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Abstract: In order to explore the effects of planting salt-tolerant plants on rhizosphere soil physicochemical
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properties and microbial functional diversity in Ningxia saline-alkali areas,four halophyte plants, such as
Lycium ruthenicum , Hip pophae rhamnoides , Shepherdia argentea and Tamarix chinensis were selected
as the research materials. Five different saline-alkaline stresses were simulated by adding different concen-
trations of NaCl and NaHCO, solutions,i. e. s T1 (medium salt stress,500 mmol » L™' NaCD), T2 (severe
salt stress,750 mmol «+ L' NaCl), T3 (medium alkaline stress,500 mmol « L' NaHCO,), T4 (severe al-
kaline stress,750 mmol * L' NaHCO,) and control (tap water,0 mmol « L' NaCl or NaHCO,) , physico-
chemical properties of their rhizosphere soil were determined in October 2015 and October 2016, and rhizo-
sphere microorganism functional diversity was determined using the Biolog-ECO microplate technology in
October 2016. The results were as follows. Soil organic matter content of four salt-tolerant plants decreased
with the increase of stress intensity,and it also decreased after planted for one year. Soil total N,total P and
total K contents also decreased indistinctly under different saline-alkaline stresses. Soil total N, total P and
total K contents increased after planted for one year. The average well color development (AWCD) values
of rhizosphere soil in T. chinensis and L. ruthenicum were higher than H. rhamnoides and S. argentea ,but
the richness,Shannon evenness and Simpson index in different saline-alkali treatments were non-significant
differences among them. Correlation analysis showed the soil total N and organic matter were extremely
significantly and positively correlated with AWCD (P <C0. 01), and significantly and positively correlated
with microbial Shannon index (P<C0. 05). Soil total P was significantly and positively correlated with rich-
ness index (P <C0. 05). Principal component analysis showed that the carbon source utilization ability of
rhizosphere soil microbial communities was:amines,polymers,sugars,and followed by amino acids and car-
boxylic acids. Therefore, salt-tolerant plants are conducive to enhance rhizosphere soil nutrients, improve
microbial metabolic activity and soil microbial community functional diversity in rhizosphere soil. It is an
effective measure for ecological restoration in saline-alkali areas.

Key words: salt-tolerant plant; saline-alkaline stress; microbial community functional diversity; principal
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Table 1  The physical and chemical properties of experimental soil
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Fig.1 Variation characteristics of rhizosphere soil organic matter content of four plant species under different salt stress conditions
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Fig. 2 Variation characteristics of rhizosphere soil organic matter content of four plant species under different alkali stress conditions

2015

121 A a
700 1.0 p
]
0 0.8 F
B A A
I o6 b
41
Foat ¢
®
Zoz2t
0.0
T1 T2
VOB
12 C
7—20140 r
P A A
H08F 4 . mi a A
I 6
4o
Foat
=
=02r
0.0
T1 T2
Ak 3

12016
A
a A
b
Tl T2
VOsE
a
a
AB
ﬁ
CK T1 T2
Kb 3

B3 FEHBMESFHET 4 FHEMRELESE N EETURHE

Fig. 3 Variation characteristics of rhizosphere soil total N content of four plant species under different salt stress conditions
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Fig.5 Variation characteristics of rhizosphere soil total P content of four plant species under different salt stress conditions
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Fig. 7 Variation characteristics of rhizosphere soil total K content of four plant species under different salt stress conditions
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Fig. 9 Fraction of utilization for different type of carbon sources by microbes under different treatments
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Table 2 AWCD value and diversity index of saline—alkali soil under different treatments
Ak 38 7 =X L7 T AR AL R Fw B ZFEPETR B %) BEAR AL Simpson 5%
CK SRR AT 0.4140.05a 31. 00240, 00a 3.1740. 04a 0.9440.01a 0.95+0. 00a
Vbl 0.30740.07a 31.0040. 00a 3.36740. 04a 0.9840.01a 0.9640. 00a
HRAK A 2R 0.3940.08a 31.00=£0. 00a 3.287+0. 06a 0.9640.02a 0.96=40. 00a
EM 0.2340.02a 30.3340. 02a 3.3340. 10a 0.9740.02a 0.96+0.01a
PR T RUERY P 0. 600, 02a 31.0040. 00a 3.2140.10a 0.89+0.02a 0.96+0. 04a
b 0.36+0.08b 23.3341.76b 2.49+0.59b 0.94+0.03a 0.94%+0.01a
UK AR 0.4340.02a 31.00=£0. 00a 3.307+0.07a 0.96+0.02a 0.9640.01a
B 0.79+0. 06a 31.0040. 02a 3.414+0.0la 0.994+0. 00a 0.9740.00a
EEEE A T2 R MR 0.5540.03a 31.007+0. 07a 3.2340. 20a 0.85+0.11a 0.89+0.02a
Wk 0.2440.02b 25.67=+4.18b 1.50+0. 22b 0.9240.06a 0.9540.02a
HR KA 2R 0.3740.09b 31.00=0. 00a 3.307+0.07a 0.96+0.02a 0.96+0.01a
AEAG 0.73+0.01a 31.00+0.01a 3.23+0. 24a 0.93+0.01a 0.93+0.02a
op R B T3 SR AL 0.53+0. 04a 31.0040. 00a 3.26+0.01a 0.95+0.00a 0.9540. 00a
b 0.160.01b 23.0040. 00b 3.38240.01a 0.95+0. 00a 0.96+0.00a
UK AR 0.16+0.03b 26.67+4.33b 3.01+0. 31a 0.92+0.07a 0.95+0. 06a
A 0. 4520, 03a 31.0040. 12a 3.3320.02a 0.97240.01a 0.96=0. 00a
A T4 e Y 0.5740.06a 31.00=0. 00a 3.28+0.02a 0.9640.01a 0.96+0.00a
g 0.05+0.01b 23.3347.67b 2. 8440, 48a 0.95+0.02a 0.9140. 00a
UK AR 0.0440.01b 22.17+9.17¢ 1.80+0.67b 0.9240. 04a 0.9040. 09a
31| 0.56=40.02a 31.0040. 02a 3.4040.03a 0.99+0.01a 0.97+0.00a

T R BAS 7] /N5 505 35 b 3] 25 5 &8 (P <<0. 05) .
3 ZHBEAWCDHMSHENFTESW

Table 3 ANOVA results of AWCD and diversity indexes
for different treatments
" " -
A5k re ﬁfg W% F
AWCD 2 [7] 2.603 19 0.137  22.738" "
il 0.241 40 0. 006
B9 ZHiE 1399.6 19 73.66  2.342°
HAN 1258 40 31.45
Shannon 3§ % 2H [i] 15. 96 19 0. 84 4.287""
41 7.83 40 0.196
Shannon ¥4 B 4] 0. 504 19 0.027  1.914
HIN 0.153 40 0.007
Simpson 1§ %1 H i 0.141 19 0.007  1.863
HAN 0.103 40 0. 003

. x RoRAE P<C0. 05 KR FAG; * x FIRLE P<<0.01 K
T R E AR T,
4 TEREYSHEEBRSIELEERN
HEMED
Table 4 Correlation analysis of soil microbial diversity index

and soil chemical properties

WiH W EE Shannon $8E FEEIRR
&N 0.981"" 0.702" 0.283
&P —0.192 0.005 0.702"
4 K 0. 549 0. 368 0. 659
AL 0.874"" 0.637 0.545

TS N SRy EE RN EE EMHL, 5
H: ) Shannon F8 50 W EF IEAHG, 84 P 564

Yy R R B IR O, A LR S A
PR R IR A OGN G, AR T T 45 2R O el
A B S B R IR o MU W 2 R 7 A 4R
R U308 5 Sy 2 B M T A2 R P 2 Bt BER SHEE

x5 EROMEEHRSRITEHE

Table 5 Proportion and cumulative of principles
F W PC1 PC2 PC3 PC4
TR (%) 66.517 7.150 4,040 3.430
FITTER R (%) 66.517 73.667  77.707 81.138
BREMAEETEBMBEZENL T EYZ—.
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Table 6 Carbon substrate loaded on the first and second

principal components in analysis of ECO data

e i s SN
E2B 9178 LK R C,H,,N,0, 0.891 0.117
LK & ik e C,HgN,O;  0.909 —0.187
L-2R FE N = R CoH; NO,  0.773 —0.294
L-22 %% C,H,NO;  0.877  0.132
L3 C,H,NO,  0.732 —o0.424
HaEm- a5k CHLN,0,  0.926 0.183
ek F Y CyH, N 0.927  0.163
i iz C,H,,N, 0.847  0.289
EZ L/ES i 40 — 0.833 —0.337
i 80 — 0.865 —0.19
a- R K CyHgOy  0.872 —0.153
g3 (C4H,,O)n 0.859  0.191
SGEL Ay TR S C,H,O, —0.267  0.436
AR CH,L,O,P  0.855 —0.062
D, L-a-H il C,;H,O4P  0.882 —0.162
PATES 2-FAHEE R C,H,0, 0.708 —0.335
AR R C,H,0, 0.777 —0.121
D7 % Wl 2 R CsHi;NOg;  0.862 —0.082
D-2 7L W i R C,H,,0, 0.613 —0.09
BRI T C,H,0, 0.721 0.638
KR C,H,0, 0.706 —0.1
a TR C,H,0, 0.797 —0.07
D3 R C,H,0; 0.772  0.493
g;é?%@ THCHLO0,  0.872 0099
bi e D-£F 4 — ¥k C,H,,0  0.873 0.019
a-D-ZL B C,H;,0,,  0.851 —0.033
Bﬁ;mﬁ DWHES g0, o884 —o0.004
D-A B C,H,,0; 0.792  0.012
| C,H,,0, 0.729  0.598
D-H 82 CoH,, 04 0.889  0.167
%ég DA CgoNO, 0,832 —0.331
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