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Introduction                                                                     

Maize is one of Pakistan’s main crops, but its 
production is very limited in Khyber Pakhtunkhwa 

Province. (Amanullah et al., 2012, 2016; Iqbal et 
al., 2019). Among the cereals its rank is on third 
because of its importance (Morris, 1998; Lang 
& Heasman, 2015; Pierre & Peters, 2019). It is a 

THE MAXIMUM requirement of primary nutrients by hybrid maize crop deteriorate the 
fertility of soil, therefore farm yard manure (FYM) in combination with mineral zinc (Zn) 

and phosphorus (P) was selected for the increasing crop productivity, rehabilitate and sustain 
the precious soil. The research was carried out at the farm of the university of Agriculture 
Peshawar (UAP)during year 2019-20.To investigate the impact of mineral P from di-ammonium 
phosphate (DAP) and Zn from zinc sulphate (ZnSO

4
) in combination with FYM on maize yield. 

The experiment was carried out in randomized completed block design (RCND) having eight 
different combinations of FYM, P and Zn were used excluding control. Spring hybrid variety 
of maize (CS-200) was used as a test crop. Basal dosage of nitrogen (N) 120 and potassium (K) 
60 kg ha-1 were also applied. Physio-chemical properties of soil and concentration of Zn, P and 
K in maize leaves at silking stage and post harvested stage were measured. The objectives of 
this study was to determine the impact of FYM, P and (Zn) alone and in combination on yield 
of maize and soil properties and to gives best combination of organic fertilizers with mineral. 
From this research it was concluded that the combine application mineral P and Zn with FYM 
have linearly influenced the thousand grains weight, grain and biological yield of hybrid maize 
(CS- 200). The combine used of P and FYM @ of 90 kg ha-1 and 10 ton ha-1 shows influential 
impact on 1000 grains weight and grain yield, respectively. The soil organic matter and total N 
were significantly (P≤0.05) influenced by FYM applied alone, whereas the uptake of N, P and 
K by hybrid maize crop was found maximum in the plot where P in combination with FYM was 
added. Based on results the application of FYM @ 10 t ha-1 applied with 90 kg P ha-1 have the 
potential to improve maize yield as well as soil fertility and physical condition, also enhance 
the plant nutrient uptake and yield of hybrid maize, while the concentration of zinc in soil and 
plant were also greatly affected by the applied treatment. It shows antagonistic effect with P and 
its concentration become linearly decreased with the increase in P rates, while the maximum Zn 
concentration was showed by the sole application of zinc fertilizer.
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short-term plant with the ability to produce large 
quantities of food grain. It is becoming popular 
amongst growers because of its multifunctional use 
and uses such as food for humans, raw materials 
for various industries and animal feed. Grain is a 
good fat, minerals, starch, protein, vitamin source 
(Khan et al., 2012; Toum et al., 2018). Maize has 
an important nutrient value with about 72% starch, 
protein approximately 10%, and fiber up to 12% 
and oils approximately 3% (Ali et al., 2014). Maize 
is an important staple cereal crop in Pakistan, and 
is a major source of income and food security for 
many farmers (Ahmad et al., 2020). The actual 
yield of maize is however far lower than the yield 
potential (i.e. typical yield gap of 2000 kg ha-1) 
with the major constrains being extreme weather 
events (Ahmad et al., 2018).

Phosphorus (P) is the second macro factor 
following nitrogen needed to grow the plant and 
needed more than other plant-specific nutrients 
(Wahid et al., 2015, 2019). It plays a vital role 
in boosting plant growth by promoting root 
propagation and outgrowth (Scervino et al., 
2011; Della et al., 2018) where more soil surface 
is remediated and hence more nutrients and 
water absorption are expected (Brady & Weil, 
2007; Fageria et al., 2010; Elephant et al., 2019). 
For primary and secondary orthophosphate the 
plant consumes P. This ion has a reliable pH and       
H

2
PO

4
-1 dominates the acidic soil while the alkaline 

soil has an abundance of HPO
4
-2 (Olibone et al., 

2010; Frazão et al., 2019; Pogorzelski et al., 2020). 
Organic phosphate in a small amount can be taken 
up by plants. The P content of the surface soil may 
be approximately 0.05% by average (Calvo et al., 
2014). P is present in different soil forms, such as 
iron phosphates, Ca, Al and Mg along with other 
elements (Tisdale et al., 1985; Duput el et al., 
2013; Wang & Lambers, 2020). The P occurs as an 
inorganic and organic component in soil, Inorganic 
P comes from rock mineral apatite weathering 
while residues of plants and animals are sources of 
organic P (Shen et al., 2011; Rowe et al., 2016). 
Much of the P compounds used as fertilizer are 
consumed. 

Phosphorus plays a primary role in root 
development, stem and stalk strength, the 
development of flora and seed and the maturity 
of crops (Xiang et al., 2012; Srinivasan et al., 
2012; Yong et al., 2018). Additionally, the 
key characteristic linked with Phosphorus 
supplementation facilitates legume N-fixation, 
crop efficiency and resistance to various crop 

diseases (Khan et al., 2010a; Plaxton et al., 2017; 
Lambers & Oliveira, 2019). Soil P dynamics 
are described by biological (immobilization-
mineralization) and physico-chemical (sorption-
desorption) processes (Condron et al., 2005; 
Stutter et al., 2012; Razaq et al., 2017; Saleem 
et al., 2020). Substantial use of P fertilizer 
precipitated in highly reactive Ca

2
 + pools in 

calcareous or normal soils and Fe3+ and Al3+ in 
acidic soils (Ezawa et al., 2002; Hao et al., 2002; 
Khan et al., 2009). Phosphorous fertiliser’s 
efficacy is around 10-25 per cent worldwide 
and has a very low level of soil bio-availability, 
reaching a level of 1.0 mg / kg soil (Goldstein, 
2000; Adnan et al., 2020).

Zinc (Zn), a key element in all forms of life, 
including animals, human and plant organisms, 
is important and plays a key role (Alloway, 2004; 
Palai et al., 2020). Zn deficiency is an increasingly 
important risk factor in human health and global 
agriculture. For cereal production worldwide 
the bulk of the soil is considered Zn deficient 
(Bhutta et al., 2007; Rasheed et al., 2019, 2020). 
As far as plants of cultivation are concerned, 
it is a significant micronutrient restriction that 
alkaline soils in Pakistan and over the world 
interfere with cultivation growth. Susceptible 
crops include cereals, citrus and beans etc 
(Shahzad et al., 2014). Around 70% of the region 
grown in Pakistan is lacking Zn (Rashid & Fox, 
1992; Kanwal et al., 2010; Wasaya et al., 2017).

Chlorophyll biosynthesis required Zinc 
(Graham et al., 1999; Huq et al., 2020). Zn 
typically plays an important part in enzyme 
enhancement, protein synthesis, oxidation 
and reaction reactions and metabolism of 
carbohydrates. The use of fertilizers with other 
micronutrients and Zn increases the quality 
of crops. Zn deficiency can lead to a decrease 
in photosynthesis and RNA destruction, 
reduce making of protein and therefore affect 
crop performance and quality. Improves 
the effectiveness of these nutrients through 
microelements.

Farm yard manure (FYM) is an organic 
fertilizer containing the organic nutrients, 
nitrogen, phosphorus, potassium and certain 
micro-nutrients organic and useful source 
(Berry et al., 2003; Van Bueren et al., 2011; 
Tadesse et al., 2013). Farmyard manure (FYM) 
is the most important organic source (Mahajan 
et al., 2008; Khan et al., 2010b), because, albeit 
in small amounts, It contains all necessary 
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nutrients for crop growth, even in trace elements 
(Satyanarayana et al., 2002; Khan et al., 2010a). 
The efficiency of manure use is determined 
by the method, time of incorporation and the 
decomposition rate in the soil (Mahajan et al., 
2008; Mengistu & Mekonnen, 2011). Startlingly, 
after incorporation in the soil, not all the 
nutrients in manure are directly available. First 
of all, organic sources of nutrients should be 
limited to plant forms available such as nitrate 
(Swift et al., 1994; Khan et al., 2010b). Farmed 
manure offers the possibility to preserve soil 
organic matter and to provide large macro and 
micronutrients with chemical fertilizer (Izhar 
et al., 2020). Specific nitrogen levels should be 
combined with farm manure levels in order to 
increase maize yield (Timsina & Connor, 2001; 
Adimassu et al., 2017). 

This research was conducted on the following 
objectives, to study the impact of FYM, P and 
(Zn) alone on yield of maize and soil properties, 
to inspect the interactive effect of FYM, P and 
Zn on yield of maize and soil properties, to 
recommend the most appropriate levels of FYM 
and inorganic source of P and Zn for sustainable 
improvement in maize yield and soil properties. 

Materials and Methods                                                

In spring 2019, a field trial was determined 
at the University Research Farm, The University 
of Agriculture, Peshawar, to examine the impact 
of Phosphorous and Zinc applied alone and 
with farm yard manure on spring maize yield. 
The experiment was performed with three 
replications in RCB design. The individual 
experimental unit measure was kept 3m x 5m 
and distances between rows were 75 cm, and 
each replication contains 8 treatments. Maize 
variety CS-200 was sown. NPK were applied @ 
120, 90.0 & 60.0 kg ha-1 from their respective 
sources of urea, SSP & MOP at the time of 
sowing whereas P as DAP, ZnSO

4 
and FYM were 

broadcasted @ 90.0 kg/ha, 15 kg/ha and 10 t ha-1 
as a whole before sowing respectively. FYM 
was analyzed for total N, P, K and zinc content 
prior to application, the nitrogen, phosphorus, 
potassium and zinc concentration in FYM was 
(0.69%, 0.17%, 0.63% and 72.4ppm). Before 
the sowing of maize composite soil sample was 
collected from the study site and was analyzed 
for the physicochemical properties of the soil. 
After harvesting of maize, soil was collected 
from every treatment plot and then analyzed for 
soil properties. Throughout the maize season, all 
other management practices were kept uniform. 

The treatment arrangements were as follows:

T
1
= Control, T

2
= FYM 10 t ha-1, T

3
= Zinc alone 

(15 kg ha-1), T
4
= P alone (90 kg ha-1), T

5
= Zinc+P, 

T
6
= Zinc+FYM, T

7
= P+ FYM, T

8
= Zn+P+FYM.

Analysis of soil samples
Before the crop sowing and after harvest 

from each experimental unit, a composite soil 
sample (0-20 cm) depth was taken in plastic bags 
and carried to soil and en-vironmental sciences 
laboratory at UAP for various physio-chemical 
properties analysis. For pH determination 
(McLean, 1982) described procedure 10 gram 
of soil along with distilled water was shaken 
on mechanical shaker for 15 minutes. After 
shaking the sample was analyzed for pH under 
pH meter. However, for OM analysis, Nelson & 
Sommer (1983) described procedure, 1 gram of 
shade dried sample along with 10.0 ml of 0.50 N 
K

2
Cr

2
O

7
 was taken in a conical flask and 20 ml 

of conc. H
2
SO

4
 annexed to it. After adding these 

chemicals, the reaction was completed in 30 min. 
After the completion of the reaction, 200 ml of 
distilled water was added and then filtration was 
done. Few drops (2-3) of Orthophenopthalein 
were added to the sample. After that titration 
against 0.5 N Fe

2
SO

4
.7H

2
O was done till the color 

was turned dark brown, and the endpoint was 
indicated. The OM percentage was calculated by 
the following formula.

%O.M=
(blank-sample)x N x 0.69

weight of sample
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For soil total N determination (Bremner, 
1982) Kjeldhal procedure was followed. In this 
procedure, a ground soil sample of 0.2 g was 
taken in digestion tubes along with concentrated 
3 ml of H

2
SO

4
 for digestion purpose. After 

complete digestion the volume was made 100 
ml with distilled water. The solution obtained 
was then analyzed for total N under Kjeldhal 
apparatus, in which 10 ml of NaOH solution was 
added with 5 ml of sample. The distillate was 
gathered in a flask containing 5 ml of boric acid, 
and was used kept under titration against 0.01 
M HCl.

% N =
(Blank − Sample) x N of HcL x meq N x 100

Wt of sample x volume distilled  X 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For determination of P and K in soil, the 
Soltanpour & Schwab (1977) method was 
followed. In this method a well air dried 
ground soil sample (10 g) was taken in 250 ml 
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conical flask and added to it 20 ml AB-DTPA 
solution. The aliquot obtained was then used 
for P and K analysis. The P was analyzed under 
spectrophotometer while the K analysis was 
done under flame photometer.

The method prescribed by Kuo (1996) was 
used to determine total P and K in the plant. In 
this process an oven dried ground plant sample 
(0.5 g) was taken in conical flask (250 ml). The 
sample was added with 10 ml concentrated nitric 
acid for digestion purpose and left overnight for 
complete digestion. The next day perchloric 
acid (HClO

4
) 4 ml was added to the sample 

and kept on hot plate in order to digest the 
remains of plant sample in flask. The analysis 
for P was done on spectrophotometer at (880 
nm) and the for K analysis the aliquot solution 
was directly used under flame photometer. Zinc 
concentrations in plant sample were measured 
through (Benton, 1991) procedure. The volume 
was made 100 ml with distilled water and 
brought to lab for Zn analysis under atomic 
absorption spectrophotometer.

Procedure for recording agronomic parameters
The grain yield for all treatment plots was 

determined randomly by counting the thousand 
grains and then weight of thousand grains of 
maize was recorded via the electronic balance 
(Donald & Hamblin, 1976). Yield of wheat grain 
in kg ha-1 was recorded from the two central rows 
for every treatment plot after proper harvesting 
and thorough sorting and cleaning the grain. 
To convert grain yield to kg/ha the following 
equation is used.

Grain yield(kg/ha) = Grain yield in two central rows
Row −  row distance x Row length x No.  of rows X 10000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After harvesting, two middle lines of every 
experimental unit, it was suns dried and then 
weighed. At maturity stage the dry matter kg ha-1 
was measured by using the equation (Donald & 
Hamblin, 1976). 

Biological yield (kg ha-1) =  
Biological yield in 2 rows

R−R distance x No of rows x row length X 10000 

 Statistical analysis
The data was statistically evaluated using 

the analysis of the variance technique where 
LSD value was kept 0.05 for significance in 
randomized complete block design in this 
experiment (Steel & Torrie, 1960).

Results                                                                            

Soil samples were collected from 
experimental site before the execution of this 
experiment. Analysis of soil samples showed 
that the experimental site was non saline and 
alkaline in nature, whereas textural class was silt 
clay loam. The experimental site was deficient in 
organic matter (0.16%), total nitrogen (0.05%) 
phosphorous (2.67 ppm) and Zn (1.02 ppm), 
however adequate K (68.2 ppm) concentration 
was found in the soil under investigation.The N, 
P, K and Zn concentration of FYM are 0.69%, 
0.17%. 0.63%, 72.4 ppm.

The 1000 grains weight
After the analysis of data it was concluded 

that the thousands grains weigh of hybrid maize 
(CS-200) was linearly enhanced by amendments 
of FYM and mineral nutrients. There was 
statistically significant increase occur use of 
Zn and P alone and in combination with FYM 
as show in Table 1. Our results concluded that 
highest 1000 grains weight of maize was recorded 
maximum from the plots where P and FYM were 
applied in combination, which is statistically at 
par with the use of P, Zn in combination with 
FYM. Lowest 1000 grains mass of maize were 
recorded in control plots where no fertilizers 
were amended. 

Biological yield (kg ha-1)
Data analysis for biological yield of maize 

showed that the FYM and mineral applied P and 
Zn significantly enhanced the biological yield 
of hybrid maize crop as stated in Table 1. The 
combine use of FYM with P has an influential 
effect on biological yield of hybrid maize and 
the maximum biological yield was also recorded 
with this combinations. While the minimum 
biological yield of maize was noted in control 
where no treatment was used.

Grain yield (kg ha-1)
The statistics recorded on grains yield as 

influenced by the use of Zn & P applied alone and 
in combination with FYM. Analysis of variance 
indicated that the various applied fertilizers have 
a significantly influence on maize grain yield as 
show in Table 1. Results indicated that superior 
grains yield was measured in experimental units 
where P with FYM were applied in combination, 
followed by the use of P at 90 kg ha-1 and FYM at 
10 t ha-1. Lowest grain yield was noted in control 
plot where no fertilizers were applied. 
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TABLE 1. Effect of phosphorous and zinc with and without farmyard on 1000 grains weight (g), Biological and 
Grain Yield (kg ha-1) of spring maize

Treatments 1000 grains w.t Biological yield Grain yield 
Gram ---------------  kg ha-1----------------

Control 234.3 d 8175 g 2656 d

Farmyard Manure 10 t ha-1 (FYM) 313.7 c 12140 c 4329a

Zinc 15 kg ha-1 (Zn) 258.3 d 10107 e 3992 c

Phosphorous 90 kg ha-1 (P) 330.3 bc 11167d 4425 a

Zn+ P 347.0  abc 9009 f 4083 bc

Zn + FYM 341.7 abc 12967 b 4111 bc

P + FYM 369.3 a 14460 a 4448 a

P + Zn + FYM 364.7 ab 13702 ab 4278 ab

LSD (≤  0.05) 35.31 792.24 198.27

The means followed by different letters in each column are significantly different from each other at α = 0.05.

Post-harvest, soil pH and organic matter content
The impact of Zn and P with and without 

FYM on soil chemical properties is given in 
Table 2. Data analysis shows that the application 
of Zn and P alone and in combination with 
farmyard manures has significantly affected pH 
and soil fertility of the experimental site. Soil 
organic matter and pH has linearly effected by the 
application of FYM and mineral fertilizers, the 
highest pH was recorded in control which is at par 
with the combine application of mineral applied 
Zn and P. while the lowest pH was indicated in 
the plots amended with the combine application 
of P, Zn and FYM. Organic matter was increase 
with the application of FYM and highest percent 
of organic matter was shown in plots which 
amended with FYM.

Soil nitrogen (%)
Percent soil nitrogen was significantly 

affected by the combine and sole application 
of FYM with mineral fertilizers as depicted in 
Table 2. The results indicated that the maximum 
nitrogen content was recorded from the plots 
where FYM was applied alone at the rate of         
10 t ha-1. Lowest nitrogen content was recorded 
in control plot where no fertilizers were applied 
as shown in Fig. 1. 

Soil phosphorus (mg kg-1) 
Phosphorus concentration in soil as affected 

by the use of zinc (Zn) and phosphorous (P) 
alone and in combination with farmyard manure 
(FYM) is shown in Table 2. Phosphorus in soil 
was significantly affected by the use of Zn and 
P alone and in combination with farmyard. 
Maximum soil phosphorus content was calculated 
in the treatment where P and FYM were used in 
combine form, followed by the use of P with zinc 

and FYM respectively. Minimum phosphorus 
concentration was recorded in plot where zinc     
(15 kg ha-1) was applied. Plots that showed 
minimum P concentration with the application 
of Zn were due to the antagonistic effect of Zn 
with P (Fig. 2). Which results in depressing its 
availability. Phosphorus was increased due to 
the application of farmyard manure because it 
contained high concentration of phosphorus after 
nitrogen in farmyard manure. 

Soil AB-DTPA extractable K
Data analysis of soil potassium revealed 

that the K concentration of soil was statistically 
affected by the application of FYM, mineral 
P and Zn and their combination as described 
in Table 2. The integrated use of fertilizers had 
also significant impact on soil K concentration. 
Highest potassium concentration was noticed 
from the plots where Zn and FYM were applied in 
combination, followed by the use of FYM alone, 
P with Zn and FYM, and P with FYM. Minimum 
soil K content was recorded in treatment where 
no fertilizer was applied as graphically shown in 
Fig.3. 

Soil zinc 
Statistical analysis of zinc concentration 

revealed that the sole and combine application 
of organic and in organic fertilizers significantly 
enhanced the concentration of Zn in soil as 
presented in Table 2. Maximum zinc concentration 
were recorded from the plots where Zn and FYM 
were applied in combination, followed by the 
use of Zinc with P, P with FYM and alone Zinc, 
lowest zinc concentration was recorded in the 
plot where phosphorus was broadcasted @ 90 
kg ha-1. Decline in soil Zn content was due to the 
antagonistic effect of P with Zn shown in Fig.4.
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TABLE 2. Soil chemical properties pH, organic matter (%), soil nitrogen (%) and soil P, K and Zn (mg kg-1) affected 
by the use of phosphorous and zinc with and without farmyard manure on yield of hybrid spring maize

Treatments pH O.M
(g kg-1)

Soil N 
(%)

Soil P
 (mg kg-1)

Soil K 
(mg kg-1)

Soil Zn 
(mg kg-1)

Control 7.84 a 6.6 d 0.04 d 2.66 d 68 bc 1.58 e

Farmyard Manure 10 t ha-1 (FYM) 7.43 c 12.3 a 0.08 a 5.87 ab 85 a 1.73 d

Zinc 15 kg ha-1 (Zn) 7.65 ab 6.5 d 0.06 bc 2.56 d 72 b 2.06 c

Phosphorous 90 kg ha-1 (P) 7.59 bc 6.0 d 0.06 bc 5.07 bc 67 bc 1.54 e

Zn+ P 7.83 a 6.7 d 0.06 c 4.19 c 62 c 1.83 d

Zn + FYM 7.61 bc 10.2 b 0.07 ab 5.70 ab 85 a 2.54 a

P + FYM 7.62 bc 9.2 b 0.07 ab 6.27 a 81 a 2.18 c

P + Zn + FYM 7.53 bc 8.0 c 0.07 ab 6.03 ab 83 a 2.32 b

LSD (≤ 0.05) 0.20 0.11 0.01 1.15 7.59 0.14

The means followed by different letters in each column are significantly different from each other at ≤ = 0.05.

Fig. 1. Graphical representation of nitrogen concentration in soil (Error bars represent standard error of mean 
for n=3)

Fig. 2. Graphical representation of phosphorus concentration in soil (Error bars represent standard error of mean 
for n=3)
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Fig. 3. Graphical representation of potassium concentration in soil (Error bars represent standard error of mean 
for n=3)

Fig. 4. Graphical representation of potassium concentration in soil (Error bars represent standard error of mean 
for n=3)

Concentration of N (%) in maize leaves at silking 
and harvesting stage

Nitrogen content in leaves of maize as affected 
by Zn and P application with farmyard manure is 
presented in Table 3. Statistical analysis of the data 
shows that N content in leaves at different stages 
shows that N content in leaves was significantly 
affected by Zn and P and its combined use with 
farmyard manure. Among the two stages (silking 
and post-harvest), maximum concentration of N 
in leaves was found at silking stage as declared 
in Fig. 5. Nitrogen content in leaves varied 
with treatments as treatments were of different 
nutritional status.

Phosphorus content (%) at silking and post-
harvest stages of maize leaves

Data in Table 3 show the results of P content in 
maize leaves as affected by alone and combined 

application of Zn, P and farmyard (FYM). 
Analysis of variance revealed that phosphorus 
concentration in maize leaves was influenced 
significantly by the use of Zn, P and FYM alone 
and in combinations. Each treatment showed 
its effect on P content of maize leaves. Among 
different organic and inorganic treatments applied 
alone and in combinations, FYM and P proved to 
maximized P content of maize leaves at silking 
stage rather than post-harvest stage of maize. 
Among the different treatments applied FYM and 
P proved to be the best due to which P contents 
in maize leaves was raised as shown in Fig. 6. 
Minimum P content in maize leaves was found in 
plots that has received mineral zinc in the form 
of ZnSo

4
. Decreased P with 15 kg ZnSo

4
 is due 

to the antagonistic effect of Zinc and Phosphorus 
depressing each other availability. 
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Fig. 5. Graphical representation of nitrogen (%) at different stages of crop (Error bars represent standard error 
of mean for n=3)

TABLE 3. Plant “P” and “N” content at silking and after harvesting as influenced by the use of phosphorous and 
zinc with and without farmyard manure on yield of spring maize

Treatments
N contents in leaves (%) P content in maize leaves (%)

Silking stage Post-harvest stage Silking stage Post-harvest stage
Control 1.28 c 0.723 d 0.2800 d 0.187 c

Farmyard Manure 10 t ha-1 (FYM) 2.47 a 1.241 a 0.3933 ab 0.303 ab

Zinc 15 kg ha-1 (Zn) 1.89 b 0.965 bc 0.2833 d 0.263 b

Phosphorous 90 kg ha-1 (P) 1.86 b 0.930 c 0.3867 ab 0.267 b

Zn + P 1.87 b 0.952 bc 0.3800 b 0.313 a

Zn + FYM 1.79 b 0.885 c 0.3700 bc 0.297 ab

P + FYM 2.49 a 1.068 b 0.4100 a 0.320 a

P + Zn + FYM 1.95 b 0.965 d 0.3500 c 0.290 ab

LSD (≤ 0.05) 0.13 0.20 0.04 0.03

The means followed by different letters in each column are significantly different from each other at ≤ = 0.05.

Fig. 6. Graphical representation of phosphorus (%) at different stages of crop (Error bars represent standard 
error of mean for n=3)
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Potassium content (%) in maize Leaves at silking 
and post-harvest stage

Data of potassium (K) content (%) of maize 
leaves at two different stages as influenced by 
the application of zinc, phosphorus and Farmyard 
alone and in combination is described in Table 
4. Data analysis showed that K content in maize 
leaves at different stage was significantly affected 
with the incorporation of organic and inorganic 
sources used alone and in combinations. Among 
the different stages, K content (%) was higher in 
maize leaves collected at silking stage followed 
by post-harvest stage. Maximum potassium 
content in maize leaves was observed with the 
application of FYM and P applied at 10 t ha-1, 90 
kg/ha. According to Fig.7, control plots possessed 
minimum K content in maize leaves.

Zinc content (mg kg-1) in maize leaves at silking 
and post-harvest stage

Zinc content in maize leaves at two different 
stages influenced by zinc, farmyard manure and 
phosphorus is presented in Table 4. Analysis of 
variance showcased that zinc content (mg/kg) 
was significantly affected by alone and integrated 
use of zinc, farmyard and phosphorus. In both 
stages zinc content of maize leaves was higher 
in plots supplemented with Zn and FYM @ 15 
kg ha-1 and 10 t ha-1. Among the treatments, FYM 
and Zn proved to have higher content of zinc in 
maize leaves, whereas plots supplemented with 
90 kg of P in the form of DAP was reported to 
have minimum zinc content in maize leaves as 
declared in Fig.8.

Fig. 7. Graphical representation of potassium (%) at different stages of crop (Error bars represent standard error 
of mean for n=3)

TABLE 4. Plant “K” and “Zn” content at silking and after harvesting as influenced by the use of phosphorous & 
zinc with and without farmyard manure on yield of spring maize

Treatments
K contents in leaves (%) Zn content in leaves (mg/kg)

Silking stage Post-harvest Silking stage Post-harvest

Control 2.14 e 1.29 de 28.3 e 17.9 ef

Farmyard Manure 10 t ha-1 (FYM) 2.83 e 1.51 cd 32.2 cd 19.8 de

Zinc 15 kg ha-1 (Zn) 2.17 de 1.30 de 39.0 b 28.5 b

Phosphorous 90 kg ha-1 (P) 2.16 de 1.29 de 28.1 e 16.1 f

Zn + P 2.19 cd 1.20 e 34.9 c 22.1 cd

Zn + FYM 2.21 c 1.89 b 42.7 a 31.3 a

P + FYM 2.90 a 2.20 a 33.1 cd 23.7 c

P + Zn + FYM 2.29 b 1.73 bc 31.4 de 21.8 cd

LSD (≤ 0.05) 0.38 0.29 3.49 2.45

The means followed by different letters in each column are significantly different from each other at α = 0.05.
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Fig. 8.  Graphical representation of zinc (%) at different stages of crop (Error bars represent standard error of 
mean for n=3)

Discussion                                                                        

With the application of FYM in to the soil 
increase the exchanging and holding capacity 
of soil. When mineral fertilizers applied in 
combination with FYM it hold the available 
nutrients on its surface and not don’t make it to 
leach down and release slowly the nutrients to 
the crop and the plant take up the nutrient at the 
time of its needs. Availability of macro and micro 
nutrients due to farmyard application, their uptake 
and accumulation along with P in maize grains 
has significantly increases 1000 grains weight. 
Our results are in accordance to the data recorded 
by Shamim-ul-Sibtain et al. (2015), Chauhan et 
al. (2020) where they applied FYM at rate of 
20 kg ha-1 and Phosphorus at the rate of 40 kg 
ha-1 to wheat where it showed significant effect 
on 1000 grain weight. Similarly, the findings of 
current research are in conformity with Aatif et al. 
(2017), Verma et al. (2019) who declared that the 
application of FYM @ 9 t ha-1 with phosphorus @ 
120 kg ha-1 to Wheat crop significantly enhances 
wheat 1000 grain weight, thus conforming the 
results of our current study to be in accordance 
with their research outputs. Greater biological 
yield can be subjected to maximum uptake of 
nutrients with less stress conditions, taller plant 
height, lengthy leaves and heavy stem mass. 
And it is attained by the maize hybrid in the 
organic in combination with in organic fertilizer 
condition. These results are similar to Yousif et 
al. (2010), Chand et al. (2017) who confirmed the 
combine application of phosphorous fertilizers in 
combination with organic fertilizers enhanced the 

biological yield of maize crop. Likewise Shamim-
ul-Sibtain et al. (2015), Chauhan et al. (2020) also 
confirmed that findings where they applied P @ 
120 kg ha-1 and FYM at 9 t ha-1 to wheat by which 
maximum biological yield of maize was recorded.  
The use of P

2
O

5
 @ 60 kg ha-1 and FYM @ 15 

t ha-1 to chickpea crop significantly enhances 
crop biological yield. Greater grain yield can be 
subjected to heavy grains weight and number of 
grain in ears. When plant grain maximum number 
of grain per cob it will enhanced the grain yield. 
The crop attains maximum grain per cob in the 
presence of maximum nutrients availability such as 
FYM and P. These results are similar to Hassanien 
et al. (2017) findings where they applied FYM at 
the rate of 3 0m3/fed and P

2
O

5
 at the rate of 200 

kg/fed to Corn and significantly increases grain 
yield of corn (18.2 to 21.4 arda/fed). Similarly, 
Aatif et al. (2017) also confirmed that the use of 
120 kg ha-1 Phosphorus and 9 t ha-1 FYM to Wheat 
has significantly enhances crop grain yield. Our 
results are in thee line of Meena et al. (2013), 
Anees et al. (2016), and Kumar & Salakinkop 
(2018) who concluded the maximum grain yield 
of maize with the application of mineral fertilizers 
with the combination of mineral fertilizers such as 
phosphorous.

Our results of organic matter and total 
nitrogen concluded that FYM linearly enhanced 
the fertility of soil and N%, due to the slow 
release of nutrients from FYM. The findings of 
Tadesse et al. (2013), Adimassu et al. (2017), 
Hammouda et al. (2019) described that FYM 
at 15 t ha-1 to rain-fed low land rice ecosystem 
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significantly enhanced the N content of soil and 
maintain the fertility of soil. These findings were 
similar with Kanaujia (2016) who confirmed 
that the use of FYM to rice-wheat crops at 10 t 
ha-1 has significantly decreased soil pH. Shirani 
et al. (2002) and Busari et al. (2015) concluded 
linearly enhancement of soil organic matter with 
the application of FYM as rapid amended after 
maize harvesting. Bayu et al. (2006) and Basak 
et al. (2020) also reported that farm yard manure 
significantly enhanced the organic carbon of soil 
with respect to control. The use of farm yard 
manure enhanced nitrogen content in soil, because 
the major content of farmyard manure on average 
basis is nitrogen which in turn increased nitrogen 
content in soil. Our results are in accordance to 
the findings narrated by Mahala et al. (2006) and 
Sarkar et al. (2018) where they applied farmyard 
manure 10 t ha-1 to maize and conclude that the 
N content of soil linearly enhanced by FYM.  
Similarly, Tadesse et al. (2013) and Nie et al. 
(2018) also concluded that the use of FYM to rice 
at 10t ha-1 has significantly enhances rice crop 
nitrogen content, thus conforming the results of 
our current study to be in accordance with their 
research outputs. Likewise the phosphorus content 
of soil results are in line to the findings narrated 
by Singh et al. (1983), Thamaraiselvi et al. (2012) 
and Srinivasarao et al. (2019) where they applied 
farmyard manure with phosphorous to Maize and 
wheat crop rotation, and reported that the yield 
of crops and there vigoristy enhanced with the 
maximum availability of P. Similarly, Tadesse et 
al. (2013) and Nie et al. (2018), also concluded 
that the use of 15 t ha-1 FYM and P

2
O

5
 @ of 100 

kg ha-1 to rice crop has significantly enhances rice 
crop phosphorus content, thus conforming the 
results of our current study to  be in accordance 
with their research outputs. With the application 
of FYM the pH of soil decreased and it make 
the P available to the crops (Roba, 2018). FYM 
and mineral P have significantly enhanced the 
available phosphorus portion of soil and soil 
fertility (Bodruzzaman et al., 2010; Biratu et al., 
2019).

The results on the extractable K and Zn 
increase with the use of farmyard due to microbial 
activities, enabling the availability of macro 
and many micro nutrients aiding in increasing 
potassium content in soil. Our findings are similar 
to the results narrated by Badiyala & Chopra 
(2011) and Suganya et al. (2020) where they 
applied farmyard manure at 5 t ha-1 with ZnSO

4 
@ 

25 kg ha-1 to Maize. Similarly and reported similar 

outcomes, Wahid et al. (2019) also concluded 
that the use of FYM to green gram at 5 t ha-1 ha 
has significantly enhances soil potassium level, 
thus conforming the results of our current study 
to be in accordance with their research outputs. 
Our findings are in line to the results narrated by 
Badiyala & Chopra (2011) and Suganya et al. 
(2020) where they applied ZnSo

4
 and FYM at 25 

kg ha-1 and 5 t ha-1 to maize and linseed cropping 
system. Our results of zinc concentration in soil 
are in line with the findings of Mosaad (2019), 
thus conforming the results of our current study 
to be in accordance with their research outputs. 
Nandini et al. (2020) concluded that the maximum 
availability of K is due to the high organic matter 
in soil. K enhanced the resistance ability of plant 
to diseases and there uptake can be enhanced by 
the use of FYM (Kumar & Salakinkop, 2018), 
Zn and K increased with the application of FYM 
(Hekmat et al., 2019).

Maximum percent of N were recorded 
among the treatments, applied maximum N 
content in leaves was noted in plot receiving 
farmyard manure and P broadcasted @10 t ha-1, 
and 90 kg ha-1 respectively, whereas minimum 
N content in leaves was found in plot receiving 
zero inputs. Miller et al. (2007) and Wessells & 
Brown (2012) reported that N content was found 
significant when they applied organic fertilizer in 
combination with inorganic fertilizer. Similarly the 
application of 40 kg/ha phosphorus significantly 
increases the concentration of N in plant by 
Nazim et al. (2008) and Zaman et al. (2018). 
While maximum P % results was also declared 
by Nziguheba et al. (1998), Hossain et al. (2010) 
and Muhmood et al. (2018) who applied P alone 
and in combination with FYM to the field and 
maximum P concentration was recorded in leaves 
of P along with FYM amended plots (Tiwari et 
al., 2010; Chesti et al., 2015; Yaseen et al., 2020). 
The mineral P was taken by the plant at the time of 
application while the FYM released P slowly and 
it will take up by the plant at the time of its need.

Results of K content of maize leaves in 
current study are found in accordance with the 
findings published by Ranjan et al. (2005) and 
Guan et al. (2020) who applied FYM alone and 
in combination with inorganic fertilizers, and 
concluded maximum concentration of K at silking 
stage of the crop. The decrease in zinc content in 
maize leaves supplemented with 90 kg ha of P 
was due to antagonism of zinc with phosphorus. 
Results of this experiment were same as reported 
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by Ranjan et al. (2005) where they applied 
organic manure along with inorganic fertilizer to 
maize.

Conclusions                                                                   

The application of 90 kg P ha-1 along with 10 t 
FYM ha-1significantly improved maize growth, 
grain and biological yield compared to the rest of 
treatment combination. Similarly, maximum soil 
total nitrogen, AB-DTPA extractable P and K as 
well as plants N, P and K were observed with 
application of FYM alone and in combination 
with P. Furthermore, the FYM was effective in 
reducing soil pH and Bulk Density. Therefore 
the application of FYM in combination with 90 
kg P ha-1is recommended for improving maize 
yield, soil physical and chemical properties 
under the existing agro-climatic conditions. 
Zn concentration was significantly decreased 
in leaves and soil with the increase in P 
concentration because of antagonistic effect.
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