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two seasons, Rabi 2022-23 and 2023-24 at Agricultural Research Station Serai

Naurang (Bannu) Khyber Pakhtunkhwa Pakistan. Five methods of application such
as application by broadcast method (MP1), application through mixing with seed at the time
of sowing (MP2), placing by drill below the seed at the time of sowing (MP3), placing by drill
on one side of the row of crop (MP4) and placing by drill with both sides of the row of the
crop (MP5) were tested. Variety Khaista-2017 was used during this investigation. The study
was focused on growth traits and yield parameters. The highest significant grain yield (6864
kg ha™), biological yield (17990 kg ha™), 1000 grain weight (50 grams), grain per spike (66),
tillers m™” (441), spike m™ (449), plant height (100.15 cm) and harvest index (38.58 %) were
noted when Phosphorus was placed by drill on both sides of the crop row. The 2nd most
encouraging results were recorded for the method of placing by drill on one side of crop
row. This research will help to solve food security problem. Findings of this research will
also assist farming community to use suitable method of Phosphorus application and update
their production technology. Moreover, by applying results of this research, plant breeders
will evolve and develop genotypes of wheat with great potential.
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Introduction:

Pakistan is a country where approximately 70—75% of the population is directly or
indirectly connected to agriculture. The nation’s major industries rely heavily on agricultural
raw materials, making its economy predominantly agrarian. Agriculture has long been a
major contributor to Pakistan’s economic development, accounting for 30-40% of national
savings and serving as the primary source of employment and livelihood for the majority of
the population[1][2]. However, its share in GDP has declined to 19.3% over the past few
decades. Despite this decline, significant potential exists to boost agricultural output and
increase its GDP contribution by adopting modern and advanced agricultural
technologies[3]. Pakistan, similar to many developing nations, struggles with low agricultural
yields per acre. Moreover, unlike some countries, it cannot significantly increase its cultivated
land to boost production. Therefore, the challenge of low yield per acre can only be
addressed by increasing the production of food grains. Agriculture remains the primary

The effect of different methods of Phosphorus application was tested on wheat for
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source of these essential crops. Therefore, it is felt with great need that production of food
grains should be increased, which will not only solve the problem of food security but also
help to increase the country’s foreign exchange reserves and achieve self-sufficiency in food
items.

Wheat (Triticum aestivum L.) is a staple food crop, providing food grains to a large
portion of the global population and serving as a key source of essential nutrients[4].
According to[5], wheat, being a major source of calories, protein, dietary fiber, vitamins, and
various essential minerals, has a higher nutritive value than any other cereal crop. The
increase in population rate and change in dietary habit has resulted in an increase of cereal
demand for many years[6][7]. In the presence of challenges such as dangers of climate
change, limited opportunities to increase cropland, and a sharp rise in freshwater scarcity,
cropping systems will have to increase production to meet the demand [8][9][10]. Various
agronomic practices are applied to enhance crop yield. Among these, the type of fertilizer, its
dosage, and timing and method of application are particularly important in influencing the
growth and productivity of wheat. Mainly Nitrogen, Phosphorus and Potassium manures are
used. Phosphorus is one of the most essential nutrients for plants, required in large amount
second to nitrogen[11]. As a key macronutrient, phosphorus plays a vital role in wheat
production. It accelerates plant maturity, limits excessive vegetative growth, and enhances
grain quality. Moreover, it plays a vital role in many other biochemical functions like cell
division, function of many enzymes and protein synthesis. It is very essential for various
metabolic processes such as plant growth, root development, tillering, flowering, grain yield,
and biomass accumulation in cereals[12]. Phosphorus fertilizers are very costly nowadays and
its efficiency is very low in Pakistani soil so maximum and high use efficiency of the
Phosphorus fertilizers is the target of the farmers to get maximum economic return. In
Pakistan Phosphorus fertilizers are commonly applied to the soil surface through
broadcasting and incorporated during sowing[13]. However, a large portion of the
phosphorus becomes insoluble with this method, resulting in variable availability of
phosphorus to plants in the soil[14]. The nature of reaction of Phosphorus is different
depending upon the chemistry of soil and pH range. In acidic soil Iron and Aluminium are
present so it forms complex compounds of these elements while in calcareous soil
(prevailing in Pakistan) it forms dicalcium phosphate, tri- calcium phosphate and octa-
calcium phosphate. In all these cases, solubility of Phosphorus is much lower than that of
the water-soluble Phosphorus. The efficiency of applied fertilizers may be improved only
through placement method and synchronized application at growth stage [15]. Band
placement of Phosphorus has been recommended to increase Phosphorus use efficiency[16].
It has been also reported by[17] that Phosphorus use efficiency and wheat yield increased by
placement method of Phosphorus application than broadcast method of application.

In light of these considerations, a field experiment was conducted to evaluate the
effect of different phosphorus application methods on the growth and yield of wheat under
the agro-ecological conditions of the Bannu Division, Khyber Pakhtunkhwa, Pakistan.
Materials and Methods:

The experimental trial for two years Rabi seasons 2022-23 and 2023-24 was
conducted consecutively at research station of agriculture located in Serai Naurang, Bannu,
Khyber Pakhtunkhwa, Pakistan to find out the best and efficient method of Phosphorus
application. The application of Phosphorus was done through following methods,
application by broadcast method (MP1), application through mixing with seed at the time of
sowing (MP2), placing by drill below the seed at the time of sowing (MP3), placing by drill
on one side of the row of crop (MP4) and placing by drill with both sides of the row of the
crop (MP5). The trials were conducted using the wheat variety Khaista-2017. A randomized
complete block design was implemented, with each plot covering 9 m? (1.8 m X 5 m) and
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replicated three times. Nitrogen and phosphorus fertilizers were applied at rates of 120
kg/ha and 90 kg/ha, respectively. Phosphorus fertilizer was applied at the time of sowing,
while the nitrogenous fertilizer was split into two or three equal doses and applied at
appropriate intervals. The herbicide Axial was applied at 330 ml per acre was used to control
natrow-leaved weeds, while Allymax @14 gram/ Acre was applied for broad-leaved weeds.
Both were applied during December and January. This experiment continued for two years,
and the average values of the two years’ data were recorded for different traits. Data was
recorded for traits such as plant height (cm), grains spike”, spike length (cm), spike m?
1000 grains weight (gram), tillers m™ , grain yield (kg ha™), biological yield (kg ha') and
harvest index percentage and analyzed statistically through Excel ANOVA

Results:

Plant Height (cm):

Table.l1 showed that the maximum plant height was recorded in MP2 and MP5
(100.15 c¢m each), followed by MP4 (100.00 cm) and MP1 (99.50 c¢m), while the lowest
average height was observed in MP3 (99.15 cm), followed by MP1 (99.50 cm).

Length of Spike (cm):

Table.1 indicated that MP5 produced the longest average spike length (11.96 cm),
followed by MP4 and MP2 (11.73 ¢cm each), while MP3 recorded the shortest average spike
length (11.66 cm), followed by MP1 (11.67 cm).

Spike m™:

Table.1 revealed that the highest average number of spikes per m? (449) was
recorded for MP5, followed by MP4 (436 spikes), while the lowest averages were observed
in MP1 (410 spikes) and MP3 (412 spikes).

Grains per Spike:

Table.2 showed that MP5 produced the highest number of grains per spike (66),
whereas MP1 recorded the lowest average number of grains per spike (58).
1000 Grains Weight (grams):

Table.2 showed that the maximum 1000-grain weight was recorded for MP5 (50.00
@), while the lowest was observed in MP1 (46.35 g).
Tillers m™:

Table.2 indicated that MP5 produced maximum average tillers m™ (441) followed by
MP4 (422 tillers) while the MP1 got the lowest tillers (399)

Biological yield (Kg/ha):

Table.3 revealed that the highest biological yield ha” (17990 kg) was recorded for
MP5 and 2nd highest biological yield was got by MP3 (17531 kg) while the lowest average
biological yield was got by MP2 (15864 kg) followed by MP4 (16882 kg).

Yield/hectare (Kg):

Table.3 indicated that MP5 got the highest significant average grain yield ha” (6864
kg) followed by MP4 (6279 kg) while MP1 produced the lowest grain yield (5816 kg).
Harvest Index %:

Table.3 showed that MP5 obtained the highest average harvest index (38.58 %) and
MP2 got the next highest harvest index (38.13 %) while the lowest harvest index was noted
for MP1 (34.10 %)
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Table 1. Effect of different application methods of Phosphorus on the characteristics of wheat.

Treatment | Plant Height (cm) Spike Length (cm) Spike m-2
2022-23 2023-24 | Average | 2022-23 2023-24 | Average | 2022-23 2023-24 | Average
MP1 101 98.00 99.50“* | 11.70 11.65 11.67% | 419 400 410>
MP2 100 100.30 | 100.15* | 11.74 11.70 11.72%° | 460 390 425
MP3 101 97.30 99.15% | 11.60 11.73 11.66" | 426 398 4124
MP4 102 98.00 100.00" | 11.60 11.87 11.73™ 464 408 436"
MP5 103 97.30 100.15* | 12.00 11.93 11.96" 470 428 449a
LSD 0.05 7.06 0.84 30.34
Table. 2. Effect of different application methods of Phosphorus on agronomic traits of wheat.
Treatment | Grains Spike” 1000 grains weight (grams) Tillers/m’
2022-23 2023-24 | Average | 2022-23 2023-24 | Average | 2022-23 2023-24 | Average
MP1 57 58 58%* 48 44.70 4635 | 418 380 399>
MP2 58 62 60 50 42.85 46.42 % | 449 381 415"
MP3 60 60 60 50 44.83 4741 412 392 402
MP4 62 65 64" 50 48.40 49.20™ 448 395 422"
MP5 64 67 66" 52 47.36 50.00" 462 420 441*
LSD 0.05 4.45 2.17 29.70
Table. 3. Effect of different application methods of Phosphorus on the yield parameters of wheat.
Treatment | Biological Grain Yield Harvest
Yield (Kg ha™) (Kg ha) Index (%)
2022-23 2023-24 | Average | 2022-23 2023-24 | Average | 2022-23 2023-24 | Average
MP1 17675 16431 17053 5891 5741 5816 33.32 34.94 34.10¢
MP2 16667 15061 15864° 5805 6295 6050 34.82 41.79 38.13"
MP3 18182 16880 17531 6089 5872 5981 33.49 34.78 34.12¢
MP4 18250 15513 16882 | 6452 6105 6279" 35.35 39.35 37.19"
MP5 18687 17293 17990° 6927 6801 06864 37.60 39.32 38.58"
LSD 0.05 789.92 446.77 2.56
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Discussion:

In table No.1 statistical analysis for plant height indicated that MP2 and MP5 were
comparable to all other treatments and showed no significant difference between each other.
Similar results were reported by [16][18], and these findings are also consistent with those of
[19]. Similarly, statistical analysis for length of spike showed that MP5 was comparable to all
other treatments which aligns with the findings of[16][18] and is also consistent with the
results reported by[19]. As for as the spikes m * is concerned the statistical analysis showed
that MP5 had significant spikes m * as compared to MP1 and MP3 but at par with MP2 and
MP4. These findings are consistent with[16][18] and align with the results reported by[19].

Table No. 2 showed that statistically MP5 got the significant result as compared to
MP1, MP2, and MP3 for grain spike’ but at par result with MP4. Results of this research
work are in accordance with the work of[16][18]. It is clear from the data in table No.2 that
significant 1000 grains weight was achieved by MP5 as compared to MP1, MP2 and MP3
while with MP4 it got at par result. Similarly MP4 also obtained significant 1000 grain weight
as compared to MP2 and MP3 and at par weight with MP1. Similar investigations conducted
by[16][18] reported comparable results and the findings of[19] are also consistent with this
study. Table No.2 also showed that MP5 produced significantly better results compared to
MP1 and MP3 for tillers m™ while its performance was comparable to MP4 and MP2.
Similar outcomes were reported by|[16][18], and consistent findings were also noted by[19].

The Table No.3 revealed that for biological yield, MP5 showed the highest significant
result of all the treatments except MP3 to which it was at par. These results were supported
by research work of[19]. Table No.3 showed that MP5 is significant to all the treatments
with regard of yield ha'. These results are consistent with the study conducted by[16] and
comparable outcomes were observed in the research of [18]. Table No.3 revealed that
harvest index vide MP5 outperformed MP1 and MP3 significantly, while showing results
similar to MP2 and MP4. This observation aligns with the findings of[18]

Conclusion:

It was concluded on the basis of two years research that the highest significant grain
yield, biological yield, 1000 grain weight, grain spike™, tillers m?, spike m?, plant height were
noted when Phosphorus was placed by drill on both sides of the crop row. The 2nd most
encouraging result was recorded for the method of placing by drill on one side of the crop
row. So, application of Phosphorus by placing it on both sides of the row is recommended
to get the highest yield of wheat. Moreover, by following this method, not only the efficiency
of Phosphorus is increased but also fixation of Phosphorus with soil particles is minimized
and food security problem will be solved to a greater extent. These findings will assist
farming community to use the most suitable method of Phosphorus application and update
their production technology. Moreover, by applying results of this research plant breeders
will evolve and develop genotypes of wheat with great potential.
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