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ABSTRACT

Attempts to improve the efficiency of N,—fixation by soybean-rhizobium symbiosis in Thailand has
been made under specific agronomic conditions through assessment using the N-15 isotope dilution technique.
Specific objectives were to evaluate the adaptable soybean cuitivars together with effective strains of
Bradurhizobium japonicum, develop management practices and minimize environmental constraints. The series
of field experiments were conducted at Chiang Mai, Khon Khan, Kampang Saen and seven farmer fields in the
north, central and north-east of Thailand to evaluate (1) the appropriate non-N,~fixing crop to quantity
nitrogen fixation by soybean (2) the ability of Thai soybean cultivars to support symbiotic N,-fixation (3)
selection of the effective of B, japonicum under different conditions {4 effect of herbicide (5) water application
(6) nitrogen application (7) phosphorus application on N, fixation and (8) testing of selected B. japonicum
strains in farmer's field. )

The results showed that : (1) The two Japanese non-nodulating soybean lines Tol-o and A62-2
appeared to be the most appropriate non-N,~fixing control plants for "*N-isotope dilution method. Maize
proved to be another appropriate non-N,~fixing crop at some sites. Sorghum, wheat and the US non-nodulating
line were not appropriate non-N,-fixing control plants. (2) The recommended Thai soybean cultivars showed
considerable potential in their ability to support N, fixation average 44% or 10 kg N/rai of the soybean plant’s
nitrogen. (3) The best strains for combination of yield and N, fixed are Niftal (TAL) 411, 431 61A148,
THAZ2 and THA7. The latter two strains were isolated from Thai soil. (4) Evaluation of the application
herbicides showed no detrimental effects on seed yield or benefits of N, -fixation except paraquat at some site
decrease N,—fixation. (5} Similar yield and N,-fixation was obtained by watering soybeans at weekly or
biweekly intervals but these were significantly reduced when water was applied only when wilting symptom
occurred. (6) Addition of N fertilizer to soybean in the soil which contained indigenous rhizobium or soil which

primary grown soybean must applied at low rate otherwise nitrogen applied might decrease the amount of N,

(1) smdvsiaedofinaflamainwes nasnsanail naviminnuas
Nuclear Research in Agriculture Section, Agricultural Chemistry Division.

(2) dindrunaluladnisinwas wnainodomalulabgiun’d
Institute of Agricultural Technology, Suranaree University of Technology.

(3) awditufnladudlni v.5uelnd 50290
Chiang Mai Field Crops Research Center, Field Crops Research Institute.

N P o o
4 isTimmansat IR 15 auA 1 unTau-wwnu 2540



fixed and seed yields. However, at new introduced soybean area with no indigenous rhizobium addition of N

resulted in increased N, fixed and seed yields. (7) Phosphorus fertilization at rate 8 kg P,O;/rai increased in

double times both yield and N, fixation of soybean at pod-filling stage. (8) The inoculum of the selected

strains under this research program were proved high effectiveness in farmer’s field condition. With Rhizobium

inoculation can increase yield 40-120 kg/rai, particularly with the most appropriate field management.

Inocuiants can be produced commercially using these selected strains of rhizobia. The inoculation of rhizobia

to soybean are strongly recommended for high N, fixation and yield production.
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Table 1. Acid and alaminum tolerance of B. japonicum strains

. Tolerance Strain Tolerance
Strain (%) (%) (%)
NifTal usba

102 5 8-T 5
149 0] 15-T 5
150 22 31 69
153 0 38 5
154 0 110 5
155 10 122 5
211 33 Nitragin

212 46 61A 101 0
213 ] 614 101C 16
215 70 61A 118B 0
216 67 61A 124 0
377 0 B1A 124A 0
379 0 61A 148 3
390 5 61A 148 MT 2
409 13 THA

410 88 1 5
411 69 2 33
413 39 7 45
414 0

415 71 RCR

429 24 3407 5
431 0 3426 0
432 0 3427 5
433 0 3428 5
434 0 BR587 10
649 39 NC1005 5
824 56 NC1030 5
394 83
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Table Z. Soybean seed yield and N-15 measurement of N, fixation as influenced

by different B. japonicum strains in soil near Chiang Mai, Thailand.

Strain Seed yield N, fixation
kg/rai kg/rai
Cultivar $J4
THA 7 161.6 235
THA 2 148.8 22.9
NifTal 410 152.8 241
NifTal 649 144.3 25.8
NifTal 944 136.6 i6.7
61A 148 157.8 23.7
61A101C 148.2 20.7
Nitragin mix 155.2 20.1
Uninoculated 126.6 19.8
Cultivar $15
THA 7 170.2 22.8
THA 2 160.0 26.0
NifTal 410 159.7 21.6
NifTal 649 159.5 19.8
61A 148 158.4 21.8
61A101C 158.8 22.4
Nitragin mix 150.7 23.0
Uninoculated 139.2 20.0
H3D (p = 0.05) Strain 12 4.9
Cultivar 56 2.3
Analysis of variance .

Strain *
Cultivar NS
NS

Strain x Cultivar
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Table 8. Soybean seed yield and N-15 measurement of N, fixation as

influenced by different B. japonicum strains in soil near

Khon Kaen Thailand.

Strain Seed yifald N, Eixaiio‘n
kg/rai kg N/rai
Cultivar SJ4
THA 2 399 17.5
THA 7 341 15.8
NifTal 213 305 17.5
NifTal 411 316 20.1
NifTal 413 406 214
NifTal 429 273 14.3
61A 148 322 15.6
NifTal 844 258 4.11
Uninoculated 340 12.3
Cultivar 55

THA 2 323 16.0
THA 7 336 17.7
NifTal 213 339 13.2
NifTal 411 418 26.8
NifTal 413 261 14.9
NifTal 429 242 15.3
NifTal 148 412 22.4
NifTal 944 313 8.0
Uninoculated 349 14.6
HSD (p = 0.05)

Strain 93 5.5

Cultivar 21 1.5
Analysis of variance

Strain NS o

Cultivar NS NS

Strain x Cultivar NS NS

o s = P 1
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Table 4. Soybean seed yield and N-15 measurement of N, fixation

as influenced by different B. japonicum strains in soil

near Kamphaeng Saeng, Thailand.

Strain Seed yield N, fixatith
kg /rai kg/rai
Cultivar §J4
THA 7 315.2 20.1
THA 2 2337 172
NifTal 411 3390 20.6
NifTal 413 333.8 14.0
NifTal 944 116.2 2.5
61A 148 241.6 14.0
61A 101C 193.0 5.0
Nitragin mix 285.6 11.7
Unmoculated 1947 54
Cultivar §J)5

THA 7 331.2 11.9
THA 2 238.2 88
NifTal 411 265.8 11.7
NifTal 413 267.2 12.5
NifTal 944 101.8 4.8
61A 148 2755 1.7
61A 10iC 288.0 11.6
Nitragin mix 252.3 14.9
Uninoculated 219.2 9.1
HSD (p = 0.05)

Strain 39.5 7

Cultivar 28.0 L7
Analysis of variance

Strain NS NS

Cultivar NS NS

Strain x Cultivar NS NS
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AD THA 2, THA 7, NifTal 649, NifTal 410 uas
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Table 5. Effect of herbicides on soybean seed yield, N contents and
N-fixation by Bradyrhizobium japonicum determined by
N-15 ditution methods.

Brady Seed Ndfa Total N
Herbicides Japon yield Fixed
inoc (kgsrai) (%) (kg/rai)
Sethoxydim + 215 82.5 19.1
- 193 771 14.3
Alachlor + 212 80.0 23.4
- 195 79.4 17.6
Matolachlor + 198 79.0 18.6
- 191 75.6 17.3
Fluazifop + 195 82.7 20.5
- 185 79.4 14.4
Paraquat + 199 82.7 17.6
- 177 32.8 15.6
Untreated + 217 83.0 21.%
- 186 81.6 17.2
HSD (p<.05)
herbicide 25 2.9 3.7
inoculum 14 1.7 2.2
Anal. of Variance
herbicide ns ns ns
inoculum * o **
herb x inoc = ns *

# Ndfa = N derived from the atmosphere as calculated by N-15
dilution methods

## = total N, fixed based on N-15 dilution calculations
* = diff. sig. at p<.05

** = diff. sig. at p<.01

ns = non-sig. diff.
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Table 8. Effect of water stress on seed yield and N-fixation for

4 soybean cultivars.

Water Soybean  Seed yield Allantoin N Fixed®
Stress Cultivar (kgsrai)  (mgsg)  (kgrrai)

Low SJ1 337.4 2.59 14.1
SJ 2 299.0 517 15.3
SJ4 301.9 3.39 18.1
SJ5 312.3 4.31 9.6
Medium SJ1 288.3 4.77 14.2
542 276.8 5.69 10.0
SJ 4 250.0 4.65 13.5
SJ 5 2083.8 4.57 8.9
High S 1 257.9 3.45 1.9
SJ2 235.5 3.92 2.8
3J4 231.4 4,07 1.1
S5 245.6 2.19 0.4
HSD (p<.05) water 229 1.50 3.4
Cultivar 26.4 1.73 3.9

Anal. of Variance
water stress e ns o
soy cultivar ns ns ns
stress x cult ns ns ns

* Relative increase in total N, fixed using water-stressed SJ5

as baseling
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Table 7. Effect of B. japonicum inoculation and pre-plant N additions on seed yield,
plant N and relative NDFA at Chiang Mai.

N added Rhiz. Seed yield Plant N Relative
(kg/rai) inoc. (g/1.5 m% (%) NDFA

0 - 318 3.06 90

+ 27.8 311 100

8 - 328 in 56

+ 34.7 3.15 77

16 - 28.6 330 26

+ 20.1 347 36

24 - 24.0 344 29

+ 253 391 24

2 - 314 314 31

+ 20.8 309 2

40 - 315 354 15

+ 338 3.15 21

HSD (0.05) Inoc 38 0.30 I5

N rate 5.6 .52 27

Rate x inoc 8.0 3740 38

Analysis of variance Inoc NS NS

N rate * ok

Rate x inoc NS NS

Relative NDFA = relative proportion of N derived from the atrmosphere = (NDFA/NDFA

for ON inoculated treatment) x 100
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Table 8. Effect of B. japonicum inoculation and pre-plant N additions

on seed yield, plant N and relative NDFA at Kampang Saen.

N added Rhiz. Seed yield Plant N Relative
(kg/rai) inoc. (g/1.5m7) (%) NDFA
0 - 694 - -
+ H0.3 - -
8 - 126.1 - 42
+ 137.0 100
6 - 84.8 4
+ 125.7
24 - 103.3 -
+ 127.1 -
32 - 89.6 -
+ 146.4 -
40 - 1054 20
+ 168.3 49
HSD (0.05) Inoc 19.0 22
N rate 33.1 31
Rate x moc 469 44
Analysis of Variance Inoc ek o
N rate * ok
Rate x inoc NS NS
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Table 9. Effectiveness of different number of rhizobia on nodule, seed yield and N, fixation of soyhean.

Number Nodule wt.  Nodule wt, Seed yield Plant N N, fixed
Strain ) 45 day 60 day ¢/12 plants #/12 plants
of rhizobia g/12 plants
mg mg
NifTal 410 Low 826 1813 1,364 429 2.69
Medium 907 2,235 1275 5.01 287
High 791 1,346 1,332 506 2.10
Very high 978 1.584 1,423 437 271
NifTal 411 Low 810 1,699 1,266 5.06 3.02
Medium 947 1,943 1,230 3.96 239
High 713 1,601 1,329 480 333
Very high 627 1,750 1,319 4.78 295
NifTal 413 Low 993 1,930 1337 3.78 2.22
Medium 1,002 2472 1,232 4.1} 228
High 947 2,351 1,554 480 191
Very high 598 1,695 1,265 437 3.05
THA 7 Low 852 1,532 1,328 476 318
Medium 761 2,532 1,328 416 3.18
High 837 2,090 1,377 348 1.80
Very high 1,003 1,868 1,387 5.12 8.51
Uninoculated 945 2,056 1464 4.18 2.44
LSD (0.05)
Rhiz. 245 64 174 1.03 .10
Number 245 614 174 1.03 110
Rhiz. x Number 388 971 275 1.64 146
Analysis of variance
Rhiz. NS NS NS NS
Number NS NS N§ NS NS
Rhiz x Number NS NS NS NS N3
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Table 10. Seed yield and nodule parameters of soybean from farmer's field

trial at Khon Kaen (dry season 1988).

Nodute number Nodule wt. Nitrogenase Seed yield

Treatment : )

per plant mg/plant i mol C,H, kg/rai
Controt 25 174 14 300
N-12 22 148 10 317
Inoc 38 234 26 346
Inoc+N-3 35 237 22 320
Inoc+Mo 40 237 29 344
N-12 = Rate of feriilizer N 12 kg/frai
N-3 = Rate of fernlizer N 3 kg/rai
INOC = inoculation
Control = uninoculation
Mo = Molybdenum | ppm

Table 11. Seed yield and nodule parameters of soybean from farmer's field
trial at Maetang District, Chiang Mai (dry season 1888).

Nodule number Nodule wi. Nitrogenase Seed yield

Treatment

per plant mg/plant W mol C,H, kg/rai
Control 20 L5t 6 232
N-12 30 178 16 340
Inoc 39 244 21 302
Inoc+N-3 32 233 21 268
Inoc+Mo 30 180 15 342

Table 12. Seed yield and nodule parameters of soybean from farmer's field
trial at Sunsai District, Chiang Mai (dry seasen 1988),

Nodule number Nodule wrt. Nifrogenase Seed yield

Treatment .

per plant mg/plant B mol C,H, kegfrai
Control 43 330 21 360
N-12 45 288 12 362
Inoc 38 208 17 404
Inoc+N-3 48 330 22 394
Inoc+Mo 78 462 29 402

a o w oad .
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Table 18. Seed yield and nodule parameters of soybean from farmer's field
trial at Muang District, Lampang (dry season 1988),

Nodule number Nedule wt. Nitrogenase Seed yield
Treatment
per plant mg/plant K mol C,H, kg/frai
Control 30 265 18 240
N-12 24 205 10 218
Inoc 34 204 16 220
Inoc+N-3 34 270 28 209

Inoc+Mo 22 198 19 218

Table 14. Seed yield and nodule parameters of soybean from farmer's field
trial at Maetha District, Lampang (dry season 1988).

T Nodule number Nodule wt. Nitrogenase Seed yield
reatment )
per plant mg/plant p mol CH, kgfrai
Control 24 77 12 453
N-12 1 52 9 402
Inoc 43 212 40 460
Inoc+N-3 26 188 21 410

Inoc+Mo 30 143 20 496

Table 15. Seed yield and nodule parameters of soybean from farmer's field

trial at Prachin Buri (dry season 1988).

Nodule number Nodule wt. Nitrogenase Seed yield

Treatment )

per plant mg/plant U meol C.H, kg/rai
Control 9 49 13 214
N-12 2 18 0.1 262
Inoc 37 214 36 342
Inoc+N-3 35 166 25 317
Inoc+Mo 42 204 55 260

Table 16. Seed yield and nodule parameters of soybean from farmer's field
trial at Srisaket Horticultural Research Center (Wet season 1988).

) Nodule number Nodule wt. Nitrogenase Seed yield
Treatrnent )
per plant mg/plant 1 mol C,H, kgfrai
Control | 30 4 202
N-12 12 68 7 300
Inoe 32 248 26 418
Inoc+N-3 17 84 12 286
Inoc+Mo 9 40 10 232
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