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Abstract. The present study was conducted in order to study the effect of P sources and their levels on
spring maize crops at New Developmental Farm, University of Agriculture Peshawar, Pakistan in the
year 2014. The farms were divided into low and high permeability strata. Clay loam to silt loam soil
textures were observed in low permeability strata while sandy soils were observed in high permeability
strata. Soil pH was dominantly alkaline in nature with no salinity indications. More than 75% samples
were observed as moderate soil organic matter content. A basal dose of nitrogen 150 kg/ha was applied
at sowing time. Hybrid maize was sown with recommended population of 60000 plants/ha. Four
phosphorus (P) sources namely Diammonium phosphate (DAP), Nitrophosphate (NP), Triple
superphosphate (TSP) and Single superphosphate (SSP), and four P levels (0, 60, 90 and 120 kg/ha)
were applied at the time of sowing. Maximum plant height was observed by the application of NP at
the rate 120 kg/ha. There was no significant effect of either P levels or P fertilizer sources on number
of cobs per plant. Maximum grain per ear, thousand grain weight and highest harvest index was found
by the application of SSP at the rate of 90 kg/ha. Higher biological and grain yield were produced when
DAP was applied at the rate of 90 kg/ha. Regarding P levels, maximum electrical conductivity of
(0.20 dS/m) was recorded for control. Maximum soil mineral nitrogen was recorded when NP was

applied, while, highest plant P level was observed in case of SSP.
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Introduction

Maize (Zea mays L.) is the second most important crop
after wheat in Khyber Pakhtunkhwa province of
Pakistan, however, the yields per unit area are very low
(Amanullah et al., 2009). It is a short duration crop and
is used worldwide as food, feed and energy. Fats, protein,
starch, minerals and vitamins represent the major
nutritional constituents (Chen ez al., 2016; Watson,
2003). Among all the crops, maize has the great nutritive
value containing 72% starch, 10% protein, 8.5% fibre,
17% ash, 4.8% oil and 3% sugar (Chaudhary, 1983).
In Pakistan maize was grown on 1.01 million ha and
the production was 3.08 million tonnes with an average
yield of 3037 kg/ha, while in KPK it is grown on 0.5
million ha area and the production was 0.96 million
tonnes with an average yield of 1780 kg/ha in 2009
(GOP, 2011).

Maize growth and productivity greatly depends upon
the genetic makeup of the variety, supply of essential
nutrients required for plant growth as well as develop-
ment in the area and plant density. The soil and climatic
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conditions of Pakistan are highly favorable for maize
production. Pakistan also has high yielding maize
varieties but the yield recovery of maize at farmer’s
fields are very low as compared to other maize producing
countries including Canada, USA and Egypt etc. (Lee
et al., 2016; Bakht et al., 2006).

Soils in Pakistan are mostly calcareous and alkaline in
nature, which are generally deficient in phosphorus.
Due to P deficiency, crop growth is restricted, as P is
bound strongly with Ca, Mg and other bases. Therefore,
it is mostly unavailable for plants uptake (Rashid ef al.,
1999; Ahmad et al., 1992). Phosphorus has a key role
on the physical properties of macromolecules like
transfer of energy as ATP and nucleic acids in metabolic
pathways for biosynthesis and degradation (Barber,
1995). Among different nutrients required for maize,
phosphorus play a key role for improving maize yield
by various physiological processes involved for growth
(Zhu et al., 2005a; 2005b). High yielding varieties are
more responsive to fertilizer application and their
potential yield can be exploited by prudent use of
phosphorus sources. Appropriate sources of P fertilizer
and proper application rate can increase the corn yield
by 50% and stimulated seed formation (Zia et al., 1991).
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Amanullah et al. (2009) evaluated the effect of various
sources of phosphorous on maize crops. Earlier physio-
logical maturity of maize crops was recorded by
application of SSP compared to DAP and NP fertilizers.
Highest growth and grain yield was recorded with
application of DAP. It was found that the effect of DAP
was much better than other sources of phosphorous.

Phosphorus play an important role in root development,
stem and stalk strength, flower and seed development
and crop maturity. Similarly, N-fixation in legumes,
crop quality and resistance against several plant diseases
are the prominent features associated with phosphorus
nutrition. The dynamics of soil P is characterized by
biological (immobilization-mineralization) and physico-
chemical (sorption-desorption) processes. Extensive
application of P fertilizer precipitated into the immobile
pools with highly reactive Ca* in calcareous or normal
soils and, Fe** and AI’" in acidic soil (Mohammadi,
2012; Ezawa et al., 2002; Hao et al., 2002). The efficacy
of P fertilizer is about 10-25% throughout the world
and have very low level of bio-availability in soil,
reaching the level of 1.0 mg/kg soil (Goldstein, 2000;
Isherword, 1998).

Keeping in view the importance of maize in the agro-
based economy and the deficiency of phosphorus in
soil of Pakistan, the present research project was designed
to study the effect of phosphorus sources and levels on
spring maize crop.

Materials and Methods

The experiment was conducted at New Developmental
Farm of the University of Agriculture Peshawar during
the year 2014 in order to investigate phosphorus
sources and their level on spring maize. The experiment
was laid out in a randomized complete block design
having three replications with a plot size of 5.40 m x
6.7 m with plant to plant distance of 0.30 m and row to
row distance of 0.70 m. A basal dose of 150 kg/ha
nitrogen was applied at time of sowing. Hybrid maize
was sown with recommended population of 60000
plants/ha. DAP, NP, TSP and SSP, and four P levels
(0, 60, 90, and 120 kg/ha) were applied at the time of
sowing.

Initial laboratory soil analysis. Laboratory soil analysis
included soil pH (Mclean, 1982), EC (Richards, 1954),
texture (Bouyoucos, 1936), lime (Richards, 1954),
organic matter contents (Nelson and Sommer, 1982),

mineral nitrogen (Bremner et al., 1996) and available
P (Soltanpour., 1985).

Soil and agronomic analysis. Different agronomic
data were recorded including plant height, number of
cobs/plant, grain/ear, thousand grain weight (g),
biological yield (kg/ha), grain yield (kg/ha) and harvest
index (%).

Statistical analysis. The data recorded was analyzed
statistically using analysis of variance techniques
appropriate for randomized complete block design.
Means were compared using LSD test at 0.05 level of
probability, when the F-value was significant.

Results and Discussion

Initial soil analysis. Clay loam to silt loam soils were
observed in low permeability strata while sandy soils
were observed in high permeability strata. Soil pH was
dominantly alkaline in nature with no salinity indications.
More than 75% samples were observed as moderate
soil organic matter content. Most of the soil samples
were calcareous with high lime content that could be
attributed low rainfall and high temperature. Most of
the areas were ranged from moderate to adequate level
of N (0.18 to 0.29%) while available P were ranged
from 5.5 to 12.5 mg/kg. Plant analyses included nitrogen
concentration in plant leaf tissue, phosphorus and
potassium concentration in plant leaves.

Plant height (cm). The data of plant height as
influenced by different P fertilizer sources and P levels
is depicted in Table 1. Interaction between P levels
and sources was also found significant. Mean data for
P levels exhibited that taller plants (217.77 cm) were
produced when P was applied at the rate of 120 kg/P/ha
which was statistically at par with 90 kg/ha, followed
by 60 kg/P/ha (213.37 cm), while short stature plants
(208.57 cm) were recorded in control. When nitrophos
was used as a source of P resulted in higher plant
height (220.25 cm), however lower plant height
(205.20 cm) was recorded when TSP was applied.
Interaction between 120 kg/P/ha and NP resulted
in significantly higher plant height. These findings
are in agreement with those of Amanullah e al.
(2010); Sahoo and Panda (2001) and Singaram and
Kothandaraman (1994) who also reported that plant
height in maize increased with increase in P level.
This increase in plant height could be attributed to
additional N in phosphatic fertilizers.
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Grains cob/g. Effect of P levels and various sources
of P fertilizer on grains per ear is given in Table 2.
Analysis of variance revealed that P levels as well as
sources significantly affected grains/ear. However,
interaction between P levels and sources were non-
significant for grains/ear. More grains per ear (479)
were counted for those plots where P was applied at
the rate of 90 kg/ha, followed by 60 kg/P/ha (429),
while minimum number of grains per ear was recorded
in those plots where P was not applied. In case of P
sources, higher number of grains/ear (464) were counted
when SSP was used as a source of P, however lower
grains per ear (405) were recorded for NP fertilizer.
This indicated that P level at the rate of 90 kg/ha may
be the optimum rate for obtaining maximum number
of grains/ear, which ultimately had a direct effect on
grain yield. Therefore, further increase in P level above
90 kg/ha did not have linear effect on the number of
grains/ear of maize, which is obvious from the plots
with P application at the rate of 120 kg/ha that had less
number of grains/ear. Several other researchers also
observed that phosphorous fertilizer applications
significantly affected the grains per cob. (Masood
et al., 2011; Sharma and Sharma, 1991; Arain et al.,
1989).

Thousand grain weight (g). Table 3 shows the effect
of various sources and various levels of phosphorus
fertilizer on thousand grain weight of maize. Maximum
thousand grain weight (251.67 gm) was recorded by
the application of phosphorus at the rate of 90 kg/ha,
whereas lowest value was recorded for control. In case
of fertilizer sources, highest mean thousand grain weight
(250.0 gm) was recorded by the application of SSP
fertilizer, while lowest value (232.08 gm) was noted
for TSP fertilizer. The present findings were supported
by Amanullah ez al. (2009), who observed maximum
1000 grain weight upon the application of higher P
doses. Experimental results of the present study also
agreed with the previous findings (Sahoo and Panda,
2001; Toor, 1990; Ahmad, 1989).

Biological yield (kg/ha). P sources and levels consi-
derably affected biological yield, however, interaction
between P levels and sources was statistically non-
significant (Table 4). Among the P levels, maximum
biological yield (9974 kg) was produced at the rate of
90 kg/ha, followed by 120 kg/ha (9111 kg/ha), which
was statistically similar to 60 kg/P/ha (8821 kg/ha).
While lower biological yield (7720 kg/ha) was obtained
for control plots. This research is in line with the work
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Table 1. Plant height of maize as affected by
phosphorous sources and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 20440 212.60 21293  204.33 208.57c

60 216.80 22147 215.67 199.53 213.37b

90 221.00  220.73 210.53 20547 214.43ab

120 22520 22620 208.20 211.47 217.77a

Mean 216.85ab 220.25a 211.83ab 205.20b -

LSD for P levels = 2; LSD for P Fertilizers = 2.

Table 2. Grains per ear as affected by phosphorous
sources and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 395 373 410 367 386¢

60 474 393 443 406 429b

90 491 458 515 452 479a

120 464 393 489 407 438b

Mean 456ab 405¢ 464a 408bc -

LSD for P level = 49.05; LSD for Fertilizer = 22.15.

Table 3. Thousand grain weight as affected by
phosphorous sources and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 220 230 233 218 225b

60 236 246 246 226 239a

90 251 251 256 246 251a

120 249 236 263 236 246a

Mean 239ab 241ab 250a 232¢ -

LSD for P level = 11.08512; LSD for fertilizer = 12.84133.

Table 4. Biological yield (kg/ha) as affected by
phosphorous sources and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 7955 7297 8084 7542 7720c

60 9757 8053 9297 8177 8821b

90 10862 8840 11004 9192 9974a

120 10057 9320 9182 7884 9111b

Mean 9658a  8377b  9392a 8199b -

LSD for P level = 489.52; LSD for fertilizer = 628.58.
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of Bhopal and Singh (2004). They observed highest
biological yield with highest P application rate. Singaram
and Kothandaraman (1994) also observed higher biomass
yield by applying P in maize crop at 90 kg/ha. Higher
biological yield (9658 kg/ha) was recorded for those
experimental units which received P in the form of
DAP. Lower biological yield was obtained in those
plots where TSP and NP (8199 and 8377 kg/ha, respec-
tively) were applied as a source of P.

Grain yield (kg). Table 5 presents data on grain yield
as affected by P levels and sources. Statistical analysis
of the data showed significance among P levels and
sources, as well as the interaction between them. Mean
maximum grain yield (2965 kg/ha) was recorded where
P was applied at 90 kg/ha, followed by 60 kg/P/ha (2599
kg/ha), while minimum grain yield (2155 kg/ha) was
obtained in control plots. In case of P sources, DAP
and SSP produced significantly higher grain yield (2838
and 2815 kg/ha, respectively) compared to TSP and NP
(2371 and 2349 kg/ha, respectively). Interaction of 90
kg/P/ha and SSP produced significantly higher grain
yield. This work is in line with the previous work of
Arain et al. (1989), who reported that increasing P
application increase yield of maize. Hussain and Haq
(2006) also reported similar results that grain yield
was increased with the application of phosphorus at
90 kg/P/ha compared to control. Experimental results
are also in agreement with those of Duggul (1990) and
Hanif (1990), who observed higher grain yield of maize
crop by applying phosphorus fertilizers.

Harvest index (%). Data concerned with harvest index
are reported in Table 6. Phosphorus sources and their
levels had no significant effect on harvest index of
spring maize, while interaction was also found non-
significant for harvest index.

Soil pH. Data related with soil pH are reported in
Table 7. Phosphorus sources and their levels had
significant affect on soil pH, while interaction was
found non-significant for soil pH. Regarding phosphorus
levels maximum soil pH (7.51) was recorded for control,
while 60, 90, 120 kg/P/ha produced statistically same
soil pH. In case P sources maximum soil pH (7.53) was
recorded for DAP and lower pH was recorded for SSP
(7.47). Amanullah ez al. (2010) and Yash et al. (1992)
also reported that high soil pH decreased by increasing
P level. Decrease a little bit in soil pH with SSP and
TSP could be attributed to releasing of more H* ion in
the soil. When SSP and TSP mix with the soil solution
in the form of H,POy, it could acidify the soil pH.
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Table 5. Grain yield as affected by phosphorous sources
and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 2408 1802 2337 2073 2155¢

60 2832 2191 3040 2333 2599

90 3076 2572 3508 2705 2965a

120 3038 2831 2375 2371 2654b

Mean 2838a 2349p  2815a  2371b -

LSD for P level = 246.85; LSD for fertilizer = 398.25.

Table 6. Harvest index as affected by phosphorous
sources and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 30.28 24.74 28.90 27.34 27.82

60 28.79  27.20 32.66 28.57 29.31

90 28.33  29.11 31.85 29.44 29.68

120 30.14 30.49 25.60 30.07 29.08

Mean 29.39 27.89 29.75 28.86 -

Table 7. Soil pH as affected by phosphorus levels and
sources

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 7.51 7.51 7.50 7.51 7.51a

60 7.52 7.50 7.48 7.49 7.50b

90 7.53 7.49 7.46 7.48 7.49b

120 7.55 7.49 7.44 7.47 7.49b

Mean 7.53¢ 7.50b 7.47¢ 7.49b -

LSD for P level = 0.009; LSD for fertilizer = 0.012.

Electrical conductivity (dS/m). Data consisted with
soil EC are reported in Table 8. Phosphorus sources
and their levels had significant effect on soil EC, while
interaction was found non-significant for soil EC.
Regarding phosphorus levels maximum soil EC (0.20)
was recorded for control but it was non-significant.

Mineral nitrogen in soil. Analysis of the data exhibited
that P levels had no significant affect on soil mineral
nitrogen content however, there was significant dif-
ference recoded among the P sources. Maximum soil
mineral nitrogen (19.52) was recorded when NP was
applied but it was statistically not different from DAP
applied treatment (14.63). Lower soil mineral nitrogen
content (10.15) was recorded for SSP treatments. No
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interaction occurred between P levels and sources for
soil mineral nitrogen content. Phosphatic fertilizer also
contain some amount of nitrogen which could affect
soil mineral nitrogen during the application. Application
of inorganic fertilizer may increase or balance the soil
mineral nitrogen contents as described by Tadesse et al.
(2013).

Phosphorous concentration in leaves (mg/kg). Data
regarding the P content of plants as influenced by P
levels and fertilizer sources is shown in Table 9. There
was considerable effect of P levels and sources on P
concentrations of plant leaves. In case of P levels, higher
P concentration was determined for those plots that
received P at the rate of 120 and 90 kg/ha. However,
lower P concentration (0.15 mg/kg) was recorded in
case of control plots. Among the sources, higher P con-
centration was recorded for SSP (0.24 mg/kg), followed
by NP and TSP (0.19 mg/kg), while low P concentration
(0.15 mg/kg) was determined for DAP. Maximum P
concentrations in leaves were determined with 90 and
120 kg/P/ha application rates. Similar results were
recorded in case of egg plant by Lopez-Cantarero ef al.
(1992). The reason of no increase in P concentration
could be due to less uptake of crop plants and also
uneven distribution of roots which could have not easy
access to the applied P. It may also be due to immo-
bility of P in soil which does not move far in the soil
to reach the plant roots.

Potassium concentration in plant leaves (mg/kg).
Data related to K concentration in plant is shown in
Table 10. Phosphorus sources and their levels had
significantly affected K concentration in plant, while
interaction was found non-significant. Regarding
phosphorus levels, maximum K concentration in plant
(1.70) was recorded in case of 120 kg/P/ha. However,
it was not statistically different from K concentration
in plant (1.68). In case of P sources, maximum K concen-
tration in plant (1.71) was recorded for TSP, followed
by NP (1.59). While DAP applied plants have lowest
(1.54) K concentration. These findings indicated that
120 kg/P/ha was the optimum concentration, and TSP
was the suitable source for obtaining maximum K
concentration in plant leaves. Further increase in P level
above 120 kg/ha did not show a linear effect on the K
concentration of the leaf. These findings are in accor-
dance with those of Masood et al. (2011).

Nitrogen concentration in plant leaves. Data related
to N concentration data in plant is shown in Table 11.
Phosphorus sources and their levels had significantly
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Table 8. Electrical conductivity as affected by phosphorous
sources and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 0.19 0.20 0.20 0.20 0.20a

60 0.20 0.20 0.19 0.19 0.20a

90 0.20 0.19 0.18 0.19 0.19b

120 0.21 0.18 0.18 0.18 0.19b

Mean 0.20a 0.19b 0.19b 0.19b -

LSD for P level = 0.006; LSD for fertilizer = 0.007.

Table 9. Plant phosphorous concentration as affected
by phosphorous sources and level (mg/kg)

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 0.14 0.15 0.15 0.17 0.15¢

60 0.15 0.19 0.23 0.18 0.19b

90 0.18 0.21 0.29 0.20 0.22a

120 0.17 0.22 0.30 0.21 0.23a

Mean 0.16¢ 0.19b 0.24a 0.19b -

LSD for P level = 0.019489; LSD for fertilizer = 0.021881.

Table 10. Plant potassium concentration as affected by
phosphorous sources and levels

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 1.39 1.56 1.59 1.61 1.54

60 1.47 1.69 1.64 1.71 1.63

90 1.75 1.61 1.73 1.62 1.68

120 1.55 1.48 1.89 1.88 1.70

Mean 1.54¢ 1.59b 1.71a 1.71a -

LSD for P level = 0.10489; LSD for fertilizer = 0.110995.

Table 11. Plant nitrogen concentration as affected by
phosphorous sources and levels (%)

P levels P Fertilizer sources Mean
DAP NP SSP TSP

0 1.19 1.24 1.34 1.29 1.27

60 1.31 1.45 1.51 1.28 1.39

90 1.47 1.52 1.53 1.30 1.46

120 1.49 1.45 1.63 1.36 1.48

Mean 1.37¢ 1.42b 1.50a 1.31d -

LSD for P level = 0.08057; LSD for fertilizer = 0.078962.
Means in the same row with different letters in Table 1-11
represent the significant differences between variables.
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affected N concentration in plant, while interaction was
found non-significant. Regarding P levels, maximum
N concentration in plant (1.48) was recorded for 120
kg/P/ha; however it was not statistically different from
N concentration in plant (1.46), when 60 kg/P/ha was
applied. Lowest plant N concentration was found for
control (1.27). In case of P sources, maximum N concen-
tration in plant (1.50) was recorded for NP followed by
SSP (1.42), while TSP applied plot plant have lowest
N concentration. The analysis showed that 120 kg/ha
was optimum level and SSP was suitable source for
obtaining maximum N concentration in plant leaf. These
findings are in accordance with those of Amin and
Hussain (2011).

Conclusion

Among all the phosphorus sources, application of
SSP provided better results in terms of yield and yield
components of maize crop. Plant P concentration was
also increased with the application of SSP source. The
highest yield and yield components were recorded when
SSP was used at 90 kg/P/ha.
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