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Black gram is an important pulse crop in India. It is a major source of dietary protein for
the poor people and provides nutritional security. It is mostly grown by the small and
marginal farmers under resource constraints situation particularly in rainfed and rice
fallow conditions. Black gram yield is low due to various reasons includes poor
management practices, various physiological, biochemical as well as inherent factors
associated with the crop. Insufficient partitioning of assimilates, flower dropping and poor
pod setting are mainly due to lack of nutrients during critical stages of crop growth
resulted in poor yield. To improve the productivity of black gram, foliar spray of nutrients
and growth hormones at reproductive stage could be followed. It would help the nutrients
and hormones to reach the site of food synthesis directly, leading quick supply of food
improves the performance of the crop. Many field trials confirmed that foliar spray of 2%
urea, 2% DAP, 1% KCl either alone or in combinations registered significant increase in
growth, yield attributes, grain yield and net return of black gram. Use of micronutrients
like 0.5% FeSO4, 0.5% ZnSO4 or 0.5% chelated micronutrients also noticed to increase the
productivity. Complex fertilizers, 19:19:19 or 18:18:18 NPK at 1-2 % foliar spray found to
be beneficial in black gram. Indigenous organic preparation, panchagavya foliar spray at
3% showed advantages in improving the productivity of black gram. Growth hormones
like NAA and salicylic acids are used to alleviate the major physiological constraints
particularly flower and fruit drop. Foliar spray of NAA 30-50 ppm and salicylic acid at
100-150 ppm found to be enough to increase the yield attributes and yield of black gram.
Pulse wonder, a booster with nutrients and growth regulators developed by Department of
Physiology, TNAU, Coimbatore used as a foliar spray at 1% peak flowering registered
significantly higher grain yield of black gram over control.

Introduction
Black gram (Phasiolus mungo L.) is
commonly known as Urad in India. It is an
annual pulse crop grown mostly as rainfed or
rice fallow crop. It has relatively short

duration nature and enriches soil nitrogen by
fixing atmospheric nitrogen. About 70% of
world’s black gram production comes from
India. It is mainly cultivated in cereal-pulse
cropping system primarily to conserve the soil
nutrients and utilize the left over soil moisture
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particularly, after rice cultivation. It is 3rd
important pulse crop, was cultivated over an
area of 5.44 Mha (kharif + rabi) and recorded
a production of 3.56 Mt at a productivity level
of 655 kg/ha (Anonymous, 2018). Major
contributing states have been Madhya
Pradesh, Rajasthan, Andhra Pradesh, Utter
Pradesh, Tamil Nadu, Maharashtra, Jharkhand
and Gujarat. Black gram seed contains 2526% proteins, 60% carbohydrates, 1.5% fat,
and minerals combination, amino acid, and
essential vitamins etc. The yield of black
gram is low due to various reasons includes
poor
management
practices,
various
physiological, biochemical as well as inherent
factors associated with the crop. Insufficient
partitioning of assimilates, flower dropping
and poor pod setting are mainly due to lack of
nutrients during critical stages of crop growth
resulted in poor yield. Fertilizer application is
an important practice to increase the yield of
black gram. Soil application of nutrients is
often not enough to meet the growing crop
demand particularly in short duration crop
like black gram, as it is basically
indeterminate in habit of flowering and
fruiting, there is a continuous competition for
available assimilates between vegetative and
reproductive sinks throughout the growth
period. Under rice fallow situation, black
gram is sown prior to harvest of rice and there
is no possibility of basal application of
fertilizer. Under these circumstances foliar
application of nutrients would be more
appropriate, efficient and economical than the
soil application (Balusamy and Meyyazhagan,
2000).

on reduction in flower drop percentage in
black gram (Ganapathy et al., 2008). Foliar
nutrition is recognized as an important
method of fertilization, since foliar nutrients
usually penetrate the leaf cuticle or stomata
and enters the cells facilitating easy and rapid
utilization of nutrients. It has an advantage
advantage of quick and efficient utilization of
nutrients, elimination of losses through
leaching, fixation and regulating the uptake of
nutrients by plant (Manonmani and Srimathi,
2009). Since foliar nutrients usually penetrate
the leaf cuticle or stomata and enters the cells
facilitating easy and rapid utilization of
nutrients. Foliar application of growth
regulating chemicals at critical stages of the
crop is one of the latest trends in agriculture
which play a significant role in improving the
physiology and productive potential of the
crop. Growth regulating substances/growth
regulators are known to influence a wide
array of physiological parameters viz.,
alteration of plant architecture, assimilate
partitioning, promotion of photosynthesis,
uptake of nutrients (mineral ions), enhancing
nitrogen metabolism, promotion of flowering,
uniform
pod
formation,
increased
mobilization of assimilates to defined sinks,
induction of synchrony in flowering and
delayed senescence of leaves and improved
seed quality (Sharma et al., 2013). The
influence of various nutrients and growth
hormones includes urea, DAP, complex
fertilizers, panchagavya, pulse wonder, NAA
and Salicylic acid as foliar spray on growth
and yield black gram are reviewed in this
paper.

Application of fertilizers on leaves of growing
plants with suitable concentrations is termed
as foliar application. In many cases aerial
spray of nutrients is preferred and gives
quicker and better results than the soil
application (Jamal et al., 2006). Foliar
application of nutrient and growth regulator at
pre flowering and flowering stage was seen

Urea
Urea is the most concentrated solid
nitrogenous fertilizer, containing 46%
nitrogen. It is a white crystalline substance
readily soluble in water. It improves the
vegetative growth, leaf chlorophyll content
and leaf area index and yield of crops. Pulses
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crops particularly black gram response well to
foliar spray of urea. Many findings are
confirmed the advantages of urea spray in
black gram at 1 to 2% concentration. Foliar
application of N may solve slow growth,
nodule senescence and low seed yield of pulse
(Latha and Nadanasababady, 2003). Sritharan
et al., (2005) reported that foliar spray of 2%
urea recorded higher grain yield of 955 kg/ha
in black gram. Whereas, Senthil Kumar et al.,
(2008) found that foliar of 1% urea at floral
initiation and 15 days after flowering in black
gram registered higher growth, yield
parameters and yield. Similarly, Verma et al.,
(2011) found that an increment in grain yield
was 27.4 to 31.0% due to foliar spray of 2%
urea solution at 40 days after sowing in
different black gram varieties. Significant
increase in the NPK content of the leaf was
noticed in black gram due to basal application
of nitrogen 25 kg/ha along with foliar spray of
urea 2% and 0.1 ppm brassinolide. (Surendar
et al., 2013). Das and Jana (2015) reported
that application of 2% urea significantly
increased the seed yield of black gram over
basal dose of fertilizer application.
Foliar spray of 2% urea significantly
improved
the
growth
parameters,
physiological parameters like chlorophyll
content, soluble protein and nitrate reeducates
activity in black gram and ultimately
increased the grain yield (900 kg/ha) to the
tune of 20% over control (Sritharan et
al.,2015). Similarly, spray of 2.0 % urea
produced significantly higher growth indices
viz., RGR, CGR and LAD at all growth
stages, growth and yield parameters and grain
yield of black gram than control (Vijay Singh
et al., 2017)
DAP
Di ammonium phosphate (DAP) is the
world’s most widely used phosphorus
fertilizer. It is an excellent source of

phosphorus (P) and nitrogen (N) for plants.
Foliar spray of DAP increased the
photosynthetic ability which resulted in
increased accumulation of dry matter and also
efficient portioning of photosynthates towards
sink (Ganapathy et al., 2008). Foliar spray of
DAP met constant requirement of nitrogen
and phosphorus at reproductive stage of the
crop and variation in the yield components
like number of pods / plant, number of seeds
/pod pod length and test weight, which had
direct influence on the grain yield (Mondal et
al., 2011). Application of DAP 2% spray at
flowering and 15 days later recorded higher
grain yield (916 kg/ha) and net return (Rs.
23313 /ha) in black gram (Deepak Kumar et
al., (2018).
DAP + KCl
Combination of DAP and KCl spray supplies
all the macro nutrients at critical stages
improved the photosynthetic activity and
productivity of black gram. Under rice fallow
condition, basal application of fertilizer N and
P2O5 @ 12.5:25 kg ha-1 just before the
harvesting of preceding rice crop along with
foliar spray of 2% DAP +1% KCl twice at
flowering and pod filling stages was
significant for NPK uptake, yield attributes
and yield (Geetha and Velayutham, 2016).
Similarly, Ramesh et al., (2016) also reported
that application of DAP 50 kg/ha to preceding
rice in last irrigation and foliar spray of 2%
DAP + 1% KCl at 30 and 45 days after
sowing recorded higher plant height, number
of pods per plant, grain yield (639 kg ha-1),
net returns (Rs.22290 ha-1) additional income
(Rs. 7563 ha-1) and benefit cost ratio of 3.56
in Cauvery Delta Zone, Tamil Nadu.
Significant increase was recorded in plant
height, dry matter production, and number of
pods/plant, number of seeds/plant, test grain
weight and grain yield with foliar spray of 2%
DAP + 1% KCl at flowering and 15 days later
and it is considered as the viable nutrient
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management package to the pulses for getting
higher income through higher productivity
(Uma Maheswari and Karthik, 2017).
DAP + Growth hormones +Micronutrients
Foliar application of 2% DAP + NAA 40 ppm
+B 0.2% + Mo 0.05% at 30 DAS significantly
increased the height and dry weight of plants,
number of pods/plant, seeds/pod, test weight,
grain yield and haulm yield over the control
(Dixit and Elamathi, 2007). Foliar application
of DAP 2% + NAA 40 ppm + ZnSO4 0.5 % +
FeSO4 1% twice at pre flowering, flowering
stage
recorded
significantly
higher
reproductive efficiency and grain yield in rice
fallow black gram (Ganapathy et al., 2008).
Khodadad and Mostafavi (2012) reported that
use of micronutrients like Zinc (Zn), Iron
(Fe), Boron (B), Manganese (Mn),
Molybdenum (Mo), Copper (Cu), Cobalt (Co)
and Nickel (Ni) has now become a common
practice to increase crop yield especially
under adverse environmental conditions in
pulses. Foliar spray of micronutrients improve
flowering, pollen production capacity, pollen
viability, stigma receptivity and pollen-stigma
interaction and also increased the yield
parameters like numbers, size and weight of
pod and seeds (Nalini Pandy and Bhavana
Gupta, 2012). Foliar spray treatment with the
aqueous solution of nutrients (2% DAP, 1%
K, 2% N and 200 ppm NAA, w/v) was done
to the 22nd and 30th day old black gram
seedlings and also observed that growth, yield
and grain yield was significantly increased
with foliar application of nutrients (Doss et
al., 2013). Application of recommended dose
of fertilizer (RDF) followed by foliar spray of
2% DAP + 40 ppm NAA+ 0.5% chelated
micronutrient recorded higher growth
components such as plant height, number
of branches, leaf area index, leaf area
duration, total dry matter production, number
of pods per plant, higher grain yield (1298
kg/ha), net returns and B:C ratio in black

gram
(Shashikumar
et
al.,
2013).
Significantly, higher plant height, dry matter
production, number of pods per plant, seeds
per pod, test weight, grain yield and haulm
yield over the control under foliar application
of DAP 2% + 0.50% ZnSO4 + 0.50% FeSO4
+ 0.10% boric acid + 0.05% sodium
molybdate + 0.05% cobalt chloride
(Suhathiya and Ravichandran, 2018).
Complex fertilizers
Complex fertilizers supply all three primary
nutrients (NPK). Foliar application of 3%
NPK (19-19-19) recorded higher seed yield of
black gram (Das and Jana, 2015). Application
of 19:19:19 (NPK) 2% spray at flowering
stage recorded higher grain yield (870 kg/ha)
and net return (Rs. 20108 /ha), which was at
par with treatment application of DAP 2%
spray at flowering and 15 days later (Deepak
Kumar et al., (2018). Foliar application of
18:18:18 NPK 2% spray at flowering and 15
days after flowering recorded higher grain
yield (795 kg/ha), net returns (Rs.27288 /ha)
and benefit cost ratio of 1:2.1 (Basant Kumar
et al.,2020).
Panchagavya
Panchagavya, an organic product has
potential to play the role in promoting growth
and providing immunity in plant system. The
use of fermented cow dung, urine, milk fat,
curd and milk with the name of Panchagavya
is getting adaptive popularity in Indian
agriculture. Increased plant height may be due
to increase in protein synthesis and growth
regulators such as IAA and GA3, in
panchagavya may enhanced the cell division,
cell multiplication and cell enlargement which
favours increased inter nodal length (Sanjutha
et al., 2008). Panchagavya supplies of all
micro and macronutrients and growth
enzymes which favoured rapid cell division
and multiplication. Presence of growth
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promoting substances like IAA, GA3 and
cytokinin and other mineral nutrients which
favours translocation of more photoassimilates to reproductive parts thereby
induces early flowering (Ramaswamy and
Vijaykumar, 2009). Foliar spray of 3%
panchagavya at 15th, 25th, 35th and 45th days
interval period recorded significantly higher
growth and yield black gram than control
(Suresh Kumar et al., 2011). Cultivation of
rice fallow black gram with seed soaking 3%
panchagavya along with foliar spray of 3%
panchagavya twice (30 and 45 DAS)
registered higher grain and haulm yield under
Cauvery delta region of Tamil Nadu (Ramesh
et al., 2013). Foliar application of
panchagavya 4% recorded significantly
maximum dry matter production, leaf area
index, number of pods plant-1, number of
seeds, test weight, seed yield (801 kg/ha) and
economics over other treatments (Gopal Lal
et al., 2017). Gunasekar et al., (2018)
reported that panchagavya 3% foliar spray
recorded higher plant height, days to
1st flowering, days to 50% flowering, number
of leaves per plant, number of branches per
plant, number of pods per plant, pod length,
number of seeds per pod, seed yield per plant,
seed yield per plot, 100 seed weight and the
resultant seed quality.
NAA
NAA is a synthetic plant hormone in
the auxin family. It used as a growth regulator
to increases flower production, reduce flower
drop and increase grain yield in pulses. Foliar
application of NAA promoting the apical
dominance, cell elongation and shoot
development. Application of NAA at 40 ppm
was more effective and significantly increased
the number of seeds per plant, number of pods
per plant, pod weight, pod wall dry weight,
pod length and grain yield in black gram
(Prabhu, 2000). Application of 50 ppm NAA
+ 6 % cow urine at 25, 40 and 55 DAS,

registered higher leaf chlorophyll and seed
protein content (Ingale, 2007). Foliar
application of NAA 40 ppm at pre-flowering
stage increased the plant height, more number
of branches, higher leaf area index and leaf
area duration in black gram (Jeyakumar et al.,
2008). Similarly, foliar spray of NAA30 ppm
improved the dry matter production, increased
the number of pods per plant, number of
grains per pod and grain yield in black gram
(Kadam et al., 2009). Application of urea at
2% and NAA at 40 ppm was proved to be the
best treatment for obtaining higher plant
height, no. of branches, root nodule, plant dry
weight and higher protein content were
obtained in black gram variety T-9
(Improved) (Esther and Gautam, 2020).
Salicylic acid
Salicylic
acid (SA)
is
a
phenolic
phytohormone found in plants. It improves
the
plant growth
and
development,
photosynthesis, transpiration, ion uptake and
transport and increase the grain yield of
pulses. It induced more flowering at 10 and
100 ppm levels (Anandhi and Ramanujan,
1997). Functionally, it induces flower
production and promotes disease resistance. It
is ortho-hydroxybenzoic acid and is a
secondary metabolite acting as analogous of
growth
regulating
substances.
Foliar
application of salicylic acid exerted a
significant effect on plant growth metabolism
when applied at physiological concentration,
and thus acted as one of the plant growth
regulating substances (Kalarani, et al; 2002).
Jeyakumar et al., (2008) reported that
application of 125 ppm salicylic acid to black
gram plants increased seed yield. Foliar spray
of nutrients mixture with salicylic acid 100
ppm at 20, 30 and 40 DAS increased the plant
physiological parameters includes leaf area
index, leaf area duration, specific leaf weight,
total dry matter accumulation and ultimately
maximize 26 per cent more grain yield in
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black gram (Amutha et al., 2012). Application
of 150 ppm salicylic acid along with 500 ppm
zinc sulphate produced significantly higher
seed yield of black gram (Ali et al., 2013).
Application of SA at 150 ppm as foliar spray
at 25, 40 and 55 DAS improved the
physiological efficiency of crop and resulted
in better growth and yield of black gram cv.
NDU-1 (Manjri et al., 2018). Foliar
application of 100 ppm SA increased the
grain yield up to 21.4% in black gram under
salinity condition over control (Sivakumar et
al., 2018).
TNAU Pulse Wonder
TNAU Pulse wonder is a booster with
nutrients and growth regulators, especially for
pulse crop was developed by Department of
Physiology, TNAU, Coimbatore. It contains
combination of nutrients and growth
regulators which plays a major role in growth,
development and metabolism of black gram
(Marimuthu and Surendran, 2015). It is
recommended at 1% foliar spray at peak
flowering stage of pulses. It reduces flower
shedding, increases yield up to 20 % and
increases drought tolerance in pulse crops.
Application of 100% recommended dose of
NPK along with foliar spray of DAP
2% + TNAU
pulse
wonder
5.0 kg ha−1 produced significantly higher
growth and yield parameters, grain yield
(1162 kg ha−1) and benefit cost ratio (2.98)
over the NPK alone in black gram
(Marimuthu and Surendar, 2015). Similarly,
foliar spray of TNAU pulse wonder at 1%
recorded higher plant height, leaf area index
and grain yield in black gram (Sachin et al,
2019). foliar spray of TNAU Pulse wonder
1.125% followed by foliar spray of Polyfeed
1% + NAA 40 ppm was recommended to get
profitably higher yield besides improving the
quality of Black gram with a B: C ratio of
2.95. (Arun Raj et al., 2018). Devaraju and
Senthilvel (2018) also reported that

application of pulse wonder @ 5kg/ha at
flowering and 15 days after 1st spray was
significantly increased the number of pods per
plant, number of grains per pod, grain yield
(870 kg ha-1), net returns and benefit cost ratio
of black gram. Under salinity condition, foliar
application of 1% TNAU Pulse Wonder at 20
and 40 days after sowing increased the root
volume up to 40% in black gram (Sivakumar
et al., 2018). Foliar application of pulse
wonder 1% on 50% flowering stage recorded
higher values of growth components (viz.,
plant height, leaf area index, dry matter
production, number of branches per plant),
yield attributes (viz., number of branches,
number of pods plant-1, number of seeds pod1
), seed and haulm yield of black gram (Balaji
et al., 2019). TNAU pulse wonder improved
the source-sink relationship compared to other
treatments with enhanced biometric, growth
parameters and yield of black gram (Sachin et
al., 2019). Foliar application of 1% pulse
wonder spray on 25 DAS followed by 0.5 %
19:19:19 NPK spray on 45 DAS recorded
higher growth attributes viz., plant height,
LAI, nodule number and nodule biomass and
DMP (Karthikeyan et al., 2020)
In conclusion the productivity of black gram
is not sufficient to meet the domestic demand
of the growing Indian population. Thus, it is
highly essential to improve the productivity of
black gram by proper agronomic practices.
Foliar feeding of nutrients and growth
hormones is viable approach to exploit the
genetic potential of the black gram. Soil
application of nutrients is often not enough to
meet the growing crop demand particularly in
short duration crop like black gram. Many
research findings have been confirmed the
benefits of foliar nutrition at flowering and 15
days after on the grain yield of black gram.
With reference to macro nutrients, foliar spray
of 2% urea, 2% DAP, 1% KCl either alone or
in combinations registered significant
increase in growth, yield attributes, grain
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yield and net return of black gram. Use of
micronutrients like 0.5% FeSO4, 0.5% ZnSO4
or 0.5% chelated micronutrients also noticed
to increase the productivity. Complex
fertilizers, 19:19:19 or 18:18:18 NPK at 1-2
% foliar spray found to be beneficial in black
gram. Indigenous organic preparation,
panchagavya foliar spray at 3% improved the
productivity of black gram. Growth hormones
like NAA and salicylic acids are used to
alleviate the major physiological constraints
particularly flower and fruit drop. Foliar spray
of NAA 30-50 ppm and salicylic acid at 100150 ppm found to be enough to increase the
yield attributes and yield of black gram.
Recently, many experiments confirmed the
benefits of pulse wonder, a booster with
nutrients and growth regulators developed by
Department
of
Physiology,
TNAU,
Coimbatore at 1% peak flowering registered
significantly higher grain yield of black gram
over control. Thus, from this review paper, it
could be concluded that foliar spray twice at
reproductive stage either with nutrients or
growth hormones or combination of both
considered as important strategy to improve
the productivity and profitability of black
gram.
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