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Effect of different levels of phosphoruson theyield and yield
components of maize under agro-climatic zone- |1 of Bihar
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Abstract : An explorative experimental trial was conducted to study the effect of different levels of phosphorus on theyield and
yield components of maize in North-East Alluvia plains of Bihar, was conducted at Regional Research Station, Agwanpur,
Saharsa (India). The experiment waslaid out in Randomized Compl ete Block Design with three replications having aplot size of
5.40mx 6.7 mwith row to row distance of 0.75 mand plant to plant distance of 0.25 m. Thelevelsof phosphoruswere 0 (control),
50, 100, 150 and 200 kg ha. Results indicated that the different levels of phosphorus significantly affected maize plant height,
number of cobs plant?, number of grains cob* and grain yield, however, the effect was non-significant on number of plants m?,
thousand grain weight and biological yield of maize. Application of phosphorusat therate of 100 kg ha? resulted in maximum plant
height (161 cm), number of cobsplant? (1.25), number of grain cob? (343), thousand grain weight (253 g), grainyield (2535 kg ha
1 and biological yield (8398 kg ha) as compared to the minimum valuesin control plotsi.e. 148cm, 0.88, 290, 197 g, 1370 kg ha'
and 6041 kg ha?, respectively. It is concluded that phosphorus should be applied at the rate of 100 kg ha for best grainyield in
the agro-climatic conditions of Bihar.
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INTRODUCTION insect pest attack isminimal. Itsgrainisvaluable source
of protein, fats, starch, vitamins, and minerals. According
to estimation, about 50 to 55 per cent of the total maize
production is consumed as food by the farming
community, 30 to 35 per cent goes for poultry, piggery
and fish meal, in starch manufacturing industry and 10
to 12 per cent to wet milling industry. The green roasted
earsof maizeare consumed directly asfood in and around
cities. About 64 per cent of maizeisgrown under irrigated
condition.

MaizeisaC, plant which has high photosynthetic

Maize (Zea mays L.); family Poaceae. is an
important Rabi crop widely grown in Koshi zone-I1, of
North-East Alluvial plainsof Bihar. Maizeisalso known
as queen of cereals because of its high production and
productivity potentials. It is the third most important
cereal crop after wheat and rice in Bihar and mostly
consumed as human food and animal feed and provides
raw material for food industry. Itiswidely grown through
out theyear, whileit isluxuriantly grown in Rabi, where
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activity. It is nutrient exhaustive crop having higher
production potential than other cereals and absorbs
large quantity of nutrients from the soil during their
different growth stages. Among the essential nutrients,
phosphorusis one of the most important nutrientsfor
higher yield in larger quantity (Chen et al., 1994) and
controls mainly the reproductive growth of plant
(Wojnowska et al., 1995). Generally, phosphorus is
the second most crop-limiting nutrient in soils of this
agro-climatic zone. It is second only to nitrogen in
fertilizer use. Plant growth behaviour isinfluenced by
the application of phosphorus. It is needed for growth,
utilization of sugar and starch, photosynthesis, nucleus
formation and cell division, fat and al bumen formation.
Energy from photosynthesis and the metabolism of
carbohydrates is stored in phosphate compounds for
later use in growth and reproduction (Ayub et al.,
2002). It is readily translocated within the plants,
moving from ol der to younger tissues asthe plant forms
cells and develops roots, stemsand leaves (Ali et al.,
2002). Adequate Presultsin rapid growth and earlier
maturity and improves the quality of vegetative
growth. Phosphorus deficiency is responsible for
crooked and missing rows as kernel twist and produce
small earsnubbiesin maizeand ultimately it will reduce
overall plant growth (Rashid and Memon, 2001). Its
deficiency iswidespread in soils dueto heavy fixation
of phosphorusin soil intheinsoluble formsviz., iron
phosphate and aluminium phosphate, since the soils
of thisregion is highly dominated by iron. Thus, the
application of phosphatic fertilizers is considered
essential for crop production. Ali et al. (2002) reported
significant effect of phosphorus application on grain
yield; whereasAyub et al. (2002) observed significant
effect of phosphorus application on dry matter yield
and individual plant characteristicslike height, number
of leaves and leaf area. Thus, the present study was
aimed at evaluating the effect of various levels of
phosphorus on the yield and yield componentsof maize
under the agro-climatic conditions of Bihar.

MATERIAL AND METHODS

Experimental site and crop husbandry :

Anexplorativefield trial wasaimed for evaluating
the “effect of different level of phosphorus on the
performance of maize” at Regional Research Station,
Agwanpur (86.34° longitudes and 25.55° N latitude),
Saharsa, Bihar. The experiment was conducted in winter
2013-2014, at the Regional Research Station, Agwanpur,
to investigate the effect of different phosphorus levels
on the yield and yield components of maize. The
experiment waslaid out in Randomized Compl ete Block
Designwith three replications having aplot size of 5.40
m x 6.7 mwith row to row distance of 0.75 m and plant
to plant distance of 0.25 m. Among fertilizers nitrogen
was applied in splits as it is scheduled like this- at the
time of sowing the basal dose of nitrogen @ 60 kg ha?,
was used. Again the nitrogen was applied at the rate of
50 kg ha' after 50- 60 days after sowing; again it was
applied at the rate of 40 kg ha? at the time of silking.
Sincethe soil of thisregionissandy in nature, therefore,
the the dose of potassium application was also split in
two, basal dose was applied @ 30 kg ha?, rest 30 kg
ha' at 45 days after sowing in order to make better
utilization of potassium. The ZnSO, was applied @ 25
kg hat evenly inthe experimental field. Phosphoruswas
applied at the rate of 0, 50, 100, 150 and 200 kg ha™.
Before sowing and after harvesting, a composite soil
samplewastaken for the estimation of phosphorus(Table
A). Similarly, after harvesting, the plant samples were
also analyzed for phosphorus. All recommended
agronomic practices were carried out throughout the
growing season. The parameters studied during the
course of the experiment were number of cobs plant?,
number of grainscob?, plant height (cm), thousand grain
weight (g), grainyield (kg ha?) and biological yield (kg
ha?). Data recorded for each trait were individually
subjected to the ANOVA technique using MSTATC
computer software. Means were separated using LSD
test to signify the treatment differences at 5 per cent
level of probability (Steel and Torrie, 1980).

Table A: Per cent P concentration in soil and plant

Phosphorus levels (kg ha®) Pin soil before sowing (%) Pin leaf (%) Pin soil after harvest (%)
0 0.006 29 0.005

50 0.006 31 0.004

100 0.006 35 0.004

150 0.007 32 0.006

200 0.007 3.2 0.006
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RESULTS AND DISCUSSION

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Number of plants m2:

The effect of different levels of phosphorus was
not significant on number of plantsm? at harvest (Table
1). However, mean val ue of the data showed that higher
number of plants m?(6) were recorded in plotswhere P
was applied at the rate of 150 and 200 kg ha*, whereas
lower number of plants m2 (4) were recorded in control
plots.

Plant height (cm) :

Dataconcerning to plant height (Table 1) indicated
that the different levels of phosphorus had a significant
effect on maize plant height. Application of phosphorus
at the rate of 100 kg ha? resulted in long stature plants
(161 cm), as expected, followed by phosphorus applied
at the rate of 150 kg ha? (156 cm), it may be due to
prolonged vegetative growth which increased the plant
height. Thismay be dueto increased root growth, which
strengthened the stem against lodging during prolonged
vegetative growth which increased the plants height.
These results are in agreements with those of Magsood
et al. (2001) and Bakht et al. (2006), who reported that
maize plant height increased with increase in phosphorus
rates. This meant that phosphorus at the rate of 100 kg
ha® might be the optimum rate to trigger an increase in
production per unit area with per unit increase in
phosphorus content as can be deduced from the control
plots. Therefore, further increase in phosphorus above
100 kg ha* did not have adirectly proportional effect on
the plant height of maize, whichisobviousfromtheplots
with phosphorus application at the rate of 150 kg ha?.
The short stature plants (148 cm) were observed in

control plots. Phosphorusimprovestheroot growth and
their proliferation which hasagreat effect onthe overall
plant growth performance; therefore the regimes of
phosphorusat therate of 0 kg ha resulted in the shortest
stature plants. Promotion effect of high phosphoruslevel
on plant height was probably dueto better devel opment
of root system and nutrient absorption (Hussain et al.,
2006). Arain et al. (1989) reported that plant height of
mai zeincreased with increasein phosphorus application.
A significant effect of NP application was observed on
plant height by Magsood et al. (2001) and Ayub et al.
(2002). However, the results are in contrary to the
findings of Amin et al. (1989), who reported that plant
height of maize plants increased with increasing
phosphoruslevels.

Number of cobs plant?:

Data regarding number of cobs plant? were
significantly affected (P<0.05) by the different level s of
phosphorus (Table 1). Mean val ues of the dataindicated
that maximum number of cobs plant? (1.25) was
recorded in plots with P applied at the rate of 100 kg
ha! followed by P applied at the rate of 150 kg ha?
(1.04). The application of phosphorus at the rate of 100
kg ha' might be an optimum rate for best results in
number of cobsplant?. Thus, increas ng phosphorus|evel
upto 100 kg ha' had adirectly proportional effect onthe
number of cobs plant® of maize. This effect can be
clearly understood from the control plots where
phosphorus was not applied. This can be the reason for
the minimum number of cobs plant™ (0.88) recorded in
the control plots. It may also be due to the fact that
optimum availability of P has been associated with
increased rapid growth and devel opment, thusthose plots
which received optimum P produced more cob plant as
compared to control plots. Arain et al. (1989) reported
that number of cobs plant! of maize increased with

Table 1: Effect of different levels of phosphorus on plant height (cm), number of cobs plant™, number of grains cob™, thousand grain weight,

biological yield and grain yield of maize

Plevel Number of Plant height Number of cobs

Number of Thousand grain Biological Grainyield

(kg ha') plants m? (cm) plant™ grains cob™ weight (g) yield (kg ha?) (kg ha')
0 4 148b 0.88¢c 290b 197 6041 1370c

50 5 154 ab 0.98b 33la 221 6232 1907 bc
100 6 161 a 1.25a 343 a 253 8398 2535a
150 6 156 ab 1.04b 336a 231 6778 2128 &b
200 5 149b 097b 327a 229 7486 2026 ab
LSD (0.05) NS 7.30 0.105 16.61 NS NS 594.3

Means not sharing aletter differ significantly by LSD at 5 per cent probability level

NS= Non-significant
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increasein P application. They argued that less number
of cobsplantinthe control plotsresultedin less number
of grains plant? that finally resulted in minimum grain
yied.

Number of grains cob:

Perusal of the datarevealed that different levels of
phosphorus had asignificant effect (P< 0.05) on number
of grains cob™ of maize. The application of P,O, at the
rate of 100 kg ha* resulted in highest number of grains
cob* (343), whichwasat par with all the other trestments
of phosphorus application except the control (290). This
indicatesthat phosphorus at therate of 100 kg ha might
be the optimum rate for enhancing the number of grains
cob®, which ultimately had adirect effect on grainyield.
Therefore, further increasein phosphorus above 100 kg
ha' did not have alinear effect on the number of grains
cob! of maize which is obvious from the plots with
phosphorus application at the rate of 150 kg ha? that
had less number of grains cob? even though both
treatments were statistically at par. The application of
phosphorus @150 kg ha' or more has may be
antagonigtic effect dueto alteration of ideal fertilizer ratio
insidethe soil. Off course phosphorusis responsible for
good root growth and their proliferation which directly
affectsthe overall plant performance but nutrient should
beinidea proportion. Theresultsarein accordancewith
those of Sharma and Sharma (1989) who reported that
phosphorusfertilizer applications significantly affected
the grains per cob. The results are similar with that of
Magsood et al. (2001) and Leon (1999) who reported
that number of grains cob® wereinfluenced significantly
with NP application. Arain et al. (1989) reported that
number of grainscob™ of maize increased with increase
in phosphorus application.

Thousand grain weight (g) :

The effect of different levels of phosphorus on
thousand grain weight was not significant. However, a
highest thousand grain weight of 253 g wasrecorded in
plots with P,O, applied at the rate of 100 kg ha™. The
thousand grain weight is an important yield component
that helps a lot in the grain yield estimation. The
application of phosphorus @100 kg ha! seemsto bethe
most economical and yield enhancing in case of maize
crop because none of the rest of the phosphorus levels
positively affected the thousand grain weight even though
all thetreatmentswere statistically at par except control.

It also indicated that increasing phosphorus above 100
kg ha! had nothing to do with the improvement of crop
performance in any parameter of the data (Table 1).
Thelowest thousand grain weight (197 g) was observed
in the control plots. Hussain et al. (2006) observed an
increase in 1000 grain weight with increase in NP
application. Phosphorus being responsiblefor good root
growth directly affected the thousand grain weight
because phosphorus at therate of 0 kg ha* (control plots)
resulted in the least thousand grain weight.

Grain yield (kg ha?) :

The statistical data revealed that different
phosphoruslevelshad significantly affected grain yield.
The grain yield as affected by phosphorus levels is
reported in Table 1. Mean values of the data showed
that maximum grain yield (2535 kg ha?) was produced
by the treatments of 100 kg P,O, ha*, followed by 150
kg P,O, ha' (2128 kg ha™). The control plot resulted in
minimum grain yield (1370 kg ha?). Phosphorus
application at rate of 100 kg P,O, ha™ resulted in long
stature plants, more number of cobs nr! and number of
grains cob?, which resulted in greater grain yield as
compared to other phosphorus levels. This disclosed
that phosphorus at the rate of 100 kg ha might be
the optimum rate for obtaining adesirable increasein
production per unit area with per unit increase in
phosphorus content because the grain yield in the
control plot wasthe lowest whereas it was highest in
the plot with phosphorus applied at 100 kg ha?.
Increasing phosphorus above 100 kg ha! might be
excessive that had decreased the grain yield of maize
which indicated that applying P in maize above 100
kg haisuneconomical and just wastage of currency.
Theeffect of phosphorus|levels showed that maximum
grains weight recorded in plots treated with (100) as
compared to lower doses as well as higher doses. It
may be due to greater contribution of N and P by
producing healthy grains by well filled grains and
bigger grains while minimum grains weight was
obtained at lower levels (0) P kg ha'. Maximumgrain
yield at optimum level of phosphorus may be due to
proper nutrient availability during seed filling duration
and resulted in the devel opment of reproductive part
especially in seed formation when large quantity of
phosphorus is found. These results are in line with
those of Onasanya et al. (2009) who reported that
nitrogen and phosphorus alone or in combination
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significantly increased grainyield. Theincreaseingran
yield dueto NP application was a so reported by Magsood
et al. (2001). Similar results were also reported by
Hussain et al. (2006) who found that grain yield increased
with phosphorus application and plots receiving 90 kg
P,O, ha' gave maximum grain yield as compared to
lower dosegrainyield.

Biological yield (kg ha?) :

Data pertaining to biological yield revealed that
different levels of phosphorus had a non significant
effect on biological yield of maize (Table 1). Highest
biological yield (8398 kg ha') was obtained in plots
with phosphorous applied at therate of 100 kg ha as
compared to the control plotswherethe biological yield
was lowest (6041 kg hal). The root growth of maize
plantswas best at 100 kg ha! phosphorus level which
resulted in best biological yield due to efficient
photosynthesis and other physiol ogical functionsof the
maize at this phosphorus level. That’s why the
biological yield wasthe lowest in the control plots.

Conclusion and recommendation :

It is concluded that the application of phosphorus
at the rate of 100 kg ha? has the highest impact on
the performance for obtaining maximum grain yield
of maize. Therefore, the application of phosphorus at
the rate of 100 kg ha? is highly recommended for
gaining optimum grain yield of maize particularly in
the agro-climatic zone IlI, of Bihar. Further these
results may test under varying soil and climatic
conditionsin future studies.
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