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Effects of recycling straw of different winter covering crops on rhizospheric

microbial community functional diversity in a double-cropped paddy field
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Kaikai, SUN Gen, PAN Xiaochen
Hunan Soil and Fertilizer Institute, Changsha 410125, China

Abstract: Microbial community functional diversity is a sensitive indicator of soil quality; soil management such as different
methods of recycling crop straw can affect the microbial community functional diversity of paddy soils. In order to clarify the
effects of returning different winter covering crop straw types to the paddy field on the rhizospheric microbial community
functional diversity of paddy soils in a double-cropping rice region, this study used different winter covering crops and
double-cropping rice patterns as research objectives to analyze the effects of returning five types of winter covering crop straw
to the paddy field on the rhizospheric microbial community functional diversity in paddy soils in a small-plot experiment in a
paddy field. Five winter covering crops and double-cropping rice combinations were used: ryegrass ( Lolium multiflorum
L.) -double cropping rice (Ry), Chinese milk vetch (Astragalus sinicus L.)-double cropping rice (Mv) , rape ( Brassica
napus L.) -double cropping rice ( Ra), potato ( Solanum tuberosum L.)-double cropping rice (Po), and fallow-double
cropping rice (CK) as control. In this paper, the average well color development (AWCD) in Biolog-GN plates indicated
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the capacity for carbon utilization by the rhizospheric microbial community. We analyzed the rhizospheric microbial
community functional diversity of the paddy soils with the above five treatments, which was detected using the Biolog-GN
system. The results showed that applications of winter covering crop straw returned to the paddy field caused high increases
in the AWCD compared with the CK treatment, and the AWCD of Po treatment was greater than those of the Ry and CK
treatments at early and late rice maturity stages. It was concluded that applications of winter covering crop straw returned to
the paddy field resulted in a change in the carbon utilization efficiency of the rhizospheric soil microbial community. There
were differences in the genetic diversity indices of the rhizospheric soil microbial communities among the different recycled
straw of winter covering crop treatments at early and late rice maturity stages. The richness, Shannon, and McIntosh indices
under different recycled straw of winter covering crop treatments were significantly different, with those of Po treatment the
highest and those of CK treatment the lowest, at the early rice maturity stage. The richness, Shannon, and McIntosh indices
under different recycled straw of winter covering crop treatments were ordered as follows at the late rice maturity stage; Po >
Ra > Mv > Ry > CK. Principal component analysis (PCA) of substrate reactions were analyzed in the present study. The
results indicated that there were different carbon substrate utilization patterns among different recycled straw of winter
covering crop treatments, and that carbohydrates and amino acids were the main carbon resources in rhizospheric microbe
utilization. There were significant differences in carbon substrate utilization patterns in different recycled straw of winter
covering crop treatments. Therefore, the application of winter covering crop straw returned to the paddy field could
significantly increase the utilization of carbon sources by rhizosphere microorganisms, species richness, and species

evenness in double-cropping rice regions.

Key Words: rice; winter covering crop; double-cropping paddy field; rhizospheric soil; community functional diversity
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(Lolium multiflorum 1..)7.67x10° hm®"'® | 7EIZ X3k & 2 A PRl B3R D6 K 155 A SRR, 25 5E 78 /0 A
FH A A ARG IRANAC IR T 2 Zo ool A 7, TGN 2 2= I g (U ) B 5 B2 A R 17 D20 A TH 2 ZE R i
RHRR A B A AR | et R AR DA TR IS KR R RO AR F Y TR R Y H,
FEZ X IR AN 7] 4 o2 S5 AR PR A 340 S %o SO T 55 40 | s o B Re 1 T AR HE R 5 2R 7K A
AR A R AR M R KRR 7 e S 5 TR R HEA T T AR 5 BT A R B S AR R ATAE T X R i
e T FH AR s - S SR B W R 7 T RE AR RS2 A it — 2D JT i . R ARS8 e 6 B 7 U ZE R X 4
T BAT QSRR 2 ZA R, A TR - SR RE AR % 1R, FH Biolog-GN AR WIPARTT TR L 5 R a |
LhAR RIS - XA 4 FhFPRAR SR T W= At FH K R AR B - S5 GUAE ) D RE 1 o 7, DT Ry 22 37 A AN [
A A - e R BRSSPI p e SR SR BE PSR

1 #MR57FE

1.1 g HEAL

IS TEWI R A A B = RSP A S AT, e O SR Ee . IR TR T 2014 4E 10 X
W RTHEZ LRI SRR Ry A HLT 30.96 ¢/kg, 22K 2.01 g/kg, 4 0.48 g/kg, 247 17.7 o/kg, Bl A
166.6 mg/kg, A 24WE 10.04 mg/kg, B 72.0 mg/kg, pH H 6.20,, 256 i Rk A Bl 25 XU e, 4F 29 <L
17.0—18.0 °C ,4EX &K £ 1200 mm, =10 °C{if sh LR 5000—5600°C , JoFH 260 d,

1.2 RS K )

IG5 ML BE A PR- X Z=RT (CK) R FL-BUZERT (Ry) V5 - RUZERT (My) | il5-3UZ=F (Ra) Fl H
BRI R (Po) , FEANHE 3 RE A, FEHLIXALHES] , /NX HET R 50.0 m?, BiA% R 20.0 m (K ) x2.5 m(58) . AN[FH
/INDX ] FH S Ak 0 80 5 R 5, DRI S T /K A5 B 5 A VR R AR A 1 0T EL R A E Rk ) T i) A8 R4 i D
1, FAEAMEREAE T AR E K oA R RIS T RS 000 A R A B L A A
it ) B P A 7= A 4t S Y0k R T ) A B e VB TG e FH ML B e 25 4 2 — 3
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Table 1 Different management practices during growth period of winter crop, early and late rice in double cropping paddy field

1EY) Crop A3 Date Il Field management practices
L TRNE) e AR PRI ORIV SRR R L4350 22.5 ke/hm® 1 37.5 kg/hm®
Winter crop 10 AJE G B S TG A #E Rl 3.0 kg/hm?
12 AJE D EOR R RO a6 BRI, B R 7.5%10% 7/ hm?
S RARIIRR AR s AN TR N 75.0 ke b P05 45.0 i/
11 HE AL B N 55.2 kg/hm?
F4ED A ) R (A 1 WRNE S ) 3B N 55.2 keg/hm? , THISEIEHE N 55.2 kg/hm?
3H LA PSR (5 2 YOS ) B N 55.2 kg/hm?
3H N4 L SR N 55.2 kg/hm?
4 Arf) BRI ORI 2 BN A T (34 B4R 22500.0 kg/hm? )
s A -4 iﬂaﬁw%%%u&%’%}ﬁ,iﬂa%%ﬁ%&ﬂﬁ%ﬂﬁﬁm (i FHHREH 7500.0 kg/hm? ), ThEL B35 1y
I ZERNE S A B A (G F A 43 4 155.0 kg/hm? F1 15 000.0 kg/hm?)
FUR Early rice SH 1A MR A TEVERE AT F5 53 B 1 A3 H 2, %o 45 A BRI 7t A TS 0 7 2t S i 89 oy —
(N 157.5 kg/hm? P, 05 45 kg/hm*F1 K,0 112.5 kg/hm?)
5HER R AL , Bk B BERIE xATHE ) 20 cmx25 cm
7 Hih] R
W Late rice 7 At Fh Hﬁ*ﬁé%&jﬁﬂ,‘é)‘iﬁﬂlﬂ%ﬂ]:}]#ﬁ( N 180.0 kg/hm? . P,05 45.0 kg/hm? il K,0 112.5 kg/hm?) ;
24 FRAE RS AT A B 454 2 000.0 kg/hm?
THHFH WeRE RS AR, oAk 2 BE VR IE XA THE S 20 emx25 em
10 A A RTINS
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2017 48 Jr 5l T RR R (7 A 15 H) RGN (10 F 17 H) #E47 R BR A B/ N XOR I
2\ R R AR K RE AR B 3 4 B — A FE A, R 3 Uk, MR B S EURE 7 R A BHR L, B i AR AR 2R
ARG e A 3 s B SR RN A 0 A SR SR R B A5 A E 0—4 mm 3 FI A - 3
TP Rl R SR AR B 39 Bk - e o R MR R AR S A, i ARSI R Tk &b B 2
S A 4CUKFE AT, Biolog-GN AT EHURE J5 48 h N HEAT ., [RIE, 76 B R s U WA 3K i R 4 45 b B 0—20
em T IEHEERE T KT 0, F 002 38 pH B ( .7k =1.:2.5) AHUR (EHKRI AR 28 (HER
BR-mRRR AL ) BRI A (B BRSO (NaHCO, 3R 42-SA B BT L (38 ) L R s R0 A0 & 5 (NH, Ac 12 482-
KRR P

RIAH FH Y Biolog-GN MR AL 96 L, MM HIZE 1 ANFLAAEATA] C PR IR, A BfLh &4 1 Fh
C VR AR G DO e i, A R e YRR A7 I W S s Jie Pl 38R 2R AR Ak T4 DUk (TV ) ATE
AR SRR £ ) 3 A A A5 AR AL A RO B LA Aok I Wi 2B BT AT T RE A 2 R BRS040
S TR R (26°C F B3R 4—6 h) B 4 10 ¢, il 95 mL JGIR 9 0.145 mol/L NaCl IS EHE IR ¥k
15 min(5 g 148+95 mL JCEEIK) ,SRE IR EK SRR E 107 UV (125 L) 420 203005 A i) 451> 1L
R 0 TR B L 2 25°C NS SR, AEBE 12 h E K N 590 nm 1Y Biolog 3 BUAS b Se K, S 42
12 4%,
1.4 HdEabH

MR A1) THEIM A AL S W W (B -3 28 {6 8 (average well color development, AWCD) ; ] ODy,>
0.15 FOTEFLECVE I AH R AL S 13 Richness F850 (F TPEAG B A a0 5 ) ¥ M4 220 (2) 1148 Shannon 8
BHHT IS EE ) RIEAR(3) 5 Mclntosh 3880 U TR RES WA A ) 220

AWCD = Y, (C-R)/n (1)

H=-Y P/(inP)) (2)

U=./(3 ) (3)
[, C RN A TRIEFLABOGIE, R Xt BRELAROGIE , n B IRALEL, OGN A n (R 95, PR @ SLIARXS
WA 5 A B B LA XA E MY EL L B . P,.= (C-R) /X (C-R) .
B Ak B AR BRI Excel 2003 BPF#EAT, T7 2250 M7 F 0800 70 B 22 B LL AR AT DPS 3.1 ( Data
Processing System for Practical Statistics ) /43547, Z 8 LR H LSD 75 (P<0.05) ; #|H CANOCO 3k {41k 1 7
CCA 43T,

2 HR55%H

2.1 WAL E A LR

SEHIE AR A (AWCD ) S 2R + A eV R S — R DR BE 1 () — A e AR, B e T e
WE PERIBETE AR BRI RE S REE Y L S AbBIARBR 438 AWCD 1 R R RS BBV 19 28 (e an 181 1 7, 4% b
HEARPR + 4 AWCD AR Z RN AR Ra S, B B ] A E K | 25 A0 BEARBR 138 AWCD R ; — B4
S35 108 h VUG, 2618 Tt

TESEFERT R Z5 15 (276 h) |, AL PRAR bR 358 AWCD U % 45 5 F Bl | AN [A] 4 2= 35 55 VE W S T34 H A #EX
AWCD EA R A5 (1), RS EU, 4 4 278 35 1 RS FFd [ AR B AWCD 3755 T4 IN-WZE A
(CK) AbHE, D) T4 WU A6 (Po ) b FHS) A 5, 240 0 3 v T PR 22 B0 (Ry ) ISE-XUZERE (Ra) Fil CK Ak
F(P<0.05) ; HRJE 5L 2 0 0B FE (My) AP, 35 5 3 5 T Ra Fll CK AbFE(P<0.05) , WRAE AU, Po Ra Fil
Mv Zb3 Y AWCD #5325 F CK AL F ( P<0.05) , UL Po ZbFRH4 i 25, ¥ B 2 & F Ry My 1 CK kb3 ( P<
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0.05) ; H 2 Ra AbBH ¥ & 5T Ry Al CK AbHE(P<0.05) ; My 4bBEAY AWCD #)5F Ry AbH {H & [a] 35
Tl E 2R (P>0.05)
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Fig.1 AWCD changes with incubation progress during early and late rice maturity stages with different straw recycling of winter
covering crops
Ry: BHEH IZER ryegrass-double cropping rice; Mv: %8 2 JE-XWZEff Chinese milk vetch-double cropping rice; Ra: il 35-X ZE g rape-double
cropping rice; Po: 3 X ZEFF potato-double cropping rice ; CK : & - ZEFE fallow-double cropping rice, 4553 /R N - H bR HETR Results

stand for means + standard errors

22 LIERUEYRER S Z R

JKAE A AR PR 1 4% Richness 4541, Shannon 5 % H1 McIntosh 45 %0 n] Sz e 385 A= Wy Fh i) - 3 52
TR 2 8, R 2 haR WY & & B8 AR RS AT a0 AL FRER & 1T /K AR B -8 19 Richness 5 4,
Shannon F8%LF1 Mclntosh 548, - AEFIMEFT LAY , Po AL P Richness F8%XF1 Shannon $5%03 B 25 T CK(P<
0.05) , HAR/NIF 43 5122 B Po>Ry>Mv>Ra>CK Fll Po>Ra>Mv>Ry>CK, Po AbHfK) McIntosh #8503 Jy
i, W] EL R A AT AL T AL PN AR PR LA AP 28 2 8 By, HEUR Ol Mv AR B 7T 4% PR IR AL B R e fi . 36
5N £ A PR K FEAR B S 5 B SR Fm B A e — 22 5
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Table 2 Genetic diversity indices of rhizospheric soil microbial communities for different straw recycling of winter covering crops treatments at

early and late rice maturity stages

ZFEMEFEEL Genetic diversity indices

K AE b3
Rice Treatments Richness 54§ Shannon $8%% Meclntosh 8%k
Richness index Shannon index MclIntosh index
FFE Early rice Ry 16.43+0.48ab 2.64+0.07a 5.68+0.14bc
Mv 16.05+0.45ab 2.52+0.07ab 6.06+0.17ab
Ra 15.68+0.46ab 2.47+0.08bc 5.18+0.18¢
Po 16.77+0.47a 2.73+0.07a 6.25+0.16a
CK 15.04+0.43b 2.34+0.06¢ 4.63+0.13d
HEFT Late rice Ry 13.87+0.43ab 2.45+0.08bc 5.32+0.18¢
My 14.16+0.42ab 2.57+0.07ab 5.72+0.17bc
Ra 14.48+0.41ab 2.69+0.07a 6.14+0.16ab
Po 14.92+0.40a 2.78+£0.07a 6.38+0.15a
CK 13.28+0.38b 2.33+0.06¢ 4.74+0.14d

Ry: J 3 H-W Z 8 ryegrass-double cropping rice; Mv: % 2 J-%Z=F§ Chinese milk vetch-double cropping rice; Ra: il 32-X Z= A% rape-double
cropping rice; Po: 44 Z WA potato-double cropping rice ; CK : & JH-XUZAE fallow-double cropping rice, 459378 N - H+FRER Results stand
for means =+ standard errors, [R5 503E J5 A7) FAE R 22 F5 5 5% B3 7K F Means in each column with different letters are significantly different at
the P < 0.05 level

2.3 KFEMR PR R MR I AR D e = o A

FRAE T AR FT 45 | T HR B o — B R L B 25 BTk R 31 85% A JFE Y FE A6 i 3L 4R B
T 8 A ERSr, BT TR AT 5k 86.22% M1 87.35%, Horp, ARG RGN AR 1 E M4 (PCL) 7 2 BTwk RN
33.26% %5 2 FWIT (PC2) K 16.57% , %5 3—8 F M STHRFR BN, 70 51h 8.85% .7.75% .6.28% ,5.38% 4.
28%F 3.85% ; e Fet I, PC1 1977 22 5Tl N 35.57% ,PC2 1 17.58% , 45 3—8 AT DTk 414 /N, 431l
9 8.63% 7.15% .6.26% 4.57% 4.03% 1 3.56% , A SC HAFRT 2 A F Wt 41400 (| 2)

Iy HTEE RF W RIR) 4 257 S VE IR AR F AL BRAE PC h EAEZEW BN 25 S 7 PCL Bl F 4% Zb 34315 43
B, CK AbBH = Z 0 A 7E 6707 1], 1 Po Ra A1 Ry 4B £ /0 AR7E PC1 S1E )5 1 PC2 Bl b CK AL B4 A5 76 71
J7 1], Po AL BRAMGFETE J7 W), Hirp Ry AbFRAE PC2 1F S EXA 70 .

25 PC1 Fl PC2 AHOC RE KN A SR BEBEXT 7 T 12 AR IESEAT 7007, 28 45 R o, X PC1 I
PC2 MR IR B IR ) or E S LR FE R W 5T (3 3) o 78 PC1 op SIS Z BL R 5 i o Lo 4915k
58.3% ; MAE PC2 H B UE AW BT |5 L3k 83.3% ; IR I, X 4045 AN R & 2 78 s A W s FF 346 T Ak 4 ]
TR 1) T2 ) TN R SE TR IR I

AR IS BB XS AN [F) 4 2255 25 AE DS A1340 T A 3L BRI AT 6 FhBRIRIEA T 438 , AS R 4 208 s AE D RS AT
A FH A FEAR % A 35 A= YR BB IR SRS a2 4 R BT o R S Ak Ak B AR AL 5 AR B R Wik
VA R 5 22 (8] O AH B DG ZR A3 T2 SR 2R B, DA FH - 398 B2 s 5 1) FH 2H s e U 253 8] b 1 o3 A R, A
FURBRZY IR F BT AESN 1 A, B IR RS T ME 28 o EE A e 1 ek, B b s
4 pH AL A B R B ARG R AR IR I 87 4 pH A ML 2 A A
R S 5 AT O O i AR i S SR R ISR MR 2 T ) A AR i (1R 3)

3 e

HEABRFE 2SRRI, e IR-P- 3B 5 221623 (AWCD ) K/ T DR R 30 E 3 B IR A g AR
PR P RN P LA s M A R R Y o TR SORTAE T IFS0A R, RS A B R T 0 e
YR IR SE A FI T AE , 35 o L S R AR RE ) (AWCD) FIZHRE S HEME (18 B 5 ZREMEARED) o 1EASHIE
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Fig.2 Principal components analysis for carbon utilization of rhizospheric soil microbial communities in different straw recycling of winter

covering crops treatments at early and late rice maturity stages

Table 3 Main substrates with high correlation coefficients for PC1 and PC2 PCA of diversity patterns for different straw recycling of winter

covering crops treatments

£3 TEHEPCIMPCQHEXEENTEREFE

FRF 1 PCL a2 PC2

W FE 2B Substrates r W FEHZEA Substrates r VIR H2EI Substrates r FEHA Substrates r
rER K sl A e Bl e TR A (
D H%I’%(ﬁx) 0875 “ Hﬁ?&@a(%%@&x} 0809 X! J@tg@a(%gﬁax) 0874 - thﬂﬁ(*ﬁ?@) 0.802
D-Mannitol L-Prolin L-Asparagine L-Arabinos

AR A BT A (A H K R B A
D%?ﬂ#&‘ﬁk@c’(&ﬁ&ﬁ) 056 D VRR(EANE) 0759 AWM 0ggy DRHECHEX) 0793
D-Gjucosam inicacid D-Alanine Maltose D-Fructose
L-22 5 R (AR L-R AR (AERRE) B-HIFE-D- AT (HE) D-H B ()

L 0.841 L 0.781 . 0.856 . 0.745
L-Serine L-Asparticaci L-Methyl-D-glucoside D-Mannitol
LA AR (R EE) 0.833 L DI RRIAR (BE%) 0753 D-LT 4R (FE26) 0.836 N-ZBE-D-H A i () 0.734
L-Pyroglutamic acid ’ Pyruvic acid methylester ' D-Cellobisoe ' N-Acetyl-D-glucosamine '
AR ARk TR (B AR A (MK
EXLEE ops DHEHROIRE) L RO 1gys DRIECHER) o3
L-Leucine D-Gluconic acid Glucose- 6-phosphate D-Xylose

- K LT (U BRI (R — W (B
o-D-H R () 0si2 Y AT IR (AHM) 0726 | BRI AIRE (W) 0.815 W (RRS) 0.705

a-D-Glucose

Y-Aminobutyric acid Glucose- 1-phosphate Malonic acid

http ; //www.ecologica.cn



38 %

R4 CCANHMPRLEREYFANETERENRT

Table 4 Codes of main carbon substrates utilized by rhizospheric soil microbial communities under different straw recycling of winter covering

crops treatments for canonical correspondence analysis

4’5 Code FRIE Carbon substrates #*5 Code VR Carbon substrates
Al D-HZ W (B5) D-Mannose Bl D-ZF4ERE (H525) D-Cellobisoe
A2 LA &M (& HMYE) L-Pyroglutamic acid B2 L-BAT R4 (F25) L-Arabinose
A3 D-2EFLE(H2E) D-Galactose B3 N-Z, BE-D- i H e (Fi2%) N-Acetyl-D-glucosamine
A4 D-T % HEIR (JRIRZS) D-Gluconic acid B4 D-H @ (#525) D-Mannitol
A5 L-22 512 (LIRS ) L-Serine B5 |-BEFR AT (B525) Glucose- 1-phosphate
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Fig.3 The relationship between soil chemical properties and carbon substrates utilized by rhizospheric soil microbial communities under

different straw recycling of winter covering crops treatments
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