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Abstract

BREEDING FOR HIGH N2 FIXATION IN GROUNDNUT AND SOYBEAN IN VIET NAM

Groundnut (Arachis kypogaea L.) and soybean [Glycine max (L.) Merr.] are grown mainly on two types of soil

in Viet Nam: coastal-sandy and upland-degraded soils. These soils are deficient in N, and considering that fertilizer N is

not only costly to farmers but also a threat to the environment, it is important to maximize productivity by exploiting the

ability of these legumes to fix N2 symbiotically in their root nodules. We initiated programmes of breeding and selection

to combine high N2 fixation and high grain-yielding capacity.

In the spring of 1992, breeding lines of groundnut and soybean were tested under greenhouse conditions for

varietal differences in the capacity to fix N2 using the acetylene reduction assay and the !5N-dilution technique, with upland

rice as reference plants. Varietal differences were found in nitrogenase activity, and percent N derived from fixation

(%Ndfa) ranged from 11 to 63% for groundnut and from 9 to 79% for soybean. Field experiments in the autumn-winter

season of 1992 again revealed significant varietal differences; %Ndfa ranged from 36 to 56% for groundnut and from 28

to 58% for soybean.

Gamma-irradiated seeds of groundnut and soybean were propagated in bulk from M, to M4. Five high-yielding

mutant lines of both species were selected from the M5 populations, and N2 fixation was estimated using the I5N-dilution

technique. The average values for %Ndfa of the mutants were 55 and 57%, significant improvements over the parent-

cultivar values of 25 and 29% for soybean and groundnut, respectively.

1. INTRODUCTION

In Viet Nam, groundnut (Arachis hypogaea L.) and soybean [Glycine max (L.) Merr.] are

important crops, although secondary to rice. Legume cultivation occurs mainly in mountain and

seacoast provinces, on degraded and coastal-sandy soils that are low in N and poorly productive.

Degraded soils occupy some 200,000 ha and coastal sandy soils 600,000 ha, and sustain many densely

populated communities. Therefore, they are important socio-economically [1].

The sandy soils are prevalent in coastal plains with a sandstone bedrock. The degraded soils

are prevalent in mountain provinces from the northern subtropics to the southern tropics, existing in

part as alluvium terraces and in part as colluvium and degraded ferralitic soils derived from acid

marma and sandstone, mostly with gently sloping topography; commonly they are highly leached and

eroded.

Due to high cost, chemical N fertizers are not commonly used by farmers. Groundnut and

soybean are legumes, capable of fixing N2 and of yielding well without fertilizer N application.

1Present address: Faculty of Biology, The Hanoi College for Natural Sciences, Viet Nam National University,
90 Nguyen Trai Road, Dist. Thanh Xuan, Hanoi, Viet Nam
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Legumes with high N2-fixation capacity and high-yielding ability may benefit such impoverished soils

by contributing N for subsequent cereal cultivation. Although synthetic chemical fertilizers promote

plant growth and increase crop yields, their indiscriminate use exacts a penalty on the environment

and on human health.

A great deal of research has focused on groundnut and soybean and their ability to fix N2 [2-

5], In Viet Nam, prior to the initiation of recent research [6-8], very little had been done on legume

nodulation and N2 fixation. The results of efforts to select and breed for high N2 fixation in groundnut

and soybean have been summarized and are reported here.

2. MATERIALS AND METHODS

Three experiments were conducted to investigate genetic diversity among selected lines of

groundnut and soybean, for nitrogenase activity by the acetylene reduction (AR) assay, and for

accumulation of N and the contribution thereto of N2 fixation using the lsN-dilution technique.

2.1. Greenhouse trials

A sandy loam, pH 6.5, was collected at the village of Khuong Thuong (Dong Da district,

Hanoi), air dried, and passed through a 2-mm mesh sieve. Thirteen-kg aliquots of soil were added to

earthenware vessels (45.5 cm diameter). A solution of 15N-enriched (NH4)SO4 (46.6% atom excess)

was added at 60 mg N/kg soil. Five plants each of five genotypes were grown per vessel in a

greenhouse with a temperature range of 18-35°C, 1 March to 9 June for groundnut and 25 February

to 27 May 1992 for soybean. Upland rice cvs. CH1-NG90 and CH1-NG92 were used as non-fixing

reference plants for groundnut and soybean, respectively [8].

For the AR assay, nodulated roots were collected at flowering and placed individually in 500-

mL stoppered bottles, and incubated for 3 h in 10% acetylene; 0.5 mL samples were collected at 1,

2, and 3 h, and ethylene production was determined by gas chromatography (Series 204, Pye Unicam

Ltd.) [9] .

For total-N determinations, plant samples were dried at 60°C for 3 days, then milled. A semi-

micro Kjeldahl method was employed [10]. Nitrogen-15 analyses were done by emission spectrometry

(JASCO N-150). Percent N derived from fixation (i.e. from air, %NDfa) was calculated as follows

[11, 12]:

%N4fa-(l-
%isN atom excessWeroice}

2.2. Field trials

Field trials were conducted in 1992 at the village of Phu Minh (Tu Liem district, Hanoi), 1

June to 8 September for groundnut and 1 August to 9 November for soybean, on a sandy loam of pH

6.0. Five genotypes of groundnut and five of soybean were examined, with rice as the non-fixing

reference crops, as above. Plots were 2x3 m, and there was a complete randomized block design of
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Nitrogen-15 labelled (NH4)2SO4, at 5.036% atom excess was applied as a solution at 20 kg
N/ha, and then incorporated into the soil [8]. Basal fertilizer was applied as 60 kg P2O5/ha and 20 kg
K2O/ha [6], and, on areas not treated with 1SN, unlabelled (NH4)2SO4 was applied at 20 kg N/ha.

Acetylene reduction assays, and total N and I5N analyses were done as described above.

2.3. Induced-mutation programmes

Seeds of the commercial groundnut cv. Sen and soybean cv. Thuong Tin were exposed to a
^Co source of y-radiation, with a dosage of 10-20 kRad (at the Cancer Research Centre, K-Hospital,
Hanoi) [7]. At the village of Co Nhue, Gia Lam district, Hanoi, the plants were propagated in bulk
from Mj to M4, during which any plants of abnormal appearance were removed and used for other
purposes. Five high-yielding mutant lines of both legumes were examined as described in 2.2., in the
spring season of 1994.

3. RESULTS

3.1. Greenhouse trials

There were significant differences among the cultivars of both species for all of the

components examined (Table I). Acetylene reduction activities ranged from 522 to 1087 nmol/plant/h

for groundnut and from 493 to 1,348 nmol/plant/h for soybean. Total N content, %Ndfa and amount

of N fixed correlated with AR activity. Across the five cultivars, there was a nine-fold range in the

amounts of N fixed by groundnut, and a 15-fold range for soybean.

3.2. Field trials

The AR data again revealed varietal differences for nitrogenase activity (Table II). Statistically

significant differences between cultivars of both species were obtained for total N accumulated,

%Ndfa, and amount of N fixed. The AR rates were higher than those obtained in the greenhouse trial

and, consistent with this, the determinations of total N accumulated and amount of N fixed were

higher for the field-grown plants.

3.3. Induced-mutation programmes

The five high-yielding lines of each species, chosen from the M5 populations, had significantly

higher values for %Ndfa and for total N fixed than did the parent lines, groundnut cv. Sen and

soybean cv. Thuong Tin (Table HI).
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TABLE I. AR ACTIVITY, TOTAL N ACCUMULATED, PERCENT N FROM FIXATION, AND

AMOUNT OF N FIXED BY GROUNDNUT AND SOYBEAN (GREENHOUSE: SPRING 1992)

Genotype

Groundnut

GTH1.SP92(G)

GTH2.SP92(G)

GTH3.SP92(G)

GTH4.SP92(G)

GTH5.SP92(G)

Soybean

STH1.SP92(G)

STH2.SP92(G)

STH3.SP92(G)

STH4.SP92(G)

STH5.SP92(G)

AR activity

(nmol/plant/h)

l,087aa

935b

886c

712d

522e

1,384a

1,109b

993c

769d

493e

N content

(mg/plant)

90.3a

76.4b
70.3c

65.6d

62.0e

115a

94.0b

88.6c

86.2c

65.9d

Ndfa

(%)

62.6a

28.2b

23.7c

12.7d

10.7e

78.7a

27.2b
17.7c

13.8d

9.37e

N fixed

(kg/ha)

56.6a

21.5b

16.7c

8.33d

6.66e

90.5a

25.5b

15.7c

11.9d

6.17e

aAverage of ten determinations, numbers within species and columns followed by different letters are significantly

different (i>=0.05, Duncan's Multiple Range Test).

4. DISCUSSION

Nitrogen fixation is strongly influenced by environmental factors, and the isotope-dilution

technique has the advantage of providing a time-integrated value, provided that certain conditions

apply, among them as follows [11, 12]:

• The non-fixing reference species does not, in fact, fix N2. We verified this for our rice

genotypes, using the AR assay.

• Non-fixing reference plants have similar rooting depth and exploit a similar soil volume.

Pot trials in the greenhouse have the advantage of ensuring these conditions.

• The fixing and reference plants have similar growing-season length and reach maturity at

the same time. The rice checks were chosen accordingly.

Our groundnut and soybean plants nodulated and fixed N2 in combination with the rhizobia

that are indigenous to the chosen soils. Sometimes nodulation, N2 fixation, growth and yield can be

improved by application of inoculants containing rhizobia that are more compatible with the legume

of interest than are the indigenous strains [3]. Therefore it is important to combine symbionts

prudently for maximum fixation. Furthermore, the criteria for legume breeding and selection for high

N2 fixation should be appropriate for the conditions under which the crop will be grown and this is

particularly important for conditions of environmental or nutritional stress [4, 5, 13].
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TABLE II. AR ACTIVITY, TOTAL N, PERCENT N FROM FIXATION, AND AMOUNT OF N

FIXED BY GROUNDNUT AND SOYBEAN (FIELD: SUMMER-AUTUMN, 1992)

Ndfa N fixed
(%) (kg/ha)

Genotype

Groundnut

GTH1-SA92(F)

GTH2-SA92(F)

GTH3-SA92(F)

GTH4-SA92(F)

GTH5-SA92(F)

Soybean

STH1-AU92(F)

STH2-AU92(F)

STH3-AU92(F)

STH4-AU92(F)

STH5-AU92(F)

AR activity
(nmol/plant/h)

5,519aa

5,025b

4,217c

3,945d

3,528e

6,215a

5,749b

4,674c

4,031d

3,564e

N content
(mg/plant)

657a

631b

625c

606d

553e

713a

647b

637c

587d

572e

56.0a 121a
52.2b 109b
41.4c 85.3c
38. Id 76.4d
35.6e 65. le

58.3a 137a
49.3b 105b
47.9c 101c
37. Id 72.0d
28.0e 52.9e

aAverage of twenty determinations, numbers within species and columns followed by different letters are significantly

different (P=0.05, Duncan's Multiple Range Test).

In order to select a genotype with superior N2-fixing capacity by plant breeding using, for

example, the SSD technique [14, 15], greenhouse experiments are needed and we have proposed

similar greenhouse selections as a preliminary screening step [8].

The greenhouse and field trials reported here demonstrate genetic diversity for characteristics

associated with symbiotic N2 fixation by groundnut and soybean. This diversity represents a resource

for the improvement of these legumes by producing genotypes with higher N2-fixing capability,

through induced mutation combined with hybridization. Five M5 lines of both legumes, selected on

the criterion of high yield, had significantly higher values for %NDFA and for the contribution of

fixation to total N accumulation.
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TABLE III. NITROGEN-15 ENRICHMENT, PERCENT N DERIVED FROM

FIXATION, AND AMOUNT OF N FIXED BY HIGH-YIELDING M5 LINES

OF GROUNDNUT AND SOYBEAN COMPARED WITH PARENT C W .

(MUTATION BREEDING: SPRING 1994)

Genotype

Groundnut

GMTH21-SP94(F)
GMTH22-SP94(F)
GMTH23-SP94(F)

GMTH24-SP94(F)

GMTH25-SP94(F)

SEN
(Rice reference

Soybean

SMTH31-SP94(F)
SMTH32-SP94(F)
SMTH33-SP94(F)

SMTH34-SP94(F)

SMTH35-SP94(F)

THUONG TIN

(Rice reference

l5N enrichment

(% atom excess)

0.9432f

0.9321e
1.0454d

1.1268c

1.2450b

1.3834a
1.9485)

0.7816f
0.8634e
0.9451d

1.0186c

1.1347b
1.2986a

1.7321)

Ndfa

(%)

56.7a
52.2b
46.3c

42.2d

36.1e

29.00f

54.9a
50.1b
45.5c

41.2d

34.5e
25.0f

N fixed

(kg/ha)

130a

119b
105c

94.7d

80.6e

63.8f

141a
135b
122c

117d

83.1e
64. If

aAverage of twenty determinations, numbers within species and columns followed by different

letters are significantly different (P=0.05, Duncan's Multiple Range Test).
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