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CaCl,
(o] 110 C 80 C
1.3.2
a 95% 25 ml 665
649 470 nm [13]
(2] (SOD) (NBT) ¥
(POD)
(CAT) [13] (MDA)
el ©0,)
[17]
1.3.3 5:1
pH
[18]
— [17]
1 - 24h 1g
1.1 NH;-N (mg)
2007 7 15 —8 30 20 min 1 g 0.02
mol/LKMnO,; ml 3,5-
60.38 mg/kg 24h 1¢g
0.93 g/kg 31.74 mg/kg 95.09 (mg)
mg/kg 9.83 g/kg 28 24h lg
(mg)
( =10 /ml lg
=6%) ¥ (TPF) (ng) ™
120 C 30 min 1.4 #HiEE
1.2 Excel 2003 DPS
) 7.05 (LSD)
(P <0.05)
5 CK Tl )
5L/667m* T2
10 L/667m* T3 5 L/667m’ 2.1
T4 10 L/667m* 1 25 35 45d
6 SPAD
3 30
5d 1 CK
1.8L 300 ml SPAD  35d
8 CK TI T2 T3 T4
1.3 11.02% 16.53% 15.82%  13.17% 25 d
1.3.1
SPAD-502 PLUS
SPAD 45 d 35d
5 mmol/L 10 L/667m* CK
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45 d
CK
R1 TRELEIIFENS. ZHT SPAD ERIF M
Table 1 Effects of different treatments on shoot heights, stem diameters and SPAD values of cotton
(cm) (mm) SPAD
25d 35d 45d 25d 35d 45d 25d 35d 45d
CK 20.00 b 21.80 ¢ 23.83 ¢ 2.01b 236D 296 ¢ 37.61c 36.67b 4341b
T1 20.01b 23.67 ¢ 25.80b 2.04b 252D 331D 39.87b 40.71 a 47.53 a
T2 20.33b 24.44 a 26.27 ab 2.05b 2.89a 3.35b 41.94 a 4273 a 48.50 a
T3 21.83 a 23.03b 27.57 a 2.10a 279 a 3410 39.51 be 4247 a 4843 a
T4 2233 a 23.97 ab 26.97 ab 2.14a 290 a 3.88a 4257 a 41.50a 49.57 a
P<0.05
2.2 21.60% 19.20% 25.60% 36.00%
b 18.60% 16.28% 13.95%  25.58%
35d 4 a/b 25.98% 20.08% 23.62%
2 CK 31.50%
a
b a/b
TI T2 T3 T4 a
R2 FRELEMBEMAFALSERIENTN
Table 2  Effects of different treatments on photosynthetic pigment contents in cotton leaves
a (mg/g) b (mg/g) (mg/g) a/b
CK 1.25+£0.06 ¢ 0.43+£0.02¢ 0.32+£0.04 a 2.54+022¢
T1 1.52+0.13 b 0.51+0.04 ab 0.30+0.01 a 3.20+0.20 ab
T2 1.49+0.06 b 0.50 +0.03 ab 033+0.02a 3.05+£0.15b
T3 1.57 £ 0.05 ab 0.49+0.02 b 0.32+0.01 a 3.14 £ 0.06 ab
T4 1.70£0.01 a 0.54+£0.01a 0.33+£0.01 a 334+0.07a
2.3
45 d T3 TI1
3
50.50% 63.20% 5.10% 12.09% T4 T2
17.76% 18.26% 7.28%
11.96%
x3 FRLEMBEGEED SR
Table 3  Effects of different treatments on seedling biomass of cotton
(g/pot) (g/pot) (g/pot) (g/pot)
CK 26.94+0.19¢ 3.13+£0.11¢ 790+£0.15¢ 0.70£0.04 ¢
T1 38.75+0.74 d 4.12+0.10b 9.24+0.14d 091+£0.01b
T2 56.07+1.35¢ 4.12+0.09b 13.25+£0.27 ¢ 0.92+0.02b
T3 58.32+0.77b 433+0.03a 15.08 £0.45b 1.02+£0.02a
T4 66.03+1.61a 442+0.10a 15.67+0.23 a 1.03+£0.01 a
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Fig. 1 Effects of different treatments on activities of superoxide dismutase (SOD), peroxidase (POD) and catalase
(CAT) in cotton leaves and roots
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T1 T2 T3 T4 T3 T1 14.16% 22.34%
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Fig. 2 Effects of different treatments on MDA (MDA) contents and O," (O," ) generation rates in cotton leaves and roots
2.6 pH 2.7
3
pH CK T1 T2 T3 T4
427% 12.07% 5.00% 13.98% 4A 30 d CK
T1 T2 T3 T4
pH 19.05% 30.95% 103.10% 45d
10 L/667m* 7.0~72 CK 22.42%
19.89% 48.28% 58.59% 30d
8.4
82 = 4B
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Fig. 3 Effects of different treatments on soil pH in cotton
rhizosphere 45 d T4 CK
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Fig. 4 Effects of different treatments on soil bacteria(A), fungi(B) and actinomycetes(C) in cotton rhizosphere
15.42% 20.56% 21.34%
2.8 36.69% 40.77% 42.47%  67.61%
4 24.64% 67.91% 37.31%
82.09% 3.22%
CK T2 6.44% 451% 6.77%
T1 T3 T4 CK
7.55% 11.32% 5.67%
CK T1
T T3 T4 7.91%
F 4 ARACEX LR T IEEETFR RN
Table 4 Effects of different treatments on activities of soil enzymes in cotton rhizosphere
(NH:-N, mg/(g-d)) (0.1 mol/L KMnO,, ml/(g-d)) (TPF, ng/(g-d)) (P, mg/(g-d)) (glucose, mg/(g-d))
CK 0.53 +£0.006 ¢ 931+022a 2.53+0.13 ¢ 8.83+0.37¢ 2.68+0.08d
T1 0.57 £0.012 ab 9.01 £0.04b 2.73+£0.04b 12.07+0.82b 326+0.09c
T2 0.54+£0.012 ¢ 8.68+0.10 ¢ 292+0.12a 12.43+£0.13b 450+043a
T3 0.59 +£0.007 a 8.89 + 0.09 be 3.05+0.08a 12.58 £ 0.24 b 3.68+0.20b
T4 0.56£0.021 b 8.71+0.24 ¢ 3.07+£0.06a 14.80+0.43 a 4.88+£0.06 a
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2.9 12.42% 5.52% 15.13% 10.94%
9.41% Tl
5 33.28% 8.15% 18.57%
CK
TL T2 T3 T4
32.84% 76.12% 55.22% 67.16% 10 L/667m’
8.99% 50.16% 5.07%
41.33% 15.30% 13.07% 7.32%
x5 TRLEMBERFLERSSENFN
Table 5 Effects of different treatments on soil nutrient contents in cotton rhizosphere
(mg/kg) (g/kg) (mg/kg) (mg/kg) (g/ke)
CK 60.73 £0.31d 0.67+0.01 ¢ 92.69+0.88 ¢ 33.73+0.68 ¢ 9.78 £0.06 d
Tl 61.90+042d 0.89+£0.02d 101.02+2.73 ¢ 38.89+£0.31a 10.32+£0.22 ¢
T2 80.94+0.72 a 1.18£0.01 a 140.18 £ 1.60 a 38.14+1.88a 11.26 £0.07 a
T3 65.68=1.41¢ 1.04 £0.001 ¢ 97.39+1.95d 36.20+0.58 b 10.85+0.13 ab
T4 72.01+0.30b 1.12+£0.001 b 131.00+ 146 b 37.92+0.39 ab 10.70 + 0.55 be
3
80% 23]
[20]
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Effects of Complex Microbial Agent on Cotton Physiological
Characteristics, Microorganism and Physicochemical Properties in
Rhizosphere Soil

SONG Yiling'?, YU Jian'*, CHEN Shigeng" 2, XIAO Chengze'?, LI Yuhuan®,
SU Xiurong®, DING Fangjun'**"

(1 Fertilizer Science & Technology Co. Ltd., Shandong Agricultural University, Taian, Shandong 271000, China; 2 Engineering
& Technology Research Center of High Efficient Utilization of Humic Acid of Shandong Province, Taian, Shandong 271000,
China; 3 College of Resources and Environment, Shandong Agricultural University, Taian, Shandong 271018, China; 4 College
of Chemistry, Shandong Agricultural University, Taian, Shandong 271018, China)

Abstract: To elucidate the effects and mechanism of complex microbial agent on the improvement of soil chemical and
biological properties and the promotion of plant growth, the effects of different dosages of convention and sterilization complex
microbial agents on growth, physiological metabolism of cotton and biological characteristics and nutrient contents in rhizosphere
soil were investigated. Results showed that adding complex microbial agent increased chlorophyll content in cotton leaves,
enhanced the activities of antioxidant enzymes (SOD, POD, CAT), reduced the contents of reactive oxygen species (MDA, O," ")
in both leaves and roots, then increased photosynthetic performance and the ability to resist oxidative stress. Besides, it reduced
soil pH, increased the amounts of soil bacteria and actinomycetes, decreased the number of soil fungi, increased the activities of
soil urease, phosphatase, invertase and dehydrogenase, increased the contents of available nutrients and organic matter in soil,
thus, improved the rhizosphere environment, and promoted cotton biomass accumulation and disease resistance. The above
indexes except soil nutrient contents influenced by convention complex microbial agent were better than sterilization complex
microbial agent, and the dosage of 10 L/667m* got the more obvious effect. In summary, the application of complex microbial
agent could change soil enzyme activities and available nutrients by improving the number and structure of soil microbial
community and soil pH, thus optimize the rhizosphere environment and increasing plant stress-resistance and photosynthetic
ability, and consequently enrich soil and increase crop production. What’s more, the beneficial live bacteria in complex microbial
agent had a particularly important positive effect on plant growth and soil improvement.

Key words: Complex microbial agent; Cotton; Antioxidant system; Soil microorganism; Soil enzyme
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