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Abstract

Experiments were conducted in a glasshouse to determine the effects of the mineral N supplied as
ammonium nitrate and Bradyrhizobium inoculation on the growth and iron nutrition of nodulating and
non-nodulating groundnut (Arachis hypogaea L.) lincs. In a sterilized sand-vermiculite medium
supplied with N-free nutrient solution (pH 7.0), inoculation of nodulating groundnut with Brady-
rhizobium strain NC 43.3 enhanced dry matter production and O-phenanthroline extractable iron and
N contents of the plants. The supply of mincral N at a rate of 100mgNL ' (us‘ NH,NO,) lhmugh
deionized water (pH 8.5) induced iron chlorosis symy s in the nodulati d grown in
Vertisols, but these symptoms were not observed at higher N levels (200-400 mgN L '). The induced
chlorosis was only partially corrected by inoculation with Bradyrhizobium strains NC 92 and NC 43.3.
The iron deficiency chlorosis was, however, corrected by application of higher rates of ammonium

nitrate.

Introduction

The N requirement of groundnut (Arachis hypo-
gaea L.) is usually met through biologically fixed
N, [1]. Development of non-nodulating ground-
nut lines has provided a useful means of measur-
ing the amounts of biologically fixed N, [9]. Our
earlier work showed that the yield of a non-
nodulating groundnut line. even at high rates of”
N fertilizer supply, was lower than that of
nodulating groundnut cultivars [9]. Less N and
iron were taken up by the non-nodulating
groundnut line relative to the nodulating ground-
nut cultivar, indicating that thesé nutrients lim-
ited the growth of the non-nodulating groundnut

line [16]. It was observed that the form of miner-
al N, ammonium or nitrate also greatly affects
rhizosphere  pH, which in turn affects iron
mobilization and availability to plants [14].

Our aim was to study the effects of continuous
mineral N supply and inoculation with efficient
strains of Bradyrhizobium on the growth and
iron nutrition of nodulating and non-nodulati
groundnut lines under cuntrolled conditions.
Inoculation with Bradyrhizobium and Pseudo-
monas was included because recent work has
suggested that these microorganisms improve
iron nutrition by synthesis of chelates
(siderophores) that keep iron in soluble form (3,
11, 12].

* Submitted as JA No. 942 of the International Crops Research Institute for the Scmi-Arid Tropics (ICRISAT)
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Materials and methods

Bradyrhizobium strains NC 92 and NC 43.3 were
obtained from G.H. Elkan, North Carolina Statc
University, Raleigh, NC, USA. A fluorescent
Pseudomonas strain, isolated from the ICRISAT
farm at P heru (near Hyderabad, India) was
also used in this study.

Experiment 1

The cffects of N supplied through biological N,
fixation or mineral N on growth and iron nutri-
tion of groundnuts were studied in a sterilized
sand-vermiculite medium.

The iron response of a nodulating groundnut
cultivar (Robut 33-1) and a non-nodulating line
|8) was studied in a factorial randomized block
design at five levels (0, 100, 200, 300, and
400mg L") of mincral N supplicd as ammonium
nitrate with three replications. For the nodulat-
ing groundnut there were additional trcatments
consisting of uninoculated control and Brady-
rhizobium inoculation with strain NC 43.3.

Groundnut plants (3 plants pot ') were grown
in pots of 17 cm top diameter containing 5 kg of
sterilized sand-vermiculite mixture supplied with
complete nutrient solution (pH 7.0) as described
by Nambiar ct al. [7]. The plants were watered
daily with the nutrient solution and the pots were
flushed with 1L of sterile deionized water every
week to remove any toxins that might have
accumulated. Plants were harvested 42 days after
sowing (DAS) and dry weights were recorded.
Plant samples were analyzed for total N, total
iron, and extractable iron.

Experiment 2
The details and design of this experiment were
similar to those of Experiment 1 except that
instead of a sand-vermiculite mixture, unsterile
vertisol was used as the growing medium. Five
levels of mineral N as ammonium nitrate (0, 100,
200, 300, and 400 mg L ') were supplied through
deionized water (pH 8.5) and two groundnut
cultivars (Robut 33-1 and non-nodulating) were
used. No other nutrients other than N were
pplied. Preliminary evaluation indicated that
the soil was able to satisfactorily meet the plant
requirement for other nutrients. As in the first

experiment, uni lated and i Jated treat-
ments (Bradyrhizobium strain NC 43.3) were
carried out for Robut 33-1 cultivar in three
replications. Plants were harvested at 77 DAS
and dry weights recorded. Plant samples were
analyzed for chlorophyll, total iron. extractable
iron, and total N content.

Experiment 3

This experiment evaluated the effects of inocula-
tion with Bradyrhizobium strains NC 92 and NC
43.3, and Pseudomonas with and without miner-
al N supply (0 and 100mg NL ™" as ammonium
nitrate) on the growth and iron nutrition of a
nodulating groundnut (Robut 33-1) grown in a
Vertisol. Uninoculated treatments for Robut 33-
1 were carricd out. Eight replications were ar-
ranged in a factorial randomized block design.
As in the second experiment, the plants were not
supplied any other nutricnts except N. Nitrogen
was supplied through deionized water (pH 8.5)
used for irrigation. The plants were harvested at
85 DAS. Mcasurements were made on soil pH.
dry matter weights, nitrogenase activity, and
nodule number. Plant samples were analyzed for
total N, total iron, and extractable iron content.

Analytical methods

Nitrogenase activity of groundnut plants was
measured as described by Nambiar and Dart [6].
Chlorophyll content in the leaf tissue was de-
termined by the DMSO extraction method (2].
Ferrous iron in the leaf tissue was cstimated by
extracting the thoroughly washed fresh tissue of
the youngest fully matured leaves with 1.5%
O-phenanthroline solution (pH 3.0) termed as
‘extractable iron' [4, 13).

Plant samples for total iron analysis were
thoroughly washed, dried in an oven at 60°C for

. 3 days, and ground to pass through a 40-mesh

sieve. Total iron content was determined with
the atomic absorption spectrophotometer follow-
ing digestion of the plant samples using the
triacid digestion method [15]. Total N analyses
were made colorimetrically using a Technicon
Autoanalyser 11 [17] following digestion of the
plant samples in a block digester.



Results and discussion

In Experiment 1. without added mineral N. the
dry matter production of Robut 33-1 groundnut
moculated with Bradyrhizobium strain NC 43.3
was significantly higher than the uninoculated
control and the non-nodulating line (Table 1).
Dry matter yields increased with the application
of 100mgNL"", and higher rates of N had no
significant effect on the dry matter production of
both nodulating and non-nodulating groundnuts.

Without mineral N. the content of extractable
iron in the groundnut lcaves was significantly
higher in the inoculated Robut 33-1 than in the
uninoculated Robut 33-1 and the non-nodulat-
ing line (Table 1). The data suggested that the
nodulating groundnut plants were able to acquire
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more iron than the uninoculated Robut 33~1 and
the non-nodulating line because iron was sup-
plied in equal amounts during the three treat-
ments. The supply of mineral N increased the
extractable iron in the leaves at 100 and
200mgN L' rates in uninoculated Robut 33-1,
while the increase occurred only up to the
100mgNL " rate in the non-nodulating line.
The uptake of total iron did not show any defi-
nite trend with the application of mineral N,
Without added N, the total N uptake plant ™'
was also significantly higher in the inoculated
Robut 33-1 than the uninoculated Robut 33-1
and non-nodulating line. Application of mineral
N increased N uptake up to the 100mgNL ™'
rate in the inoculated Robut 33-1, while applica-
tion in the uninoculated control and non-

Table 1 Dry matter yield and content of total and extractable iron and N n groundnut plants as affected by mineral N supply und

inoculation with Bradvrizobuam strun NC 43.3°

Mineral N level Robut 33- | Robut 33-1 Non-nod
(mgL ") noculated control line
Dry matier yield. g plant '

[ 26 14 09
100 42 33 25
200 45 kR Al
kLY 4.7 43 35
400 44 44 34
SE = 0.34
Extractable iron i youngest leaf tissue. ug ¢ ' fresh

0 83 I8 il
100 9.4 17 87
20 9.9 9.5 8.8
kLU 9.2 9.3 10.0
40 101 9.3 10,0
Sk + 0.52
Total iron uptahe. ug plant ' dry wt

0 1056 616 kX
[{L1) 2269 1740 778
20 1562 2293 1628
k(LY 1150 2515 1186
400 1525 2086 901
SE * 4352
Total N uptake. mg plant ' dry wt

0 B8 27 12
100 153 8S 64
200 172 143 17
300 188 163 149
400 181 190 155
SE=x 11.9

* Three groundnut plants pot ' were grown in pots containing a 5 kg sand-vermiculite mixture under sterile conditions for 42 days
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nodulating line increased N uptake up to
200mgNL ' rate (Table 1)

In Experiment 2 (Table 2) the moculated
Robut 33-1 showed severe iron chlorosis de
ficiency symptoms in the younger leaves when
supphed with mneral N at a rate of
100mgNL ' Without added mineral N how
cver only mid won chlorosis symptoms were

observed The umnoculated Robut 33-1 showed
moderate 1ron chlorosis deficiency symptoms at
both the 0 and 100mgNL ' rates Apphcation
of mineral N at 200mgNL ' or higher rates
alleviated the 1ron deficiency symptoms 1n both
moculated and uminoculated nodulating cul-
tivars Apphcation of mineral N at 300mgNL '
significantly increased the contents of extractable

Table 2 Fficcts of mincral N supply and inoculation with Bradvrhizobum strain NC 433 on dry matter vield content of

chlorophyll iron and total n in groundnut plants and soil pH

Mineral N level Robut 33 | Robut 33 1 Non nod
(mgl ) moculated control line
Dry matter yicld g plant

0 48" 450 32
100 457 65" 60
200 5K 76* 69
N 61 o7 63
40 57 60 S6
Sk 047
Extractuble ron in youngest foaf tissue ug g fresh tisug

0 RN 300 42
1o 2200 12 37
20 sl 38 39
LY 64 SR 13
40 49 S6 57
SE 4 un
Chlorophyll content ug & fresh lod tissue

[{] S8 550 R20
10 470" 680 730
200 1220 1270° 70
L 1990 1830 B0
400 1860 1730 1400
SE+ 2801
Total N content my, plunt  dry wt

1] ne 13+ b
100 124% 177 151
20 180 219 210
kLY 188 201 198
40 185 194 189
SE+ 163
SalpH 1 2HO

0 R7* Rg** K8
100 8ot LY 0 LX)
200 a2 81° 82
W0 RO 79 81
40 76 75 76

S+

* Groundnut plants were grown in pots contamning § kg soil for 77 days

* Plants showing, mild iron chloross symptoms
** Plants showing moderate iron chlorosts symptoms
*** Plants showing severe tron chlorosts svmptoms



ron nnd chlorophyll in the noculated and un-
I (Table 2) Dry
matter yield of the nodulatmg cultivar was sig-
mficantly higher than the non-nodulating line
without any added mineral N However, with the
apphcation of mineral N, the dry matter yields
were similar for the nodulating cultivar and the
non-nodulating hne
The soil pH at harvest of groundnut plants was
lower in the treatments receiving 200 300, and
400mgNL ' than in those recewving no mineral
N or 100mgNL ' (Table 2) The soil pH was
more than one umt lower at the higher mineral
N supply compared with that obtained 1n treat-
ment receving no mineral N This decrease n
pH at higher rates of mneral N application
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mught have contributed to higher mobihzation of
won by the plants and alleviation of iwon de-
ficiency chlorosis [14)

Results from Experiment 3 (Table 3) indicated
that mineral N apphcation at 100mgNL ' in-
duced a higher degree of 1ron deficiency chloro-
sis, especially n the plants grown without
Bradyrhizobium noculation  As in Experiment
2, apphcation of mineral N decreased sol pH
measured at harvest Among the bactenal strains
d with NC 92
and NC 43 3 showed only mild iron deficiency
chiorosis, while those noculated with Pseudo-
monas showed moderate 1on deficiency chloro-
S1$ symp The lated plants showed
severe 1ron deficiency chlorosis when the plants

al d
evaluated, gl 1

Table 3 Effects of mincral N supply and bacterial inoculation on dry matter yicld und other attributes of nodulating groundnut

plants and soil pH*

Mincral N level NC 92 NC 433 Pseudomonas Uninoculated Mean
mgL control
Dry matter vicld g plant

0 129 120 1ne 123
100 a1 a1 14 5% 14200 142
SE = 04s 023
Extractable iron in youngest leaf tissuc ug g fresh tissue

0 296 I 269 265 291
100 1 68 170° 151 13500 156
SE 2 0164 0082
Chlorophyll content ug g fresh leat tissue

0 12% 1580 1310 1340 1380
100 820 730° R10** 720°* 770
SE=+ 701 05
Nodule number plant

0 145 236 18 1n 153
100 2 37 2 29% k3]
SE & 103 52
N uptake mg plant  dry wt

0 218 2% 197 197 212
100 319* 306 297** 292 304
SEzx 142 71
SolpH 1 2HO

0 86 87 86 86 86
100 81 81 79 0% 80
SE=* 0045 0022

Groundnut plants were grown in pots containing 5 kg soil (Vertisol) for 85 days

Plants showing muld tron chloross symptoms
* Plants showing moderate 1ron chlorosis symptoms
** Plants showing severe tron chlorosts symptoms
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were supphied with 100mgNL ' Extractable
iron and chlorophyll content were lower in treat-
ment receiving 100mgNL ' than in treatment
recetving no mineral N A simular trend was
obtained with regard to nodulation and N up-
take nodules plant ' and N uptake (Table 3)
were decreased by adding mineral N, as ob-
served by Nambiar [5)

Groundnut plants growing on  biologically
fixed N, acquired more wron than uninoculated
plants In contrast to an carly study (3], inocula-
ton with fluorescent Pseudomonas sp did not
fully correct iron chlorosis deficiency symptoms
In a recent study using 59, Nambiar and
Stvaramakrishnan {11} showed that NC 92 grown
i culture mediwm produced more siderophore-
bound ron than NC 43 3 In the present study
however noculation with both NC 92 and NC
433 partally corrected aron  chloross in
groundnuts  Application of higher rates of am-
monwum mtrate also corrected chloross The
mechamsm involving mineral N on iron chlorosis
15 unclear and requires further study
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