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Introduction

In a global scenario, India has the prime position in pulse production. The current
pulse production during 1997 is about 15 million tons but the mean productivity is 600 Kg
per hectare, which is far below than expected yield, and its production has not kept pace
with the population. Presently per capita net availability of pulses is 38.1 g/day against 60.7
g/day during 1950-51. Pulses have low and unstable production although high yields of
about 5 tons/ha have been reported (Kumar, 1997), but their average productivity rarely
exceeds 1 ton/ha.

Pulse form an important part of Indian dietary. They are an important source of
protein among vegetarians and are essential adjuncts to a predominantly cereals based diet
and also enhance the biological value of protein consumed. Due to a balanced composition
of amino acid of pulse protein blend, it matches with milk protein. But being rich in
nutrition is only a part of the description. Recently scientists are recognizing that there is
literally a medicine chest in the legumes. Legume pulses are high in dietary fiber, low in
saturated fat and cholesterol free. They help normalize blood sugar, contain substances
which may protect against cancer (Narang, 1988). They biologically fix and utilise
considerable amounts of atmospheric nitrogen (N) due to root nodules, depending on both
species and environment, and therefore have also been an important means of increasing N
fertility of soils. They are thus not dependent on inorganic fertilizes but add upto 30 Kg of
nitrogen/ha to the soil and play an important role in restoration and build - up of soil fertility
and provide nutritious feed and fodder to our livestock population.

The merit of legumes (pulses) is their ability to improve the soil productivity,
solubilizing sparingly soluble P, affecting soil aggregate stability, raising soil temperature,
and altering the biological and physical condition / properties of soils (Carreker et ah, 1968)
The cultivation of legumes generally results in an increase in water infiltration rate and an
improvement in soil aeration. These particular beneficial affects of pulse cultivation are not
due to increased soil aggregates stability but due to the rooting habits of the legumes as they
produce taproot. The cavity created when taproots die and decay would serve as channels
for water to infiltrate and for the air to diffuse at a faster rate.

To meet the projected pulse demand of India for 23 million tons by 2001 A.D,
research priorities for producing enough to outplace the needs of growing population is
essential. Due to the availability of protein through other sources, 55-g/day per capita net
availability of pulse will be needed. In traditional rice belts where rice is followed by rice,
yield decline/stagnation is not uncommon. The soil health and fertility is also jeopardized.
The replacing of rice-rice practice with a non-rice crop can restore the productivity level.
The cultivation of pulse crop will help increase the total productivity and enrich the soil
Qmai etal., 1990).

The harvest of main season rice continues late into rabi (winter) season, rendering
millions of hectares fallow in central and eastern India in the absence of sufficient moisture
and assured irrigation to sustain a successful rabi (winter) crop. A small adjustment of
turnaround period can establish a short duration pulse crop like black-gram (Phaseolus



mango Roxb.). In predominantly monocropped eastern India crop intensification by
exploiting residual moisture in lowland ecology can improve the level of food/nutritional
security. Black-grams beings deep rooted are able to produce good yields in receding soil
moisture situations in these fields, where there is sufficient sub-soil moisture. The residual
moisture can be exploited by growing quick maturing and moderately moisture stress
tolerant black gram. Black gram is a highly prized pulse crop, which is rich in phosphoric
acid. It can be grown under rainfed conditions where drought is a common feature.

Application of phosphatic fertilizer has shown a significant impact on black gram
yield. Legumes have a high P requirement due to the production of protein-containing
compounds of which N and P are important constituents. The P concentration in legumes is
generally much higher than that found in grasses. The vital role that high-energy P storage
compounds play in reactions involving energy transfer, especially those of the elemental N2-
fixing enzyme, nitrogenase, is one of the reason that legumes, dependent on symbiotic N,
have a higher P requirement than grasses, which depend on absorption of mineral N (Imai,
1991). Hence, a development of cultural practices to accelerate absorption of P and its
efficient transfer to reproductive organ during later growth stages is useful for planning a
better agronomic package for legumes.

This experiment was undertaken with an objective to increase the yield of black-
gram leguminous pulse crop through optimal doses of phosphatic fertilizer with
supplemental irrigation in mono-cropped rice-fallow regions of India.

Materials and Methods

The experiments were conducted in mono cropped drought prone rice-fallow regions
of coastal eastern India for the seed yield at Deras Research Farm of Water Technology
Centre For Eastern Region, Bhubaneswar, Orissa (India) for two consecutive rabi (winter)
seasons of 1996-97 and 1997-98. Bhubaneswar is situated on the cross point of 85° 52'
longitude and 20° 15' latitude at an altitude of 25.90 meters above mean sea level. The
experiment was laid out in randomized block design with four irrigation and four
phosphorus levels, which were replicated thrice. The short duration (80 days), erect,
medium black seeded, lanceolate leaf and photo-insensitive cultivar T-9' of black gram was
sown on 4.6m X 3m ultimate plot sizes. Experimental plots were smothered for weed
control before sowing by a method developed for this region (Khan et al., 1997). The doses
of phosphorus (P2O5) were 0, 40, 80 and 120 Kg/ha. The irrigation water was applied at
CPE of 0,100,150 and 200 mm. A common dose of N @ 10 Kg/ha was given in the furrow
at the time of sowing. The N doses were given in the form of urea and P2O5 was given
through single super phosphate. The rate of photosynthesis and transpiration was recorded
by Licor portable photosynthesis system.

Results and Discussion

Irrigation at 200 mm of CPE produced about 1 q/ha extra yield. However, seed yield
data revealed that irrigation treatments did not influence the yield of black gram



significantly (Table 1). However the increased levels of P increased the yield of black gram
and significant increase in yield was noticed with 120 Kg P2Os/ha. Crop shows an
increasing trend with still higher doses of P2O5. However, the limit is set by other factors
like soil pollution and environment.

There is an interesting trend of increased seed yield with the application of P2O5 in
irrigated plots compared to the unirrigated treatments. It was observed that black-gram yield
could progressively be increased with irrigation at 200 mm of CPE in combination of 120
Kg PaOs/ha. A perusal of the table reveals that the yield increase is economically feasible
with the application of P2O5 @ 120 Kg/ha. The yield increase compensates the cost incurred
on the application of phosphatic fertilizer but the limit of P2O5 application is set by
environmental concern against the excessive application of fertilizers to save the soil health
and ground water pollution.

The photosynthesis and transpiration studies were made both years of
experimentation, however for the sake of brevity only one-year data (Table 2) are presented
due to similar trend. The physiological observations (rate of photosynthesis) were recorded
at monthly intervals. The values were reduced with an increasing age of the crop i.e. 35 and
65 days after sowing (DAS) it ranged from 11.73 to 19.98 and 9.93 to 15.50 \i mol
CCVcm2, respectively. No definite trend was observed due to the varying irrigation levels
on the rate of photosynthesis. However, reducing trend were observed on the rate due to the
application of phosphatic fertilizers.

The rate of transpiration increased at 35 DAS at higher irrigation treatments but no
specific trend were observed on 65 DAS. Even the application of phosphatic fertilizer did
not bring any noticeable change in the rate of transpiration.

Pulses are mostly rainfed where drought is a common feature and are cultivated
during rabi (winter) season often depends on receding residual soil moisture. Technological
developments are required in breeding for drought resistance, which may be achieved
through reduction in leaf area, change in leaf orientation, development of stomatal closure
and deeper root system. While these developments are awaited, drought escape can be
achieved through short duration varieties. The black-gram (Cultivar T-9) is 80 days short
duration pulse crop and can stabilize the productivity in rice-fallow. This development is
promising for pulse expansion to even drier areas in peninsular India and may lead to newer
cropping patterns in the Indo-Gangetic plains and rainfed drought prone regions of India
with increasing productivity, sustaining environmental components and development of a
new production technology based on efficient management of soil and water resources.

Black grams are generally cultivated during winter season often depends on receding
residual soil moisture. Therefore early use of the available soil moisture is advantageous
with early growth vigour which generally helps the crop to escape the end of season drought
and produce significant pods before severe drought sets in.

The marginal responses to P fertilizer to the crop in CPE = 0.0 mm (I]) may be due
to less P demand because of limited bio mass and yield realization due to drought stress. It is



expected that P demand and P responsiveness would increase as bio mass potential increase.
The other reasons may be due to restricted soil moisture availability during crop growth Ii
(no-irrigation). As these crops are traditionally grown under rainfed conditions, the topsoil
(0-15 cm) is subject to severe drying. Thus P response can be reduced under low soil
moisture conditions due to both decreased availability of applied P and reduced plant
demand for P because of limitation of bio mass production by drought. The increasing
responsiveness to P with increasing soil moisture (irrigation) supply at CPE = 200 mm (Lt)
may be due to surpassing the adverse effect of moisture stress. Similar observations were
reported in other legume crops by Borgohain and Agarawal, 1986; and Kulhare et al., 1988.
The other possible factors affecting the P response may be mycorrhizal infection, root
distribution and root exulates (Johansen and Sahrawat, 1991). The uptake process of
phosphorus (P) from soil is complicated by the fact that it is a highly immobile element, and
transport through soil to the root surface is often a rate limiting step. The difficulties are
enhanced by the dependence of the diffusion coefficient upon the soil type, P concentration
and soil moisture content. Root growth also provides a driving force for continuing P uptake
to match growth rate of the plant. Nutrient supply uptake models have confirmed that P
essentially reaches to roots by diffusion (Amijee et al., 1989).

The rate of photosynthesis (Table 2) decreased with increasing age of the crop from
35 DAS to 65 DAS. It may be based on the growth stage of the crop because 35 DAS is the
peak vegetative stage of black-gram. At 65 DAS, the leaves start senescesing or yellowing
due to transport of assimilates to growing pods, which results in a low photosynthetic rate.
The decrease in photosynthetic rate at CPE = 0.0 mm (Ij) can be due to water stress which
might have reduced the enzyme activity needed for photosynthesis. Whereas, decrease at
CPE= 200 mm (I4) may be due to impaired nitrogen fixation and nitrogen assimilation
which reduces the assimilation of nitrogen, an important constituent of enzyme involved in
photosynthesis. Bona et al., 1991 also supported such findings. His study reported a
decrease in nodule weight and nodule number, which led to a decrease in nitrogen fixation
temporarily due to excess irrigation/flooding. It creates anaerobic situation, which retards
bacterial activities. Photosynthesis rate was also decreasing with increasing P2O5 contents.
The effect of phosphorus on the uptake of Mo and Zn might have reduced the assimilation
of nitrogen as Mo is needed for activation of nitrogen assimilating enzymes.

When the crop is in the vegetative stage with increased irrigation, the transpiration
rate was also more (Table 2). This can be due to more water and more transpiring surfaces.
But at reproductive stage trend is reversed. This may be due to a better partitioning of
assimilates i.e. more assimilates to reproductive parts than to vegetative parts which
decreases the development of transpiring surfaces i.e. leaves. Inspite of the reduced
photosynthetic rate at higher P levels and irrigation, yield was more in those treatments
(Table 1). Yield is a complex phenomenon and it is the manifestation of morphological,
physiological and growth parameters in any crop. The increase in yield at 120 kg/ha P2O5
(P4) in combination with irrigation at 200 CPE (I4) clearly shows the role of partitioning of
assimilates in yield.

Weeds cause significant losses to pulse production and control in early stages may
increase pulse productivity by at least 10 per cent (Kumar, 1997). Weed control technology



developed by Khan et al., 1996 was adopted before sowing with encouraging response on
crop growth.

Drought is a major yield reducer and from well-planned research it was found that
better seed yield can be harvested if moisture stress at critical stages is alleviated. Irrigation
with 200 mm of CPE might have supplied water during the stress period and crop could
yield better in combination with phosphorus. Therefore the irrigation and phosphatic
fertilizer treatments were introduced for enhancing productivity of black-gram to provide
better returns to available water resources.

Conclusion

Leguminous pulse crops are essential components in cropping systems throughout the
world. A combination of cereals and legumes provide a well balanced diet for humans.
Legumes are an important source of protein in human diet and provide many other nutrients
such as carbohydrates, iron, folic acid, calcium, vitamins and minerals. It also biologically
fixes a considerable amount of atmospheric nitrogen (N). It improves soil physical
properties by degradation of soil clods and by penetration of their taproot system in the soil
profile, improving soil tilth and water infiltration and thus benefiting the growth of
succeeding crops. Phosphorus influences the vigour of plants and improves the quality of
crops and when applied to leguminous pulse crops, it hastens and encourages the
development of nitrogen fixing nodule bacteria. The tropic soils are mostly P-deficient.
Plants fail to make a quick start and development of root system is hampered, adversely
affecting extract of water and nutrients from deeper layers in phosphorus deficient soil. A
series of experiments was conducted for two consecutive winter seasons in predominantly
monocropped rice-fallow system of India under varying levels of irrigation and phosphatic
fertilizer to study the impact on the production of short duration leguminous pulse crop
(black-gram). It was observed that the moisture stress tolerant black gram (Phaseolus mungo
Roxb.) can exploit residual moisture and could produce a reasonable yield. However, higher
doses of P- fertilizer (120 Kg/ha P2O5) could give significantly higher yield. The
combination of 200 mm CPE irrigation water with 120 Kg/ha P2O5 gave a better crop yield.
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Table 1: Grain yield of black gram as affected by different levels of irrigation and phosphorus

00

Treatments Fertilizer (P2O5) treatments (P)

Pi (0.0 Kg/ha)

1st year 2nd year

P2 (40 Kg/ha)

1st year 2nd year

P3 (80 Kg/ha)

1st year 2nd year

P4 (120 Kg/ha)

1st year 2nd year

Mean

1st year 2nd year

Irrigation (CPE) treatments (I)

Ii (0.0 mm)

h (100 mm)

I3 (150 mm)

I4 (200 mm)

Mean

583

618

640

673

628.50

495

510

586

610

550.25

638

733

750

802

730.75

629

675

642

670

654.00

684

766

787

865

775.50

641

652

660

725

669.50

752

797

833

978

840.00

693

703

742

894

758.00

666.25

728.50

752.50

829.50

-

614.50

635.00

657.50

724.75

-

L.S.D. (P=0.05) 127.74 (1st Year)
131.11 (2nd Year)



Table 2: Rate of photosynthesis and transpiration as affected by different levels of irrigation
and phosphorus

Treatment Photosynthesis rate,
HmolCO2/cm2

35 DAS 65 DAS

Transpiration rate,
\i mol H2O/cm2

35 DAS 65 DAS

Irrigation (CPE) treatments (I)

Ii

(0.0 mm)

h

(100 mm)

Is

(150 mm)

14

(200 mm)

18.28

19.89

19.98

11.73

14.97

09.93

15.50

13.32

0.0004

0.0005

0.0006

0.0007

0.0008

0.0008

0.0006

0.0005

Fertilizer (P2O5) treatments (P)

Pi

(0 Kg/ha)

P2

(40 Kg/ha)

P3

(80 Kg/ha)

P4

(120 Kg/ha)

17.16

12.85

12.82

12.44

14.91

10.81

13.94

10.39

0.0007

0.0008

0.0006

0.0007

0.0007

0.0003

0.0002

0.0015


