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Effects of cover crop diversity on soil microbial community functions in a kiwifruit orchard

LI Qing—mei, ZHANG Ling-ling, LIU Hong—mei, ZHANG Yan—jun, ZHAO Jian—ning, ZHANG Hai—fang, YANG Dian-lin", WANG Hui’
(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: In this paper, we used the Biolog micro plate technique to analyze the effects of cover crop diversity (C2, two cover crop species;
C4, four cover crop species; C8, eight cover crop species; CK,no cover crop) on functional diversity of soil microbial communities in a kiwi-
fruit orchard in the water source conservation area of Danjiangkou. The results showed that the carbon utilization degree, functional diversi-
ty index, and richness index of the soil microbial community in cover crop treatments were higher than in the untreated control. The Shan-
non index and richness index were positively correlated with soil moisture content, organic carbon, microbial biomass carbon, and nitrogen.
The principal component analysis and the fingerprints of the physiological carbon metabolism of the microbial community demonstrated
that carbon source metabolic ability of the soil microbial communities was improved by increasing cover crop species, and compared with
the clear tillage, the utilization rate on D-Mannitol, L-Arginine, L—Asparagine, L-Phenylalanine, y—Hydroxybutyric acid, a—keto butyric
acid, 4—Hydroxybenzoic acid, and Tween 40 was improved significantly. In addition, the effect of four kinds of cover crop treatment on the
soil ecological environment of kiwifruit orchard is superior to that of two species and eight species. In summary, increasing cover crop diver-
sity in a kiwifruit orchard changed the soil environmental factors and had a great influence on the metabolic activity and functional diversity
of the microbial communities.

Keywords : water source conservation area; cover crops; soil microbe; diversity; Biolog micro plate method
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FE I 248 do UG H S SEA TR B A LI 6.67
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1.2 R
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= I} (Trifolium repens 1.) ; (2) 4 Fi 8 T AE W IR &
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&1 HEREH SMBEZEMHEZF T
Table 1 Horticultural characteristics for eight cover crop species

used in the field experiment

ER s AR R el i e

Scientific name Lifecycle Height/m Function

R ZAEE 0.3~0.9 HPER

LRV ZARE 0.1~0.3 i

BES LA 0.4~0.6

=0t ZAEE 0.1~0.3 APy A

21 =nf ZAHE 0.2~0.3

BHT ZAEA: 0.4~0.6

iz e B 0.3~1.0 EARlE ey

HHE —AEE 0.3~1.0

FEAE 3 cm £4GH0~20 em T 3ERE 5, IR A e Al
YRR A2 K [l —/NIX SR AR B S R A
THRN, ETRE P S8 %E . — ot T
4 COkFE TP ORAE , T RSBV W REIS DI RE 0 T s O
—uBor I AT E N AR KT RS R, T 4
PR 77
1.4 MEFTE
1.4.1 A YIIIREZ FEE R

PRIBURH 24T 5 g BET 4 B i 5 i R I AR A
45 mL 0.9% NaCl 1§ =i, k% 30 min, i 30
min, ¥ BRSO BE 2 107, F 10° R B Bi-
olog—Eco VA, FEFLEERP i 150 Lo KM LAY
DA , 75 25 C R ELER SR T d, £ 24 h ] Bio-
log H Bl Bk B g — ik, % 590 nm F1750 nm
AP WG R 2R R A IR IR AL IR OB (E
1.4.2 L IEPALME BT R i W e AU I

- e LA R FH R R B AN Bk I i 5 -
pH SR FHBEBS HL AR 7 OK - 2.5 1D 5 H 85K L
RJAHETIEME L 105 °C Mt 24 b J5 R 5T EE A 31 B 3
K IR AR HSECR A A shiES i s
4 M1 AL (AA3, Bran+Luebbe Corp.) Ml i&™'; 3% 4= 9 &
B VAR A0 2 B IR PR £, TOC A 3h 43 B {X
E,
1.5 #iEALE

A= P A i 2R T 240 231 45,725 4K %8 (Average
well color development, AWCD) i i& . X} Biolog f# -
M ¥ 3% 96 h iEE 1748 11531 , R Shannon—Wie-
ner F5 4% (H) . Pielou 5] BEFR £ (E) P45 JE 4550 (S)
RAE T IERE YRR 200 T AT

AWCD=3X (4-41)/31

H=-Y P 1n P,

E=H/ln S
2 AR I 56 BB E L A W 5 A X R
LA AGAEL 5 PR 56 LA AR X W (R 5 2 A1 Al AR
XTI AR AT 238 5 S AT B AR AR I FLI 2 H o

K Excel 2007 31 A48 X £ i 3: 1 7 48 1153 4, R
SPSS 22.0 #A4F i 47 B IR R Jr 22 53 1 (One—way ANO-
VA) AHICAE 3B F1 3 853 5 HT

2 HRE5SMH

2.1 BEEY HIEMEYRIET ISR

AWCD FAE - 35 G0 40 e AS TR B Y88 1 1) P 3
A2 e - AU P A T P RN A R AR T
REZFEME™, BE 3R R 5 IR 24 h I AWCD{H, If3%
SR E 7 d, 15BN R E S AE Y AL BE A
AWCD{E () B} [B] sh 25284k, 25 B 1 TR, BB 5+
B[R] A SE K, AN R S5 A E D A BT 3B e eV X
31 Fhs IR AR i S B A # . BE3RET 24 h AWCD
(B3 K R AR AR BH (2., 24~96 h Z [] AWCD {H S
PRA I R A B W M A ERO K, BE B
B WA Ve v, o B TR G 255 A R H 8
5. 96 hJ5 AWCD 422 TRy, (H IR B W T R, Tl
A= AR S s S . S R ALEE AWCD & F
X BEALHE, (H & AWCD H-3& A Bl 2 55 /R W 2 FE 1 1
BRI, SR HRRI A C4>C2>C8, ik
25 SRR B ARk el G A T VR mT DA e - A
ARG A R H R Y 14 ) FH A
22 BEEYN T EREMEEESHEERN
A

Sy ik — 25 Wt AN [ B 5 VR Ak 3% I )

0.8
0.6

04r

B EE AWCD

0.2

24 4I8 7I2 9I6 1&0 1;14 16I8
1 %5} ] Incubation time/h
B AEEZEMAETEMENBEFOREENE
Figure 1 Average well color development of soil microbial

community in different cover crop treatments



354

URIEIRCX ity F3965 28

TETE DI RE A SE 0 | R AN [) Ak 3 - Bl A W %o A [l e
PREA SO0, 255 5 TR HZ L 3, R IR 96 h 1)
AWCD {E AT LU Y RE I I RE 2 RE M 0 B, &5
W2, 3 A/EY Ak B Shannon—Wiener £ F£ 4 5
BORN - B AR O TE AR IR (P<0.05) , Pielou 2
SIS ESPUREEAEIPRTE SR & (XYL 05t
] &R HOC B 2 5 BB 5 AWCD — 2, B3
B C4>C2.C8. FabAE SRR rabtk el 3 hn 4 o
VEVIRE & 48 & TSGR W) D RE 2 AR B L B3
I - S Wy iR IE R FHRE ) AR T i A
PGS PE RIS REZ AR

R2 FEBEZEMLENHEN IR SRR
Table 2 Diversity indices of microbial community under different

cover crop treatments

Z R RR Fy IR

Treﬁi%nts Shannon—Wiener  Richness index Pi?ﬂ? fji;?;)
index(H) (S)
CK 1.29+0.06b 18.67+1.15b 0.45+0.01a
c2 1.39+0.02a 23.33+1.53a 0.45+0.02a
C4 1.44+0.04a 25.00+1.00a 0.46+0.01a
C8 1.41+0.03a 23.00+1.00a 0.45+0.01a

T [RFIA Rl /NG ik R A 3R] 22 57 8 35 (P<0.05) . R 1.
Note: Values in the same column followed by a different lowercase
letter indicate a significant difference (P<0.05). The same below.

2.3 BEEYNT HIER AW A B EHE S EIE S 4T
Biolog—Eco # %A 31 FPcilil , G045 7 FioHi S L9 Fib
FRIRAS 6 Fh 2 SRS A FP IR A W2 3P RIS N 2
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FHBE T, B Biolog fR 548 SC Bl , A B T L 45 4 1 b
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0.8 KRR IEA 10 Fh (HEZE 4P G IR 3 FP JRIR
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Flv OB 2 Pl B JERRZC 2 Bl FRIRZC 4 Fl R G W21
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TR 1) 35.23% 5 15 HFXT B 384 S AP OB 2 2 Fb 0
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VAP, O T SR ok B — BV A 1
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PR A RE S . oAb, HIERA P D-H 2
(D2) \L-AE 2R (A4) L-K[ 14t (B4) L-ZR N
B2 (C4) .y TR (E3) .o~ T HlfR (G3) 4-FRHEIE H
2 (D3) k3 40(C1) B A RE 7 I 2 5 s AT
[] IR, 4% Ak 38+ 398 £l 2 W XoF 2 2 R T R KL A A )
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24 TEMEYBEEREHIIEERSSW

FIFH 55 3% 96 h (1) AWCD {H , XF A 5] 8 55 18 4 ik
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FE 31N ICT SN o T, B 25 5T
BR 55 90.14% , H 25— F s (PC1) 197 22 BTk
BN 44.97% KRR 13.94;5 55 — F 40 (PC2) W 7
% BTk RN 23.27%, Fr AR N 7.22; 5 = F L4
(PC3) I )7 22 BT Bk %6 K 11.78% , R IEAR K 3.65; Hi 4y
4.5 FE/AF BRI /N T 10%. kB R £
TRk AL F] 68.24% A RT A L4 PC1 AT PC2 K43
Wi E I RETETIe 2 REME . INRI3 IT LB H, AR
SEAE Y b PR IR A AL PC ol |22 55 B 2, A ] 4y
g C2.C4 I C8 5 HEXT A 3 K&, n] UL PC1 Al PC2 fiE
X o3 A ] b 2 4= S GCAE 0 B B DR AR I RRAIE . #E PCL
Hh E, C4 FN C8 AL 43 A AE RN 1 Ty ], C2 b FUFN I
HEXT R A AE S A 7 7 0] . 7E PC2 3l |, C2 Ab B 43
A A TE 5 5], C4 1 C8 b R 175 Hk X6 FE 43 A1 78 %
B TS ] o X 32 RS EA 15 25 0 AT TR, AN T ik 37
PC1FIPC2 F1545r R R ¥ (£ 3) , FEPCL i L,
C2.C4 . C8AbFHZ 0] LA Ko 78 S VE W Ab 31 55 1 kv 22
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Figure 3 Principal component analysis for carbon utilization of

soil microbial community in different cover crop treatments
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Figure 2 Metabolic fingerprint of carbon physiological profiles of soil microbial community
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%3 FEAEERSEHEY

Table 3 PC scores under different treatments (mean+SD )

AL B Treatments 41 PCL FE 42 PC2
CK -1.42+0.26d -0.73+0.23¢
2 -0.12+0.03¢ 1.5420.27a
C4 0.43+0.48b 0.000.09h
c8 1.1120.20a -0.82+0.02¢

SR AR A A SRR T RIS R A
JE3K 3 AV R X 43 B o R B 5 VR A Ak I 22
S 1 SRR
25 TEBUMREMEYER K

P 2% 5 AT, 7 S VR AL BE S K AT B Y
A, H CA AP - EoK E 4R T 4.2%(P<0.05) ,
T BRI AL S E YA FE . C2.C4.C8 AbHE + 4
pHE 2 51325 T 0.16.0.43(P<0.05) .0.23(P<0.05) ,
FI A C4>C8.C2, C4.C8ALFRIEAN T + A HLIK
T (P<0.05) , 439l & 5 B8 8.79% .5.23% . 7 5 fF
Py b BB N T A B A P Rk 1 i (P<0.05) L, €2,
C4 ., C8 b33 5] 5 T B 48.64% . 37.12% H122.55% ,
LN C2.C4>C8, A lEWALHIE N 1 T 1A
Yy R i (P<0.05) , €2, C4  C8 b B 43 51l i % B
29.20% .36.87% H127.68% , {H S 45 7 s AP Ab B IR) TG
WEER.
2.6 TEREERFSHMEVE RS HERXIHT

i 2% 6 AT %1, & 58 5k A 4 1 75 ) 8 Shannon—
Wiener $8 50 (H) \F & EHRE (S 5 EESKE A
MURK . pH CAE e AU B AHOC R, AT I+
BB 5 U YR e Z FE MR B DDA G, 1IX
oS T VR AL B B LSRR M I RE 2 R A
PEEHREK,

3 g

ol A W 2 A A S e BRI 114 ok
AN AT S R S SR AN LA S R AR
JE [T A )2 E AR AR AWCD il 3 - S R
Xt Tg ) FH A W B (AR SR SR AE SRR E T 1k, fiE
AR i S W fole A Wy Eh RE 2 A, (LB g 2 ) - A
A PRI A A QTS PR ABGER ™ ABIFTE A, AR R 28 B
i AE YAk B L SRR W kU 4 R RE ) Y e T
BT IE, I AT s VR Rk ml S v B b el -+ 3
AP TE YA S RE AR . LI SRR
JU IR AT RESR BT S AR M T K BOR B, AR T
bR EE HEN T AL BRSO, O AR MY

F4 31 WIRIES PC1 . PC2HIFEERE

Table 4 The correlation coefficients of 31 carbon substrates with

PC1 and PC2
T3] 7] TR TS 2
Carbohydrates Substrates PC1 PC2
i S D-£F 4 B (G1) 0.812%  0.100

Carbohydrate a-D-ZLBE(H1) 0.883 %% -0.300

B-HI BE-D-#ZBEF (A2)  0.902%%  —0.260
D-AHE /I EERE (B2) 0.150 -0.110

=R EEAE (C2) 0.612% 0.150
D- g5 (D2) 0.180  0.736%*
N-LE-D #j 4 Hli 2 (E2) 0.440 -0.120
1- R A4 B (G2) 0410  -0.637*

D, L—a—W§ R H il (H2) -0.430  -0.631*
D—EZLBHRR v- R (A3)  0.598* 0.450

HHRK L-K5 & (A4) 0.520  0.789%x
Amino acids L-R T (B4) 0270 0.891%*
LR N2 (C4) 0.807*%  0.420

L-22% % (D4) 0.390 0
L2 (E4) 0.938**  0.190
Hait-L-# 2% (F4) 0.854%%  0.030

R y-F2 TR (E3) 0.829%%  0.020
Carboxylic acids a- T (G3) -0.140  0.751%*
D—HIBE LR (F2) 0.100 0.510
D442 (H3) 0.500 0.190
DR 7B R (B3) 0230  0.929%*
PR 2 R I (B 0.070 0.430
AR (F3) 0.490 0.140
JHes WLHE(G4) 0.130 0.360
Amines JEE I (H4) 0.853%  0.290
lES 2-FREEIEHR(C3) 0.060 0.260
Fhenolic acids A-FIER TR (D3) —0.060  0.914%*
REWHE k3 40(C1) -0.070  0.952%%
Polymers i3 80(D1) 0.130  0.781%*
a-FR=UAS (E1) 0.050 0.360
JHEEE(FL) -0.140  0.735%*

T FOR B AEHISE(P<0.05) 3% TRt B E ML (P<0.0D) . T
[
Note: *indicated significant correlation (P<0.05) , **indicated highly

significant correlation(P<0.01). The same below.

ARER T RIFHAEAAIRS . N, B SR R oy
W LA R L E MR it T A RE B e
PERLAE Py 14 ST AN QI , DA T3 - S el A= 0 i A
SRR, g R B8 TR ) G AR A0F 5 4 SR A
Lo (B2 d TE SRR, S YR
R o I 22 57t 2 3 BBl A W 2R I A v i A
P BRI RE )™ AR 22 57, S ) B s A P Ak P S R
WIRS B IE A) FH RE T AN TR
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Table 5 Soil properties and microbial biomass as affected by different cover crop treatments

AbF S ALK APy Rk HEWE R
Treatment Moisture content/% pi SOC/g-kg MBC/mg-kg! MBN/mg-kg™!
CK 18.34+0.35h 7.45+0.05¢ 4.2120.04¢ 146.23+3.12¢ 26.23+1.46b
c2 18.52+0.26b 7.61£0.15bc 4.18+0.08¢ 217.35+23.40a 33.89+1.09a
C4 19.11+0.23a 7.88+0.04a 4.58+0.09a 200.51+18.63ab 35.9020.88a
c8 18.63+0.08b 7.68+0.03b 4.43%0.03b 179.21x12.55b 33.49+1.83a
Fo TEENVMREMEYERSREYEZINGE S FEMBEXES T
Table 6 Correlation analysis of soil properties and functional diversity of soil microbial community
FiH Ttem FRE R %#lﬁ%‘é'ﬁﬁt ' ES fg?‘ééﬁl é@’ﬂ&“#&%ﬂz
AWCD Shannon-Wiener index(H) Richness index(S) Pielou index(E)
£ /KA Soil moisture content 0.020 0.651%* 0.588* 0.368
HHLEK Soil organic carbon 0.261 0.632%* 0.603* 0.458
pH 0.459 0.790%* 0.785% 0.356
{2 E M1 5B Microbial biomass carbon 0.215 0.602 0.715%* 0.218
fE Y1 Microbial biomass nitrogen 0.398 0.846% 0.887% 0.292

Shannon—Wiener $5 1 5z il -+ 35 15 2 W) 7% W A
A RN 22 5 B FR BUE R, R E R R 2
HAr Ak 5) o = B2 45 B s 1) T st i) S 4K
H. Pieloudf B 7 HEEDF S —HER, ANFZ
FEPEFEES e T - SR A 7% 2H AN () T, 25
G TR 3 B T ST AE W RS RN T R Y 25 R, AR
WEFE ARk el AR 7 5 1 ) - S U Wy Z RE 4
BRI & B 45 5003 %0 B, FRBBRAEAT, el Fb A 2 55
EY) LAY D e Z R0 TIS AT . 25 2%
SEPORIAE R CAEO i GE T AR SR A R -
AR - SRR W 2 50 BE AR R T AR S R B R A
B EY) o218 AU E Y Z R R 5L T S
BONE AR I R R, LI 2
FEME 2 TS K pH ik VA S RIS X S
HE IS SR, ph b mT DL, A Ak el 34 i 2
SEVEYICAE T ARSI (R B SR A i e 4, T
s A M AEIE PR D) RE 2 AR

TR AT R S E Y AL S AT B [
I IRV T R AAAE W 2 25 5% R IR B S VR
A HERAE P RE 31 B A IR A T g ) R AN TR
PC1 I PC2 (1 SRR TTRR AN 68.24% , il B T K43 114
AR St T AEY AL IS X RE 2 ) B ORE B AR, R
SN 55 VR 22 R Ak el L S A W
R BRIE S5 PC1. PC2 A B B, 2R (&
FERRIE FRIRISIEUE WA FH Y = 22 m L, T fHe 2k 1y

PR JS TR A WD 2SI X A3 T B 0T HR R 5 VR Ak 3L ]
25 S USRI . IRACIEHTR SR S5 R s B R
Py ik 38 A SR AR W% 31 s U ) A FH RE ) KT HE
X B B AR AL B SR E WX D-TH B LR A
R L-KITAWEE L-R N AR y- 5 T TR ca— T
i A— R IEIR R o 40 R RE 7 835 T Bk
Xif HE 3 WH B S5 VW A B - SR W R HA R RE
R , AN [R) 2 35 VE D0 Ab BB & 7 458 b R R
X IR RIS R WSS A A P i At
TR Z AR . TR T e R AR Ak el 7 R ki
AR 2R 53R R E AR AL T R B 2
FiR B2 TR A IR A W S A IS ) AR 0 T 5 4 S il D
I FA 2SR R Bl A 0 g A K 5 B, b el 2 -
SR MR TR 2

- A W T RE 2 A R RS S ke - 48 5 A G
FE AT IR T R AR A SR AR . BRIk
bl 14 A S5 VR VR R AR AR 32 430 0 i A ek A2
T RMEIRET R, R0 A MR B AR 1
TIeZ M . Biolog Tl 452 A BE % e i e -+ 43¢
Tl TR TR AT e (R R A
KA e fir L RUE ) 2R, N BEXT IR I A M v
TEYE S TIREHEA T oA, JCTk EL IR IU A D TR 45 4
TERETVEAMIE B o FEARCIITE 2B N AW
SRV 27 T, o BT 2 A ) 22 1 SR el 1 g
YRR SR AR Y ARSI 22 R G
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