grain yield (t ha-1) in 2006-2007 was 1.91 in I
1
, 2.48 

in I
2
, 3.70 in I

3
, 4.97 in I

4
 and 4.89 in I

5
. Equivalent values in 2007-2008 

were 1.85, 2.42, 3.57, 4.82 and 4.70 t ha-1, respectively. The effects 
of different P application methods on grain yield were significant 
in both years. Maximum grain yield (3.93, 3.81 t ha-1) was produced 
by treatment P

1
 (side dressing) compared with P

2
 (broadcasting) 

and P
3
 (top dressing) treatments in two seasons. Differences in 

grain yield (t ha-1) between P
2
 (3.53, 3.42) and P

3
 (3.30, 3.18) 

treatments were also significant. Overall grain yield in 2006-2007 
was 3.93, 3.53 and 3.30 t ha-1 in P

1
, P

2
 and P

3
 treatments, 

respectively. Equivalent values in 2007-2008 were 3.81, 3.42 and 
3.18 t ha-1, respectively (Table 1). 

Total dry matter (t ha-1): Higher irrigation levels significantly 
increased total dry matter (TDM) at final harvest in both seasons 
(Table 1). Both I

4
 (four irrigations) and I

5
 (five irrigations) levels 

produced markedly higher total dry weight than all other moisture 
regimes. Differences between I

1
, I

2
 and I

3
 irrigation levels were 

significant in either year. The average dry matter yield (t ha-1) in 
2006-2007 was 4.15 in I

1
, 5.30 in I

2
, 8.09 in I

3
, 10.72 in I

4
 and 10.85 in 

I
5
, respectively. Equivalent values, in 2007-2008, were 3.99, 5.20, 

7.72, 10.52 and 10.43 t ha-1, respectively. Treatment P
1
 (side 

dressing) gave significantly higher TDM compared to P
2
 

(broadcasting) and P
3
 (top dressing) treatments in both seasons. 

Differences between P
2
 and P

3
 treatments regarding final TDM 

were significant in either year.  The average TDM yield at final 
harvest was 8.40 in P

1
, 7.78 in P

2
 and 7.29 t ha-1 in P

3
 during 2006- 

2007. Equivalent values in   2007-2008, were 8.15, 7.54 and 7.03 t 
ha-1, respectively. In both seasons number of tillers m-2, number of 
spikelets spike-1, number of grains spike-1 and 1000-grain weight 
were highly positively and significantly correlated with grain yield. 
A highly significant association between grain yield and total dry 
matter was found (Fig. 1). The regression of grain yield and number 
of grains m-2 and mean grain weight and number of grains m-2 was 
linear and positive (Figs. 2 and 3). 

Figure 1. Relationship between grain yield (g m-2) and total dry 
matter (g m-2). 
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Harvest index: Table 1 presents the effect of treatments on harvest 
index. In 2006-2007, I

1
,
 
I

2
, I

3
 and I

4
 treatments significantly enhanced 

harvest index (HI) over I
5
 irrigation regime. Similarly, I

1
, I

2
 and I

3
 

irrigation regimes were also superior in HI over I
5
 during 2007- 

2008. The average HI in 2006-2007 was 46.14, 46.84, 45.68, 46.33 
and 45.04% in I

1
, I

2
, I

3
, I

4
 and I

5
, respectively. Equivalent values in 

2007-2008 were 46.53, 46.46, 46.28, 45.73 and 45.02%, respectively. 
In both seasons, P

1
 treatment significantly enhanced HI over P

2
 

and P
3
 treatments during both the seasons. Differences between 

P
2
 and P

3
 treatments regarding HI were non-significant in either 

year. The average HI in 2006-2007 was 46.97% in P
1
, 45.59% in P

2
 

and 45.45% in P
3
 treatments. Equivalent values in 2007-2008 were 

46.97, 45.58 and 45.46%, respectively. 

Interaction effects: The interaction between irrigation levels and 
P application methods had significant effect on all the agronomic 
traits during both the seasons. Treatment combination of I

4
 x P

1
 

produced maximum grain and TDM yields as compared to all other 
combinations. 

Discussion 
Averaged over the two seasons, 155% increase in grain yield that 
resulted from the full irrigation is similar to response to irrigation 
reported by others, working under similar conditions 12, 21. The 
highest yield of 5.46 t ha-1 from the wheat in the present 
experiments is comparable to the maximum yield of 5.82 t ha-1 

Figure 2. Relationship between grain yield (g m-2) and number of 
grains m-2. 
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Figure 3. Relationship between mean grain weight (mg) and number 
of grains m-2. 
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reported by others. The higher yields from I
4
 and I

5
 treatments 

were probably associated with higher number of tillers m-2, which 
increased the number of grains m-2 by about 229% for the two 
seasons. Higher grain yields with increased tiller population have 
been reported by other workers 12, 21. Fully irrigated crops always 
produced the highest number of grains spike-1. This shows the 
potential importance of pre-anthesis irrigation in this relatively 
hotter environment for production of more mature fruits. Average 
increase in the number of grains spike-1 (through increase in the 
number of spikelets spike-1) by I

4
 or I

5
 treatments over I

1
 crops 

was 89%, thus I
1
 treatment gave the lowest number of grains 

spike-1. The low grain weight of  I
1
 (control) and I

2
 and I

3
 (partly 

irrigated crops) treatments may be related to severe drought before 
anthesis. This caused poor leaf area index (LAI) and TDM 
production that attributes to a probable shortage of assimilates 
relative to the large number of grains spike -1. Several studies 
have shown that lower mean grain weight from such treatments 
from a series of experiments done over a wide range of 
environments 12, 21, 26. Results showed that total grain yield 
increased with increased number of grains m-2. This arose from 
number of tillers m-2, number of spikelets spike-1and number of 
grains spike-1. The positive intercepts in Figs 2 and 3, in both 
seasons, suggesting that yield could be increased by increasing 
the number of grains m-2 and manipulating mean grain weight by 
agronomic practices, provided the individual grain weight was 
not reduced as the number of grains m-2 increased. Study showed 
that the highest grain yield was obtained with P

1
 application 

method (3 cm set aside seed). Early P uptake increases yield 
potential of crops by stimulating growth and development of 
plants as suggested by Mattar et al. 15. Banding P below seed at 
the time of planting has additional advantage of placing fertilizer 
in immediate contact with the emerging radicle and seminal roots 
during seedling establishment 6. Side placement (banding) of P 
with ammonium nitrogen can also increase availability to wheat 6. 
Many researchers have reported that application of P in bands is 
superior to broadcasting in heavier soils and in soils where 
available P level is low 1, 19, 25. The highest grain yield consistently 
occurred in I

4
 irrigation levels plus P

1
 (side placement), suggesting 

that combination of irrigation and P application had a beneficial 
effect on improving grain yield by possibly improving water use 
and P use efficiencies of spring wheat. Liu et al. 13 reported that 
combination of irrigation and P application had a positive effect 
on maintaining the vigour of root growth (greater root biomass). 
Under the conditions of experiments under discussion, yield 
responded to irrigation during any phase of development. The 
number of grains m-2 was main determinant of grain yield although 
magnitude of all yield components varied with irrigation x 
phosphorus application methods. Side placement of phosphorus 
(P

1
) proved to be better than broadcasting (P

2
) or top-dressing 

(P
3
) application method. 

                                             Conclusions 
Generally available phosphorus is utilized efficiently within soil 
pH range of 6.5 to 7.6. Therefore, it is necessary to place the 
phosphorus fertilizer in the soil at proper place and depth. In the 
light of this study, it is concluded that phosphorus application as 
side dressed (P

1
), 3 inches aside seed, was more efficient for 

enhancing yield and yield components of wheat for the benefits 
of wheat growers. 
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