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Evaluation for Dinitrogen Fixation and Yield of Soybean
Cultivars under Conditions of Zero and Conventional

Tillage by N Technique
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ABSTRACT

This research project evaluated the choice of a non-fixing control to quantify N, fixation by "N
isotope dilution, and the effect of tillage regime and soybean cultivars on yield and N2 fixation of soybean
in northern, central and northeastern of Thailand.

Japanese non-nodulating lines Tol-O and A62-2 were the most appropriate control plants for
* N isotope dilution for Thal soybeans in these soils which contained indigenous rhizobia. Cereals such as
maize, sorghum and barley were also appropriate controls at some sites. The choice of the appropriate no-
fixing control plant for the N isotope dilution technique remains a dilemma and no alterative exists other

than to use several possible controls with each experiment.
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The recommended Thai soybean cultivars (SJ. 1,2, 4,5) and an advanced line 16—4 differed little
in their ability to support N2 fixation or vield, possibly due to similar ancestry. The ten AVRDC (ASET) lines
showed considerable genotypic control in their ability to utilize their three available N sources (soil, fertilizer,
atmosphere) and to assimitate and translate them into yields. None of these lines were consistently superior
to Thai cultivars SJ.4 or SJ.5 although ASET lines 129, 208 and 217 showed considerable promise.

Neither recommended Thai nor ASET cultivars were affected by tillage regime. Zero tillage
resulted in superior E\I2 fixation and yield at Khon Kaen site but conventional tillage was superior at Chiang
Mai Site. Soybean cultivars grown in Thailand were well adapted to zero tillage. Nitrogen fixation of Thai
soybean cultivars were similar to world figures, averaging more than 16 kg N/rai or 100 kg N/ha and
supplying over 509 of the plant’s N yield. However, seed yield at Chiang Mal site seldom exceeded 320

kg/rai or 2 ton/ha, which is well below yield for temperately grown soybeans. It is not clear why Thai

soybeans support N2 fixation, but do not utilize the nitrogen for higher seed vyields.

Key Words : dinitrogen fixation, soybean cuitivars, effect of tillage
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Table 1. Experimental plot desing.
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Experiment Design Replication Treatments Khon Chiang Kam
Kaen Mai  Phaeng
Saen
Glycine max cvs.
Non-fixing RCBD SJ.s-uninoc + +
controls inoc + +
D68-0099-non-nod.(U.8.A.) + +
Tol-0 non-nod. {Japan) + - +
Ag2-2 ~non-nod. {Japan) + +
Wheat (INIA 15) - + -
Barley (lhora 118) - + -
Sorghum (DA1) +
Upland rice {Sew majun) +
Maize (Suwan 1) +
Cuitivar RCBD Glycine max cvs.
screening {uninoc, inoc)
S4.1 + + +
SJ.2 + + +
SJ4.4 + + +
SJ.5 + + +
AVRDC 16-4 + + +
Tillage and Split Glycine max cvs.
advanced plot 29,58,129,133,146,172 + -
line (ZT vs.CT) 183,204,208,217, SJ.5 + -
screening 16—4 - -
{ASET) 5.J.4 + - -
main plot :ZT V8 CT
sub plot : Glycine max cvs
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%Ndff = atomgb "N excess MWNT X 100

atom 9 '°N excess mnﬂﬂ
Atom 9% "N excess = Atom 9% "N (f20t9) - Atom 9% "N (lurtsumnd)
vlo Atom 9 “N (lussvaen@) = 0.3663

2. wesidud lulanawrmomaidiadsle (% Ndfa)
%Ndfa = 1- atomgs “N excess ATaTdlulasiau x 100
atom g6 "N excess luﬁ‘ﬁmmg’m
3. weSidud lulanaulwiafiinndu (% Nafs)
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4. :i_l%mm‘lﬂm'muﬁgnm% (N_ fixed)
N, fixed = 9 Ndfa x total N Tniafiaddlulasion
100
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’yﬁ@;fia‘lé‘%’uﬂu‘lﬂmwm:ﬁwﬁa
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6. ﬁi:ﬁﬂﬁﬂﬁwmﬂfﬂﬂﬂmmu (The percent fertilizer N use efficiency = % FUE)
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v lals¥1aun Des-ooge Fraandliidn A-value uaz
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Table 2. Comparison of possible non-fixing control plants at Chiang Mai 1985.

Yield kg rai ™’ Ndff Ndfa FUE A-value

Cultivar Dry matter N % % % (kg Nrai )
SJ.5 (Inoc.) 710 24,3 2.0 52,6 29.5 a6
$J.5 (Uninoc.) 644 23.8 2.0 51.6 30.4 37
D68-0099 253 7.4 8.9 o 39.8 17
Sorghum 915 9.8 2.8 0 17.8 57
Maize 1349 9.4 4.4 0 25.9 38
Rice 215 3.7 3.8 0 8.6 42
Wheat 543 7.0 6.5 0 29.2 24
Barley 337 5.4 4.3 0 14.9 37
LSD 0.05 184 4,3 1.6 - 12.2 24

Table 3. Comparison of possible non-fixing control plants at Kamphaeng Saen 1985.
Yield kg rai ™' Ndft Ndfa FUE A-value

Cultivar Dry matter N % % % (kg N rai ™%
$J.5 (Inoc.) 1119 40.3 2.1 0 52,0 77
SJ.5 (Uninoe.) 1098 37.8 1.7 0 39.4 96
Tol-0 929 32.6 1.9 ] 32.3 85
Ag2-2 1037 33.0 1.9 0 39.2 82
Dsg-0099 748 27.5 3.1 0 54.8 49
Sorghum 2503 41.6 1.7 0 43.2 97
Maize 2676 37.6 2.1 0 48.7 76
Rice 577 12.8 4.0 ¢ 32.0 39
L3SD 0.05 351 12.0 0.7 - 14,7 28
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Table 4. Comparison of possible nen-fixing control plants at Khon Kaen 198s.

Yield kg rai ™’ Ndff Ndfa FUE A-value
Cultivar Dry matter N % % % {kg N rai ")
SJ.5 (Inoc.) 1914 65.8 1.4 68.5 53.5 34
$J.5 (Uninoc.) 1395 43.8 1.4 68.4 38.2 34
Tol -0 1255 34.4 3.7 0 62.5 41
Ap2-2 581 14.8 7.5 0 63.1 20
D68-0099 659 16.2 7.9 0 74.4 19
Sorghum 535 3.1 10.1 0 74.9 14
Maize 705 18.1 10.2 0 68.4 14
LSD 0.05 247 8.8 1.0 - 8.6 21
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TIHLAS IS L2l

2, Lﬂ‘%ﬂusﬁﬂuﬁ"':mﬁaaﬁuﬁflﬂaﬁtm:ﬁw {Compari-

son of recommended Thai soybean cultivars)
nan Tl dalsloidourisii Feslwiuns

vounnindrdng lduandraiulundasiuives

n'l r- d‘ 84 a = «d
fuwRafinasey onifunanAnluEa (Table 5,6) 0
TOULTIUNI 5 FWWUE

Table 5. Comparison of recommended soybean cultivars for ability to support N2 fixation: Chiang Mai 1985,

Cultivar Dry matter kg rai ' % Ndfa A-value Nz-fixed

Stover Seed (kg N rai’) (kg rai™)
SJ.t 402 340 42 37 13
SJ.2 430 270 39 36 10
SJ.4 436 298 51 37 15
SJ.5 438 251 44 37 12
16-4 378 228 46 36 10
LSD (0.08) - 100 - - -

Mean ARA = 1.9 nmols CQH, min”" plant ~: number of nodules = 40 plant™' data not included as there was

no statistically significant difference between varieties
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Table 6. Comparison of reccommended soybean cultivars for ability to support Nz fixation: Khon Kaen

1985.

Culivar Dry matter kg rai ' % Ndfa A-value N —fixed
Stover Seed (kg N rai™’) (kg rai’)

Sd.1 888 377 46 42 25

Sz 1268 787 7C 42 72

SJ.4 754 579 50 40 38

SJ.s 708 530 46 42 36

164 661 441 11 42 23

L3D (0.05) 274 149 21 - 21

Mean ARA = 1.9 nmols C H_ min™ plant™ : number of nodules = 40 plant™ data not included as there was

no statistically significant difference between varieties
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Table 7 Screening of advanced breeding fines (ASET) for ability to support N2 fixation: Chiang Mai 1985,

Sead Dry matter vield Ndfa A-value Nz—ﬁxed FUE
Cultivar  Protein Oil kg rai”’ % kg N rai”’ %
% % Stover Seed

29 29.8 13.6 915 214 57.8 35.8 21.8 41.1

58 36.9 14.7 632 360 54.9 36.3 20.3 43.5

129 37.3 18.0 669 232 39.2 35.8 14.2 52.1

133 39.0 15.6 349 327 46.7 35.5 14.1 35.4

146 38.7 13.7 541 222 42.8 36.5 13.0 41.3

172 39.8 13.9 611 303 53.6 35.5 1.0 42.1

183 38.8 13.2 609 425 59.8 36.2 23.8 40.7

204 41.2 13.6 542 395 47.3 36.8 16.2 711

208 37.8 14.6 406 313 40.0 35.5 11.2 44.5

217 41.8 14.1 784 577 67.9 35.0 36.5 48.7

8J.5 42.4 13.¢ 729 299 55.4 36.0 21.6 44.0

16~4 37.6 16.4 676 315 55.2 36.2 20.5 41.7

LSD (0.05) 0.3 0.1 230 102 23.1 NS 10.6 14.9
Mean ARA = 7.3 nmol Csz min~' plant™ : number of nodules = 30 plant™ data not included as there was

no significant difference between varieties
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Table 8 Screening of advanced breeding lines (ASET) for ability to support N2 fixation: Khon Kaen 1985.

Seed Dry matter yield Ndfa A-value N;fixed FUE

Cultivar protein kg rai”’ % kg N rai’ %

% Stover Seed

29 33.6 520 468 51.2 44.3 15,7 30.1
58 32.8 513 510 49.5 43.2 14.2 31.8
129 42.6 702 697 63.0 44,0 33.0 42.3
133 38.¢ 406 353 42.3 44,5 11.4 30.0
146 34.4 352 307 29,7 45.3 6.1 30.0
172 34.2 410 375 47.4 45,1 11.2 26.4
183 37.8 2N 260 13.7 44,5 2.7 33.5
204 38.4 369 453 49,5 45.9 13.8 30.1
208 34.8 5985 644 64.1 45.9 24.5 28.4
217 35.4 403 364 53.8 44.6 12.8 23.3
SJ.4 33.0 808 407 57.8 43.4 20.5 31.6
8J.5 31.0 810 425 60.8 43.4 20.8 28.8
LSD {0.05) 6.2 129 106 11.6 14.2 6.6 10.2

Mean ARA = 2.4 nmol CH min™ plant™ : number of nodules = 68 plant™ data not included as there was

no significant different between varieties
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Table 9 Effect of tillage on yield and N2 fixation (main effects) of soybean at Chiang Mai, 1985

Tillage Anthesis Atom Seed Dry matter yield
CH, Nodules per plant % "N Protein Oil kg rai'
{nmol min™"  Wet wt. Number excess % % Stover Seed
plant™)  (mg)
ZT 6.4 861 29 0.1362 34.2 1.9 534 408
CT 5.5 665 J 23 0.1113 35.0 11.5 631 393
Lso {0.05) 0.8 105 3 0.0100 0.3 0.3 48 NS
Tillage Nitrogen, kg rai™' Ndfa Ndff Ndfs FUE A-value szixed
Stover Seed Plant % % % % kg N rai”' kg rai ™’
ra) 10.9 24.5 35.4 35.2 2.7 52.0 55.0 36.8 14.6
CT 13.9 23.5 37.4 47.1 2.2 50.6 49.8 36.8 18.6
LSD (p.05) 1.3 - - 4.8 0.2 4.6 - - 2.2

Table 10 Effect of tillage on yield and Nz fixation (main effects) of soybean at Chiang Mai. 1985

Tillage Anthesis Atom Seed Dry matter yield
CH, Nodules per plant % "N Protein Qil kg rai”’
{nmol min™"  Wet wt. Number excess % % Stover Seed
plant”) (mg)
ZT 2.60 25 76 0.0838 36.0 12.2 545 476
CT 2.60 23 61 0.0949 35.0 11.8 485 399
LSD {0.05) - - 8 0.0050 - - 31 26
Tillage Nitrogen, kg rai”’ Ndfa Ndff Ndfs FUE  A-value N fixed
Stover Seed Plant % % % % kg N rai”' kg rai ™'
ZT 7.2 25.0 32.2 51.8 1.7 46.5 31.6 102.1 17.6
CT 2.9 24.3 27.2 45.4 1.9 52.7 29.6 93.0 13.6
LSD (0.058) 1.4 -~ 2.1 2.8 0.1 4.7 - 7.4 1.6
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