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2h 25°C
2 8 cm 2 cm 12h  Biolog Emax™
10 cm 590 nm 144 h 31
15 cm 28 cm 15 cm (AWCD)
( 4 ) 8 cm 2 cm Shannon (H)
3 3 6 (S) [20-22]
25°C 450 pmol/(m™s) AWCD =Y (C;—R)) /n (1)
12 h/d (GXZ-430D) Ci R;
1 3 n=31 ECO
80 H=-3P;(InP)) (2)
Pi=(Ci—R)/ X(Ci— Ry)
1 mm 4°C §= 3)
1.5
SPSS 16.0
1.3
[19] 2
3,5- 24h 1 2.1
g (mg) 1 10
- 24 h lg 10
NH;-N (mg)
24h  1g 10
(mg)
24h  1g (mg) 10
1.4
Biolog (Biolog-Eco 10
Plate™) 10 g 10
100 ml 0.05 mol/L
(PBS) 60 min 10
PBS 1 000 30 min 10
(Eco-plate) 150 Wl
F1 FREMERNX T LIREES
Table 1 Soil enzyme activities of different planting pattern
(mg/(g-24h)) (mg/(g-24h)) (mg/(g-24h)) (mg/(g-24h))
7.74+0.13 ¢ 1.58 £0.06 b 10.01 £0.15b 1.05+0.02 ¢
8.76 £ 0.09 a 1.65+0.07 ab 1194 +0.12 a 1.43+£0.11b
8.27+0.12b 1.72+£0.02 a 10.16 £ 0.09 b 1.89£0.04 a
7.56+0.14 ¢ 1.40£0.05¢ 9.62+0.14 ¢ 0.86 £0.04 d
P<0.05
2.2 (AWCD) > 10 > >
31 AWCD 1 0~12h 10 72 h
AWCD 12 h (P<0.05)
2.3
AWCD AWCD Shannon



48

1116
1.6 [25] 2
L4 r —a— [l H T
| e feire 10 5 A
1'0 —a— [T 24 10
OF _a dadgrse
8 44 sl 0 H 8.77%
= 08t
% ol H 9.66%
04l 2.4
02+ 72 h 31
00l peet?”” . . . . . . . 2 (PC1)
12 24 36 48 60 72 84 96 108 120 132 144
KEgerti] (h) (PC2) 47.81%
1 RBREY AWCD bR B BT 8 89 25 1 32.64% 80.45%
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Fig. 2 Diversity indices of microbial carbon source utilization
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[26]
2.5
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[33]
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F2 31 MERAE TR 10
Table 2 Factor loading of 31 carbon sources
PCl1 PC2
0.946 0.116
—0.429 —0.853
2- 0.677 0.569 AWCD
4- 0.442 0.435 AWCD
40 0.823 0.155 Bl 0~24h
80 ~0.079 0.995 31
a- 0.936 -0.110 24 h
0.921 —-0.034 132 h
L- 0.825 -0.121 (37] AWCD
L- 0.384 0.874 10 > 10
L- 0.552 0.380 N 72 h
L- —-0.819 0.089
L- 0.001 ~0.989 AWCD (P<0.05)
[38]
-L- 0.942 -0.332
0.151 0.584
D- 0.561 -0.827
y- 0.766 0.345
D- 0.638 0.407
0.894 0.174 10
a- —-0.084 -0.710 10
D- -0.332 0.680
B- D- 0.434 0.847 10
D- 0.892 -0.416
D- —-0.792 0.322
I- —-0.255 —0.963
D- 0.960 -0.276
N- -D- 0.560 -0.823 ) AWCD H S
D- 0.830 -0.006 H
-1- 0.101 0.329
a-D- 0.961 —0.148 10
D,L-a- 0.797 —0.466
%3 TIEMEYFEFSRIFEEERBXMESHT (Pearson HHXFRED
Table 3  Correlationship between soil microbial indices and soil enzyme activities in rhizosphere soil
N H AWCD PC1 PC2
N 1 —0.154 0.601% —0.311 0.051 —0.607* 0.281 0.451 -0.113
H 1 0.094 0.767%* 0.771%* 0.646* 0.697* 0.614* ~0.045
AWCD 1 0.154 0.226 -0.181 0.605* 0.678* 0.522
1 0.749** 0.910%* 0.679* 0.549 0.309
1 0.501 0.888%* 0.825%* -0.231
1 0.342 0.185 0.318
1 0.977** 0.036
PCI1 1 -0.003
PC2 1

* P<0.05 *x P<0.01
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Effects of Helianthus annuus and Glycyrrhiza glabra Intercropping
on Rhizosphere Soil Enzyme Activities and Soil Microbes
Functional Diversity

ZHANG Xulong, MA Miao’, WU Zhenzhen, ZHANG Zhizheng, LIN Hui
(College of Life Science, Shihezi University, Shihezi, Xinjiang 832003, China)

Abstract: In order to provide a scientific basis for amelioration of saline-alkali soils, the pot experiment was conducted to
study the effects of intercropping of Helianthus annuus (Xinkui 10) and Glycyrrhiza glabra on enzyme activities and microbial
diversity of saline-alkali rhizosphere soil. The results showed that, compared with the monoculture, intercropping of Xinkui 10
with Glycyrrhiza glabra significantly increased the activities of rhizosphere soil invertase, urease, phosphatase and protease. In
144 h incubation period, the AWCD of the intercropping treatment was higher than that of monoculture. The intercropping also
significantly improved the utilization of AWCD (72h, P<0.05). Compared with monoculture, the intercropping significantly
increased the microbial diversity indexes (S, H). Principal component analysis showed that the intercropping of Xinkui 10 with
Glycyrrhiza glabra could optimize the microbial community composition of saline-alkali soils. The carbon sources mostly used
by saline-alkali soil microbes were carboxylic acids, polymers, amino acids and carbohydrates. Therefore, the intercropping of
XinkuilO with Glycyrrhiza glabra has a positive effect on soil saline-alkali quality, because it significantly enhanced the related
enzyme activities and soil microbial utilization degrees of carbon source, and changed the microbial diversities.

Key words: Glycyrrhiza glabra; Cropping pattern; Saline-alkali soil; Soil enzyme activity; Soil microbial diversity



