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ABSTRACT
Phosphorus is a key nutrient for increasing productivity of legumes. It is required for plant growth and root development.
Phosphorus deficiency in soil is widespread and crops grown under deficient situation show significant response to fertilizer
phosphorus. At several places normal yield of crops could not be achieved despite judicious use of NPK fertilizers due to
deficiency of micronutrients in soil, in general, that of Zn in particular. The knowledge regarding the use of optimum dose
of nutrients especially Phosphorus and Zinc is of serious concern. The literature about the performance of fodder cowpea
(Vigna unguiculata) in relation to phosphorus and zinc nutrition is reviewed in this paper.
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Cowpea (Vigna unguiculata) is one of the important
food legumes and a valuable component of the traditional
cropping systems in the semi-arid tropics covering Asia,
Africa, Central and South America. (Singh et al. 1997). It is
an important fodder crop of kharif and summer season in
India due to its short duration, high yield and quick growth
along with high protein content and palatability particularly
to small ruminants. Legumes like cowpea by and large are
indetminate in growth and thus maintain quality traits over
longer periods. (Bimbraw, 2013). Fodder cowpea occupied
0.3 million hectares out of 0.65 million hectare area under
pulse and vegetable cowpea types, and the production of
cowpea fodder is 5.00 million tones. Cowpea has tap root
system with a number of lateral roots occur in upper 40 cm
of soil, leaves are trifoliate. Free from any type of toxicity
(Bimbraw, 2013). Cowpea is equally important as a nutritious
fodder for livestock (Singh and Tarawali, 1997). The nutritive
value of cowpea grain, leaves and haulms is very high. The
crude protein content ranges from 22 to 30 % in the grain
and leaves on a dry weight basis (Nielsen et al., 1997) and
from 13 to 17% in the haulms and stems with a high
digestibility and low fiber level (Tarawali et al., 1997).
Fodder yield and quality of cowpea is limited due to fertility
management especially phosphorus and zinc which can play
important role in improvement in yield and quality of fodder
cowpea.
EFFECT OF PHOSPHORUS
Growth parameters: Although phosphorus is present in
much smaller amounts than nitrogen and potassium in plant
tissues, phosphorus is the key plant nutrient involved in
energy transfer in the plant chemical reactions (Prasad. 2007).
Phosphorus is an integral component of several important
compounds in plant cells. These compounds include the sugar

phosphates involved in respiration, photosynthesis and the
phospholipids of plant membranes, the nucleotides used in
plant energy metabolism and in molecules of DNA and RNA
(Taiz and Zeiger. 1991). Phosphorus is a necessary nutrient
for the biosynthesis of chlorophyll, where phosphorus as
pyridoxal phosphate must be present for the biosynthesis of
chlorophyll (Ambrose and Easty, 1977). Phosphorus as a
constituent of cell nucleus is essential for cell division and
development of meristematic tissue (Russell, 1973).
Phosphorus has been found to be the life-limiting element
in natural ecosystems because it is often bound in highly
insoluble compounds and hence it becomes unavailable for
plant uptake or utilization (Ozanne 1980). Phosphorus
deficiencies lead to a reduction in the rate of leaf expansion
and photosynthesis per unit leaf area (Rodriguez et al., 1998).
Phosphorus is essential for energy transfer, root development,
electron transfer and enhanced maturity. It is an integral part
of nucleic acid and essential for cellular respiration and
metabolic activity. Next to nitrogen phosphorus is yield
limiting nutrient. P deficiencies occur in animals when
forages containing 0.10-0.12 % P per fed (Black et al. 1949).

Meena and Chand (2014) reported that application
of phosphorus up to 20 kg P2O5 per ha resulted in increased
plant height of fodder cowpea by 12.3%. Further application
of phosphorus up to 60 kg P2O5 per ha could not enhance
the plant height significantly over 20 and 40 kg P2O5 per ha.
Jat et al. (2013) reported that application of 40 kg P2O5 per
ha in cowpea significantly influenced highest plant height
(48.78cm). The stimulating effect of phosphorus on growth
of crop might be due to readily availability of applied
phosphorus (Singh and Rathore , 2004).  Shekara et al. (2012)
observed that application of 90 kg P2O5 per ha recorded
significantly higher plant height (48.65cm), in fodder cowpea
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which was at par with 60 kg P2O5 per ha (48.65cm). The
increased plant height at higher level of was due to increased
intermodal length and may be due to cumulative effect of  P
in the process of cell division and balanced nutrition
(Zafar,2003). Magani and Kuchinda (2009) also reported
that the effect of Phosphorus level on plant height of cowpea
was increasing with increase in P levels from 0 to 75 kg
P2O5 per ha. Rajasree and Pillai (2001) reported that
application of 60 kg P2O5 per ha, produced taller plants
(86.19 cm) and suggested that increasing levels of of P
application increased the LAI and branching in legumes.
Phosphorus is known to promote the development of roots
thereby favoring the nitrogen fixation in legumes. This
increased amount of nitrogen fixed might be utilized by the
host plant for its own growth (Rajasree and Pillai, 2001).

Meena and Chand (2014) reported that the number
of branches per plant in fodder cowpea increased with each
successive level of phosphorus up to 60 kg P2O5 per ha. Jat
et al. (2013) found that application of 40 kg P2O5 per ha
significantly increased branches per plant (5.06), over control
and 20 kg per ha. The stimulating effect of phosphorus on
growth of crop might be due to readily availability of applied
phosphorus. Shekara et al. (2012) observed that the
application of 90 kg P2O5 per ha recorded significantly higher
number of branches per plant (5.53) in forage cowpea which
was at par with 60 kg P2O5 per ha (5.22). Magani and
Kochinda (2009) reported that significant increase in the
number of branches in cowpea due to phosphorus
application. Mathew and Manorama Thampatti (2007)
reported that the numbers of branches per plant were
significantly influenced by the application of
phosphogypsum. Rajasree and Pillai (2001) also reported
that enhancing the Phosphorus level from 0 to 30 or 60 kg
P2O5 per ha, increased the number of branches per plant, in
C-152 variety of forage cowpea.

Meena and Chand (2014) reported that the number
of leaves per plant was increased significantly in forage
cowpea with the application of phosphorus up to 40 kg/ha.
Rajasree and Pillai (2001) reported that, there was an increase
in number of leaves per plant with each level of increase in
phosphorus level in C-152 variety of cowpea. P application
increases the root proliferation and also favors’ the extensive
exploitation of treated soil areas for nutrients and moisture,
which eventually reflects in better vegetative growth.
Shekara et al. (2012) observed that the application of
90 kg P2O5 per ha recorded significantly higher leaf stem
ratio (0.46) in fodder cowpea which was at par with 60 kg
P2O5 per ha (0.44).
Yield: Green fodder yield of cowpea has been increased
with the increase in level of phosphorus. Dixit et al. (2014)
showed that application of 60 kg P2O5 per ha gave
significantly higher green fodder yield (42.9 t per ha) of
sorghum + cowpea than without phosphorus. Similarly,

Bhavya et al. (2014) reported that the application of 25 kg N
and 50 kg P2O5 per ha, significantly higher green fodder
yield (5.35 t per ha) over 15 kg N and 30 kg P2O5 per ha.
Shekara et al. (2012) observed that the application of
90 kg P2O5 per ha recorded significantly higher green fodder
yield (242.8q/ha). Likewise, Kumar et al. (2012) reported
that with increase in P2O5 level from 0 to 60 kg per ha along
with 40 kg S resulted in maximum green fodder yield of
cowpea as compared to other  treatment combination.
Saidou et al. (2012) also observed that the phosphorus
application significantly increased the fodder yield and
shoot- root ratio of cowpea in sahel and sudan savanna of
west africa. Bhilare and Patil (2002) observed that growing
of cowpea variety UPC-951 with application of 60 kg P2O5
per ha showed better proposition for achieving higher green
forage and dry matter yield. Jamadagni et al. (2002)
revealed that fodder yield of cowpea increased with
increase in phosphorus levels linearly. Sheoran et al. (1994)
reported that application of 60 kg P2O5 per ha, improved
forage yield and quality of cowpea.

Dixit et al.  (2014) showed that application of 60
kg P2O5 per ha gave significantly higher dry matter per cent
(25.5%) and dry fodder yield (11 t per ha) of sorghum +
cowpea system. Jat et al. (2013) reported that application of
40 kg of phosphorus per ha significantly increase dry matter
accumulation due to the stimulating effect of phosphorus on
growth of crop might be due to readily availability of applied
phosphorus to soil increase the concentration of H2PO-

4  and
HPO—

4   ions in the rhizosphere and thereby enhancing
phosphorus availability to crops. Shekara et al. (2012)
observed that the application of 90 kg P2O5 per ha recorded
significantly higher dry matter yield (39.01q per ha) of fodder
cowpea. Kumar et al. (2012) reported that with increase in
P2O5 level from 0 to 60 kg per ha resulted in maximum dry
matter yield of cowpea. Singh et al. (2011) also stated that
pod per plant, stover yield and grain yield of cowpea
significantly increase with the application of 60 kg per ha
over 0, 20 and 40 kg per ha. This could be due to phosphorus
increased the intensity of nodulation and thus nitrogen
fixation.  Magani and Kochinda (2009) reported that dry
matter yield per plant in cowpea increased significantly with
levels of P fertilizer (0, 37.5, and 75 kg per ha) due to an
increase in the uptake of available nutrients as well as better
cell division and development of meristematic tissues
(Nataraja et al. 2005).
Quality parameters: Application of 60 kg P2O5 per ha in
sorghum + cowpea – chickpea cropping system, produced
1669 kg per ha protein yield (Dixit et al., 2014).Similarly,
Kumar et al. (2012) reported that application of 60 kg P2O5
per ha increase crude protein  content significantly in cowpea.
Shekara et al. (2012) observed that the application of 90 kg
P2O5 per ha recorded significantly higher crude protein yield
(5.88 q per ha), which was at par with 60 kg P2O5 per ha
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(5.66 q per ha) but superior over 30 kg P2O5 per ha, in
cowpea. This result may be attributed to the fact that
Phosphorous fertilization often increases nodulation and
hence increase nitrogen or CP content in legumes. Magani
and Kochinda (2009) reported that crude protein content of
cowpea seed increased significantly (P d” 0.01) with
increased rate of P (0, 37.5, and 75 kg per ha). Kumar et al.
(2012) reported that ether extract and ash content were
increased with each increment of P2O5 levels, in forage
cowpea.

Increased root length and root dry weight with the
addition of phosphorus can improve nutrient uptake from
the soil and lesser loss of macro and micronutrients from
the soil-plant systems (Fageria et al., 2014). Jha et al. (2014)
observed that the application of 80 kg P2O5 per ha recorded
significantly higher crude fiber yield (6.1 q per ha). Kumar
et al. (2012) reported that crude fiber and NFE content were
decreased with each increment of P2O5 levels, in forage
cowpea.
Economics: Dixit et al. (2014) stated that the phosphorus
application at 60 kg P2O5 per ha produced maximum net
return of Rs. 35011 per ha in fodder cowpea.  Due to higher
system productivity and higher economic return with higher
level of nutrient application resulted in increased benefit cost
ratio with the application of 60 kg P2O5 per ha (0.84) in
fodder – food cropping system.

Jat et al. (2013) reported that the higher net return
of Rs. 8895 and benefit cost ratio of 1.96 were recorded
under 40 kg P2O5 per ha, in cowpea. Jha et al. (2014)
observed that the application of 80 kg P2O5 per ha recorded
significantly highest Green Forage Yield (244.8q/ha), dry
matter yield (45.6q/ha), net monetary returns (18132 Rs/ha)
and B:C ratio (2.61). Shekara et al. (2010) reported that
application of 80 kg P2O5 per ha recorded significantly higher
green fodder (572.2 q per ha) and net monetary returns
(Rs. 27115/ha).
EFFECT OF ZINC

Crop yields are often limited by low soil levels of
mineral micronutrients such as zinc (Zn). Zinc is an essential
mineral nutrient and a cofactor of over 300 enzymes and
proteins involved in cell division, nucleic acid metabolism
and protein synthesis (Marschner 1986). Cakmak (2000) has
speculated that zinc deficiency stress may inhibit the activities
of a number of antioxidant enzymes, resulting in extensive
oxidative damage to membrane lipids, proteins, chlorophyll
and nucleic acids. Zinc deficiency symptoms include, i.e. small
leaves, shortened internodes giving the plant a stunted
appearance means poor fodder qualities. Availability of zinc
in soils and its absorption and translocation in plants is
influenced by all other plant nutrients. Zinc in general interacts
negatively with phosphorus which depends upon a number of
physico-chemical properties of soils.

Growth parameters: Application of 10 kg zinc per ha
registered significantly higher values of plant height, the
profound increase in growth parameters was probably due
to the involvement of zinc in auxin metabolism, which led
to higher hormonal activity and growth performance at
critical crop growth stages (Kumar and Bohra, 2014).
Hamsa and Puttaiah (2012) observed that the application of
18 kg per ha zinc caused significantly higher number of
leaves per plant (27), in cowpea.

Yield: Pandya and Bhatt (2007) was observed that
application of sulphur and zinc with recommended dose
of NPK fertilizers increased the green fodder yield of
cowpea over control. Kumar and Bohra (2014) reported
that applicat ion of 10 kg zinc per  ha registered
significantly higher values of dry matter content, leaf area
index (LAI), chlorophyll content (SPAD value), stem
girth, and CGR over control, but it remained statistically
at par with 5 kg Zn per ha. Bhoya et al. (2013) reported
that the application of zinc @ 4 kg zinc per ha was found
significantly superior and produced highest dry matter
yield (120 q per ha) than application of 2 kg zinc per ha.
Weldua et al. (2012) observed that zinc fertilization
significantly increased yield and yield components and
above ground biomass at maturity stage of faba bean plant.
Chavan et al. (2012) stated that application of 40 kg per
ha zinc, gave significantly higher grain (1553kg per ha)
and stover yield (2010 kg per ha) in cowpea. Anitha et al.
(2005) revealed that foliar application of micronutrients
like iron and zinc has significant Influence on the yield
of cowpea.
Quality parameters: The increase in protein content due
to zinc addition might be attributed to its involvement in
nitrogen metabolism of plants. Chavan et al. (2012) stated
that application of 40 kg per ha zinc gave maximum
protein content in cowpea grains over 0 and 20 kg zinc.
Zinc treated crops were more vigorous than others and
had better growth because zinc play key role in stabilizing
RNA and DNA structure, and involves in biosynthesis of
growth promoting hormones such as IAA and gibberellins
(Mousavi, 2011). Kumar et al. (2002) reported that
application of zinc at 9.0 kg per ha  resulted in increased
nodulation, uptake of nutrients, protein content and
protein yield over control in C-152 variety of fodder
cowpea. Safak et al. (2009) stated that zinc is an activator
of many enzymes involved in photosynthesis, cell
elongation and cell division. Thus yield, crude protein
and zinc concentration significantly affected by zinc
fertilization. Yilmaz et al. (1997) reported that in plants
without added zinc, concentrations of zinc were about
10 mg-kg-1 both in shoots and grain and increased to
18 mg-kg-1 dry weight (DW) by soil application of zinc.
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EFFECT OF  PHOSPHORUS AND ZINC  INTERACTION
Application of phosphorus increase grain yield of

cowpea, P level in soil and leaves, but decreased foliar
concentration of Zn, such negative interaction is due to
reduction in zinc translocation through the endodermis and
epidermis of roots that causes a reduction in its absorption
by plant (Benvindo et al., 2014). Mousavi. (2011) stated
that zinc absorption capacity is reduced by high phosphorus
utilization and zinc in plant and soil has an antagonism state
with phosphorus (negative interaction), therefore zinc
utilization is essential to obtain high yield and quality in
crops. This negative interaction or antagonistic effect of
phosphorus and zinc might be due to one or more reasons,
high level of soil available p or high p application rate may
decrease Zn availability, slow rate of translocation of zinc
from roots to shoot; accumulation of zinc in roots and
metabolic disorder at cellular level due to p and zinc
imbalance (Olsen, 1972). Akhtar et al. (2010) reported that
an increase in P supply caused a signiûcant reduction in
speciûc Zn uptake and tissue Zn concentration of Brassica.
The reduction in tissue Zn concentration cannot be ascribed
entirely to a dilution effect. It is suggested that high PUE
may depress plant Zn uptake and therefore cause a reduction
in Zn concentration of Brassica grown in low-Zn soils. Oseni.
(2009) reported that cowpea yield was decreased with

increasing zinc application. Zinc – phosphorus interaction
showed that cowpea yields were slightly lower when
phosphorus applied in combination with zinc than without
zinc. The observed effects could be attributed to the fact
that phosphorus application reduces the zinc requirements
for optimum plant growth. Islam et al. (2005) Observed
that the interactive effects of phosphorus and zinc in most
of the sampling stages of rice and mungbean showed
increase in P concentrations when the doses of zinc were
increased in combination with the doses of P.  Singh et
al. (1988) observed that application of zinc (0, 5 or
10 mg zinc per kg soil) without phosphorus application
had no effect on dry matter yields of bean plants. However,
zinc application in combination with phosphorus
application resulted in significant dry matter yield
responses. The zinc concentration in bean plant tops was
significantly reduced due to phosphorus application.
application of phosphorus induced zinc deficiency.
Translocation of zinc from roots to tops appeared to be
restricted at 80 and 160 mg applied phosphorus kg-1 soil
treatments, as evidenced by the reduction of zinc uptake
in non- zinc treatments. Thus, plant dilution effects and
reduced translocation of zinc from roots to tops were the
two mechanisms responsible for the observed phosphorus
induced zinc deficiency.
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