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Rhizobium application accompanied with chemical and organic
fertilizers to improve seed yield and protein in soybean
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ABSTRACT: The experiments were conducted to find out the way to improve soybean yield and protein content
via nitrate tolerant rhizobium inoculant compared to intolerant inoculant in liquid media (Both inoculants are
mixed strains.) accompanied with chemical and organic fertilizers. A randomized complete block design with three
replications of 10 treatments was applied. The treatments were 1) no rhizo.+no fert. 2) liquid form of rhizo. only 3)
liquid form of rhizo +chemical fert. 12-24-12 (25 kg/Rai) 4) liquid form of rhizo + 12-24-12 (25 kg/Rai) +compost
(3,000 kg/Rai) 5) liquid form of rhizo +compost 6) nitrate tolerant rhizo only 7) nitrate tolerant rhizo +12-24-12 (25 kg/
Rai) 8) nitrate tolerant rhizo +12-24-12 (25 kg/Rai)+compost 9) nitrate tolerant rhizo +compost 10) no rhizo+12-24-12
(25 kg/Rai). The study was carried out in four seasons in the dry season and the late rainy seasons, at Chiangmai Field
Crops Research Centre in 2008 and 2009. Data were collected for the rate of N, fixation (determined by acetylene
reduction assay-ARA), number of root nodules, nodule dry weight, stem dry weight, seed yield, seed protein
content and germination. Inoculants and forms of inoculants were not statistically different for rate of nitrogen fixation.
The average ARA values for the application without fertilizer treatments were 9.90 ymol C,H,/plant/hr and 10.00 p
mol C H /plant/hr for nitrate tolerant and liquid rhizobium, respectively. Chemical fertilizer lowered the rate of N2
fixation, 1.87 pmol C2H4/plant/hr for nitrate tolerant rhizobium and 2.54 ymol C,H /plant/hr for liquid rhizobium.
Number of root nodules, nodule dry weight, weight of dry stems and seed yield were not significantly different
between inoculants, with or without chemical fertilizer and compost or with both fertilizer treatments. Therefore seed
treated with rhizobium before planting could replace chemical nitrogen fertilizer application in soybean production
and also provide higher net income over variable costs. Moreover, rhizobium only and rhizobium with chemical
fertilizer were not significantly different in seed protein content (41.7-42.1%).

Keywords: soybean, nitrate tolerant rhizobium, compost, chemical fertilizer, protein content
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Table 1 No. of nodules/plant and nodule dry weight of soybean var. CM 60 in 10 treatments, Chiang Mai Field

Crops Research Centre (CMFCRC) 2008-2009

Treatment No. of nodules/plant Nodule dry weight (g/plant)
D08 LRO8 D09 LR0O9 aver. D08 LRO8 D09  LR0O9 aver.

1. no rhizo+no fert. 53 75 44 88 69d  0.21 028 0.18 043 0.30d
2. liquid rhizo. 49 104 60 120 95bc 0.19 040 021 0.68 0.43abc
3. liquid rhizo.+12-24-12 70 143 66 107  105ab 0.19 0.35 0.22 0.60 0.39 bc
4. liquid rhizo+12-24-12 + compost 47 119 89 117 108ab 0.15 0.43 0.31 0.63 0.46 ab
5. liquid rhizo.+ compost - 110 66 114 96 bc - 0.36 0.30 0.58 0.41 bc
6. nitrate tolerant rhizo. 50 129 60 118 102b 0.14 0.40 0.26 0.67 0.44 abc
7. nitrate tolerant rhizo. + 12-24-12 64 104 68 107 93bc 0.22 0.32 0.26  0.59 0.39 bc
8. nitr. tolerant rhizo. 52 154 78 135 122a 0.16 0.42 0.32 0.77 0.50 a

+12-24-12 +compost
9. nitrate tolerant rhizo. - 132 67 122 107 ab - 0.42 0.26 0.60 0.43abc

+ compost
10. no rhizo.+12-24-12 49 98 57 90 82cd 0.15 037 020 051 0.36cd
Average 54 117A  65B 112A 0.18 0.38B 0.25C 0.61A
F-test ns season™ trt*™* sxt ns ns season** trt*™* sxtns
CM. (%) 19.9 17.5 30.7 18.2

Means in the same column or row followed by the same capital or small letter are not significantly different

atthe P < 0.05 level by DMRT

D =dry season ; LR = late rainy season
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Table 2 Rate of nitrogen fixation (ARA) at 45-50 days after sowing and stem dry weight of soybean var. CM 60
in 10 treatments, Chiang Mai Field Crops Research Centre (CMFCRC) 2008-2009

Rate of N, fixation (umol C,H,/plant/hr)

Stem dry weight (g/plant)

Treatment
D08  LRO8 D09 LRO9  aver. D08 LRO8 D09 LR0O9 aver.
1.no rhizo+no fert. 2.81 2.88 18.40 5.66 898 6.89 4.80h 430h 2710cd 12.07
2. liquid rhizo. 2.44 4.46 20.17 536 1000 7.05 7.04fgh 4.62h 28.72cd 13.46
3. liquid rhizo.+12-24-12 3.40 2.39 15.89 4.08 746 658 7.20fgh 4.44h 2599de 1254
4. liquid rhizo+12-24-12 + compost ~ 2.48 3.23 16.69 2.72 755 721 755fgh 558gh 3247b 15.20
5. liquid rhizo.+ compost - 4.89 16.96 1.61 7.82 - 7.13fgh 5.68gh 28.75cd 13.85
6. nitrate tolerant rhizo 3.51 3.82 19.48 6.40 9.90 6.57 6.65gh 5.02gh 31.29bc 14.32
7. nitrate tolerant rhizo + 3.28 2.30 16.90 4.87 8.03 6.74 6.26gh 4.93gh 31.19bc 14.13
12-24-12
8. nitr. tolerant rhizo 254 427 18.31 3.93 8.83 7.68 1060f 6.75gh 36.17a 17.84
+12-24-12+compost
9. nitrate tolerant rhizo - 3.68 14.28 5.14 7.70 - 8.70fg 517gh 2885cd 14.24
+ compost
10. no rhizo.+12-24-12 2.39 3.63 15.34 3.63 754  7.38 8.07fgh 447h 2430e 1228
Average 2.86 3.56B 17.24A 4.34B 7.01 7.40B  5.09C 29.48A
F-test ns season™ trt ns sxt ns ns season™ trt** sxt**
CV (%) 35.5 40.3 154 13.7

Means in the same column or row followed by the same capital or small letter are not significantly different

at P < 0.05 by DMRT

D = dry season; LR = late rainy season

Table 3 Comparison between types of rhizobiums with compost and chemical fertilizer in the rate of nitrogen
fixation (LR 2008, D 2009 and LR 2009)

Rate of N, fixation (ARA) (umol C,H,/plant/hr)

Rhizobium application Liquid formed Difference from Nitrate tolerant  Difference from
rhizobium rhizobium only rhizobium rhizobium only
Rhizobium only 10.00 9.90
Rhizobium + 12-24-12 7.46 -2.54 8.03 -1.87
Rhizobium + compost 7.82 -2.18 7.70 -2.20
Rhizobium + 12-24-12 +compost 7.55 -2.45 8.83 -1.07
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Table 4 Seed yield of soybean var. CM 60 in 10 treatments, Chiang Mai Field Crops Research Centre
(CMFCRC) 2008-2009

Seed yield (kg/Ra)

treatment

D08 LRO8 D09 LRO9 aver.
1.no rhizo+no fert. 495 405d 279e-h 170k 285
2. liquid rhizo. 531 441bcd 278e-h 280e-h 333
3. liquid rhizo. +12-24-12 512 503abc 287e-h 285e-h 358
4. liquid rhizo +12-24-12 + compost 548 513ab 318efg 211h-k 348
5. liquid rhizo.+ compost - 432cd 339%e 163k 311
6. nitrate tolerant rhizo. 542 501abc 274e- 258f-j 344
7. nitrate tolerant rhizo. + 12-24-12 529 497abc 304efg 263e-j 355
8. nitrate tolerant rhizo.+12-24-12 +compost 518 539a 330ef 244g-j 371
9. nitrate tolerant rhizo. + compost - 480abc 311efg 192jk 328
10. no rhizo.+12-24-12 521 496abc 272e-i 204ijk 324
Average 524 481A 299B 227C
F-test ns season** trt** sxt**
CV. (%) 59 11.6

Means in the same column or row followed by the same capital or small letter are not significantly different
at the P < 0.05 level by DMRT
D = dry season; LR = late rainy season

Table 5 Variable cost and net income of soybean var. CM 60 in 10 treatments, Chiang Mai Field Crops Re-
search Centre 2008-2009

Variable cost (Baht/Rai Yield Income' Netincome
Treatment Chemical Compost Labour Total (kgRai) (BahtRai (Baht/Rai
fertilizer Aver. 3
seasons
1. no rhizo+no fert. 284.7 4,840 4,840
2. liquid rhizo. 332.8 5,658 5,658
3. liquid rhizo.+12-24-12 700 1,000 1,700 358.2 6,089 4,389
4. liquid rhizo+12-24-12 + compost 700 640 2,400 3,740 347.6 5,909 2,169
5. liquid rhizo.+ compost 640 1,400 2,040 311.3 5,292 3,252
6. nitrate tolerant rhizo 344.4 5,855 5,855
7. nitrate tolerant rhizo + 12-24-12 700 1,000 1,700 354.8 6,032 4,332
8. nitr. tolerant rhizo+12-24-12 + 700 640 2,400 3,740 370.8 6,304 2,564
compost

9. nitrate tolerant rhizo + compost 640 1,400 2,040 327.6 5,569 3,529
10. no rhizo.+12-24-12 700 1,000 1,700 324.0 5,508 3,808

! soybean farm price of 17 Baht/kg



KHON KAEN AGR. J. 39 SUPPLMENT 3: 113-122 (2011).

¢ @ = [
1S FuAlUSAULAZANNIBNUDILNAR

wafduslusiulumanaingauast 2551 laif
ARUANANTUNNATA (iesanATaRenssia
FIN9 7] HAY 38.9% WATAINNTIAIIZITN 3 1))
(LR 2551, D 2552 4az LR 2552) HANLANGNY
N9A0A1R9N9IINTT uaTnRLUgn Tnunsldidels
ladoumanuazdelslndonmilunmedinaiion
Ilefidudsfiugefign (42.1 uaz 42.0% A
A1) Tdumnsinsannnisldsaniuiand waslald
L%@Vl,ﬁmﬁw%qqq 41.7-41.8% (Table 6) L&A
Funasrediulnnaulufuuuula lliduase
wefduldsiulumgn veanidelsindendiley
prusssuand delslmonildadlietund N

121

Lfluﬁmz?\imrm'ﬂLﬂfaﬁs“ﬁum“[ﬂiﬁuqa%uﬂuﬁﬁﬁu
yndiivanisgndawmaes luynnesa sailena
uwazAufianugananysaluanduainnis
5utlganu Tnendafuienulaclanady T 2552
PuilFn pH gea1 uazatludag 6.9-7.3 Buvidedng
0.67-0.84% avail.P 42-55 mg/kg, extr.K 34-87 mg/
kg, Ca 824-1,069 mg/kg az Mg 50.6 mg/kg @11
ANNIBNTBNLNAR THHANLANENAUNISATR
ilesmnnaniasne nelunguds T 2551 nouds
7l 2552 wazlanaru 1 2552 Fawdesldaausen
g9 tedennesdalunguds T 2551 winiu 92.1%
LL@zLﬂﬁﬂiuq@LLﬁn 1 2552 uazilanaely T 2552
WinrU 91.8 WAz 72.8% MINATAL (Table 6)

Table 6 Seed protein content and germination percentage of soybean var. CM 60 in 10 treatments,Chiang
Mai Field Crops Research Centre (CMFCRC) 2008-2009

% protein % germination
Treatment D08 LR0O8 D09 LR0O9 D08 LRO8 D09 LR0O9

mean mean
1. no rhizo+no fert. 388 411 419 421 417abc 910 ND 910 763 837
2. liquid rhizo. 389 416 420 428 421a 92.7 ND 91.7 743 83.0
3. liquid rhizo.+12-24-12 39.0 413 421 424 41.9ab 91.0 ND 93.7 733 835
4. liquid rhizo+12-24-12 + compost ~ 38.6 415 41.0 407 41.1c 930 ND 897 737 817
5. liquid rhizo.+ compost 41.8 41.0 41.3 41.4bc ND 913 710 81.2
6. nitrate tolerant rhizo 39.0 415 421 424 42.0ab 93.3 ND 93.3 64.0 787
7. nitrate tolerant rhizo + 12-24-12 391 415 419 417 41.7abc 91.7 ND 943 783 86.3
8. nitr. tolerant rhizo+12-24-12 + 39.0 407 411 414  41.1c 92.7 ND 91.0 73.7 823

compost

9. nitrate tolerant rhizo + compost 415 409 411 41.2c ND 88.0 723 80.2
10. no rhizo.+12-24-12 39.2 415 416 424 41.8abc 91.3 ND 93.7 710 823
Average 38.9 41.4B 41.5B 41.8A 92.1 ND 91.8 728 823
F-test ns Season * trt ** sxt ns ns Seasonns trtns sxt ns

CV. (%) 2.2 1.7 2.9 9.7

Means in the same column or row followed by the same capital or small letter are not significantly different

at the P < 0.05 level by DMRT

ND = Not determined; D = dry season; LR = late rainy season
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