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Effects of three different soil amendments on the number and
metabolic function diversity of rhizospheric microorganisms
of cucumber

SHEN Jiali, AN Mingyuan, WEI Yanfeng, ZHANG Wenwen, YOU Hongjian, YANG Haibo,
MA Lan, CAO Yun’e’

School of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China

Abstract: [Background] Soil microbes play an important role in regulating plant growth, improving
soil nutrient utilization rate and maintaining ecosystem stability. [Objective] To explore the structure
diversity of the microbial community in cucumber rhizospheric soil under the in situ treatment of waste
by earthworms and the treatment with desulfurization gypsum for soil improvement, and reveal the
relationship between the number of soil microorganisms and microbial diversity indexes. [Methods] We
determined the number of cultivable fungi, bacteria, and actinomycetes in the cucumber rhizospheric
soils treated with three different amendments (T1-T3), and employed Biolog-ECO microplate method to
study the metabolic functions of microbial communities. We then compared the number and metabolic
function diversity between the in-situ treatment of waste by earthworms (T1), the treatment with
desulfurization gypsum (T2), and the combination of the above two treatments (T3). [Results] The
number of cultivable actinomycetes of T1 and T3 treatments was significantly higher than that of CK
and T2, and that of bacterial and fungal colonies had no significant difference among treatments. The
AWCD values of different treatments presented an upward trend, rising rapidly within 0-96 h and then
slowly to the maximum. The AWCD values of T1 and T3 were higher than those of CK and T2. The
AWCD, Shannon index, Simpson index, Pielou index, and Mclntosh index all showed significant
differences among treatments. Compared with CK, T1 and T2 had efficient carbon source utilization.
The number of bacteria and actinomycetes had positive correlations with 4 WCD value, Shannon index,
Simpson index, Mclntosh index, and Pielou index (P<0.05 or P<0.01), while that of cultivable fungi was
negatively correlated with AWCD value, Shannon index, Simpson index, McIntosh index, and Pielou
index (P<0.05 or P<0.01). [Conclusion] Upon the in situ treatment of waste by earthworms, the soil can
harbor more microbial communities with higher diversity and higher efficiency of carbon source
utilization, which reveals the good performance of earthworms in the treatment of waste and the
corresponding changes of ecological functions under the new cultivation mode. The findings of this

study are expected to provide a theoretical basis for new cultivation modes.

Keywords: cucumber; desulfurization gypsum; earthworm in situ treatment; Biolog-ECO microplate
method
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Table 1 Experimental design

b o)
Treatments No.
%I ## Control CK
i | A $HLIE S ) e A7 A e 5 2 A T1
Earthworm treatment waste in situ to generate earthworm dung replacement soil

J %43 8 (3 t/hm?) Desulfurized gypsum (3 t/hm?) T2
I ) A 3 7 AL A PG 51 2 1 4B 4175 (3 /hm) T3

Earthworm treatment waste in situ to generate earthworm dung replacement soil +desulfurized gypsum (3 t/hm?)
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Table 2 Number of soil microbes
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Treatment Bacteria (x10° CFU/g)  Fungi (x10° CFU/g)  Actinomycetes (x10° CFU/g)  Total number of microbes (x10° CFU/g)
CK 2.17+0.12a 1.23+£0.51a 7.53+0.57b 4.15+0.61b
T1 2.60+0.09a 1.06+0.16a 9.77+0.40a 4.64+0.26a
T2 2.30+0.18a 1.25+0.09a 4.50+0.61c 3.99+0.25¢
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Note: Different lowercase letters in the same column indicate that different treatment in cucumber are significantly different at 0.05 level.
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Figure 2 The cucumber rhizosphere microbial diversity index changes under different treatments after
96 hours. A: AWCD value; B: Shannon index; C: Simpson index; D: Pielou index; E: McIntosh index; F:
Richness index. Different lowercase letters in the same column indicate that different treatments are

significantly different at 0.05 level.
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Figure 3 Different carbon sources utilization heatmap of cucumber rhizosphere microorganisms among
different treatments. Warm color block indicates the carbon source with a higher AWCD value in the
corresponding sample, and cool color blocks indicate the carbon source with a lower AWCD value, respectively.

The horizontal indicates the sample information, and the vertical on the right indicates the different carbon
sources. The legend is the AWCD value of the carbon source.

&35S 144 h BURFRE YRS 31 #iiRFH AWCD EHITER S 7
Table 3 The 31 carbon sources of cucumber rhizosphere microbial community were analyzed for PCA using
AWCD values

il

TR MSRAEMER AR SR 52 il
Principal ~ Eigenvalues of correlation matrix Extract factor load square sum
component FFAE{H ML RPUSE FRIE(E  STECR VAT
Eigenvalue Variance (%) Cumulative variance (%) Eigenvalue Contribution (%) Cumulative contribution (%)
PCl1 19.78 63.82 63.82 19.78 63.82 63.82
PC2 5.63 18.17 81.97 5.63 18.17 81.97
PC3 5.58 18.01 81.99 5.58 18.01 100.00
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Figure 4 PCA of the utilization level of each carbon
source after 144 h incubation. 1: Pyruvic acid methyl

ester; 2: Tween-40; 3: Tween-80; 4: a-cyclodextrin; 5:

Glycogen; 6: D-cellobiose; 7: D-lactose; 8:
B-methyl-D-glucoside; 9: D-xylose; 10: I-erythritol;
11: D-mannitol; 12: N-acetyl-D-glucosamine; 13:
D-glucosamine; 14: a-D-glucose-1-phosphate; 15: D,
L-a-glycerol phosphate; 16: D-galactonic acid
lactone; 17: D-galacturonic acid; 18: 2-hydroxy
benzoic acid; 19: 4-hydroxy benzoic acid; 20:
y-hydroxybutyric acid; 21: Itaconic acid; 22:
a-ketobutyric acid; 23: D-malic acid; 24: L-arginine;
25: L-asparagine; 26: L-phenylalanine; 27: L-serine;
28: L-threonine; 29: Glycyl-L-glutamic acid; 30:
Phenylethy lamine; 31: Putrescine.

AR . (29) HEM-L-BS& M. (30) K.
(31) JEMEX 18 Fhclit, Hirh 2 3FBES
3FhEEEIRIS . 4 PPERAS . 1 AR 2 PR
S FERIS, X 18 Rl 2 [a] HLA 5 i AH O
XK F; PC2 HnkiE-80, D-FLBF, L- K& &
g, X 3 Fhii HA & A DG, PC3 H D-
WAL . o-D- WA -1-0502 . o T HRRR
X3 PR IEELAT B ARG . PCL 2 R 1Y
B 5% P B i 51 Ak 3L S ) Ao A i 451 2 S
WERFHRRIE, PC2 43 H BRI T BE 2 I AR
A B LG B ERI IR, PC3 N4 H
CK 4,
2.6 ARINESTIEWMEY AWCD EFNEE
EEHEME T IEMEDMREEXES R

4 MRS R, M5 LMY
AWCDHMZFEMIEEH, D, E. U, RER¥E
1E A &M (P<0.05), 5 7] K5 3% + 35 i A= W AL
L B 2 IE A G (P<0.05); EFE B 5 AWCD
. ZFMEE H. D, E 8% A%
(P<0.05); S ZFEMEHREL U 208 % UMk
(P<0.01); W5 AWCDE . ZHMEIR 5 H .
D. E S8 E IEM#EP<0.01); Al B4
MRS AWCD (HEA R E IEA K (P<0.01);
S ZMMIsE H. D, E. R 2B FEMX
(P<0.05). BFFEEM, fTE—MEO T, 40w
R R BRI, IR Wi AT R ) AN
YIRS 2R R ERBCREBOR, I
A=A RE T RN W RIS Z AR RN
3 9tk

A AR A S RS R B A LR
YER, 2Ry iaam =288 ), 5
AV e Y A K B A LU LT T AE

e (1) oAy, 56 5E R,
U A 5 (2) e BESR MBI A R 5
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F4 1EF 144 h BEIRMRAMIEFRMEMFEZHES S HEELEXE
Table 4 After 144 hours of cultivation, the correlation between the number of cultivable microbial
communties in the rhizosphere of cucumber and diversity index

Item AWCD value Shannon index (H) Simpson index (D) Pielou index (£) Mclntosh index (U) Richness index (R)
M4 Bacteria 0.765%* 0.732%* 0.755% 0.755% 0.759* 0.628*

E T4 Fungi —0.738* —0.710* —0.761%* —0.761* —0.872%* 0.490

TR H 0.668* 0.875%* 0.821** 0.821** 0.521 0.191
Actinomycetes

T 0.814** 0.682* 0.640%* 0.640%* 0.405 0.643*

Total number

of microbes

Note: *: P<0.05; **: P<0.01.

(3) YA BibE, (LAY X SR A A R
(4) HHY) S ALY BGRB8 1 i T TR Y 4
L3 o A B AS TR) A B TR P 1 3 i A= 4
BEVE XA B IR R FHRE 7, BT HLIET Y 43
fEFEACRE 1, PTIR AN W] 1 398 ol ) 5] %o
JIAR BRI VRIS W Th e 2 e, 0 4 s S Bk
VR DR BB . A RISE S5 FR 5
B H AR Y Biolog-ECO fCEAR AL, A, VIR
AN TR] 18 4k P AR B f 2 0 B SR 5 4R
W REZHETE I . 25 RN, ANF b H
JNAR PR AT 85 S AE D SR A AE R E R,
KENWNYITF K T3>TI>CK>T2, T1, T3 ib3E
AT R IR A A 3 = T CKL T2, T4 e
HSHFELEENEZES. 5 CK M, drisba
IR 55100 A A s i ] 36 A 3 10 B AR s ]
KR BB E ST 10.56%; BB GTA
HREME KRRl R M ED R ER T
4.01%; 7 1R A i 3 TR B mT 55 3% S A 1 K
N T 13.49%. FIH Biolog-ECO f#F-Hi 4%
AN TR) Ak B JTAR B B A= 2 % o 6 ) R A O A 7
ST RN AAbBRE ] RS 0-96 h
AWCD {HIE KM, 96-120 h AWCD {HIE K %%
2518, 120-168 h AWCD {H#4T251%, 168-240 h
AWCD {H#aTHaE . £ T1 5 T3 4, #K
HR B - HEGHCAE P R o) sk U %) 01 PR AR D 38 0

B st 5] i 7 Ak B R 5 0 D o7 A o ke 5 26 4G
Hrp A P A M EGE R, BRI R, ik
VA RS . HET AWCD i . Shannon $5%(
(H)F1 Simpson $844(D) /& W i 0T iz M iIE 2
FEERR R, Rt A W 2 R

AT AR FE R TR bR 3854 96 h
JG W) AWCD {8 . Shannon $§%{(H). Simpson &
B(D)AI Pielou $5%0(E). Mclntosh 8 E(U).
Richness #5840 (R)/#r, T1. T3 AbHEfK) AWCD
f&i . Shannon F840(H)5 Simpson F840(D)EF H
TR, 1 T2 AbEER AWCDE . H. D. E.
U S8 T1 AN, DB S I BLAR A 8 X - 43¢
WUEREZ AR E . M g, Al EE
HFRmAaOBER S AESETR. AU
A AL A 38 i R R e ML A 4 ek R R 3R
P . hRERIEEAA W WY, AR
WA R 3L

K535 96 h, T1ALFR AWCD {H. Shannon 5
K. Simpson %% . Mclntosh $5%% . Pielou 5%%
i 2 TR A, U0 A B A A i
VRIS . I 3 50, T1 AT, #)K
HEBRI A PR N R R TR R . nkil-40 . D-2F 4 —
Wi, D-HEEME. -2 TR, D3RR, LKA
MR, L-RARR . L-Z2AR. KO, B
B YR PR R o VARG, T1. T3 AbBE ARk
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U5 ) FH BE B LA A B AT, T i i DA 2 e 5] A 34
B 550 ALY B 151 26 A R g b R,
T ke 51 b A 288 1) 3l e v e 51 R ke 51 %) P A B
Yy os e B 2 W oy sy, Rl AT AR S Y
A, ABRRETEWEEE A, MAEDTEE
BEE., ME. LR EES AWCD 14 .
Shannon 5% . Simpson %% . McIntosh 5% .
Pielou 545 2 B 3 4 1EAH 2E(P<0.05 B§, P<0.01),
MEREEFEHEYS AWCD {4 . Shannon +5
% . Simpson %% . Mclntosh $5%% . Pielou 5%%
5 E P (P<0.05 Bk P<0.01), i@ idxt+
BEEY) AWCD [HMIEEZHEYE S LIERUEY)
B A AT R, AR S E M, TR

AEDIRACHBE T . BUEYIIEIK D RE A 1k

ke ] Ak P I 5 4 D o7 T B 5] 26 R A -
PR IR S G, TR N S R MR VR 1 Bk
FIH, AamCRkuE, E—faRs s
IR EE 3 PT BE A i 5] % e 151 7 £ 2 Bl )
Wi AR N A R A s UEY, R A
P A £ AR W) R S A, T R it o S A
AESWHEYE G, T3 (M5 bR
Fi W) S A T 1 e 5] 26 55 0 A TR it ) A 3L 1Y
AWCD {H . Shannon #§%{ . Simpson 1§ %{ .
Pielou 5%, McIntosh #5%%5 H— 5N AbFETC
WEMZES . MW, T3 A3, BifiAE
XA B . 2R ETR EOCC I B2, Al RE
Jrt R B A B ) S B D, AN R D i e | 2
A YRR

4 i

AW ST I I D R A% AL BT RE SR LA L AHTA
TRCER TR Tl A W 7 K0 FIJE T Biolog-ECO HF-
Bk oA LSRR YT T I REZ e, R BUA )
A B B TR Bl B FR 4 . L e 2 35 1R

fe, T T APRR AR R ECE B S T CK,
ARG T1, T3 AP R3EEF CK. 240 h Py
25 40 3R TR PR A= A s e DA 28 1k 2
“JTORNERARY A AL SRR W 2 RE PR L
AWCD ., Shannon F5%%. Simpson §%%. Pielou
B4, McIntosh f8 A 7E R &2 . 5 CK
e, T1H T2 2 PRBAIHE R 58S, 2,
] S A BRI SR AN SRR T, B TR PR Ak
PIr e m, MAEIRE RS , UEY
B U AR FH 2845 v, X Rt AR 355 i S ) T R ke
HAEEE L,

REFERENCES

(1] VL, ORI, R, B, DIx. BAESHR
GEAHAO S A R b L SR E YRR P B[], K
PREEZIR, 2008, 22(4): 195-200
Bi JT, He DH, Huang ZY, Yang L, Ma QR. Response of
soil microbial community activity to vegetation
restoration in degraded ecological system[J]. Journal of
Soil and Water Conservation, 2008, 22(4): 195-200 (in
Chinese)

(2] w U, ohER, skER. SRS T iR e Gl
A W REVE R e SR [))]. AR A SRR, 2017, 37(15):
5129-5136
Gao XF, Han GD, Zhang GG. Soil microbial community
structure and composition of Stipa Breviflora on the
desert steppe[J]. Acta Ecologica Sinica, 2017, 37(15):
5129-5136 (in Chinese)

(31 BR3CHT. LEEFMPERUEY M. Jbat: Jbatfll X
SRR, 1990
Chen WX. Soil and Environmental Microbiology[M].
Beijing: Beijing Agricultural University Press, 1990 (in
Chinese)

[4] MigH, HaW, XNZoo. RIEMAEY 2R AR
F 58 E T [0]. W R R A o 4l (A AR B A R,
2005,19(4): 21-26, 31
Yang HJ, Xiao QM, Liu AY. Soil microbial diversity and
its action[J]. Journal of Nanhua University (Natural
Science Edition), 2005, 19(4): 21-26, 31 (in Chinese)

1 BRI, MRS, skorgk. BUEYAESRE SR db
AR AEHE R, 2007: 155-161
Chen SM, Lin HP, Zhang LQ. Introduction to Microbial
Ecology[M]. Beijing: Higher Education Press, 2007:
155-161 (in Chinese)

—
W

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1662 WA

FiE Rk

Microbiol. China

[6] xiae, Z=fihhf, FrmE, B30, F£EZE. T Biolog 1§

?Xﬁﬂﬁiﬂﬁhkﬁi&i%w‘ci%ﬁig R[], EAS
A4, 2019, 28(7): 1394-1403

L1u Y, Li SX, Yin YL, Zhao W, Wang YQ. Analysis on

soil microbial community characteristics of black soil

beach degraded grassland based on biolog fingerprint[J].

Ecology and Environmental Sciences, 2019, 28(7):

1394-1403 (in Chinese)

[7] HHERE, ELLHE Biolog IETEMBEMUEYIMIRE 2 HEME
RN D] RS HEOR, 2011, 34(3): 50-57
Tian YN, Wang HQ. Application of biolog to study of
environmental microbial function diversity[J].

Environmental Science & Technology, 2011, 34(3):

50 57 (in Chinese)

(8] #HR=, faly, Wi, KEF, WTT. BUNIEZE

J\/,J?\E’ﬂﬂ?ﬁ HERE[D]. FEY AL 0T ?Iii 2020, 21(6):

1446-1460
Dong SY, Miao H, Bao KL, Zhang SP, Gu XF. Research
progress on wild relatives of cucumber[J]. Journal of
Plant Genetic Resources, 2020, 21(6): 1446-1460 (in
Chinese)
(9] FFms, ARy, s o T L R B BRI 5T
HEJR[T]. BACIEZ, 2021, 44(3): 20-22
Qi BH, Song SQ. Progress on soil adversity cultivation
of cucumber in greenhouse[J]. Xiandai Horticulture,
2021, 44(3): 20-22 (in Chinese)
BN, i, L, KR, R T
SR LK ERIE B RE[I]. K L AR FF2AR, 2017,
31(3):193-196
Fan LQ, Yang JG, Shang HY, Zhang YH. Characteristics
of soil water and salt movement in a saline aikali soil

[10

—

treated with desulfurized gypsum[J]. Journal of Soil and

Water Conservation, 2017, 31(3):193-196 (in Chinese)

*1@ Jit Y ke 5] 28 XoF ] 76 £ K i B B 9 14 5 T
1. RHE: REARAEBE L2008 3, 2020

L1 B. Effects of earthworm manure on grape growth

[11

—

quality and soil[D]. Tianjin: Master’s Thesis of Tianjin
Agricultural University, 2020 (in Chinese)

[12] Pramanik P, Chung YR. Changes in fungal population of
fly ash and vinasse mixture during vermicomposting by
Eudrilus eugeniae and Eisenia fetida: documentation of
cellulase  isozymes in  vermicompost[J]. Waste
Management, 2011, 31(6): 1169-1175

[13] Yadav A, Garg VK. Industrial wastes and sludges
management by

vermicomposting[J]. Reviews in

Environmental Science and Bio-Technology, 2011, 10(3):

243-276

[14] Gupta R, Garg VK. Stabilization of primary sewage
sludge during vermicomposting[J]. Journal of Hazardous
Materials, 2008, 153(3): 1023-1030

[15] BRYGHE, Wfd, FATR, RE DT Wi LA HLE
FEWy B 1 AMIT ST SRR (D], B IR SRS R T, 2006,
24(12): 8-10
Chen QY, Yang J, Wang ZQ, Zhang GZ. Worldwide
progress on vermicomposting of organic waste[J]. China
Resources Comprehensive Utilization, 2006, 24(12):
8-10 (in Chinese)

[16] S th &, WEORRE. 0|7 B 24 O Ad T i 255 R FHOF
TN HEAZPALE, 1994, 14(3): 165-168
Bao SQ, Zeng YH. Studies on comprehensive utilization
of earthworm in pharmaceutical and health field[J].
Chinese Journal of Biochemical Pharmaceutics, 1994,
14(3): 165-168 (in Chinese)

[17)REBEA, M AEC, W, MBS, Tk BT
Biolog-ECO 43 #7K DR H - S i A Wy Bk v D e 2 4
PERFAE(T]. BT S PR A 1~741, 2014, 20(5): 913-918
Gao XQ, Xiao NW, Ye Y, Fu MD, Li JS. Analysis of
microbial community functional diversity in the
Changqing oilfield based on Biolog-ECO method[J].
Chinese Journal of Applied and Environmental Biology,
2014, 20(5): 913-918 (in Chinese)

[18] Garland JL, Mills AL. Classification and characterization
of heterotrophic microbial communities on the basis of
patterns  of  community-level  sole-carbon-source
utilization[J]. Applied and Environmental Microbiology,
1991, 57(8): 2351-2359

[19] e, Fug, Bk, 22Kl 1@32, ﬁﬂl Bt R Ak
B BE DR R SR AR PR WU RE TS 2 e (], AR 523,
2012, 32(7): 2082-2090
Jin LB, Zhou F, Yao J, Jiang DG, Mei MT, Mu H.
Effects of P-efficient transgenic soybean on rhizosphere
microbial community[J]. Acta Ecologica Sinica, 2012,
32(7): 2082-2090 (in Chinese)

[20] Z=XHAE, I FE, WK, A5, KMEN, His, .
e £ S B I A M 11 2 U R P R AL Biolog 3
Fr[I]. KFE24R, 2014, 38(12): 1985-1995
Li ZF, Wang GJ, Xie J, Yu EM, Yu DG, Xia Y, Wei N.
Microbial carbon metabolic characteristics of biofilm
communities in the grass carp culture pond based on
Biolog-ECO plates[J]. Journal of Fisheries of China,
2014, 38(12): 1985-1995 (in Chinese)

[21] JPRAL, 220k, %, XEYE, mA %, 7%,
ﬁﬁﬂaxk Biolog-ECO fift Hr A~ [l 7™ A i {3l A= W Fhe v 2

REZHEPERRIELY]. £ bk 5 A BERHL, 2014, 50(3): 53-56

Zhou QW, Li HG, Li AJ, Liu GY, Tang YH, He HK, Li

XH. Analysis of microbial community functional

diversity in daqu from different regions using

Biolog-ECO method[J]. Food and Fermentation
Technology, 2014, 50(3): 53-56 (in Chinese)

[22] b B, kLRI PR TR HEAT TR W 1 52 36 2 %

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HEERN S5 =R AN[R] 398 5 R 7RIS B TR B i A= 0 i AR v A D BE 22 PR R S i)

1663

(23]

[24]

[25]

[26]

[27]

(28]

FESLER[I]. AP, 2018, 53(1): 50-52

Yang MX, Du YF. Yeast cells substitute E. coli for
laboratory cultivation of microorganisms[J]. Bulletin of
Biology, 2018, 53(1): 50-52 (in Chinese)

Hogii, WRh, R, &0k, PR, ST
J¥ J% Biolog-ECO 7 ¥ Ao 72 37 IX M 3 20 A B v 4%
15 I RE 2 REE S BT (3], OE PR 244, 2021,
36(5): 752-759

Deng R, Chen X, Qiu LP, Meng SL, Chen JZ.
High-throughput sequencing and Biolog-ECO method
were used to analyze the bacterial community structure
and functional diversity in the Shihou lake of Xiong’an

ArealJ]. Journal of Dalian Ocean University, 2021, 36(5):

752-759 (in Chinese)

JARL, AT, akE e, AN, B R, BB IR
BE L IS VR AL B 5 T %T Biolog-ECO AR 4-HT 45 SR 11
BT, REAROABLE, 2019, 25(8): 11-15, 22

Zhou K, Xie FX, Zhang FF, Sun HB, Zhao YJ, Zhao Q.
Effects of preprocessing methods of sediment on analysis
results of Biolog-Eco Plates[J]. Tianjin Agricultural
Sciences, 2019, 25(8): 11-15, 22 (in Chinese)

Eug, BOLE, RART, REL BRI, EOW. BUE
YA W5 LT Biolog Jr i RUEE 0T [J]. RS
2, 2010, 30(3): 817-823

Wang Q, Dai JL, Wu DQ, Yu Y, Shen TL, Wang RQ.
Statistical analysis of data from Biolog method in the
study of microbial ecology[J]. Acta Ecologica Sinica,
2010, 30(3): 817-823 (in Chinese)

WREAPT, R 5, WesE, AW, XUBERE, BT, 5K
AR RTOTURR AR Gl A= 490 73 45 B 56 e PR o Bl A
o B9 R W (0], RO B Al 4, 2019, 46(11):
2900-2908

Chen YZ, Tang QY, Gu MY, Zhu J, Liu XJ, Cui WD,
Zhang ZD. Microbial distribution characteristics around
the roots of Kalidium foliatum and the effect of salt
concentrations on microbial metabolism analysis[J].
Microbiology China, 2019, 46(11): 2900-2908 (in
Chinese)

BREE, B, JKE, V%
%ﬁfi%%ﬁ&&ﬁi%%#&ﬁﬁ
5%, 2013, 20(1): 61-65

Li FX, Wang XQ, Guo YZ, Xu X. Study of microbial
diversity and the soil enzyme activity in different

TR HHERX AR LR
1. K AR

salinized soil in Ningxia Yellow River irrigation
region[J]. Research of Soil and Water Conservation,
2013, 20(1): 61-65 (in Chinese)

FE, E—W, MEE, Xl KA ZEIEX K AE L
AR DI RE ZAE RS2 (1], 1 5 RS 2R 42

[29] JiE #hEE, §ELE, #5). Biolog JikFEREE

[32] BE. BMEaEs

[33] 55

%, 2019, 25(3): 593-602

Guo Y, Wang YM, Wu P, Peng S. Influence of long-term

manure application in paddy soil on the functional

diversity of microbial community[J]. Chinese Journal of

Applied and Environmental Biology, 2019, 25(3):

593-602 (in Chinese)

A IR
WEFTH R[], TR YI2E4R, 2003, 43(1): 138-141
XiJY, Hu HY, Qian Y. Application of Biolog system in
the study of microbial community[J]. Acta Microbiologica
Sinica, 2003, 43(1): 138-141 (in Chinese)

30] sRAEST, KB, ASZE. e w5 o 0 K b dH A P G AR
TEA LI FE 40 A0 B30 o i W 58 2 RE (0], R R
2013, 34(5): 1679-1686
Zhang ZJ, Liu M, Zhu J. Organic waste treatment by
earthworm vermicomposting and larvae bioconversion:
review and perspective[J]. Environmental Science, 2013,
34(5): 1679-1686 (in Chinese)

[31] Bracken CL, Hendricks CW, Harding AK. Apparent bias

in river water inoculum following centrifugation[J].
Journal of Microbiological Methods, 2006, 67(2):
304-309

R R R HST 3 MR AR A K
A IR RS2 F ST (D], db st JEatholl R A=A -2
fiE3C, 2020

Yang J. Study on effects of improved saline-alkali soil
by flue gas desulfurization gypsum on plant growth and
physiological  characteristics of three perennial
flowers[D]. Beijing: Master’s Thesis of Beijing Forestry
University, 2020 (in Chinese)

, PRER, WRMEAL, FIE . Eé%% %\
R ?Enﬁ Jext TIPSR YRR IR 1] 3R
BERb2E22 R, 2003, 23(1): 22-27

Wang XL, Xu JM, Yao HY, Xie ZM. Effects of Cu, Zn,
Cd and Pb compound contamination on soil microbial
community[J]. Acta Scientiae Circumstantiae, 2003,

23(1): 22-27 (in Chinese)

[34] Braun B, Bockelmann U, Grohmann E, Szewzyk U.

Polyphasic characterization of the bacterial community

in an urban soil profile with in situ and
culture-dependent methods[J].

2006, 31(3): 267-279

Applied Soil Ecology,

Bﬂ%%.i%ﬂﬁJﬁKﬁ%l”ﬁﬁL%Tﬁﬁ%@

ISZIRD]. BEFH: STMITE R AR LA 008 3, 2016
Guo X. Effects of soil amendments on rhizosphere
properties of different genotype Tartary buckwheat
under continuous cropping[D]. Guiyang: Master’s Thesis
of Guizhou Normal University, 2016 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



