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Abstract 

Seventeen mung bean genotypes were screened for biological nitrogen fixation (BNF) 
during the late dry (March-May) and early dry (October-December) seasons of 1992 in the 
Philippines. The "N isotope dilution method was used to measure N 2 fixation. 

Performances were quantified based on both indirect and direct measurements of N 2 

fixation. Genetic variation was observed among varieties tested for some BNF characteristic. 
However, genetic variability for percent N derived fiom fixation (%Ndfa) was not evident. PAEC 
3 mutant, Taiwan Green, Ace 687 and P?gasa 7 were the best performers. Whereas Ace 2041 
consistently performed poorly for most of the BNF characters tested. 
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Introduction 

Mung bean (Vigna radiata (L.) Wilczek) is an important, widely grown grain legume in the 
Philippines. It provides food and income to the farmer, and can contribute N for improved yields 
of the following cereal crop. Mung bean can obtain N from the air by bacterial fixation in root 
nodules, thus it has the potential to yield well in N-deficient soils. It is a source of feed, green 
manure and industrial materials. 

PAEC 3 mutant, a high-yielding early-maturing and non-shattering mung bean variety was 
developed by scientists in the Agricultural Research Group of the Philippine Nuclear Research 
Institute (PNRT). Like other legumes it has the ability to fix atmospheric N 2 in symbiosis with 
rinzobium bacteria in the nodules. Mung bean was estimated to have fixed 89 - 90% of their N, 
which amounted to 64 -66 kg"1" in Chiang-Mai, Thailand (Peoples et al,1990). However, no 
published data are available on the amount of N 2 fixed by mung bean in the Philippines. 

In recognition of this fact, we utilized a "N to quantify N 2 fixation by seventeen diverse 
genotypes. Three different non-fixing crops were used as references for measuring nitrogen 
fixation. 

Previous screening of mung bean genotypes used indirect measures, namely: nodule count; 
nodule weight and location, dry matter yield and percent total N. These parameters are important, 
but the limitation is that mineral and fixed N cannot be distinguished. Recent works, however used 
"N for BNF screening of different mung genotypes (Ocampo, et al). 

In this study, 10% "Natom excess ammonium sulfate was applied on the test cultivarsand 
three non-fixing crops to measuring nitrogen fixation. 

The objectives were to quantify the atmospheric N2fixed,confinn previous tests identifying 
mung bean genotypes with high N2-fixation potential and finally to select genotypes for breeding 
purposes. 

1 



Materials and Methods 

Mung bean genotypes were screened in the field at the Institute of Plant Breeding (IPB), 
University of the Philippines at Los Banos (UPLB) during the late dry (March-May) and early dry 
(October -December) seasons of 1992 first and second trials, respectively. Most of the cultivars 
used come from preliminary screenings conducted at IPB, UPLB (Ocampo et al, 1990), some 
were recommended varieties of the Department of Agriculture and Philippine Nuclear Research 
Institute (PNRI) developed varieties. The mung bean cultivars were evaluated using the isotope-
dilution technique to estimate the percent N derived from fixation (% Ndfa) and the total amount 
ofN fixed, for each genotype. They were characterized as follows: PAEC 3 and PAEC 10 were 
PNRI developed mutant varieties; Pagasa 3, 5 and Taiwan Green were Philippine Seed Board 
Approved varieties; Accessions 2041,379,58 and 71 were poor N-fixers and a local variety that 
is a progenitor ofthe PAEC varieties. The reference crops used were Wheat (Trigo 2), Cotton and 
non-nod soybean (Clay). "N labelled ( N H ^ O , at 10 % l t t atom excess, at the rate of 4 g N/m 2 

was applied in a sucrose suspension one week prior to planting (Broadbent, et al 1982, Chalk et 
al 1983, LeggSlcgger 1975) during the late dry season During the early dry season no N fertilizer 
wasadded. Sucrose was added to accelerate the immobilization of mineral N and label a part of 
labile soil N. Soil pH was recorded at 5.8. 

A randomized complete block design (RCBD), replicated four times with seventeen mung 
bean genotypes and three reference crops (cotton, wheat and soybean) were used (Table 1). Each 
replicate had 20 rows and measured 1.5 X 10 m and 4.5 X 10 m for "N and yield plot 
respectively]. Four seeds were sown per hill; hills were spaced at 10 centimeters. P and K were 
applied at 4.5 g/m2 and 6.0 g/m2, respectively prior to planting. A mixed suspension of effective 
strains of Bradyrbizobium sp. in a charcoal-forest soil medium was sprinkled in the furrow after 
planting. Hills were thinned to two seedlings two weeks after emergence giving 400,000 plants 
per hectare. A sprinkler irrigation ensured good germination, crop establishment and movement 
ofthe fertilizer into the soil. Further irrigation was applied every week until the flowering stage 
during the lata dry season only. Appropriate cultural management practices were equally applied 
to all plots to ensure weed, insect and pest control. 

Plant and Soil Sampling 

The l 5N plots were sampled at 45 days after planting at early pod formation assuming it is 
the peak of N-fixatioa Twelve-plant samples were washed and separated into roots (including the 
nodules), shoots and pods. The samples were weighed, oven dried reweighed and ground for 
total N and 1 5N analyses. After different plant parts were finely ground, ratio of the total dry 
matter weights were mixed (each treatment and replicate) and then 5g samples were taken and 
sent to the IAEA laboratory, Seibersdorf, Austria for "N determination. 

Mature pods in the yield plots were harvested when 80% of the pods turned black. There 
were two to three harvestings done for each entry depending on the duration ofthe pod maturity 
period Pods were dried, threshed and cleaned before weighing the seeds. Seed yield was 
measured approximately at 12% moisture content after sun drying. Reference crops were 
harvested at the same time with the bean plants by cutting them 5 cm. above ground level. Same 
procedure of sample preparation as the mung bean was followed. 

Calculations 
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1) Nitrogen fixation 
The % Ndfa and total N 2 were estimated as follows (Rennie ei al, 1978; Vosc ct al, 

1981): 

atm. % l 5 N excess(fs) 
N 2 fixed = 1 X N yield 

atm. % , 5 N excess, (nfs) 

atm. % '*N excess (fs) 
%Ndfa - 1- X 100 

atm. % 1 J N excess (nfs) 

where: 

fs - fixing system 

nfs - non-fixing system 

2) Statistical Analysis 

Analysis of variance was performed, with comparisons between the means of various 
parameters measured made by using Duncan Multiple Range Test (SAS). 

Results and Discussions 

Dry matter yield (excluding seed) ranged from 1.99 to 3.05 and 0.92 to 2.35 r* for the 
late dry and early dry seasons, respectively (Table 1 and 2). Accession 687 and PAEC 3 mutant 
had the highest dry matter yield in the late dry and early dry seasons, respectively, while Accession 
2041 had the lowest in both trials. 

Nitrogen yield was higher duri/^ the late dry season than the early dry season. This was 
expected since in the latter no addmonal TT fertilizer was applied Ace 687 and PAEC 3 had the 
highest N yield during the late dry and early dry seasons, respectively, while Ace 2041 consistently 
had the lowest values in both trials. None of the three non-fixing crops showed a distinct 
differences with the others in term of 15N a. e. data obtained % Ndfa values were thus estimated 
using mean value from the three reference crops. 

Analysis of variance for each experiment indicated lesser variation in % Ndfa than the 
estimated amount of N-fixed. 

Mean values for % Ndfa, % Ndfs and % Ndff and N-fixed of different mung bean cultivars 
varied considerably in late dry and early dry seasons. Generally, N - fixed in the late dry season 
was lower compared with seco: d trial. The Ndff during early dry season was very much lower 
than the first trial. This was quite expected since a significant amount of the fertilizer N may have 
been used up during first trial. Thus at the time of the second trial the plants tended to get their 
N source mostly from the atmosphere. Figure 1 shows the average values of the N-fixed during the 
late dry and early dry seasons. 
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Surprisingly, Ace 58 which showed poor N-fixing ability in previous tests (Ocampo et al, 
1990) had higher capability to fix atmospheric N2than the good N-fixing entries like Ace 638 and 
Ace 174. Thus, we have to delve deeper into other factors contributory to the effect. It is possible 
that Ace 58 prefers soil N if it is present in sufficient amount but if it is limiting, it would be forced 
to fix atmospheric N 2. This response may be genotypic in nature and could also explain the 
differences in performance of the mung bean entries in the two trials. 

Average quantity of N 2 fixed among the treatments was 48.7 kg4"and the percentage of N 
derived from air (%Ndfa) was 74.2% for the two trials. PAEC 3 mutant got the highest value of 
N 2 fixed (57.3 kg-1") while Ace 211 a good N-fixer, has the highest Ndfa values of 78.8 % for both 
trials. 

The variation in the % Ndfa in the late dry season is larger than the early dry season 
suggesting that growth of two crops is most suitable (Watanabe et al, 1990) or even one crop 
growth is acceptable since the requirements for I 5 N dilution method have been met or the I 5 N 
fertilizer in the soil has been stabilized Reference crops did not vary much in the % atom excess 
values except for wheat which had very poor growth during the late dry season. 

In this study, it was shown that by isotope dilution method, plants of different rooting 
patterns could be excellent controls for N2fixation in several legumes (Ramie, 1982; Wagner and 
Zapata, 1982; Witty, 1983; Rennie and Kemp 1984). The Ndfa of different cultivars in this study 
exhibited narrow variation. From these data, it is not evident why certain cultivars previously 
classified as poor N 2 fixers got higher Ndfa values than identified good N-fixers. It is possible that 
some accessions used may still be segregating and have not yet genetically stabilised. There are 
also indications that varietal performance with respect to BNF was largely influenced by growth 
season, available soil N and other environmental factors. Further investigations, thus seem to be 
necessary to identify highN^fixing lines that would perfonn consistently well over a wide range 
of environments. The best and most stable high N2-fixing genotypes can then be selected for 
studying rhizobial strain interactions and for breeding purposes. 

Conclusion 

Field estimates of fixation based on the isotope-dilution technique, and other BNF-f elated 
traits, were quantified using different mun? bean genotypes. 

Genetic variability among mung cultivars was observed for some BNF characters but was 
not evident on % Ndfa in both trials. PAEC 3 mutant, Pagasa 7, Taiwan Green and Accession 
687 were among the best performers in terms of dry matter yield, seed yield, % Ndfa and amount 
of N fixed, while Accession 2041 consistently showed poor performance. Percent Ndfa values 
and amount of fixed N were higher during the early dry season than the late dry season. Further 
investigation is still needed to identify genotypes specific for breeding purposes. 
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Table 1. Details of different BNF character of 17 mung bean genoptypes in the advanced screening during the 1991-1992 late dry season (1st trial). 

Mung bean Cultivar Dry Matter Seed Yield N Yield Atom %15N Ndff Ndfs Ndfa N-fixed 
Yield (t "*) (t**) (kg**) Excess % % % (kg-*) 

V4Pagasa5 2.97 ab 0.59 def 76.6 ab 0.456 4.7 28.2 67.1 52.0 a 
V8 Accession 3.05 a 0.85 be 85.5 a 0.562 5.8 34.7 69.5 51.5 a 
V6 Taiwan Green 2.91 ab 1.06 ab 72.8 abc 0.405 4.3 24.9 70.8 50.9 ab 
V12 Accession 188 2.67 ab 1.15 a 75.6 ab 0.457 4.8 28.2 67.0 50.6 ab 
V7 Accession 658 2.88 ab 0.52 efg 74.6 abc 0.445 4.6 27.5 67.9 50.2 ab 
V10 Accession 211 2.61 ab 0.61 def 71.1 abc 0.412 4.2 25.5 70.3 49.5 ab 
V16 Accession 71 2.66 ab 0.45 fgh 66.1 be 0.418 4.4 25.7 69.9 46.1 ab 
V5Pagasa7 2.52 abc 0.80 cd 68.9 abc 0.460 4.8 28.4 66.8 45.6 ab 
V17PAEC Progenitor 2.43 be 0.73 cde 71.5 abc 0.514 5.3 318 62.9 44.9 ab 
VI PAEC 3 (Check Variety) 2.45 be 0.61 def 73.3 abc 0.526 5.5 32.5 62.0 44.7 ab 
V14 Accession 379 2.44 be 0.58 def 68.2 abc 0.522 5.4 32.3 62.3 44.0 ab 
V2 PAEC 10 2.50 abc 0.51 efg 66.2 be 0.462 4.8 28.5 66.7 43.7 ab 
V15 Accession 58 2.67 ab 0.56 def 67.7 abc 0.495 5.2 30.5 64.3 43.6 ab 
VI1 Accession 174 2.74 ab 1.13 a 75.4 ab 0.594 6.1 36.8 57.1 43.4 ab 
V9 Accession 638 2.44 be 0 80 cd 73.1 abc 0.613 6.4 37.8 55.8 40.6 ab 
V3Pagasa3 2.81 ab 0.31 gh 68.8 abc 0.700 7.3 43.2 49.5 35.1 ab 
V13 Accession 2041 1.99 c 0.24 h 56.6 c 0.561 5.8 34.6 59.6 32.0 b 

Numbers followed by different letters are significantly different at p = 0.05 by DMRT 



Table 2. Details of different BNF character of 17 mung bean genotypes in the advanced 

Mung bean Culovar Dry Matter Seed Yield N yield 
Yield (f1-) ( t - h . } (kg*") 

VI PAEC 3 (Check variety) 2.35 a 1.22 a 79.3 a 
V2PAEC10 1.92 abc 0.62 c-g 71.2 a 
V8 Accession 687 1.91 abc 0.44 fg 67.7 a 
V7 Accession 658 1.90 abc 0.61c-g 64.4 ab 
V5Pagasa7 1.78 abc 0.87 a-d 64.6 ab 
V12 Accession 188 1.97 ab 0.90 abc 64.5 ab 
V6 Taiwan Greea 1.72 abc 0.74 b-f 62.9 ab 
V4Pagasa5 1.79 abc 0.66 b-g 65.4 ab 
V15 Accession 1.69 abc 1.00 abc 60.4 ab 
V3 Pagasa3 1.85 abc 1.23 a 62.4 ab 
V9 Accession 638 1.95 ab 0.73 b-g 65.3 ab 
V10 Accession 211 1.75 abc 0.46 d-g 59.8 ab 
V17 PAEC Progenitor 1.74 abc 0.36 g 60.6 ab 
Vl l Accession 174 1.91 abc 1.06 ab 61.9 ab 
V16 Accession 71 1.52 bed 0.84 a-e 59.0 ab 
V14 Accession J79 1.25 cd 027 g 43.3 be 
V13 Accession 2041 0.92 d 0.37 fg 31.5 c 

Numbers frUowedby Afferent letters are significantly different at p = 0.05 by DMRT 

ening during the 1992 early dry cropping season (2nd trial). 

Atom % I 5 N Ndff Ndfs Ndfa N-fixed 
Excess (%) (%) (%) (kg1-) 

0.026 0.28 11.6 88.1 69.9 a 
0.026 0.28 12.2 87.5 62.3 ab 
0.032 0.34 14.5 85.2 57.7 ab 
0.030 0.31 14.0 85.7 55.3 abc 
0.032 0.32 14.6 85.1 55.0 abc 
0.033 0.34 15.5 84.2 54.3 abc 
0.030 0.32 13.4 86.3 54.3 abc 
0.039 0.41 17.8 81.8 53.5 abc 
0.028 0.28 12.0 87.7 53.0 abc 
0.032 0.34 15.4 84.3 52.6 abc 
0.044 0.44 19.7 79.9 52.2 abc 
0.028 0.30 13.1 86.6 51.8 abc 
0.037 0.38 16.3 83.3 50.5 abc 
0.043 0.44 18.7 80.6 50.1 abc 
0.037 0.39 15.5 84.1 36.7 cd 
0.036 0.37 14.8 84.8 36.7 cd 
0.036 0.38 17.1 82.5 26.3 d 
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