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Influence of Combination of Rhizobia and Compound Growth-promoting Bacte-
ria on the Nodulation and Growth of Soybean
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Abstract: To study the influence of combination of rhizobia and compound growth-promoting bacteria on the nodulation and
growth of soybean, two fast-growing and two slow-growing soybean rhizobia combined with growth-promoting bacteria separately
were used to inoculate soybean to observe the nodulation and soybean growth. The result indicated that as follows; (1) At the
beginning of soybean podding, the fresh weight of above ground and underground part, pods number, pod fresh weight of the
soybean inoculated with fast-growing and slow-growing rhizobia were significantly higher than other treatments. The nodule rate
of soybean inoculated with fast-grower was significantly higher than others, while the total nodules number and nodule weight
of soybean inoculated with slow-grower were significantly higher than others. (2) At the end of soybean podding, the fresh
weight of above ground part and root were significantly higher than others. The nodules number of soybean inoculated with
combination of slow-growing rhizobia and growth promoting bacteria were significantly higher than others, while the yield of
soybean inoculated with only growth promoting bacteria was significantly higher than others. Inoculation of rhizobia solely to
soybean could increase the pods number, pod fresh weight, fresh weight of above ground and underground part, inoculation
with growth promoting bacteria solely could also increase the yield of soybean.
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Table 1 Experimental design and number description
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K1 PRAEARR TR 1 Kl +F PRAEMRE 1 + A E A
K2 PRAE AR 2 K2 +F PREAEARH 2 + A4
M1 18 2 AR R 1 ML +F 1B 1 + A e LR
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CK X B ARARAE A 4k 2
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1.3.1 #Fmam AHRERE . ZEARAR . ®
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Table 2 Biological characters of aboveground of soybean at the beginning of poddding

e i SR

Plant height

o b PR he o
Shoot fresh weight

4

Pods number

e

Pod fresh weight

Treatment Branch number
/cem per plant/g per plant per plant /g
K1 153.87+ 6.24 a 5+0.42 a 282.00 +48. 66 ab 134 £18.60 a 60.67 + 7.57 a
K2 159.07 + 5.86 a 5+1.60 a 313.33£58.29 a 111 +28.85 ab 54.00 +10. 00 ab
Ml 147.27 £10.69 a 5+1.60 a 258.00 +71. 36 abc 101 £39.76 ab 53.33 £26. 10 ab
M2 155.07 = 5.78 a 4+0.31 ab 201.33 +£15.01 cdef 82+ 6.17b 49.33 + 5.03 ab
F 163.80+ 3.22 a 4+0.23 ab 254. 67 +47. 17 abced 87 +39.92 b 52.00 +25. 06 ab
KI +F 152.93 £20.33 a 3 £0.50 ab 196. 67 +14. 47 cdef 87 £14.96 b 45.33 £14.74 ab
K2 +F 150. 60 +16.67 a 4+0.31a 224.67 +13. 32 bede 112 +24. 07 ab 50.67 + 3.06 ab
Ml +F 153.80+ 3.29 a 3+0.81 ab 184. 67 £18. 15 def 97 +19.43 ab 42.00+ 8.72 ab
M2 +F 159.47 +17.89 a 4+0.99 ab 181.33 +33.84 ef 103 £21. 06 ab 32.67+16.17 b
CK 163.40 £ 9.90 a 3£0.61b 135.33 £22.03 67 £11.83 b 28.00+ 5.29 b
Y 162.93 +13.57 a 4 +0.20 ab 168.67 +11.72 ef 81 £10. 80 ab 28.67+ 5.03b

[l —FUA R R R A BRI 22 5 B3, P < 0. 05, R Il

Different letters represent significant in the 0. 05 level at same column. The same below.

R3 AELEMHMTHEDER

Table 3 Biological characters of underground of soybean at the beginning of podding

s HREETE B KA B sl
Treatment Root fresh weight Nodule fresh weight Nodule numbers Pink nodule number Nodule rate
per plant/g per plant/g per plant per plant /%
K1 21.33 6. 11 a 1.47 0. 17 ab 73 +£27.91 a 32 +12.90 abe 43.78 + 1.86 ab
K2 24.00 £3.46 a 1.20 +0. 68 abed 65 +36.81 a 43 +22.49 ab 67.66 £ 7.25 a
M1 23.33+8.08 a 1.34 +0. 15 bed 74 +14.48 a 46 £10.80 a 61.62 +£11.36 a
M2 21.33 +2.31 a 1.67 £0.34 a 87+12.32 a 40 +13.20 ab 46. 09 +15. 30 ab
F 23.33£9.24 a 1.09 +0. 75 abed 59 +16.20 a 32 +21. 20 abe 51.06 +20.43 ab
K1 +F 14.67 1. 15 ab 0. 82 +0. 39 bed 47 £18.15 a 9+ 4.61 cd 17.81 = 2.61 cd
K2 +F 22.00 £4.00 a 1.12 £0. 11 abed 73+ 9.89 a 36 +11.61 ab 50.51 +18.23 ab
M1 +F 16. 67 +3.06 ab 0.46 +0.40 d 64 +£23.61 a 18 = 2.66 bed 31.10 £11. 68 be
M2 +F 14. 67 4. 16 ab 0. 80 £0. 27 bed 81 +25.24 a 22 +18. 00 abed 27.79 +20. 53 bed
CK 12.00 +2.00 b 0.70 £0.22 cd 50 £28.59 a 3+ 1.46d 4.52+ 1.95d
Y 14.67 =1.15 ab 0.72 +0. 24 bed 63 +16.11 a 10+ 4.85 cd 17.67 +13.94 cd
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Table 4 Biological characters of soybean at the end of podding

E&I\EE’

PRAMVREE 1+ 282w B AR B R & T
HERP (%K),

R4 KEHERBEYERK

OB by f M ff B R £
Treatment Shoot fresh weight/kg Root fresh weight/g Nodule number
K1 0.18 £0.10 b 17.35+9.95 b 42.67 £16. 65 be
K2 0.20 +0. 06 ab 20.99 £6.62 b 68. 00 +37. 24 be
M1 0.29 +0. 10 ab 19.58 £7.33 b 54.00 +18. 25 be
M2 0.23 +0.05 ab 19.82 +6.92 b 113.33 +£27.74 b
F 0.18 £0.06 b 13.80 £6.03 b 33.00 £37.32 ¢
K1 +F 0.29£0.03 b 28.86 +7.40 ab 70. 00 £29. 87 be
K2 +F 0.17 £0.05 b 21.04 £8.73 b 81.33 £27.39 be
M1 +F 0.30 +0.03 ab 28.44 +5.22 ab 216.00 +66.78 a
M2 +F 0.27 £0. 05 ab 24.67 £5.12 ab 111.00 £51.12 b
CK 0.34+0.14 a 37.62 £5.81 a 83.33 £21.01 be
Y 0.25 +0. 11 ab 28.15 +12.32 ab 56.67 +£42.39 be
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Table 5 Chemical properties of soil after harvest (mg-kg™")
Qb3 B A LU G
Treatment Alkali-hydrolyzable N Available P Available K
K1 35.64£1.70 e 41.42 +0.15d 165.55 £3.58 e
K2 57.53 £0.04 a 48.54 +0.05 b 187.43 £2.06 ¢
M1 24.27+1.33 g 20.65 £0.25 i 136.39 +4.95 f
M2 25.04 £0.02 g 43.10 0. 15 ¢ 188.89 +5.49 ¢
F 43.60 +0.03 be 57.21+£1.13 a 226.80 +£2.67 a
K1 +F 30.19 £0.07 f 41.45+0.10d 162.64 £1.30 e
K2 +F 37.10 £0.22 de 35.66 +0.96 188.89 +5. 18 ¢
M1 +F 37.86 +1.67 d 31.99+0.03 g 215.14 +£0.37 a
M2 +F 42.00 +0.05 ¢ 37.67+0.25 e 162.64 £0.52 e
CK 44.24 +0.03 b 28.57+1.12 h 174.30 +£3.24 d
Y 30.58 £0. 01 bf 29.59 +0.10 h 168. 47 £2.56 de
2.5 HEEEBRHABRMEDETINXE =20 T CK b3, PRAEHURE R | + 2S04 w AL B K

PRAERURIB 1.2 FNA 508 A AL PR A )™ o 2

1o TR RS S 7 2. 57,2.46,3.02 {5 (K 6) o

S

HEARURI P 2 + 54 TR B K PR B 0

YEH B ey, CK AL PR %) 4% S8 80 i 5, {HL 57 4 £ o A
[ER A T
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Table 6 Yield traits of soybean

e j(ﬂf‘ﬁii HRLE . Efﬁ —
Treatment Soybean yield 100-seed weight Pod weight Pod mmber
/(kg-hm~?) /g /g
K1 127.68 + 17.85 a 56.27 + 5.75 abc 94.25 + 49.55 ab 92.00 + 73.99 ab
K2 123.71 + 26.54 a 52.55 + 8.92 abc 117.14 + 20.51 ab 142.33 + 43.75 ab
M1 106.40 + 80.32 ab 61.78 + 7.13 ab 119.30 + 56.53 ab 117.00 + 41.04 ab
M2 40.18 + 29.22 ¢ 51.25 +17.42 abe 67.93 = 13.87 ab 114.67 = 15.53 ab
F 143.56 + 15.99 a 59.64 = 4.49 abc 116.10 + 46. 88 ab 105.00 + 41.58 ab
Kl +F 18.26 = 26.13 ¢ 43.89 + 16.49 be 121.76 + 30.77 a 161.33 + 31.79 ab
K2 +F 42.08 + 26.21 be 64.87 = 1.41a 83.30 = 7.50 ab 101.33 + 34.96 ab
Ml +F 37.00 £ 2.25¢ 41.37 = 7.33 ¢ 81.98 + 20.79 ab 111.00 = 32.08 ab
M2 +F 55.27 = 10.18 ¢ 47.55 + 11.26 abe 95.95 + 18.79 ab 113.67 + 20.03 ab
CK 35.73 = 15.22 ¢ 42.26 + 4.81c¢ 112.65 + 11.76 ab 178.00 = 28.00 a
Y 45.58 + 12.52 ¢ 50.80 + 10.49 abc 52.59 + 48.44 b 84.67 + 81.30 b
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Table 7 Soybean protein and nutrient content (mg-kg™")

ps:il R K R0 Kl

Treatment Crude protein content Total-N Total-P Total-K
K1 7.63 £0.09 d 1.22+0.01 d 0.13£0.01 a 0.33+0.01 b
K2 9.50 £0.27 a 1.52+0.04 a 0.11 £0.02 a 0.27 £0.01 ¢
M1 5.13+£0.09 g 0.82 £0.01 de 0.10£0.02 a 0.06 £0.01 ¢
M2 9.31+0.18 a 1.49 +0.03 de 0.10£0.01 a 0.18 £0.01 ¢
F 8.13+0.18 ¢ 1.30 £0.03 ¢ 0.13£0.01 a 0.19+0.01 d
K1l +F 7.13+£0.09 e 1.14 £0.01 e 0.12£0.01 a 0.45£0.01 a
K2 +F 7.25 +£0.09 de 1.16 +0.01 g 0.11 £0.01 a 0.26 £0.01 f
Ml +F 7.25 +0.09 de 1.16 £0.01 a 0.11 £0.03 a 0.28 £0.01 de
M2 +F 6.75+£0.27 f 1.08 £0.04 f 0.12£0.01 a 0.17 £0.01 de
CK 7.50 £0. 18 de 1.20 £0. 03 de 0.12£0.01 a 0.15+0.01 e
Y 8.56 £0.18 b 1.37£0.03 b 0.13£0.01 a 0.19 £0.02 de

2.7 tEXMESH

2.7.1 RBRFELHEXH A2 XETMEELN
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0. 598, #l% fik. 3 IEAH 5C , 3% A A SRR X0 A1) 38 i
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WNIEL 2 Frs  ARR R 5 b b AR e Fh A B A O, 3R
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T AR AL 02 (B3R, 384 o 52 S 1) o o VAR R
AR R S AREEF A C R EON 0. 628 ) 2 3% 1EHSE,
F NI RO T 3 AR 0 i 5, 38 AR £
S Y R o WIS AR, T RS 0 b b R ALY BT
GRS
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