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PHOTOSYNTHETIC RATE IN NODULATING AND NON-NODULATING LINES OF

ARACHIS HYPOGAEA L.

M. L. LODHA. N. D. SHARMA., V. ARUNACHALAM, R. P. JOHARI and S. L. MEHTA
Division of Biochemustry, Indian Agricultural Research Institute, New Delhi 110 012, India.

ABSTRACT

Photossnthetic rates in field-grown nodulating and non-nodulating lines of groundnut
(Arachis hyvpogaea  L.), were similar. However, in vivo nitrate reductase activity was
sigmiticantly higher in leaves of the non-nodulating ine compared to that its nodulating parental
lines. It has been suggested that in the absence of nodule sink, diversion of photosynthates
towards nitrate assimilation may to some extent relieve feedback control on photosynthesis.

INTRODUCTION

Py rar studies have indicated that high rates
Snf translocation are important in- maintaining
high photosvnthetic rates 1n plants'=. Reduced
demand for photosynthates is also known to result
in 4 reduction in the net photosvnthetic rate in some
[n two varieties of sovbean. net photo-
wwnthetic rate was reduced approximately one-third
by partial depodding’. In addition. partial inhi-
hitton of pnotosvnthesis by vegetative and repro-
ductive sink removal has been demonstrated 1n
another sovhean variethy ™ The basis of sink-limited
photosvnthesis v ~ome kind ot end-product inhi-
hiion duc to the cccumudation of soluble carbo-
hvdrates 10 leases In groundnut. in which nodulkes
are @ more powertu, sink tor carbohvdrates than in
other legumes . the ettect of source -sink manipula-
tton on photosvnthenie rate 1s not known. There-
fore. m the present imvestiggtion, photosynthetic
rate and nitrate reductase activity have been studied
in nodulating and nen-nodulating lines of groundnut
with o view to finding out the effect of increased

source ~sink ratio on photosynthesis.

MATERIALS AND METHODS

Groundnut nodulating genotvpes NC 17 (Virginia
Runner) and the rust-resistant PI 239747, and a
non-nodulating dervanve from their cross. were

[AR] Regional  Station.

obtained  trom  the

Hivderubad, These hines were grown at the Institute

under the

Farm during the monsoon  season
reccommended  agronomic  practuices.  Nodulating

lines were grown under natural infection of native
rhizobia without N-tertilizer application. while the

non-nodulating line was grown with 80kg N/ha ..

fertthzation and  also without N-fertilizer apph-

cation.

Dry weight of leaves and photosynthetic rate by
“CO,-feeding were determined using whole plant
canopy according to Lodha et al”. Net photo-
synthetic rate was also determined by using an infra-
red gas analyser (IRGA)’ in another experiment
conducted during the second year: In this experi-
ment, leaflet of the third leaf from the top was used.

In vivo assay of nitrate reductase in leaf. root and
nodule samples was done as described bv Lodha
et al’.

The results reported are averages of 2 or 3 deter-
minations except in the case of net photosvnthetic
rate where 6 determinations were averaged.

RESULTS AND DISCUSSION

Table 1 shows that dry weight of leaves of the
parental nodulating lines and the fertilized non-
nodulating line did not ditfer much at 70 and 85 days
after sowing (DAS). Nitrogen fertilization increased
lcaf weight in the non-nodulating line by about 25%.

As regard leaf photosynthetic rate (mg CO,
fixed’g dry_ wt/h). differences between nodulating
and non-nodulating lines were non-significant at

Table 1 Drv weight of leaves in nodulating and
non-nodulating lines of groundnut

Drv wt
(g/plant)

70 85

Groundnut line Characteristics DAS DAS

NC 17 (male parent) Nodulating 17.0 25.2

Pl 259747 (female parent)  Nodulating 12.9 285

NC 17 x PI 239747 Non-nodulaung 104 2009
NC 17 x PlL 2539747

(with N-fertilizatton)  Non-nodulating 129 26.1
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Table 2 Leaf photosynthetic rate of nodulating and
non-nodulating lines of groundnut as measured by "*CO,
feeding

mg CO- fixed/g drv wt/h

Groundnut line 70 DAS 85 DAS
NC 17 15.0 5.1
Pl 259747 159 10).5
NC 17 x PE 239747 212 5.8
NC 17 x PT 239747

(with N-fertihzation) 6.7 7.4

hoth 70 and 85 DAS (table 2). When net photo-
svithetic rate was measured using [IRGA - and
the results expressed on leaf area basis. the photo-
svnthetic rate at vegetative stage (50 DAS) of the
tertilized non-nodulating line was not differcnt from
that of the parental female Ijne. but was significantly
lower than that of the other parental line NC 17
(table 3). However. at 85 DAS no difference was
observed in the photosynthetic rates of nodulating
and non-nodulating lines.

In vivo nitrate reductase activity in the unferti-
lized non-nodulating line was about 90% and 190%
higher in leaf. and about 80% and 60% lower In
root compared to the activity in female and male
parental lines respectively (table 4). As a result
of N-fertilization, leaf and root nitrate reductase
activity increased by 1.5-fold and 3.2-fold respec-
tively in the non-nodulating line. Very high activity
of nitrate reductase was observed in nodules of the
“parental hines (table 4).

The nodule 1s an important sink demanding trans-
location of photosynthates for N> fixation and to
some extent for NO3 assimilation. In non-nodula-
ting lines such a demand does not exist, and end-
product inhibition of lcaf photosvnthesis 15
expected=. However. in the non-nodulating line of
groundnut no such inhibition was apparent (tables 2
and 3). Similar observations have also been made in

Table 3 Net photosynthetic rate of nodulating and
non-nodulating lines of groundnut as measured by IRGA

Table 4 [n vivo activity of nitrate reductase in nodulating
and non-nodulating lines of groundnut™ at 85 DAS

nmol NO- formed:g fresh wt:h

Groundnut hine Leaf Root Nodule
NC 17 203+£20 795 1471 £ 1¥7
Pl 259747 307 £39 142 £29 1595 = 360)
NC 17 x Pl 259747 S8 £ 27 306 Nodules
absent
NC 17 x Pl 259747
(with N-fertihzation) 884z 44 9716  Nodules
absent

pg CO- fixed min dm-

Groundnut hine 50 DAS 85 DAS
NC 17 328+ 11 179 + 29
Pl 259747 265+ 12 474 + 13
NC 17 x Pl 239747

(with N-ferulization) 270 £ 17 482 £ 45

* Composite sample of three plants analvsed in triphcates.

field-grown sovbean where the source/sink ratio
was increased bv depodding”. It is possible that in
the non-nodulating  line. diversion of  photo-
svnthates towards nitrate assimilation in leaf may
play an important role in relieving end-product
inhibition of photosynthesis. This 1s further substan-
tiated by the finding that nitrate reductase activity
in leaves of the non-nodulating line was higher
compared to that in the nodulating hnes.
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