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(Phomopsis liquidambari B3) (Phoma sp.
YY11) (Trichoderma viride) 45.38 g/kg 2.61 g/kg
(Trichoderma reesei) (Rhizopus) 1.30 g/kg 24.39 g/kg 168.7 mg/kg
(Aspergillus niger) (Bacillus 116.3 mg/kg 879.1 mg/kg pH 6.75
alvei) 7 23 cm 22 cm S5kg
2g 10 ml
(PDA) ( 10g 5cm
) 3 15 30 60 80 120d
(B3 YY1l 3
PDA 26 C (]
4d 1.3
PDA 26 C 150 r/min 3d 1.2
( ) 500 kg 30g
30°C 2d 0~15cm A B C
30 C 220 r/min D 200 g 200 ml(
2d 5% 10%cfu) E
2 kg ( 10% cfu
4 ) F 200 g
6:3:1 G 200 ml
1:1.2 20 g/lkg  (NH4),SO4 20 2010 6
500 ml 200 g 20 3~5 S5cm 3
121 °C 1h 100
g/kg 8 1.4
27 C 10 d 1.4.1 2010 7 5
2010 7 20 2010
1.2 8 19 2010 9 8
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2~3cm 0~15cm 200 g
4 A 4 ( 4°C
B3 YY1l ) 1 mm 4°C
B 4 ( B3 YYII 1.4.2
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B3 YYIll 21
) D 7 ( 3 5
B3 YY1l
) C¢HeO¢ mg/(10g-72 h)  NH;-N mg/(g-24 h)
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[15]

1.5
SPSS 16.0 (ANOVA)
2
2.1
1
15d B
2.2
2
2.2.1
E
D
B D
B
E G 23487%  350.37%
B E F
G 281.75% 13.04% 218.90% A C
E G B D
G B
C E G
B D
A C
2.2.2
B D
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1 TRALEEEHEERS(THUR. FEERE. FFEZTMARB)HIMERE"%)
Table 1 Effects of different treatments on degradation of main components of corn straws (dry matter, cellulose, hemicellulose, and lignin)
(d) A B C D E F G
15 18.65+0.11a 19.27+0.56a 13.35+0.56bc 14.56+0.68b 11.54+£2.01¢ 10.78+0.68c 9.74+0.08 d
30 3535+0.71a 36.12+0.13a 27.83+0.13b 28.64+1.85b 23.43+5.00c 19.56+0.68d 10.88+2.35¢
60 48.58 £0.58a 49.96+4.09a 38.53+4.09b 35.78+1.06b 25.68+2.63c 23.62+1.76d 2543+1.79¢
80 55.82+0.58a 56.73+2.70a 42.64+2.23b 39.23+£0.92¢ 33.56+0.49d 29.45+136d 28.57+3.59d
120 63.45+0.79a 65.78+0.33a 58.93+0.33ab 56.78 £0.76 b 58.25+5.14b 56.75+0.71b 5545+5.01b
15 2543+4.69b 28.79+0.24a 23.43+£0.12¢ 22.78+1.85¢ 23.75+446¢c 2034+1.52d 18.53+£0.48¢
30 4566 +2.71a 4842+271a 37.36+£252b 32.62+096¢c 31.55+2.28c 23.45+2.75d 22.34+1.05d
60 59.57+13.75a 58.96 421 a 48.53+4.88a 3543+024b 3567+0.92b 30.58+1.90bc 27.56 +3.87 ¢
80 66.57+4.84a 6488+500a 54.62+1.36b 4548+1.73¢ 45.68+552¢ 37.77+1.07d 3545+2.63d
120 80.46 £ 12.02 2 85.82 +8.11ab 79.74+4.15a 76.56+9.02a 75.67+11.2a 69.66+228a 68.58+3.20a
15 30.56+2.36a 32.75+3.14a 28.44+2.00b 29.58+£0.52b 2534+0.63¢c 2234+1.44d 20.25+222¢
30 45.89+7.21b 51.25+£532a 43.56+£0.62bc 46.58=3.20b 39.78 £2.35¢ 2546+2.65d 22.46+0.62d
60 60.48 +4.85a 65.78+6.67a 5843+190a 56.25+821a 49.86+3.30a 3548+0.36b 36.89+1.83b
80 72.56 £ 6.35a 76.87+8.30a 60.78 =2.43 ab 62.85 +2.36 ab 59.83 £4.02 ab 47.58 £+ 1.77b 46.43+3.26b
120 85.78 £3.84a 90.89+6.61a 79.54+235b 7843+3.32b 76.54+7.73b 73.77+6.51b 7536+6.03b
15 2278+ 0.65b 25.890+1.43a 20.12+£2.78¢ 23.45+0.48b 10.48+024d 556+1.58¢ 428+0.14¢
30 4537+4.12a 4048+2.03a 3579+857a 39.89+042a 15.76+1.05b 1023+1.05b 848+042c¢
60 48.54+0.55a 42.72+3.29a 3892+998a 43.54+0.14a 20.65+2.87b 14.72+3.15bc 11.23£0.48¢
80 52.68+522a 47.78+1.20a 46.96+6.89a 46.54+1.10a 26.73+0.71b 19.83+1.20c 15.29+1.10¢
120 51.76 £2.03a 559+1.10a 50.88+9.50a 51.63+11.71a 51.45+1.10a 52.78+9.96a 50.58+1.55a
P<0.05
*2 FREIEVRERT E R E AL IR T 15 SR A B (x10° cfu/g). LR (x10° cfu/g) FIEL B (x10* cfu/g) B 2 T 1k,
Table 2  Effects of different treatments on numbers of cultivated soil bacteria, actinomycetes and fungi
A B C D E F G
9.71+0.12d 21.17+0.09¢c 6.77+0.66 de 42.32+0.63a 4.75+0.07¢ 27.43+0.21b 6.38+0.03 de
6.23+£049d 59.29+536a 6.21+£026d 40.00+7.03b 10.75+£2.06d 20.90+594c 12.92+2.73d
020+0.05¢c 61.23+045a 0.18£0.01c 16.76+4.94b 0.19+0.04c 2.71+£043¢c 036=+0.04c
525+£085¢ 18.15+£0.99b 10.61+£0.66d 37.13+1.69a 542+098¢ 1492+1.60c 4.03+1.01e
590+£0.76d 23.90+4.57a 7.59+0.35d 20.06+430b 577+0.82d 11.68+1.59¢c 4.94+0.10d
0.51+0.06c 3691+884a 0.82+0.14c 1946+3.15b 0.54+0.08c 4.49+038c 028+0.07c
511+0.44cd 1569+20la 6.60+£026c 14.50+£2.02ab 4.11+0.57d 13.88+0.44b 4.92+0.20 cd
6.59+024b 18.01+3.07a 6.87+0.18b 17.16x3.13a 9.45+1.00b 16.61+1.24a 6.58+0.61b
049+0.04c 23.82+292a 122+£005c 7.40=£1.49b 0.72+0.16c 6.96+0.40b 1.09+0.18¢
6.35+041d 13.63+£1.13b 930£0.59c 16.10£2.06a 576+0.98d 13.44+099b 9.72+0.52¢
509+£037f 1428+1.01b 551+0.65f 16.71+1.72a 7.62+0.76¢ 9.50+0.65d 11.15+0.84c
0.56+0.12¢c 2324+574a 0.81£0.16c 521£025b 044+0.05c 642+0.85b 1.49+0.13¢
516+1.02¢c 6.45+0.50ab 2.56+0.60d 5.74+0.56bc 2.45+0.68d 7.86+126a 2.54+0.32d
221+0.07¢c 3.95+030a 1.54+0.17d 221+047c 244+0.14bc 2.67+030b 2.12+025¢
094+0.08c 8.66+120a 055+0.11c 3.43+£044b 0.52+0.06c 520+1.08b 0.40+0.02¢
P<0.05
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Fig. 1 Soil cellulase activities under different treatments
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Fig. 2 Soil urease activities under different treatments
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Fig. 3 Soil invertase activities under different treatments
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pH B
pH E
R3 TRLEMERERLIEFSRIZMN
Table 3  Soil nutrients of potting maizes under different treatments
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)  pH
A 4.26d 0.198d 0.116 a 2.51d 1463 g 104.85d 573.6¢ 643 g
B 433 ¢ 0.209 b 0.135a 2.50 be 1533 f 176.10 ¢ 688.4 b 6.89 a
C 433 ¢ 0.226 a 0.141 a 2.49 be 196.7b 112.00b 610.0d 6.80 ¢
D 443 a 0.201 ¢ 0.140 a 2.55a 171.5d 95.45 f 653.6¢ 6.61 ¢
E 417 e 0.194 ¢ 0.118 a 248 ¢ 1729 ¢ 100.90 e 5738 ¢ 6.87b
F 4410 0.208 a 0.152 a 2.49b ¢ 1547 ¢ 196.60 a 720.2 a 6.50 f
G 4.12f 0.175 f 0.126 a 2.50b 199.5 a 9475 g 513.8f 6.68 d
A 4.19¢ 0.179 ¢ 0.117 g 2.60a 1785 a 69.55 g 305.0 f 7.30a b
B 4370 0.187 ¢ 0.129d 2.57b 1351 f 112.15¢ 385.0b 713 e
C 4.29d 0.189 b 0.124 ¢ 2.57b 1337 g 82.55f 3428 ¢ 7.24 ¢
D 434 ¢ 0.185d 0.131 ¢ 2.60 a 161.7 ¢ 108.80 d 2970 ¢g 7.24 ¢
E 4.19¢ 0.172 f 0.138 b 2.60 a 140.7 ¢ 15145 a 374.6d 7.29b
F 443 a 0.195a 0.144 a 2.60a 1729b 120.15b 479.8 a 7.22d
G 4.29d 0.169 g 0.122 f 2.59b 150.5d 83.30 ¢ 379.8 ¢ 731a
P<0.05
2.6 2.7
B 7
A / 19/144 15/204
B 16/148 24/172 16/160 25/176 20/135
D B3 YY11
B( 4)
x4 TRLEMEREKMREFZERIZ NG
Table 4 Agronomic traits of maizes in maturation stage under different treatments
(cm) (cm) (cm) (cm) (cm) (& (2) (8)
A 21.05+3.75a 493+1.18ab 2.08+0.97a 166.6+27.8a 7.15+£037a 258+1.6ab 62.17+4.6b 193.3+51.6a
B 21.65+4.67a 547+£0.72a 1.72+0.58a 1653+139a 7.17+0.56a 26.0t25ab 83.6+3.4a 1842+43.4a
C 20.10+1.07ab 4.75+0.21ab 2.82+04la 163.5+10.1a 7.00+0.39a 29.6+09a 769+14ab 173.3+£309a
D 20.55+3.83a 5.10+0.60ab 240+08la 1642+9.7a 732+037a 258+3.6ab 67.8+69ab 176.7+505a
E 1822+ 1.54ab 437+026b 2.52+0.39a 157.5+129a 7.03+0.32a 252+32ab 692+54ab 177.5+29.6a
F 1585+0.53b  442+0.15b 2.03+0.38a 1583+13.7a 6.67+026a 224+32b 599+48b 160.0 =189 a
G 17.58 +1.04ab 438+£029b 245+027a 160.0£109a 682+0.24a 228+12b 60.0=£14Db 153.3+32.0a
3
3.1
B3 B
(B3 YYI1
15
B
15
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Effects of Compound Microbial Agents on Wheat Straw Degradation
Rate, Soil Enzyme Activity and Microbial Community

WEI Wei', WU Hao', SONG Shili', GUAN Yongxiang’, ZHANG Zhenhua’,
ZHANG Yong*, DAI Chuanchao'”

(1 Jiangsu Key Laboratory for Microbes and Functional Genomics, Jiangsu Engineering and Technology Research Center for
Industrialization of Microbial Resources, College of Life Sciences, Nanjing Normal University, Nanjing 210023, China;
2 General Station of Jiangsu Agricultural Technology Extension, Nanjing 210036, China; 3 Institute of Agricultural Resources
and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 4 Jurong Blue Sky Clearwater Biological
Technology Co., Ltd. Jurong, Jiangsu 212402, China)

Abstract: The effective utilization of straws in agriculture is attracting more and more attention. In order to solve the
problem of slow degradation of straw after returning to the field, 7 strains were screened which can produce cellulase: Phomopsis
liquidambari, Phoma sp., Trichoderma viride, Trichoderma reesei, Rhizopus, Aspergillus niger and Bacillus alvei. The strains
were combined to make liquid agents of A (Phomopsis liquidambari, Phoma sp., Trichoderma viride, Bacillus alvei) and C (all of
the seven strains) and their corresponding solid agents of B and D. The effects of compound agents on the degradation rates of
wheat straws and the improvement of soil quality were discussed. The results showed that 4 kinds of inoculants could promote the
degradation of wheat straws, improve soil biological characteristics, increase soil nutrients and improve agronomic traits of maize.
According to comprehensive evaluation of each index, agent B showed the best performance, and the total yield of maize was
20.72% higher than that of straw degradation agent on the market. In conclusion, the utilization of wheat straws returning to field
together with combined inoculum can obviously improve the soil degradation function, it provide a promising combination
method of straw degradation agent for the sustainable agricultural management.

Key words: Straw returning; Compound microbial agents; Straw degradation; Soil properties
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