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ABSTRACT

A field study was conducted during the Kharif season of 2021 at the Research Farm of the
Department of Soil Science, CCS HAU, Hisar, to assess the influence of various phosphorus levels
and sources on yield and nutrient uptake by pearl millet crop. The study included eleven treatment
combinations, arranged in a randomized block design (RBD) with three replications. Adoption of
different nutrient management practices significantly improved the crop yield and nutrients uptake
(N and K). The highest (33.66 and 80.70 g ha') grain and straw yield of pearl millet was observed
with the application of 7.5 t of FYM ha! along with SSP over rest of the treatments. Highest N
content (1.94 and 1.42 % in grain and straw, respectively) and protein content (12.13 %) of pearl
millet was observed with the application of full recommended dose of P through SSP. Whereas, K
content was found highest (0.44 and 1.85 %) with the supply of 7.5 t of FYM ha-! in conjunction with
SSP. Similarly, highest N uptake (163.26 kg ha') by pearl millet was observed with the application
of full recommended dose of P through SSP, whereas, K uptake was found highest (164.10 kg ha -
1) with the supply of 7.5 t of FYM ha! in conjunction with SSP over other treatments. The results
from the study indicated that instead of using P fertilizers alone, the integrated use of FYM and P

fertilizers may be more effective to improve nutrient uptake and to sustain crop productivity.

Keywords: Crop yield; phosphorus; nutrient uptake; protein content and farmyard manure.

1. INTRODUCTION

Pearl millet is one of the most important staple
food crop adopted by poor and small land
holders in Asia and Africa continent (Gurjar et al.,
2022, Saini et al., 2024). It accounts for 50% of
global millet’'s production and occupies an area
of 6.93 mha with an average production of 9.62
m tones and productivity of 1436 kg ha?l
(Anonymous, 2023). It is the sixth most important
cereal crop in the world next to maize, rice,
wheat, barley and sorghum (Satyavathi et al.,
2021). The pearl millet grain contains high
protein content, balanced amino acid profile, high
levels of iron, zinc and insoluble dietary fiber
(Sheoran et al.,, 2024). It has special health
benefiting properties for people suffering from
diseases like diabetes, obesity, allergy and
acidity etc. as it has high proportions of slowly
digestible starch (SDS) and resistant starch (RS)
that contribute to low glycemic index (Gl). Pearl
millet-based cropping system is most popular in
semi-arid tropics of India, because of its limited
water requirement, low requirements of inputs
and labour and high profitability compared to
other intensive cropping sequences (Sheoran et
al., 2024). But, now a day’s agriculture is facing
several issues like low fertilizer use efficiency,
stagnation in crop productivity, imbalance
between nutrient removal and supply in the soils.
So, the balanced nutrition is needed which could
be achieved through adoption of best nutrient
management practices (Bedoussac et al., 2015).

Phosphorus (P) is considered the second most
essential macronutrient after nitrogen, and most

crops show a positive response to its application.
Deficiency of this nutrient is widespread across
the globe. Phosphorus plays a vital role in cell
division, root development, grain formation, the
growth of reproductive structures, and it is a key
component of nucleic acids (Blackshaw et al.,
2004). It also helps mitigate the adverse effects
of excessive nitrogen in plants. In addition,
phosphorus supports the activity of nitrogen-
fixing bacteria, promotes pod development, and
accelerates pod maturity, thereby enhancing
nitrogen accumulation (Tisdale et al., 1984).
Despite its importance, phosphorus is among the
least mobile and least available nutrients in the
soil, and its limited availability often constrains
plant growth. Worldwide, an estimated 5.7 billion
hectares of agricultural land suffer from
phosphorus deficiency (Dhillon et al., 2017).
Therefore, sufficient quantity of soluble form of
phosphorus fertilizers are applied to achieve
maximum plant productivity, improves agronomic
efficiency, and uptake of essential nutrients
(Prakash et al., 2018; Urli¢ et al., 2023, Marzouk
et al., 2024). Single super phosphate (SSP) and
di-ammonium phosphate (DAP) are commonly
used as inorganic P fertilizers by the farmers.
SSP contains 16 % P20s, 11-12% sulfur, and
20% calcium and it does not have a great
influence on soil pH. Whereas, DAP contains 18-
21% N and 46-53% P20s and temporarily lowers
the soil pH initially. Both SSP and DAP are water
soluble fertilizers, contains P in readily available
form for plants and is widely used in India. So,
inorganic P fertilizers are used in many
agroecosystems, but only 20-30 % of the P
applied is taken up by plants during the initial
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period (Richardson and Simpson, 2011), and
remaining leads to P losses through runoff from
soils, contributing to P accumulation in water
bodies, that causes eutrophication and toxic algal
blooms in aquatic environment (Zak et al., 2018,
Han et al., 2022). Moreover, mineral fertilizers
viz. phosphate rock is non-renewable P resource
(Dawson and Hilton, 2011, Ning et al., 2020). So,
for avoiding these limitations and improving the
use efficiency of P fertilizers, conjoint use of
manures and chemical fertilizers depending upon
the availability, nature and properties of the soil
and crops, can be used. This would not only
maximize the crop production and improve the
quality of agricultural produces but would also
help in maintaining the fertility. The productivity
and quality of the soil would be maintained via
improving soil organic matter (SOM), microbial
biodiversity and populations (Meena and Biswas,
2013, Parihar et al., 2013).

Considering the above facts, this experiment was
conducted at Hisar with the aim to evaluate the
impact of different levels and sources of
phosphorus application on grain quality and crop
productivity under Pearl Millet-Mustard cropping
system in semi-arid regions of North-west
India.

2. MATERIALS AND METHODS
2.1 Study Location and Treatment Details

The field experiment was started in Rabi, 2020 at
Research Farm, Department of Soil Science. The
experimental site is situated at coordinates 29°10
latitude and 75°46 longitudes in the northwest
region of India. The climate in this region is semi-
arid, characterized by an average annual
temperature of 24.8°C and average yearly rainfall
443 mm. The soil had a sandy loam texture
having initial pH of 7.98, electrical conductivity
(EC) 0.31 dSm?, soil organic carbon content of
0.45 %, available N of 134.0 mg kg%, available P
of 12.27 mg kg and available K of 420.0 mg kg
1. The experiment encompassed a total of eleven
treatments, which included the recommended
dose of P applied via fertilizers such as DAP, RP,
and SSP, or half of the recommended P
fertilizers in combination with 7.5 t FYM ha. It
was replicated three times in a randomized block
design on permanent plots, as shown in Table 1.
The FYM was incorporated on a dry weight basis
prior to sowing the pearl millet crop. Urea served
as the nitrogen source administered in two equal
portions across all treatments except the
control.

2.2 Sample Collection, Preparation and
Analysis

After field preparation, pearl millet variety HHB
299 was sown in August, 2021 and harvested
manually in November, 2021 at about 2-3 cm
above the ground level. After harvesting of the
crop, each plot was threshed separately. Grain
yield and bundle weight from each plot was
recorded and computed as q ha. Straw yield for
each plot was worked out by subtracting the
grain yield from total biological yield of individual
plot.

Representative grain and straw samples from
individual plots were collected and were initially
dried in air and then in an oven at 60+2°C. For
estimation of N, 0.5 g of plant material was
digested in concentrated (H2S04:HCIO4::4:1)
digestion mixture. After digestion, the N was
determined by colorimetric (Nessler's reagent)
method and the intensity of developed
orange color was measured at 440 nm using
visible spectrophotometer. For the estimation of
P and K, 0.5 g of the plant sample was
digested in 4:1 nitric acid and perchloric acid
(HNO3: HCIO4) mixture. Total P in digested
sample was determined by Vanado-molybdate
yellow color method (Jackson, 1973) and the
intensity of yellow color was measured at 440 nm
using visible spectrophotometer. Potassium in
the extract was determined by flame-
photometer.

Protein content in grain was estimated by
multiplying nitrogen content in grain (percentage)
by a factor 6.25 (Gassi et al.,1973).

Protein content (%) = Nitrogen content in
grain (%) x 6.25

The nutrient uptake by the pearl millet crop was
computed from the data of N and K concentration
and grain and straw vyield, using the following
formula:

Nutrient uptake (kg ha™) = Nutrient content
in grain or straw (%) x grain or straw yield (q
ha™)

2.3 Statistical Analysis

The experimental outcomes were scrutinized
through an online statistical analysis platform
(OPSTAT: Sheoran et al., 1998). The CD value
was determined through a significance level of
5% (a = 0.05).
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Table 1. Treatment details carried out during the experiment

Treatment no.

Pearl millet (HHB 299)

Mustard (RH 725)

T1 Control

T2 Peossp

Ts Peobapr

Ta Peorp

Ts Peorp

Ts Peorp

T7 FYM?7.5t+P3ossp
Ts FYM7 5t+Psopap
To FYM7.5t+P3orp
Tio FYM7.5t+P3orp
Tu FYM7.5t+P3orp

Control

P2ossp

P20pap

P2orp

P2ossp

P20pap
FYM7.st+P1ossp
FYM7.5t+P1opap
FYM7.5t+P1orp
FYM7.5t+P1ossp
FYM7.5t+P1opap

SSP- single super phosphate, DAP- di-ammonium phosphate, RP- rock phosphate and FYM — farm-yard manure

3. RESULTS AND DISCUSSION
3.1 Grain and Straw Yield

The grain and straw yield of pearl millet ranged
from 23.79 to 33.66 q ha'and 50.81 to 80.70 q
hal, respectively, under various treatments
(Table 2). The application of various nutrients
management sources increased the grain and
straw yield over control. The results are in line
with the outcomes of several studies by - Tang et
al. (2011); Noonari et al. (2016); Mussarat et al.
(2021); Navghare et al. (2023); Kumari et al.
(2024); Meshram et al. (2024); Yan et al. (2024);
Sheoran et al. (2025). The highest and lowest
grain and straw vyield was obtained with the
application of 7.5 t FYM ha?l along with half
recommended dose of P through SSP (T7) and in
the control plots (T1), respectively. Application of
full recommended dose of P through various P
fertilizers significantly and RP non-significantly
increased the grain yield over control. However,
application of full recommended dose of P
through various P fertilizers significantly
increased the straw yield over the control.
Addition of full recommended dose of P through
SSP showed higher grain and straw vyield
followed by DAP and RP. However, application
of various P fertilizers doses showed non-
significant effect with each other. The higher
productivity with SSP over other phosphatic
fertilizers sources might be attributed to the
additional amount of sulphur in SSP, that has
also been reported by several authors (Khan et
al., 2010; Saha et al., 2013; Ahmad et al., 2019;
Vora et al, 2018; Amanullah et al., 2019).
Application of 7.5t FYM ha in combination with
half of recommended dose of P through various
chemical fertilizers significantly increased the
grain and straw yield over control (Brar et al.,
2015; Waheed et al., 2015). Incorporation of
FYM along with P through SSP showed higher

grain and straw yield followed by FYM along with
RP and DAP. Application of full recommended
dose of P through SSP, DAP and RP in both
crops increased the grain yield by 25.76%,
20.84% and 11.55%, respectively, and straw
yield by 45.83%, 38.57% and 28.51%,
respectively, over control treatment. Application
of half recommended dose of P through SSP,
DAP, RP along with 7.5 t of FYM ha! in both the
crops increased the grain yield by 12.5%, 8.20%
and 23.88%, and straw yield by 8.9%, 7.66% and
21.43%, over application of full recommended
dose of P through SSP, DAP and RP in both
crops, respectively. However, application of
FYM7s+P3ore  under treatments Tio and Tu
increased the grain yield by 12.01% and 12.95 %
over Tsand Te, respectively.

3.2 Nutrient Content (N and K)

Application of P fertilizers significantly increased
the N content in pearl millet grain and straw over
control plots (Table 2). Similar results were also
reported by Jadav et al. (2016); Patel (2016);
Singh (2018); Patel et al. (2019); Chauhan et al.
(2020); Mahmood et al. (2020); Kumari et al.
(2024); Yan et al. (2024); Sheoran et al. (2025).
The N content in pearl millet grain varied from
1.56% to 1.94% and straw from 0.76% to 1.42%
under various treatments (Table 2). The highest
and lowest N content in grain and straw was
observed with thse application of full
recommended dose of P through SSP (T2) and
control plots (T1), respectively. The full
recommended dose of P or FYM along with half
recommended dose of P applied through various
doses of P fertilizers significantly increased the N
content. Addition of P through SSP showed
higher N content followed by DAP and RP (Table
2). Similar results were reported by Gaind & Nain
(2007); Awaad et al. (2009), Saha et al. (2013);
Alkhader et al. (2015), Waheed et al. (2015).
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Potassium content in pearl millet grain and straw
varied from 0.27% to 0.44% and 1.34% to 1.85%
under various treatments (Table 2). The highest
and the lowest K content was found with the
application of FYM along with half recommended
dose of P through SSP (T7) and control plots
(T1), respectively. Application of P through
various P fertilizers increased the K content over
control. The effect of application of full
recommended doses of P through fertilizers was
significant except for T4 (Psore) in grain and non-
significant in straw, except for T2 (Peossp) and Ts
(Psorp). Addition of P through SSP showed
higher K content followed by DAP and RP
(Alkhader et al., 2015, Waheed et al., 2015).

3.3 Protein Content

Protein content in pearl millet grain varied from
9.75% to 12.33% under various treatments
(Table 2) and application of different nutrient
management sources increased the protein
content in grain over control. This was also
reported by Mali et al. (2017); Ranpariya et al.
(2017); Bhuva and Detroja (2018); Bhawariya et
al. (2022); Sunda et al. (2023); Sheoran et al.
(2024). The highest and lowest protein content
was observed with the application of full
recommended dose of P through DAP and
control plots, respectively. Increased protein
content in plots receiving P fertilizers could be
linked to enhanced nitrogen uptake by the grain,
supported by the residual effect of phosphorus.
Application of P through various P fertilizers
significantly increased the protein content in
grain over control. The full recommended dose of
P applied through DAP showed higher protein
content as compared to SSP and RP. Application
of 75 t FYM ha? in combination with half of
recommended dose of P through various
chemical fertilizers significantly increased the
protein content over control. This result was also
reported by Mali et al. (2017); Bhawariya et al.
(2022); Sunda et al. (2023). Incorporation of FYM
along with P through SSP showed higher protein
content as compared to FYM along with P
through DAP or RP. Application of FYM along
with RP non-significantly increased the protein
content as compared to full recommended dose
of P through RP. However, FYM along with SSP
and DAP showed significant lower protein
content in pearl millet grain as compared to full
recommended dose of P through SSP and DAP.

3.4 Nutrient Uptake

The N uptake by pearl millet grain and straw
varied from 37.11 to 61.26 kg ha? and 38.61 to

105.22 kg hal, respectively, under various
treatments (Table 3). The highest N uptake by
grain was found with the application of 7.5t FYM
hal along with half of recommended dose of P
through SSP (T7). However, full recommended
dose of P through SSP (T2) showed highest N
uptake in straw. Application of full recommended
dose of P and FYM along with half
recommended dose of P significantly increased
the N uptake over control. Addition of full
recommended dose of P through SSP or
application of FYM along with half recommended
dose of P through SSP showed higher N uptake
followed by DAP and RP. Similar results were
also reported by Alkhader et al., (2015); Waheed
et al., (2015); Khan et al., (2018); Wabela et al.,
(2024).

Data presented in Table 3 revealed that K uptake
by pearl millet grain and straw varied from 6.42
to 14.81 kg ha! and 68.08 to 149.29 kg hal,
respectively. Under various treatments and
applications of different nutrient
management sources increased the K uptake by
grain and straw over control. This was also
reported by Wabela et al., (2024); Yan et al.
(2024). The highest and lowest K uptake was
observed with the application of 7.5 t FYM ha
alongwith half of recommended dose of P
through SSP and control plots, respectively.
Application of P through various P fertilizers
significantly increased the K uptake by pearl
millet grain and straw over control. Similar results
were findings by Chauhan et al., (2020);
Mahmood et al., (2020). With full recommended
dose of P and FYM along with half
recommended dose of P through SSP showed
higher K uptake followed by DAP and RP.

3.5 Total Nutrient Uptake by Pearl Millet

Total N and K uptake by pearl millet varied from
75.72 to 163.26 kg ha' and 74.50 to 164.10 kg
hal under various treatments (Table 3). The
highest and lowest total N and K uptake was
observed with the application of full
recommended dose of P through SSP (T2) and
FYM along with half recommended dose of P
through SSP and control plots (T1), respectively.
Application of full recommended dose of P
through various P fertilizers significantly
increased N uptake (T2: 163.26, Ts: 149.54 and
T4 101.00 kg ha?' for SSP, DAP and RP,
respectively) and K uptake (T2: 131.87, Ts:
117.08 and Ta: 103.42 kg ha* for SSP, DAP and
RP, respectively), over the control. Addition of full
recommended dose of P through SSP showed
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higher total N and K uptake. These results were
also reported by Khan et al. (2019). Effects of
application of various P fertilizers showing
significant effect with each other were also
reported by Alkhader et al., (2015); Waheed &
Arshad (2015). It may be attributed to the more
mineralization and solubilization of available
nutrients through direct and indirect mechanism
of nutrients in soil and transport of nutrients to
plant. Incorporation of 7.5 t FYM ha?! in
combination with half of recommended dose of P
through various chemical fertilizers (T7: 151.64,
Ts: 137.24 and To: 133.14 kg ha for FYM along
with SSP, DAP and RP, respectively and Tz
164.10, Ts: 146.31 and To: 132.31 kg ha? for
FYM along with SSP, DAP and RP, respectively),
significantly increased the total N and P uptake,

respectively over the control. Incorporation of
FYM along with P through SSP showed
significantly higher total N and K uptake as
compared to application of FYM along with P
through DAP and RP. Application of FYM along
with half of recommended dose of P through
SSP and DAP showed significantly lower total N
uptake as compared to full recommended dose
of P through SSP and DAP. Application of FYM
along with RP significantly increased the total N
uptake as compared to full recommended dose
of P through RP. Whereas, application of FYM
along with half of recommended dose of P
through SSP, DAP and RP significantly
increased the total K uptake as compared to full
recommended dose of P through SSP, DAP and
RP.

Table 2. Effect of different levels and sources of phosphorus on grain and straw yield, nutrient
content (N and K) in grain and straw and protein content in pearl millet

Treatment Pearl millet Mustard Crop yield (g Grain Straw Protein
no. ha?) content

(%)

Grain Straw N K N K
(%) (%) (%) (%)

T1 Control Control 23.79 50.81 156 0.27 0.76 1.34 9.75
T2 Peossp P2ossp 2992 7410 194 037 142 163 12.13
Ts Peobapr P20papP 28.75 7041 192 035 1.34 152 12.00
Ta Peorp P2orp 26.54 6530 169 0.28 0.86 1.47 10.56
Ts Peorp P2ossp 27.88 6952 183 033 1.23 158 11.44
Te Peorp P20papP 2725 6725 180 0.32 1.13 150 11.25
T7 FYM75t+P3osse FYM7s:+Piosse 33.66 80.70 1.82 0.44 1.12 185 11.38
Ts FYM75:+P3opap  FYM75t+Piopap 3111 7581 1.78 0.39 1.08 1.77 11.13
To FYM75:+P3ore FYM7s5t+Piore 32.88 79.30 1.71 0.31 0.97 154 10.69
To FYM75:+P3ore  FYM75t+P1osse 31.23 7692 1.76 0.38 1.08 1.80 11.00
Tu FYM75t+P3orp  FYM7st+Piooap 30.78 7465 1.74 036 1.06 1.73 10.88
CD (0.05) 3.94 6.59 0.11 0.02 0.07 0.20 0.68

Table 3. Effect of different levels and sources of phosphorus on nutrient uptake (N and K) in
grain and straw

Treatment Pearl millet Mustard N uptake (kg ha') K uptake (kg ha!)
ne, Grain Straw Total Grain Straw Total
T1 Control Control 37.11 3861 75.72 6.42 68.08 74.50
T2 Peossp P2ossp 58.04 105.22 163.26 11.07 120.78 131.87
Ts Pesopap P2opap 55.20 94.34 149.54 10.06 107.02 117.08
Ta Peorp P2orp 4485 56.15 101.00 7.43 95.99 103.42
Ts Peorp P2ossp 51.02 85.50 136.52 9.20 109.84 119.04
Te Peorp P2opap 49.05 75.99 125.04 8.72 100.87 109.59
T7 FYM7s+P3ossp FYM7st+Piosse 61.26  90.38 151.64 14.81 149.29 164.10
Ts FYM7s+P3opap  FYMz7st+Piooap  55.37  81.87 137.24 12.13 134.18 146.31
To FYM7st+P3orp  FYM7st+Piore  56.22  76.92 133.14 10.19 122.12 132.31
T1o FYM7st+P3orp  FYM7st+Piosse 54.96  83.07 138.03 11.86 138.45 150.31
Tu FYMz7st+P3orp  FYM7st+Piopap 53.55  79.12 132.67 11.08 129.14 140.22
CD (0.05) 5.92 1.84 11.08 1.15 6.54 5.20
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4. CONCLUSION

The results revealed that the application of P
fertilizer either alone or in combination with
farmyard manure (FYM), enhances productivity
and nutrient uptake of pearl millet. Among the
various P sources, application of SSP either
alone or in combination with 7.5 t FYM ha? is
beneficial for most of the studied variables.
Therefore, it is concluded that instead of using P
fertilizers alone, the integrated use of FYM and P
fertilizers would be more effective to improve soll
health and to sustain crop productivity.
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