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ABSTRACT 

Phosphorus is an important compound that includes nucleic acids, phospholipids, and ATP. Plants 
cannot thrive without a consistent supply of these nutrient Fertilizer management strategies that apply 
nutrients at the proper rate, timing, and site can improve fertilizer use efficiency. A field experiment was 
carried out in a subtropical region of India. The main purpose of this experiment was to grow different 
wheat genotypes under different nutrient doses and find out which genotype performed better in terms 
of yields and other attributes under nutrient constraints. Nine varieties of wheat (T. aestivum and T. 
durum L.) were selected and grown as test crops in the current investigation, adopting a split plot 
design that was replicated three times, with nutrient dose as the main plot and varieties as sub 
treatments. In the treatmentT1 = control, T2 = 100% (N+P+K), T3 = 50% N+100% (P+K), and T4 = 50% 
P+100% N+K, there are 36 plots in a block (9 varieties x 4 fertilizer N and P treatments). Of the nine 
varieties grown under normal N and P conditions, varieties Narmada 14 and GW 366 had the highest P 
content in grain and straw. GW366 (10.93 kg/ha) had the highest average total P uptake, followed by 
NARMADA14 (10.90 kg/ha). Under normal doses of N and P, the variety HI 1531 (15.25%) had the 
highest apparent recovery of P, followed by NARMADA14 (15.15percent).Across all fertilizer N and P 
dosages, the highest average agronomic efficiency for P was found in Gw366 (40.09%), followed by 
LOK1 (37.93%). Narmada 14 and GW366 have the highest P content in grain and straw of the nine 
varieties grown under normal nitrogen conditions. Agronomic use efficiency and physiological use 
efficiency were generally substantially higher when computed on a P basis than they were when 
calculated on a N basis. 
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1. INTRODUCTION 
 

P is very stable or insoluble in all of its natural forms, including organic forms, and only a small 
amount of it exists in the soil solution at any given moment. Because it is the amount of phosphorus 
that will enter the soil solution and be taken up by the crop during its life cycle, the quantity of 
accessible P is time and crop-specific. The concentration of accessible P (availability) in the soil 
solution is the easiest way to determine its intensity. The global PUE for cereal production was 
predicted to be 16 percent [3]. 

Phosphorus (P) limits grain crop productivity and is expected to become more prevalent in the 
future. Phosphate absorption efficiency (P-acquisition efficiency) and productivity per unit P taken up 
can both be improved to increase P efficiency (P-use efficiency). This review focuses on increased P-
use efficiency, which can be achieved by plants with lower P concentrations overall, as well as by 
optimal P distribution and redistribution in the plant, which allows for maximal growth and biomass 
allocation to harvestable plant sections. It's probable that plant P pools will drop significantly [19]. 

Phosphorus (P), like nitrogen (N), is an important nutrient for plant growth and productivity. Its 
content in plants ranges from 0.05 to 0.5 percent of the total dry weight of the plant. Despite the fact 
that the concentration of P in soil is 2000 times higher than in plants, its fixation in the form of 
aluminium/iron or calcium/magnesium phosphates prevents plants from absorbing it [17]. Phosphorus 



 

 

is involved in a variety of biological functions, including membrane structure maintenance, biomolecule 
synthesis, and the production of high-energy molecules. Cell division, enzyme activation/inactivation, 
and glucose metabolism are all aided by it [17]. 

The declining availability of rock phosphate as a source of P fertilizer, combined with growing 
awareness of the negative environmental repercussions of high P fertilizer input, has piqued interest in 
improving plant P acquisition and usage efficiency [6]. 

Phosphorus (P) is an unsubstitutable, essential element for plant growth and is a structural 
component of major biomolecules such as nucleic acids, sugar phosphates, adenosine triphosphates, 
and phospholipids. Phosphorus (P) is one of the most important nutrients for plant growth and survival. 
It is essential for cellular bioenergetics and metabolic pathways within the plant body. The primary 
function of mineral fertilizers is to increase crop yields, but the biggest impediment to realising known 
crop potential is the low use of fertilizers, notably P and N [4]. 

Seed P reserves are rapidly mobilised and translocated to emerging root and shoot tissues 
after germination, as it is the sole P source available to sustain seedling growth. This P supply is then 
replenished by P uptake by the root system as it develops [19]. 

Plants that can acquire different types of soil phosphorus (e.g., organic phosphorus) and utilise 
Internal phosphorus has the potential to be developed more efficiently [2].Wheat genotypes' varying 
genetic potential may account for their differential response to all of the investigated parameters under 
control (P 0.001) and treatment. To create phosphorus-efficient wheat cultivars, these genetic 
variations in wheat genotypes for P efficiency can be taken advantage of [10]. 

Rasul [11] observed that varied phosphorus fertilizer rates (0, 150, 200, and 250 kg P2O5 ha-1) 
significantly affected chlorophyll content in the leaf, as well as protein content ( percent ), grain N ( 
percent ), and P ( percent ). The result also revealed that the 250 kg P2O5 ha-1 application had the 
highest P uptake by wheat grain (11.70 kg/ha), while the control had the lowest (3.30 kg/ha). 
Phosphorus utilization efficiency (PUE) was found to be decreased at greater P application rates. The 
phosphorus had an effect on the grain P physiological efficiency index (PEI) and it  was found to have 
the lowest value (0.46 kg g-1) in T4 treatment(250 kg P2O5 ha-1) and the greatest value (1.55 kg g-1) in 
control.  
2. Material and methods  

Each plot has a space of 2 m by 2 m. The experiment's split plot design employed three 
replications. A total of 36 treatments, consisting of three levels of nitrogen and three levels of 
phosphorus in nine various varieties, were allowed for each replication. Variety was treated as a 
subplot, whereas nutrient dose was treated as the main narrative. Three replications of a split plot 
design were used to set up the experiment. Nine genotypes, three nitrogen levels, three P levels, and a 
total of 36 treatments were present in each replication. In each replication, each treatment was broken 
up separately. 

With a distance of 22.5 cm between rows and 5 cm between plants, the wheat types were manually 
planted on November 25, 2020, at a rate of 100 kg/ha in lined furrows that were approximately 3 cm 
deep. Prior to sowing, chemical fertilizers (SSP) were buried beneath the seeds in furrows. After 
sowing, the soil was lightly flattened over the furrows before the seeds were sown. 
Full-recommended doses of P and K fertilizers at 60 kg P2O5 and 40 kg K2O per acre were treated as 
basal in SSP and MOP, respectively, in all treatments other than control. The control plots did not 
contain N or P. (T1). While T3 received half of the recommended amount of N (60 kg/ha) and the full 
dose of P (60 kg/ha), normal dose treatment (T2) received the permitted amounts of N (120 kg ha-1) 
and P (60 kg/ha). Fertilizers were applied in full doses of N and P to the T4 treatment. The remaining N 
is top dressed in equal splits at 25 and 45 DAS, while 50% of the applied N is supplied as basal. 
2.1 Nutrient analysis of plant samples 
Plant samples (grain and straw) were gathered, dried in a 70°C oven, and then ground into 0.5 mm-
sized particles in an electric mill. These samples were subjected to a N and P analysis. 
2.2Determination of phosphorus  
The amount of digested material was brought up to 100 ml in a volumetric flask, filtered through 
Whatsman No. 42 filter paper, and the filtrate was used to calculate P. Approximately 1 g of oven-dried 



 

 

ground plant material was placed in a 100 ml conical flask and digested with 10 ml of a di-acid mixture 
of AR grade concentrated HNO3 and HClO4 in 9:4 ratios. 
2.2.1 Estimation of phosphorus 
A 25 ml volumetric flask was filled with a 5 ml aliquot of the colourless filtrate, 5 ml of the ammonium 
molybdate vanadate combination, and 25 ml after vigorously shaking the mixture. According to 
Jackson, it was held for 30 minutes to let the yellow colour develop, and the colour intensity was 
measured at 470 nm in a spectrometer (type CE 2031), after calibrating the device with a blank and 
setting it to zero (1973). 
2.3 Nutrient use efficiency traits 
2.3.1Nutrient uptake 

(૚ି܉ܐ	܏ܓ)	܍ܓ܉ܜܘܝ	ܜܖ܍ܑܚܜܝۼ =
(૚ି܉ܐ	܏ܓ)	܌ܔ܍ܑ܇		܆(%)	ܜܖ܍ܜܖܗ܋	ܜܖ܍ܑܚܜܝۼ

૚૙૙  
2.3.2Phosphorus Use Efficiency parameters 
PUE (agronomical and physiological) and nutrient recovery (ARN) by plant were calculated using the 
formulas below. 

ܡ܋ܖ܍ܑ܋ܑ܎܎܍	܍ܛܝ	܋ܑܕܗܖܗܚ܏ۯ =
−(૚ି܉ܐ	܏ܓ)܎܌ܔ܍ܑܡ	ܖܑ܉ܚ۵ (૚ି܉ܐ	܏ܓ)܋܌ܔ܍ܑܡ	ܖܑ܉ܚ۵

(૚ି܉ܐ	܏ܓ)	܌܍ܑܔܘܘ܉	۾	ܚ܍ܢܑܔܑܜܚ܍۴  

 

(%)	ܡ܋ܖ܍ܑ܋ܑ܎܎܍		ܜܖ܍ܚ܉ܘܘۯ 	=
(૚ି܉ܐ	܏ܓ)܋܍ܓ܉ܜܘܝ	ܜܖ܍ܑܚܜܝۼ−(૚ି܉ܐ	܏ܓ)		܎܍ܓ܉ܜܘܝ	ܜܖ܍ܑܚܜܝۼ

(૚ି܉ܐ	܏ܓ)	܌܍ܑܔܘܘ܉	۾	ܚ܍ܢܑܔܑܜܚ܍۴  ૚૙૙܆

  

(%)	ܡ܋ܖ܍ܑ܋ܑ܎܎܍	܍ܛܝ	ܔ܉܋ܑ܏ܗܔܗܑܛܡܐ۾ 		=
−(૚ି܉ܐ	܏ܓ)	܎܌ܔ܍ܑܡ	ܖܑ܉ܚ۵ (૚ି܉ܐ	܏ܓ)܋܌ܔ܍ܑܡ	ܖܑ܉ܚ۵

 (૚ି܉ܐ	܏ܓ)܋܍ܓ܉ܜܘܝ	ܜܖ܍ܑܚܜܝۼ−(૚ି܉ܐ	܏ܓ)		܎܍ܓ܉ܜܘܝ	ܜܖ܍ܑܚܜܝۼ

3. Results and discussion 

3.1 Phosphorous content (%) 

There were non-significant differences observed in P% in grain of varieties grown under fertilizer 
treatments. The range of P% in grain was found in between 0.069 (HI1531) to 0.151% (HI8663) among 
all the treatments (Table1). The mean P% in grain was higher in Normal dose treatment followed by 
reduced phosphatic fertilizer dose treatment, reduced nitrogen dose fertilizer treatment and lower in 
control plots. Among the varieties grown in full dose of N & P treatment, the highest P% in grain was 
found in HI8663 (0.151%) and the lowest P% in grain was found in HI1563 (0.125%). Among the 
varieties grown in half dose of N fertilizer treatment, the highest P% in grain was observed in HI8713 
(0.127%) followed by GW366 (0.126%) and among the varieties grown in half dose of P, the highest 
P% in grain was found in GW366 (0.133%) followed by HI8737 (0.128%). Among all the treatments, 
the highest P% in grain was observed in HI8663 (0.151%) followed by HI1531 (0.145%) in normal dose 
fertilizer treatment and lowest P% in grain was observed in HI1531 (0.069 %) in control plot. Across all 
nutrient treatments% ingrain of selected wheat varieties followed the following trends:GW366> 
NARMADA 14= HI8713> HI8737=HI8663 > LOK1 > HI1544 > HI1563 > HI1531(Table1). 

There were significant differences in P% in straw observed between varieties of wheat and 
fertilizer treatments. The range of P% in straw was found in between 0.009 (HI1563) to 0.037 % 
(HI8663) among all the treatments (Table1). The mean P% in straw was the highest in Normal dose 
treatment followed by reduced phosphatic fertilizer dose treatment, reduced nitrogen dose fertilizer 
treatment and lower in control plots. Among the varieties grown in full dose of N & P treatment, the 
highest P% in straw was found in HI8663 (0.037%) and the lowest P% in straw was found in 
HI1563(0.024%). Among the varieties grown in half dose of N fertilizer treatment the highest P% in 
straw was observed in HI8663 (0.028%) followed by HI8713(0.027%) and among the varieties grown in 
half dose of P, the highest P% in straw was found in HI8663 and GW366 (0.027%) followed by 
NARMADA14 (0.025%). Among all the treatments, the highest P% in straw was observed in HI8663 
(0.037 %) under normal Dose fertilizer treatment and lowest P% in straw was observed in HI1563and 
HI1531 (0.009 %) under control plot (Table1). 



 

 

Table 1 Effect of N & P on phosphorus content in grain and straw of wheat genotypes 

P in grain (%) P In straw (%) 
 T1 T2 T3 T4 

Mean 
A T1 T2 T3 T4 

Mean 
A 

HI8663 0.092 0.151 0.117 0.114 0.119 0.018 0.037 0.028 0.027 0.027 
HI8737 0.095 0.140 0.113 0.128 0.119 0.014 0.034 0.023 0.023 0.023 
HI8713 0.095 0.138 0.127 0.121 0.120 0.010 0.027 0.027 0.018 0.021 
HI1563 0.084 0.125 0.110 0.122 0.110 0.009 0.024 0.018 0.023 0.018 
HI1544 0.089 0.131 0.112 0.114 0.111 0.014 0.028 0.021 0.021 0.021 
HI1531 0.069 0.145 0.110 0.113 0.109 0.009 0.032 0.023 0.018 0.020 
GW366 0.104 0.137 0.126 0.133 0.125 0.012 0.029 0.018 0.027 0.021 
LOK1 0.096 0.133 0.120 0.121 0.117 0.016 0.032 0.023 0.023 0.023 

NARMADA14 0.095 0.137 0.120 0.127 0.120 0.015 0.032 0.023 0.025 0.024 
Mean B 0.091 0.137 0.117 0.121  0.013 0.030 0.023 0.023  
Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m) 

Factor(A) 0.013 0.004 0.003 0.005 0.002 0.001 
Factor(B) NS  0.005 0.004 0.004 0.002 0.001 

Factor(B)at same 
level of A NS  0.011 0.009 NS  0.004 0.003 

Factor(A)at same 
level of B NS  0.011 0.008 NS  0.004 0.003 

T1=Control, T2=100% (N+P+K) T3= 50% N+ 100% (P+K), T4 =50%P+100%N+K 

Grain yield and grain P content were found to have a favorable relationship among all the varieties 
except in HI8713. Plants that accumulated comparatively more P in their grain produced higher grain 
yield in P-stressed plots, which could mean that plants that accumulated substantially more P in their 
grain produced higher grain yield. Our findings indicated that the varieties HI8713 and NARMADA14, 
which have better grain yield and P uptake, could be used as P-efficient cultivars on soils with a 
medium P fertility. Low grain P concentrations are advantageous under low P conditions, but they may 
cause issues with seed germination and food nutrition. To maintain seed viability, a minimum quantity 
of P content in grain must be present. However, by boosting P translocation into grain, significant grain 
production can be achieved without lowering grain P concentration. This idea was supported by a 
positive connection between grain production and grain P uptake in P-stressed plants. 

 

 

 

 

 

 

Table 2 Effect of N & P on grain yield and total biomass yield of wheat genotypes 

  
Plant Biomass(kg/ha) Grain Yield (kg/ha) 

 T1 T2 T3 T4 Mean A T1 T2 T3 T4 Mean A 

HI8663 5,101.50 8,083.00 5,858.25 6,340.50 6,345.81 2,314.75 3,961.88 2,816.13 3,457.13 3,137.47 
HI8737 7,191.25 8,050.25 7,687.25 8,088.50 7,754.31 2,373.88 4,022.25 3,070.88 3,575.25 3,260.56 



 

 

HI8713 8,383.00 9,393.00 7,913.25 7,948.25 8,409.38 3,035.13 4,580.88 3,996.63 4,190.88 3,950.88 
HI1563, 7,245.75 8,315.75 7,905.63 9,657.75 8,281.22 2,084.00 4,308.75 4,123.38 2,719.75 3,308.97 
HI1544 7,147.50 8,374.75 7,518.50 9,563.75 8,151.13 2,093.00 4,225.50 3,019.13 2,810.25 3,036.97 
HI1531 7,100.00 8,968.75 7,755.20 8,025.00 7,962.24 2,576.13 4,405.13 3,675.00 4,010.88 3,666.78 
GW366 7,667.75 9,456.50 8,751.25 8,547.50 8,605.75 2,095.00 4,272.38 4,110.13 2,914.38 3,347.97 
LOK1 8,201.75 9,105.63 8,781.25 8,864.50 8,738.28 1,715.63 3,426.50 3,404.63 3,195.00 2,935.44 

NARMADA14 7,923.75 10,377.25 8,465.25 9,670.25 9,109.13 1,888.25 4,293.63 4,164.00 3,721.88 3,516.94 
Mean B 7,329.14 8,902.76 7,848.43 8,522.89  2,241.75 4,166.32 3,597.76 3,399.49  
Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m) 

Factor(A) 182.07 55.24 39.06 62.89 19.08 13.49 
Factor(B) 163.38 79.85 56.46 76.51 37.39 26.44 

Factor(B)at 
same level of 

A 350.44 159.69 117.18 159.40 74.79 40.47 

Factor(A)at 
same level of 

B 351.94 160.37 113.40 155.69 73.04 51.65 
T1=Control, T2=100% (N+P+K) T3= 50% N+ 100% (P+K), T4 =50%P+100%N+K 

 
Furthermore, significant P accumulation in grain and low accumulation in straw, as well as a high P 
harvest index of high-yielding genotypes (HI8713 and HI1563) under low P conditions as compared to 
that of genotypes grown with adequate P supply (Table 1), suggested that P was efficiently trans 
located into grain. Therefore, these two genotypes can be used in genetic studies for investigating 
shoot and root traits, contributing to translocation of P from different plant parts to grain sink under low 
P conditions. Indicators of biomass and/or yield were shown to have a positive and substantial 
connection (r > 0.5) with root characteristics, which is assumed to be related to roots' enhanced 
synthesis of cytokinins, which are essential for partitioning biomass. This suggests that as P is 
absorbed and used more effectively, grain yield will increase [15]. 
3.2 P uptake 

There were significant differences in P uptake in grain observed between varieties of wheat and 
fertilizer treatments. The range of P uptake in grain was found in between 2.74 (LOK1) to 10.61 kg/ha 
(HI1531) among all the treatments (Table 3). The mean P uptake in grain was higher in Normal dose 
treatment followed by reduced nitrogen dose fertilizer treatment, reduced phosphatic fertilizer dose 
treatment and lower in control plots. Among the varieties grown in full dose of N & P treatment, the 
highest P uptake in grain was found in HI1531 (10.61kg/ha) and the lowest P uptake in grain was 
found in LOK1(7.57kg/ha).Under half dose of N fertilizer treatment, the highest P uptake in grain was 
observed in Gw366 (8.59kg/ha) followed by HI8713(8.45 kg/ha) and under half dose of P, the highest 
P uptake in grain was found in HI8713 (8.44 kg/ha) followed by NARMADA14(7.88 kg/ha).Among all 
the treatments, the highest P uptake in grain was observed in HI1531(10.61 kg/ha) followed by 
HI8713(10.49 kg/ha) in normal Dose fertilizer treatment and lowest P uptake in grain was observed in 
lok1 (2.74 kg/ha) in control plot(Table 3). 

In straw there were significant differences in P uptake in straw observed between varieties of wheat 
and fertilizer treatments. The range of P uptake in straw was found in between 1.07 (HI1531) to 5.43 
kg/ha (NARMADA14) among all the treatments(Table 3). The mean P uptake in straw was the highest 
in Normal dose treatment followed by reduced phosphatic fertilizer dose treatment reduced nitrogen 
dose fertilizer treatment and lower in control plots. Among the varieties grown in full dose of N & P 
treatment, the highest P uptake in straw was found in NARMADA14 (5.43 kg/ha) and the lowest P 
uptake in straw was found in HI1563 (3.25%). Among the varieties grown in half dose of N fertilizer 
treatment, the highest P uptake in straw was observed in HI8713 (3.56kg/ha) followed by LOK1 (3.36 



 

 

kg/ha) and among the varieties grown in half dose of P, the highest P uptake in straw was found in 
NARMADA14 (4.04 kg/ha) followed by GW366 (3.78 kg/ha). Among all the treatments, the highest P 
uptake in straw was observed in NARMADA14 (5.43 kg/ha) followed by HI8663 (4.92 kg/ha) in normal 
Dose fertilizer treatment and lowest P uptake in straw was observed in HI1531 (1.07 kg/ha) in control 
plot(Table 3). 

There were significant differences in total P uptake (grain plus straw) observed among the 
varieties of wheat and fertilizer treatments. The range of total P uptake was found in between 4.00 
(HI1563) to 15.32 kg/ha (HI1531) among all the treatments (Table 3). The mean total P uptake was 
higher in Normal dose treatment followed by reduced phosphatic fertilizer dose treatment, reduced 
nitrogen dose fertilizer treatment and lower in control plots. Among the varieties grown in full dose of N 
& P treatment, the  highest total P uptake was found in HI1531 (15.32 kg/ha) and the lowest total P 
uptake was found in HI1563(12.19%). Among the varieties grown in half dose of N fertilizer treatment, 
the  highest total P uptake was observed in HI8713(12.01 kg/ha) followed by NARMADA14 (11.48 
kg/ha) and among the varieties grown in half dose of P, the  highest total P was found in NARMADA 14 
(11.91 kg/ha) followed by HI8713 (10.83 kg/ha). Among all the treatments, the highest total P uptake 
was observed in HI1531 (15.32 kg/ha) followed by NARMADA 14(15.24 kg/ha) in normal Dose fertilizer 
treatment and lowest total P uptake was observed in HI1563 (4.00 kg/ha) in control plot Across all 
nutrient treatment total P uptake in selected wheat varieties followed the following trends: 

HI8713>NARMADA>GW366>HI1531>HI8737>HI8663>LOK1>HI1563>HI1544 (Table 3) 

The chemical makeup of wheat plants revealed that, with the exception of the phosphorus 
concentration (%) in wheat straw, all parameters were greatly enhanced by the addition of P. Similar to 
how phosphorus application levels increased, phosphorus uptake did as well. According to the study's 
findings, phosphorus from various sources and concentrations affects wheat's NP content and total P 
uptake by plants in a substantial way [1]. 
 
Impact on phosphorus uptake (Table 3).Among all the varieties in total P uptake the mean maximum 
value of 10.93 kg/ha (HI8713) was detected, whereas the minimum value of 8.80 kg/ha(HI1563). The 
greatest P uptake of 10.61 kg/ha was recorded at 60 kg/ha P2O5 application and 120 kg/ha N 
application. The P uptake in grain was 3.5 times higher (HI1531) in normal dose than the control 
treatment that didn't have either N or P2O5. It was discovered that the interaction between N and P was 
substantial. These findings are backed up by[14] who found that applying mineral fertilizers at the 
proper time considerably improved wheat uptake of nutrients like P. 
 
Only when the producing capacity of genotypes is compared at adequate and stress P levels can this 
differential behavior be meaningful. The genotype chosen based on absolute grain yield in relation to 
P-related parameters like P uptake, PHI, PAUE, and PPUE, APR would provide useful information 
about transferable genetic characters for developing future high-yielding P efficient cultivars, and the 
following interpretation is based on the yield and P uptake parameters from our study. At an adequate 
level of P conditions, genotypes NARMADA14, HI1531, HI8713 from the high-P-uptake group and 
LOK1, HI8737 from the medium-P-uptake group closely matched grain yield, but at P stress conditions, 
they did not match it. 
 
 
 



 

 

Table 3 Effect of N & P on phosphorus uptake in grain and straw of wheat genotypes 

 
 

P uptake by grain(kg/ha) P uptake by straw(kg/ha) Total P uptake (kg/ha) 
 T1 T2 T3 T4 

Mean 
A T1 T2 T3 T4 

Mean 
A T1 T2 T3 T4 

Mean 
A 

HI8663 3.55 9.90 5.49 6.58 6.38 1.53 4.92 2.73 2.85 3.01 5.08 14.82 8.22 9.43 9.39 
HI8737 3.74 9.38 5.76 7.60 6.62 1.62 4.49 2.94 3.02 3.02 5.36 13.87 8.70 10.62 9.64 
HI8713 4.77 10.49 8.45 8.44 8.04 1.41 4.23 3.56 2.38 2.90 6.18 14.72 12.01 10.83 10.93 
HI1563, 2.92 8.94 7.53 5.53 6.23 1.09 3.25 2.31 3.62 2.57 4.00 12.19 9.84 9.16 8.80 
HI1544 3.09 9.19 5.63 5.34 5.81 1.64 3.82 2.57 3.30 2.83 4.74 13.01 8.20 8.63 8.65 
HI1531 2.96 10.61 6.70 7.53 6.95 1.07 4.71 2.97 2.41 2.79 4.03 15.32 9.68 9.94 9.74 
GW366 3.61 9.72 8.59 6.46 7.10 1.45 4.52 2.63 3.78 3.09 5.05 14.23 11.22 10.25 10.19 
LOK1 2.74 7.57 6.77 6.45 5.88 2.15 4.78 3.36 3.40 3.42 4.89 12.35 10.14 9.84 9.30 

NARMADA14 3.00 9.80 8.30 7.88 7.24 1.98 5.43 3.18 4.04 3.66 4.98 15.24 11.48 11.91 10.90 
Mean B 3.38 9.51 7.03 6.87  1.55 4.46 2.92 3.20  4.92 13.97 9.94 10.07  
Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m) C.D. SE(d) SE(m) 

Factor(A) 0.78 0.24 0.17 0.75 0.23 0.16 1.45 0.44 0.31 
Factor(B) 0.58 0.29 0.20 0.61 0.30 0.21 0.71 0.35 0.25 

Factor(B)at same 
level of A 1.28 0.57 0.50 N/A 0.60 0.49 1.70 0.70 0.93 

Factor(A)at same 
level of B 1.32 0.59 0.42 N/A 0.61 0.43 1.92 0.79 0.56 

 
 
T1=Control, T2=100% (N+P+K) T3= 50% N+ 100% (P+K), T4 =50%P+100%N+K 

 
 
 
 
 
 



 

 

 
 
3.3 P use efficiencies  

 The statistical analysis revealed that different quantities of nitrogen application have a considerable  
There were significant differences in agronomic use efficiency based on P application 

observed amongst varieties of wheat and fertilizer treatments. The range of AUE was found in between 
8.36 (HI8737) to 40.09 %( GW366) among all the treatments. The mean AUE was higher in reduced 
phosphatic fertilizer dose treatment followed by reduced nitrogen dose fertilizer treatment and Normal 
dose treatment (Table 4).Among the varieties grown in full dose of N & P treatment, highest AUE was 
found in HI8663 (27.45%) and the lowest AUE was found in HI 8737 (8.36%). Among the varieties 
grown in half dose of N fertilizer treatment, highest AUE was observed in HI8663 (37.08 %) followed by 
HI1563 (35.54%) and among the varieties grown in half dose of P, highest AUE was found in GW366 
(40.09%) followed by LOK1 (37.93 %). Among all the treatments, highest AUE was observed in 
GW366 (40.09%) in reduced P dose and it was followed by Lok1(37.93%) in reduced P dose treatment 
and the lowest AUE was observed in HI8737 (8.36%) in normal dose treatment (Table 4). 

There were significant differences in APR observed between varieties of wheat and fertilizer 
treatments. The range of APR was found in between 8.55(HI1544) to 23.82 %( HI8713) among all the 
treatments. Among the treatment, the mean APR was the highest in reduced phosphatic fertilizer dose 
treatment followed by Normal dose treatment, reduced nitrogen dose fertilizer treatment (Table 
4).Among the varieties grown in full dose of N & P treatment, the highest APR was found in HI1531 
(15.25%) and the lowest APR was found in HI1563 (12.12 %). Among the varieties grown in half dose 
of N fertilizer treatment the highest APR was observed in NARMADA14 (11.84%) followed by HI8713 
(10.73%) and among the varieties grown in half dose of P, the highest APR was found in HI8713 
(23.82%) followed by GW366 (22.27 %). Among all the treatments, the highest APR was observed in 
HI8713 (23.82%) followed by NARMADA14 (22.79%) in reduced P dose treatment and lowest APR 
was observed in HI1563 (9.09%) in reduced N dose treatment. Across all nutrient treatments, APR in 
the wheat varieties followed the following trends 

NARMADA 14 >HI8713 >GW366 >HI1531 > LOK1 >HI8737 >HI1563>HI8663>HI1544 (Table 4). 

There were significant differences in P-PUE observed between varieties of wheat and fertilizer 
treatments and the range of PUE was found in between 44.46 (HI8713) to 394.76 % (GW366). Among 
all the treatment the mean PUE was highest in reduced nitrogen fertilizer dose treatment followed by 
Normal dose treatment, reduced P dose fertilizer treatment. Among the varieties the highest PUE was 
found in GW366 (394.76%) followed by HI8663 (389.84%) HI8663, HI1563 genotypes with high P-AUE 
values had reduced grain P uptake and grain yield at the stressed P level. As a result, these genotypes 
were inefficient at using P. The PPUE data reveal that low yielding genotypes with high PPUE values 
at stressed P levels were P efficient, whereas low values with ample P supply were not. As a result, 
these genotypes are more suited to both high and low P environments because they efficiently obtain 
and utilize P for optimal grain production. 

[14] However, uptake efficiency is associated with root architecture and physiological 
characteristics [20]. HI8663, HI1563 genotypes with high P-AUE values had reduced grain P uptake 
and grain yield at the stressed P level. As a result, these genotypes were inefficient at using P. The 
PPUE data reveal that low yielding genotypes with high PPUE values at stressed P levels were P 
efficient, whereas low values with ample P supply were not. As a result, these genotypes are more 
suited to both high and low P environments because they efficiently obtain and utilise P for optimal 
grain production. However, uptake efficiency is associated with root architecture and physiological 
characteristics [14].Among wheat genotypes, variation in P uptake, which was linked to variability in 
P harvest index, was less strongly connected to genotypic variation in grain production than was 
variation in P utilization efficiency (PHI). Breeding has increased yield, although genetic gains in total 
P uptake have not been very important. Instead, improvements in PUE have been linked to 
increases in P utilization efficiency and PHI [8]. 



 

 

According to the findings, wheat genotypes differ greatly in terms of their P need for growth 
and grain output, and genotypes that explore for P better under stress conditions can withstand P 
deficiency stress. As a result, genotypes that produce more grain per kilogramme of absorbed P are 
P efficient. HI8713, NARMADA14 genotype generated more grain per kilogramme of absorbed P. 
This study's findings may be useful in developing genotypes with enhanced P use under P deficient 
conditions. 



 

 

Table 4 Effect of N&P on phosphorus use efficiency of wheat genotypes 

Agronomic use efficiency (%) Apparent phosphorus recovery (%) Physiological use efficiency (%) 

  T2 T3 T4 
Mean 

A T2 T3 T4 Mean A T2 T3 T4 Mean A 
HI8663 27.45 37.08 36.29 33.61 14.74 9.35 16.27 13.45 356.23 389.84 228.43 324.83 
HI8737 8.36 33.99 33.59 25.31 13.78 10.54 17.23 13.85 60.74 319.52 197.38 192.54 
HI8713 19.04 10.60 13.66 14.43 14.62 10.73 23.82 16.39 130.74 127.51 44.46 100.90 
HI1563 27.47 35.54 28.52 30.51 12.12 9.09 19.55 13.59 227.55 321.48 182.92 243.98 
HI1544 11.62 15.44 28.15 18.40 12.94 8.55 16.25 12.58 90.73 334.02 95.06 173.27 
HI1531 20.02 11.95 24.66 18.88 15.25 9.88 19.22 14.78 132.06 251.74 62.28 148.69 
GW366 25.76 30.48 40.09 32.11 14.15 10.17 22.27 15.53 182.06 394.76 137.45 238.09 
LOK1 16.03 18.32 37.93 24.09 12.27 9.76 20.11 14.05 130.71 388.90 92.02 203.87 

NARMADA14 19.26 23.91 30.56 24.58 15.15 11.84 22.79 16.59 127.29 258.33 104.90 163.51 
Mean B 19.45 24.15 30.38   13.89 9.99 19.72   159.79 309.56 127.21   
Factors C.D. SE(d) SE(m) C.D. SE(d) SE(m) C.D. SE(d) SE(m) 

Factor(A) 1.83 0.40 0.28 2.60 0.56 0.40 39.50 8.53 6.03 
Factor(B) 1.79 0.86 0.61 1.26 0.61 0.43 54.99 26.49 18.73 

Factor(B)at same level 
of A 3.37 1.49 0.84 2.83 1.05 1.19 99.64 45.88 18.09 

Factor(A)at same level 
of B 3.30 1.46 1.03 3.07 1.14 0.80 95.75 44.09 31.17 

 
T1Control, T2==100% (N+P+K) T3= 50% N+ 100% (P+K), T4 =50%P+100%N+K



 

 

4. CONCLUSION 
 

a. The variety HI 8713 of wheat studied had the highest total phosphorus uptake and apparent 
phosphorus recovery. 

b. Of the four nutrient treatments, the recommended doses of N and P T2 outperformed all nine 
varieties of wheat in terms of various efficiency parameters, while T1 was the least effective. 

c. On soils with a medium P fertility, the genotypes HI8713 and NARMADA14, which have superior 
P uptake, could be employed as P-efficient cultivars. 

REFERENCES 
1. Bilal Khan M, Iqbal Lone M, Ullah R. Effect of phosphatic fertilizers on chemical composition and 

total phosphorus uptake by wheat (Triticum aestivum L.). International Journal of Agricultural 
Science, Research and Technology in Extension and Education Systems (IJASRT in EES). 2012 
Mar 1;2(1):37-42. 

2. Blackwell MS, Darch T, Haslam RP. Phosphorus use efficiency and fertilizers: future 
opportunities for improvements. Frontiers of Agricultural Science and Engineering-FASE. 2019 
Jul 30;6(4):332-40. 

3. Dhillon J, Torres G, Driver E, Figueiredo B, Raun WR. World phosphorus use efficiency in cereal 
crops. Agronomy Journal. 2017 Jul;109(4):1670-7. 

4. Irfan SA, Razali R, KuShaari K, Mansor N, Azeem B, Versypt AN. A review of mathematical 
modeling and simulation of controlled-release fertilizers. Journal of Controlled Release. 2018 Feb 
10;271:45-54. 

5. Korkmaz K, İbrikçi H, Karnez EB, Buyuk G, Ryan J, Ulger AC, Oguz HA. Phosphorus use 
efficiency of wheat genotypes grown in calcareous soils. Journal of Plant Nutrition. 2009 Nov 
10;32(12):2094-106. 

6. Lambers H, Clements JC, Nelson MN. How a phosphorus‐acquisition strategy based on 
carboxylate exudation powers the success and agronomic potential of lupines (Lupinus, 
Fabaceae). American Journal of Botany. 2013 Feb;100(2):263-88. 

7. Malhotra DM. RE: Request for Comments on the Canada-Ontario Draft Action Plan “Partnering in 
Phosphorus Control: Achieving Phosphorus Reductions in Lake Erie from Canadian Sources.”. 

8. McDonald G, Bovill W, Taylor J, Wheeler R. Responses to phosphorus among wheat genotypes. 
Crop and Pasture Science. 2015 Apr 24;66(5):430-44. 

9. Nagpal S, Sharma P, Kumawat KC. Microbial bio formulations: Revisiting role in sustainable 
agriculture. In Biofertilizers 2021 Jan 1 (pp. 329-346). Woodhead Publishing. 

10. Nisar A, Khan SU, Shah AH. Screening and evaluation of wheat germplasm for phosphorus use 
efficiency. Iranian Journal of Science and Technology, Transactions A: Science. 2016 
Sep;(40):201-7. 

11. Rasul GA. Effect of phosphorus fertilizer application on some yield components of wheat and 
phosphorus use efficiency in calcareous soil. Journal of Dynamics in Agricultural Research. 2016 
Dec;3(4):46-51. 

12. Razaq M, Zhang P, Shen HL. Influence of nitrogen and phosphorous on the growth and root 
morphology of Acer mono. PloS one. 2017 Feb 24;12(2):e0171321. 

13. Richardson AE, Hocking PJ, Simpson RJ, George TS. Plant mechanisms to optimise access to 
soil phosphorus. Crop and Pasture Science. 2009 Feb 27;60(2):124-43. 

14. Sagwal V, Sihag P, Singh Y, Mehla S, Kapoor P, Balyan P, Kumar A, Mir RR, Dhankher OP, 
Kumar U. Development and characterization of nitrogen and phosphorus use efficiency 
responsive genic and mi RNA derived SSR markers in wheat. Heredity. 2022 Jun;128(6):391-
401. 

15. Simpson RJ, Oberson A, Culvenor RA, Ryan MH, Veneklaas EJ, Lambers H, Lynch JP, Ryan 
PR, Delhaize E, Smith FA, Smith SE. Strategies and agronomic interventions to improve the 
phosphorus-use efficiency of farming systems. Plant and Soil. 2011 Dec;(349):89-120. 

16. Sisie SA, Mirshekari B. Effect of phosphorus fertilization and seed bio fertilization on harvest 
index and phosphorus use efficiency of wheat cultivars. Journal of Food, Agriculture & 
Environment. 2011; 9(2 part 1):388-91. 



 

 

17. Stewart WM, Dibb DW, Johnston AE, Smyth TJ. The contribution of commercial fertilizer nutrients 
to food production. Agronomy journal. 2005 Jan; 97(1):1-6. 

18. Vance CP, Uhde‐Stone C, Allan DL. Phosphorus acquisition and use: critical adaptations by 
plants for securing a non renewable resource. New phytologist. 2003 Mar;157(3):423-47. 

19. Veneklaas EJ, Lambers H, Bragg J, Finnegan PM, Lovelock CE, Plaxton WC, Price CA, Scheible 
WR, Shane MW, White PJ, Raven JA. Opportunities for improving phosphorus‐use efficiency in 
crop plants. New phytologist. 2012 Jul; 195(2):306-20. 

20. Yaseen M, Malhi SS. Differential growth performance of 15 wheat genotypes for grain yield and 
phosphorus uptake on a low phosphorus soil without and with applied phosphorus fertilizer. 
Journal of plant nutrition. 2009 May 14; 32(6):1015-43. 

APPENDIX 

Table 5 

Source of 
Variation DF 

P% 
straw P Uptake (kg/ha Nutrient use efficiencies by P 

Replication 1 Grain Straw Total AUE ANR PUE 
Factor A 3 0.001 541.61 
Error(a) 3 0 114.551 25.732 247.56 1.41 94.42 132,936.86 
Factor B 8 0 0.505 0.473 1.728 260.85 2.43 815.27 
Interaction A 
X B 24 0 4.096 0.878 5.39 89.41 5.67 30,459.34 
Error(b) 32 0 1.244 0.397 1.421 2.22 1.52 10,964.71 
Total 71 0.325 0.359 0.487 0.62 766.17 

 


