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Effects of Helianthus annuus varieties on rhizosphere soil enzyme activities and

microbial community functional diversity of saline-alkali land in Xinjiang

ZHANG Xulong, MA Miao” , WU Zhenzhen, ZHANG Zhizhen, GAO Rui, SHI Lingyu
College of Life Science, Shihezi University, Xinjiang 832003, China

Abstract; To select the most suitable Helianthus annuus variety for improving the soil quality of saline-alkali in Xinjiang, a
pot experiment was carried out to study the effects of four H. annuus varieties ( Xinkui 4, Xinkui 6, Xinkui 10, and
Aidatou) on the physical and chemical property, enzyme activity, and functional diversity of microbial community in
rthizosphere saline-alkali soil. The research draws the following conclutions : Xinkui 6 can significantly ( P<0.05) reduce the
pH of rhizosphere soil and increase its total nitrogen content as well as the activity of invertase. Xinkui 4 can significantly
increase the available nitrogen content of rhizosphere soil, the content of rapid available phosphorus and potassium and the
activity of urease and phosphatase. The four varieties of H. annuus can significantly increase the average well color
development (AWCD) (72 h, P < 0.05) of 31carbon sources for rhizosphere soil microbes in saline-alkali land, and
presenting the following order: Xinkui 4 > Xinkui 6 > Xinkui 10 > Aidatou > control ( CK). The four varieties of H. annuus

planted in saline-alkali soil improve the Shannon diversity index (H), simpson’s dominance (D) and substrate richness
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(S) of soil microbial community, respectively, and presenting the similar rule; the diversity indices of rhizosphere soil
microbial for Xinkui 4 are the highest, which are significantly higher than the lowest CK. A principal component analysis
shows that the community composition of soil microbes can be improved by planting H. annuus. The major carbon sources
utilized by saline-alkali soil microbes are carbohydrates, amino acids, carboxylic acids and polymers. Therefore, planting
H. annuus, especially the variety of Xinkui 4, can significantly increase physical and chemical property of soil, enzyme
activity and improve the functional diversity of rhizosphere soil microbes in saline-alkali land, coupled with the optimization

of community structure in saline-alkali soil microbes.

Key Words: Helianthus annuus; soil enzyme activity; biolog; saline-alkali; shannon diversity index
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Table 1 Effects of different varieties Helianthus annuus on soil chemical and physical properties

S pH fi - Ll HU A
Variotios oH Valve Total N/ Alkaline N/ Available P/ Available K/
(g/'kg) (mg/kg) (mg/kg) (mg/kg)
CK 7.88+0.11 a 0.73+0.02 ¢ 51.45£1.39 ¢ 23.58+0.92 ¢ 213.26+7.63 d
B %E 4Xinkui 4 7.66+0.09 ¢ 0.99+0.06 a 56.24+0.97 a 25.39+1.25 a 228.25+8.21 a
Hi%E 6 %5 Xinkui 6 7.64+0.12 ¢ 1.02+0.08 a 52.36£0.91 ¢ 21.33£1.04 d 196.57+7.12 e
#%E 10 % Xinkui 10 7.78+0.14 b 0.72+£0.03 ¢ 50.02x1.02 d 24.73£1.01 b 219.77+9.03 ¢
FEERL Aidatou 7.85+0.08 a 0.79+0.03 b 53.77£0.98 b 23.89+1.32 ¢ 224.97+8.87 b

[RIB A [R) - 38 R AR IR b B ) 22 572 8 3% ( P<0.05)
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HEHTZE 4 SRR MR BS ER i , S CK A BB MR, 328 4 5 S EE AL AR PR 1 9w iR
FtEI = 1 CK, EUBESE 4 5 0UARPE s e ie M fc i, 0 5 CK A g2 5 M 28 4 SRR &
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2.3 ARIHZE AR AWCD A5

AWCD S FAF e AR 5t AR U8 A4 ) 6 0, S i EL A 0 P A — AN TR AR 31 R IR Y
AWCD 2R A& 1 frs , 5 1R B IHE] A ZE 4, AWCD B #7178 0—12 h i AR [E gbF 8] i) AWCD {E 34
FE 12 h ZJ5 PR 4 A5 i AN AR BRI P38 HE 3R ) F B0 — R U E AT, 7 24 h 25 CK A fE

http ; //www.ecologica.cn



A

PN
PN

L,
&

2

37 &

YT HE A TACHE, FIRDET 2% 4 S5 AOARPRIMCEYITE 24 h Z 5 BEARPE AT B K, B 6 5 Bk 10 5,
K EBARL A CK BIAYITE 36 h Z 5 3EARTE AT HOU K, I-7F 144 h BPEREa TR . JFH CK 19 AWCD
FEREAN TR T B I PR A eIy PR AS TR 2% S RIS 2 2 8 R T A 72 h AR PR AR S % (P<0.05) , HL
DIFPRLHT 2% 4 S, 2 CK 3N T 113.83% .,

®2 TRBERME LREEEE

Table 2 Soil enzyme activities of different varieties Helianthus annuus

I S TEMERE Invertase/ WRW Urease/ WElR i Peroxidase/
Varieties (mg g™ d™") (mgg'd™) (mgg™'d)
CK 9.43£0.24 b 1.570.03 b 10.42:0.44c
Hi%E 4 %5 Xinkui 4 9.03+0.07 ¢ 1.63£0.02 a 10.62+0.31 b
B 6 5 Xinkui 6 11.61£0.48 a 1.56+0.04 b 8.31+1.22 a
F% 10 5 Xinkui 10 8.87+0.28 ¢ 1.580.03 ab 10.01x0.31 d
LEERL Aidatou 9.21+0.31 be 1.60+0.03 ab 10.45+0.36 be
2.4 AS[RIVHZE S RO U ) 2R R B0 5 I R
Shannon 2 FEHESE BCTT LM R IR DTS2 e 3B 8 12 [ —a—iiskoss P
. . . . . . B 10 | —#il08 — SN
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SR S CERLPTIUES T RN
APIRHRFIAT N H D S I FRIU KA 02 T z{ L
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7 R ]
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(EY L CK e 72 4 St/ E1 RERWEY AWCD BEiRE g4k

Fig.1 AWCD changes with incubation time of different treatments
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2.5 SZEWARIH 31 FERIEACIE Y 32800 o BT R 240

XPRESR 72 h (9 31 FpiE ARG SO AT R0 AT, FEHR I 3 AN sy, 55 — A (PCL) VB Ao
(PC2) IS = F s (PC3) 20 5 nl LU R IT A A8 B 1 52.8% .24.2% F1 13.9% ,3 > F 4> B R 22 5wk Kk
# 90.9% , T LA A T FOMESE 31 DS BAGERIE . 3% 4 S7E PC1 30, B 2% 6 57 PC2 A3/t i, B
%% 10 57 PC3 0 &,

PR 28 i B R T 32 B A0 5 B VR AR FH B AR DGR DR 28 o 240 X (LR 230 1, i i IR % 32 o0 1 5
MR, 36 3 R, 55— MR S RRIEA 17 4, FEAIEMEBRIEEY (1) REW 3 14) .
BRIRIAAY (4 1) BRAKIEDI(9A) s 55 Z F Mo AH R m B aIEA 10 4, BEAIEm R EY
(2) WEEME (1A EHERR (5 A) RIREMED (1) BRAKE (1) 5 55 = F MO TER
FIERIEA 5 A4, FEASEREAEY (1 4) EER (1) BRREAEW (2 4D) mmoKeEw (1), K
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Table 3 Factor loading of 31 carbon sources

el Jis?} FH 1 Figr 2 Fsr 3
Carbon source guild Substrates PC1 PC2 PC3
R Z5 k&) Phenolic acids - R -0.852 -0.509 -0.080
4-FRHORH R -0.433 0.874 0.113
25k A %) Amines/amids AR HE -0.151 0.840 0.490
i 1 0.475 0.308 0.683
RAE Y Polymers it 40 -0.948 0.303 -0.001
i3k 80 0.376 0.490 -0.757
a—- AN 0.975 -0.031 0.168
iizi 0.998 -0.029 0.030
ZHEFR Amino acids LAE R -0.258 -0.696 0.211
L-R ATk IR 0.444 0.729 0.266
L-RFE TN R 0.450 -0.853 -0.256
L-#25 R 0.123 0.789 0.058
L-73 3R 0.260 0.831 -0.400
H&EE-L- AR 0.252 -0.293 0.823
AL A Carboxylic acids PRI 0.668 -0.207 0.458
D2 ZLIHEE R -0.965 -0.104 0.233
R TR 0.834 0.075 -0.456
D7 % fE R -0.419 0.496 0.739
KR 0.200 0.460 -0.611
a- T TR -0.927 0.184 0.241
D-3 R 0.469 0.802 -0.282
KA &H) Carbohydrates B-F i DA 0.991 -0.046 -0.129
D-2f-ZLbE DI R -0.808 0.259 -0.519
D-A Wk 0.988 -0.027 0.114
L% S 0.905 -0.072 0.104
D-H #& 0.078 0.938 0.290
N- Pk -D - % e 0.976 -0.138 0.143
D-£F 4 — bk 0.951 0.119 0.097
AP 1-BE R E: 0.993 -0.116 0.018
a-D-FLHH 0.988 0.049 0.100
D, L-a- il 0.999 -0.025 -0.022

XFEEFE 72 h 19 31 FBUR ARG LA T RIS, 60l 2 2. 8K 6 5 HiE 10 5 EERASL I CK
BN—2 g 4 SHMRE(E 3),
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