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NITROGEN FIXATION DOES NOT LIMIT YIELD IN PULSES

S. K. SINHA, BANWARI LAL, K. R. KOUNDAL AND R. KHANNA CHOPRA
Water Technology Centre, 1ndian Agricultural Research Institute, New Dethi 110 012, India.

ABSTRACT

In this communication we report that tropical legumes pigeonpea { Cajanus cajan) and chickpea
(Cicer arietinum) accumulate upto 301 kg N ha™ but only 21 to 49% of it is utilised for grain
development. Therefore, hmitation in nitrogen fixation is not the cause of poor yueld, but its
mobiiization for grain development i1s poor. A change in plant structure may be more important for
yield improvement than efforts to increase nitrogen fixation.

ULSES (grain legemes) constitute a major source

of proteins in the vegetarian diet in developing
countries, but the yields of these crops are low', It is
often stated that poor nitrogen fixation limits the yield
of various grain legumes including pulses® and soy-
bean’. Enrichment with CO; or illumination of crop
canopies in soybean led to the increased nitrogen
fixation and grain yield>‘. However, several legumes
such as cowpeas, mungbeans, pigeonpea, chickpea,
etc expenience water deficiency, salinity and other
effects which adversely influence nitrogen {ixation®.
Therefore, there is considerable emphasis on nitrogen
fixation studies in pulses and consequently worldwide
programmes such as the International Biological Pro-
gramme and Niftal are getting increasing attention.
However, in most instances the Rhizobium inocula-
tion experiments have given variable results on grain

yield®. There are reports® suggesting that the tropical

legumes fix nitrogen between 20 and 270 kg N ha™’.
Apparently there are very few quantified studies on

nitrogen balance and most of the conclusions about
nitrogen fixation are based on grain yield, Giri and
De’ have shown that substantial quantities of nitrogen
are left behind in the soil atter the harvest of grain
legumes. Therefore, the total nitrogen content in the
plant parts above the ground level was taken to repre-
sent the minimum amount of nitrogen fixaton, after
subtracting the quantity of nitrogeh mitially apphed.

Seeds of determinate and indeterminate types of
pigeonpea (C. cajan) cv. Prabhat werg treated withan
appropriate Rhizobial culture and planted on 7 July

1981 to obtain a population density of 20 plants m 2.
Fertilizer nitrogen, phosphorus and potash in the pro-
portion of 20:40:40 kg ha™' were applied. Irrigation
and no irrigation constituted the two treatments. Jrri-
gation was given after flowering. There were three
replicates of each treatment, and each rephicate con-
sisted of 4 X 5 m size plot. At maturity, a crop area of
1 X1 m was harvested. The leaves shed in a demar-
cated arca of I X1 m were collected and included in
the harvested matenal,

Seeds of chickpea (C. agrietinum) cv. JG-62 and its
one mutant M 109, after treating with an appropriate
Rhizobium culture, were planted on § November
198]. Irngation and non-trrigation constituted the
two treatments. There were three replicates and each
replicate consisted of 4 X5 m size plot. All the above
ground parts from 1 X1 m area were harvested at
maturity, The leaves, stem, pod wall and seeds were
separated and analysed for their nitrogen content. The
different samples were digested according to the
method of Novozamsky et al® and analyzed for nit-
rogen content using a Technicon Autoanalyser Model
H, Industrial method No. 334-74W/ B". Thetotal nit-
rogen was computed using the dry weight at harvest
and nitrogen content of each part.

In pigeonpea (C. cajan) the total harvest of nitrogen
ranged from 261.7 kg N ha™*t0275.3kg N ha™ in the
determinate and indeterminate types, respectively.
Irrigation had no significant effect, probably because
this crop was grown in the rainy season. However, the
nitrogen harvest, essentially represented the dry mat-
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ter harvest of different plant parts. In the determinate
type 34.9 and 3527 of the total mtrogen was utilized
for pram development, whereds in the indeterminate
type only 21 .8 and 23.97¢ nitrogen was used, with and
without irrigation respectively (table 1). Most of the
nitrogen remained 1n stem and leaves (table 1), It
would be seen that nitrogen in fruit walls and grains
doecs not retain the same relation. This difference
arises due to the development of some pods which do
not contawn any seeds.

Of the quantity (138.6 and 236.5 kg N ha ) harv-
ested in chickpea (JG-62), 62.5 and 114.6 kg N ha™
were found in grains, without and with irrigation,
respectively, when grown in the field (table 2). The
mutant M 109 accumulated 148.9 and 320.8 kg N ha™
without and with irrigation, respectively, but only
75.4 and 110.5 kg N ha™ were harvested in grains
(table 2). Most of the nitrogen in JG-62 and M 109
remain¢d in stem and leaves.

The above results clearly show that pigeonpeas
could fix up to 255 kg N ha™* but only 35% was utilized
for graindevelopment. In chickpeas, nitrogen fixation
was 118-128 kg N ha' without irrigation but
increased by 75-100¢7 with irrigation, However, only
about J0% mitrogen of the plant was utilized for grain
development,

The results of pigeonpeas, chickpea and cowpeas®
present a contrast to nitrogen utilization in cereals
such as wheat. Austin e a/'% showed that almost 75%
of the total plant nitrogen was present in the grains of
wheat, Similar results have been obtained in two
wheat cultivars with and without irrigation (Aggarwal
and Sinha unpublished). There is now considerable
¢vidence that nitrogen from leaves is mobilized for
grain development'!, Thus, most of the nitrogen taken
up by ear emergence in wheat is eventually utilized for
grain development. As against this, in pulses most of
the nitrogen fixed and assimilated remains in leaves
and stem even at harvest. The total nitrogen harvested
1n pigeonpeas and chickpeas would be adequate to
give a yield of 5.4 to 6 tonnes ha™ of grains containing

2105 protein if 75¢; of the assimilated nitrogen was
mobilized to the grains as 10 wheat,

Qur studies, therefore, clearly show that research
on evolving plant types in which plant architecture
supports aitrogen mobthzation from vegetative parts
to the developing grain requires more emphasis than

increasing the nitrogen fixation efficiency in grain
legumes if improvement of yield is a major objective.

In this respect, research on senescence and abscission
of leaves in relation to fruit development should prove
rewarding.
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Physics of the “Smell”.
ROF. BOHR in his recent address’ on ‘Life and
Light’ has emphasised the peculiar organisation of

living beings with a view to understanding their
essential characternistics. This organisation exhibits
typical atomistic and quantum traits combined with
the ordinary mechanical characteristics, in a manner
having no counterpart in inorganic matter.

As an illustration of the refinement to which this
organisation is developed, Prof. Bohr has considered
the case of the human eye. The eye is an ideal and
perfect optical instrument inasmuch as its resolving
power and its sensitiveness have reached the limit
imposed by the wave and quantum nature of light. It
has been found that the eye can be stimulated by a few
light quanta (or possibly a single light quantum?).
Further the optical resolving power [(5/d")" where d

! Nature, March 25 and April 1. 1933,

is the aperture of the eyelens in in ches] and the
physiological resolving power (angle subtended by the
“cone™ In the retina at the eyelens) of the eye are
almost the same. This perfection of the eye naturally
leads one to expect that the other organs also may
reveal similiar characteristics, the study of which will
greatly help in establishing the relation between
organic evolution and physics.

A consideration of the construction and function of
the nose may also afford another interesting example.
The human nose appears to be very sensitive to smell.
However, physics corresponding to the sensation of
smell does not exist at all, though physics of the eye
and the ear (being simpler) has developed so much.

It 1s of interest to see whether the sensitiveness of the
nose has also reached a limit imposed by the atomic
character of substance giving rise to the sensation of
smell; 7.e., whether the sensation of smell can be
excited even when there be present a few molecules(or
a single molecule?) of an intensely smelling substance.
Any data that might be obtained in this connection
are bound to be helpful in the study of the evolution of
senses. It 1s intended to make some tests on this point
and we shall be glad to receive information on data

concerning this if already obtained.
D. V. GOGATE.

D. S. KOTHARI,

Physics Department,
University of Allahabad,
Allahabad.

October 24, 1933.

FELICITATIONS

On behalf of the Current Science Association we
would like to convey our greetings to Prof. S. Ramase-
shan, President of the Indian Academy of Sciences
and Past-President of the Current Science Associa-
tion, on his 60th birthday on October 10, 1983. We

wish him many more years of happy, prosperous and
active scientific life.

The Indian Academy of Sciences will bring out
special issues of Proceedings (Chemical Sciences) and
Bulletin of Materials Science to mark the occasion.



