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o OE: PR R XA  , RE A AR R GE RN 3 RS, B [ R AR T A
bR R AR M E I RIEAE R AR L, SRR IR A AR LR R AR N K 4
R, AR TVEBEAT E AR A B, AT ORI AT A A I % pH HR i T 24.03% 1 21.65%, A PR .
R AR, AR T 19.40% F 25.14% . 14.02% 1 18.61%. 2.69 Fl 3.12 f%. 63.40% F 1.14 f%, W5
IR Y Y e S AR S R T, (EURAT R R S S R T IR E IR IR A FHAE T ( Average well color
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4 A5 VR RS
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5 BIOLOG A M ik wh o8 K 8L, 5% #kab B
AL, AR = i SRR IE 2 i 1 3P R bl 4 4
A Wy IR A RE 0, IR IE B0 1 Al A 1Y AR
HEVE 2549 5 B 02 o) o ] DL ol 55 ) 4 el +
MR RE L REE I RE VR SR L (B,
IO T 2 A [) oo X6F A A= 40 e 058 A 35 45 A 52 i) 1)
W 2 WL T oy SR b o 3K E rg b 7 SR R AR
S, BHESRE R R, AR E RS R 5 A
+ e A W o R A R AR AR AL B anfeT, H T
i TG B A 45 E .

I g WA 21 B X, K AR UR
w, BB hER, BEFMRRHEZE X, %
iy DX A FPoR T AR ST, 08 179 % 10°hm*, {H
e, LUEAAAETR. B OB, AR
T B, BEEERBEW, s
TEEFE AR IRRIR L, W2 T A R IX
R Pl A 7= 7 B e o DR M ) B A R M A S [ e
ARG HEEHLE L, MOAEYEK,. Pk
L AL, BB R m SR A AR i
U M Z O 5 A e LA B A
FHHT S o AH B HETLT R W 5 S el A7 52 () F s AH G
Rl A5 B4 4 e b X AR A ),
THHE. AARABORAT LA 3 FpR R, BFREAS
(7] A 0T A7 Pl - B A2 M iy s2 ), R
A YR DR A R AR AR AL, IR IR 32 SR
W EASER R, WFIE LS R0 i & g e i 4
TN DA R 1 18 DX el - 1) 5 T ek R R e
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1 #REFE

1.1 WG HIMEAL

3t 3 R A ] 7 T VT 75 48 T T AR T IX X R
v R 153 (116°55715"E, 28°15'42"N ),
ZH X JE T B 2 KRR, AR R OK R
1795 mm, 4FE¥zE% 5 1318 mm, 4EYIR 17.6°C,
261 do 3R E T2 — a5 B,
AR it B SR F AT 56 N ( Citrus reticulata Blanco ) ,
FHAEL % B N 2 mx 4 mo MEAE B LB N, P,Os.
K,O Jiti Jf 2 43 %1 &y 375, 300, 300 kg/hm®, 43 3 ¥
ST, AR (11 H ). 4ERTHE (3 H ). R
(7 ) 4:3:3 4570, AL, Jitiid BHARES — U P A
3750 ke/hm® (A ML, AHUIRAFEAMET A : K

1 30%, N 2.50%, P,050.60%, K,0 2.10%, £ #l
Jii = 45%,
1.2 S H AR

2018 4F: 3 A HF i AEMtid b i &I #E (CT) . A
SRAEEL (NG ) . AT ELmlFh (GL) 3 FhFpiEA A, T
B D REBR L, e RS NGB AR
MAGATIRI L 8 [ AR A K, REA FM T (Cyperus
rotundus L. ) . 2> 9% ( Taraxacum mongolicum Hand.
Mazz. ) . /IN'&3% ( Conyza canadensis L..Crong. ) . 5
(Imperam cylindrica L. Beauw. ) ZE OANE], OANEHE
Prigfefi. 3 A T AZENHET T RIS FIMT G ( Phaseolus
calcarains ) , &Rk 30 kg/hmz, 7 AR EAER
EJSEHAN S, BHEF] 20 cm 72)2 148, ZuBifef b/
Yy 2420 11000 kg/hm®, 4 [ 5 294 3300 keg/hm?,
Tk 380 gkg. E 173 gkg. 314 gkg. 455 gke.
5735 ofkg. B 434 gkg; AT T R A ) 1 O 9500
kg/hm®, TH 254 2500 kg/hm®, &k 369 o/kg.
R 279 gkg. W 4.46 o/kg. #40.7 o/kg. 55 13.4 g/kg.
B 3.25 g/kg., AP TR 3K, LIA/NIX,
B/NX 16 m’, 2019 4F 11 A AHGYCRE E1 T+ 5eRE 5
MRS, RSB/ NXBENLIRSE 0 ~ 20 em
R RIHRA A, BN A AR
Py —M AR, P 3 e 5
— M RAETF 4CUKAE T, HFIE S EME Y A
SRl B A e IR R REAE .
1.3 Wk
1.3.1  HIEfbeE o

T FEM pH R A A TR E , R HLAK
(SOC) RAEKMMA LN E, WA (AN)
R A Y BRI AR (AP ) R #H 86
Prib i, sEAE (AK) R KOG 6E %
Mg L
1.3.2 flA= i i

SR FH G5 3 28 0 I g HE AR W A W o
(MBC) "7, 45 58 25 1 A B2 2% b 13 - R I v
AR & 2 22, BRULRE 045 TR MUY AEY
IR

K H BIOLOG Eco SEAE; 75 50 12 4 3304 9
BRI R R RE S REE O, FRBUHS T 5 ¢ T
+ R RS, R 0.85% BTG H NaCl 77
Pz, PEMURAY, FRRERIGR S HRh 2 BIOLOG
Eco 96 fLE5 Fe Mk, 25 CHHIRIGFR, HFR 24 h 32HL
590 nm YA T RALITOELAE
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1.4 Hdukbr
K HI BIOLOG ECO ~FAR S35 2 72 h Bidlait A7
M. W EAE (Average well color development,
AWCD ) FEZHMIEHOTH SR Garland % 7 ()7
o AWCD HHRARMT
AWCD= 3% (C-R) In (1)
Hrp: €058 i MLWOGE, R X ALY O
{E, n AESFRARCPERIEAP AL
e RS2 Shannon (H') HEAARINTF .
H'= Y. PlnP, (2)
Hrr: HORhUiRe ZHEEFR L, PR A FLAR XTI
JCAE 5 BT A LA RO Y LA
Y5 EEFE 4 Evenness (E) THRAXMT .
E=H'/InS (3)
b B RS EERREL, HWDIREZFEEFREL, Sh
Ay ml A R IR ECH -
I F SPSS 26.0 i i Tukey 47 1 [ 2 5 22
AT (One—way ANOVA ), #fiE 240 BE 2 [H] 22 57 1

s W T ( Stepwise regression ) fiff
JE 5 e G0 ) 1 o ) DG B - IR I R . AT R
(version 3.2.3, R Development Core Team, 2014 ) 1l
T vegan FLXF A W AR TR A IR A AR A T U AR 43
#r ( Redundancy analysis ), #fj 28 A~ [A) FjAE AL =
I W IR A AR U 22 S S R 2R . SR
OriginPro 2015 1EK]

2 ERS5HMH

2.1 AN[EFIAEAEE A A el - e fb 2 R i AR Ak

FEXF FIE R A SR AR TR, A7 T R 2 42
fm 1 AH ARG Pel - 58 pH ORISRy S i, 338 pH Aol
= 1 24.03% 1 21.65%; ALK HIEE T 19.40%
1 25.14%; Bl A o3 4 1 14.02% F1 18.61%;
RO B T 2.69 A1 312 4% AL 4 4
= T 63.40% Fl 1.14 £, IEHERIE R A S AP
O B A R (R 1),

&1 AEMER G E L R F R

A AR pH A (gkg) A (mg/kg) B (mg/kg) R (mg/kg)
CT 4.62+0.01c 9.38 + 0.05b 95.60 + 3.70b 25.00 £ 0.20b 194.00 + 9.00b
NG 4.71 +£0.02b 8.95 +0.28h 91.90 + 3.70b 22.40 = 1.10b 148.00 = 8.00c
Gl 5.73 £0.04a 11.20 £ 0.10a 109.00 + 2.00a 92.30 + 3.40a 317.00 = 7.00a

T AN FEACERA R A B F] 22 5 22 (P<0.05), R,

2.2 R[FEFMREA A bl R v i AR Ak

H AR Az RO 2 M A el S A W
W T AL, (RSB R ARE (R
2). M HLEE BRI A SR A T AL PR, AT R (AR AR K
T e AR ) AWCD A BlER e T 25.81% Fil
66.67% ( P<0.05 ) ; Shannon 3] RE £ #f 1t 45 543 5
PERE T 3.94% F1 2.11%, (HZAA ] 22 AN i 2
(#2); 1M Evenness #1585 R T 4.91%
(P<0.05) Fl 1.42% ( F£2), H R RE #RA 0
IR A I B ES

#2 FREMEERHEE L BRSNS RNEm
PR MBC (mg/kg)

AWCD Shannon Evenness

CT 132+20a  0.155+0.024ab 2.79 £ 0.06a 0.815 + 0.020b
NG 140+39a  0.117+0.017b 2.84 £0.03a 0.843 + 0.006ab
Gl 134+£29a  0.195+0.012a 2.90+0.03a 0.855+0.017a

AIXT T HRA SR A SRR, AT SR R
+ R Y . EIERR . B A B A
fe 14y W4 T 3.31 F14.91 /5. 1.14 1 1.41 5.
— 202 —

42.5% M195.7% . 66.4% F1 125%; YRR 5 E
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a
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PE— 2 A AN TR AR AT IR R PN 31
MERIRA TG RE T 255 (I 2), S52RFEW], X
FoAbAE A, A7 R R T SRR WX 2 Bt
FERRRIR (AL O SR )« 3 R HE IR IS Ak U5
(L-fH AR, L- RIT& B, L- 22/ ). 1 ff
B IR (D-F3LIR v- R ) . 1 MORMRE iR
Oy - BT ) . 1 ME AR (2- FRHEEIRH
08
0.6 |
04 |
02 |
0.0
08
0.6 |
04 f

CT |

BRI

R ) F2 Fp 2 RYZukii (3 40, +7E 80) 1)
TRIHRE 1, XF HiE BFAL B = T 0.67 ~ 7.37 fi%.
AR, RIERMEOO | R R IR SR
(o- THEIRR ) MACEIRE s, BT, +
SRR 3 FOBEERRIE ( JREEHERE . MATRE -1-
BERR . D- £F4E 0% ) AR B .

0.8 r
06 F ,
02 '

e | R |
0.0

*k

27313 7 111519231 2 5 9 1317242528294 6 18212226301014 8 121620

2 AREMEER T TEREDIT 31 MRENREREER
T BRESS: SRR (27) . JEME (31); RIS L- KER (3) . L- RITABE (7)., KA (1), L- 288 (15) . HAR
(19) . HiEBAamR (23); B2 p- W3 -D- #aMt (1), D=3 v- Wl (2) . D- A¥EF (5) . Reeiime (9) . HEEmE (13) .
N- Wk -D- 2 BERE (17 ) . 2F4E — 8 (24) . #2908 —1- B2 (25) . o-D-FLK¥ (28) . D, L-o— HIMBEEREE (29); JRERZE. N
RHE (4) . D-2F38 (6) . y- HIETIR (18) . D- ZULHA MR (21) . ARER (22) . o- THIER (26 ). D- FIRER (30); B
2- BREEFHER (10) |, 4- BREEFRHIR (14); ZEWZ: 140 (8) . 180 (12) . a-HHIKE (16) . FHJE (20); * FR P<0.05, **

2 P<0.01,

2.3 HIERE Y AR LR R R
PAFRBS LM EY A R BUEY
IR R FHRE 1. DIRe ZFEvEdR 2. AR 22 S ik iR
5 el E e AT R M, B AR R -
AP AR A OGS A D 2 A5 R AR,
AP T A 5 - HERUE W A ik 3 A
Ky IR E (F3), Ak W ax TR
HBE 71 AWCD /9 = Z 52 i [ & & SOC, Shannon
DIe Z M R 2w m N £ & pH, WA S
Evenness ¥4 5) i 48 £ b 2 A OC 1) 1 SR B IR R

(% 3). pH &M [ FPAE AT A 22 S ik i
AR FEZN R, HRERA R . A SR L
ko oM., L-KEAmR., v-RETR., 2- %
IR . I 40, 3 80 X 6 FPARIH 22 S U
Y% pH B E W, L- RITABME., o- T HR
2 Fh A5 22 SR VR T 2R A, L- 2 &R .
RFE e 2 PR 25 SRR B2 A R RZ I, D-
PR v - WER EEZ AN, FREEHEE . A5
W —1- BElR . D- 214 R4S 5 & IS N TG
MR XR (£3),
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®3 AEMEEX TR HEMEYERS THEINERRNX R

BV R P
MBC — —
AWCD=-0.144+0.03 SOC 0.746 <0.01
Shannon=2.43+0.08 pH 0.530 <0.05
Evenness — —
JiE iz =-0.609+0.142 pH 0.703 <0.01
L- K%M =—1.187+0.287 pH 0.917 <0.01
v - BT =-0.384+0.137 pH 0.797 <0.01
2- BRI IR =-0.125+0.03 pH 0.613 <0.05
+-3R 40=-0.419+0.154 pH 0.601 <0.05
+3R 80=-1.102+0.27 pH 0.794 <0.01
L- KI'T&BEE =—0.878+0.012 AN 0.823 <0.01
o - THifR =0.147-0.001 AN 0.596 <0.05
L- #2%% =—-0.043+0.004 AP 0.805 <0.01
HHE B =-0.038+0.003 AP 0.877 <0.01
D-2PFLR v - WK =—1.267+0.148 SOC 0.914 <0.01
DREEHEE — —
HHIRE - 1- B — —
D- 274 4 — —

TURIT SRR, s 1 (RDAL) Xf
R Rl 48.6%, #R 27 (RDA2) fi#
PR 19.8%. EHE. A RA TR G FpEI 7R
TOAR A AT I B4R 3 s XA, R 3
FRRpREAIECR, 4 E O i U5 R AR = 2% 5
F (FE3), b e 0n 55 PREE K 547 2 [l Fp A
AW F MG, 45RFRM, MHESIt)E, LR
PR 2 B A A T RUE A (& 3). AR
BALZAFRFRAE RDAL il RS (A0, 36t
W DR PR A2 P53 DR R i A B 11 /NI
pH> AR > TR > AP > HRE (8 3),

-0.6 04 -02 00 02 04 06 08 1.0 12
T T T T T T

06 PHAPSQQAK™ ' 1 0.6
cT
04r /AN H 0.4
Gl Gl MBC
§ 0.2 0.2
Z [\
300 0.0
Z cT
(o]
—02} -0.2
<
2 B
o4 ~04
i 0.6
NG 0.
061 cT
-
-0.8
-0.8

-04 -02 0.0 0.2 0.4 0.6 0.8
RDA 1 (48.6% )

3 AEFEEN TS E TSR A YRR
P AR R R E =
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it
3.1 ANFIFAARASE O AR A el - B A 27 o 1 52 il

AW, A SR A BRI G R R =
FHLE NG B 0 pH, R A S ) e =X %
+- 88 pH 2R RCRRAF . BAREEEAR R AT LA
LR, TTRESKRAR LI pH ", (HE, B —Jrm,
M TAS EHBAEE T, SACEIE 5 7S
T MERIEE T, T IR 8 pH, ARRESTRT
KFHMSRIE SR AT G, Fohss | AR T
HEE (4091 13.4 F13.25 g/kg ). R, FRIKEN
JEIG Rt B AL, R R T 3 pH.
ARMWFFEAGE T 2 AEAT T PP R e T A A e 1
AP . DA ARE . A S, 2R
S ) A DR, B0 5 A o A R
RUPT 48 S AR ISR & . 158, & A
fie. . W, EAESRS, MTOBRIRR B, T]
AR EIRSY Hak, ENTRISIE, TGRS
0 3ok [t A A v I R R 0
3.2 IR AR A O] R AR el - S AR A et R ) R
EZ S e AT

H AR A Sl B SRR S, A LR +
e, nIR IR, R, AR
B, S5, AR RS AE IR AR AT L
R R B S M A iR S i L SR AT
FEAEIRFRM, AR LA PR AR = R A el - 4 e
Y e SN R . BRI AR R, R A 2R
T SR RIFN S, 45 al g R0 A T o 43 5
AT 9000 kg/hm? 2 F1 31000 ke/hm® ', iAHISE
H AR RS AT EAMEAE IR, A2 AT R T
T HE 43 129 K 3300 i1 2500 ke/hm®, BAK B A WL
IS K- J 3 P AT REAS LA - S W B e A
BB sgm . SRUCEYBCE AT, AT R b2
B3R T IR E iR I BE S AT RE 2 RE
FEE PTRESRAT AR R I R R AR A A3, 2
T TR, AR T R W IR
TRURE T AR D RE e ME . BIL T I, AR sk
WA, AR IR RE ) M RE A A
o A2 M 17 R el - 48 A 5 3 i e A b 1 B AR A
FEh%
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3.3 AR PR PO A AR bl - S 2L Wy i DA
FHIE RS2

AT AT, A A Pl S Bl A 1 X AN (]
i IR ) B ) P 5 RE W SRR, T S O 3 A4
DXCEH o R B SR 0 TR e U, e
JE R EENE Y . EAIRE —1- BEIR . D- 4k W
AR5 J3E v T A AL B 5 i P AR AR AR BE A A
AR T - TR R ARG RE ) B A L 1) A
Ja, REEGCEYIN TR, AR, ORI, Bk
22 R 25 2o Pt DR ) Ao 2 14 2 2 g T LA Ak
AR AR T AR 2R 0 W sE A LR
figt T 7 LR RO BR IR AP A R E AN R, W RES ST £
SR E BRI A R 22 5. i, AR
TSR MR R R PR AR AR i) S B
TOARZR, MREEMIRLEAR R H LA 2, i
Bl —1— Wl PRt 2 A 4 AR 20 i 32 38 s P 7 Y B 2R
AR L TR, R AU R AT
SLHRARIAE L, AR KB E AL, J7 A
RO THERERAYLYY, 2l BEApFALS, nRE
M. BIHERR . WEMZRYFZHIN, FA&ENL
SRR IR PR R A AR
3.4 SEMRA PRI CRA IR A T R

I pH FIFRI SFHE b R M A [F] Al AR T
S e R RN E L AR,
A HIURRIE R AR e] - SRR A i DR I RE T A9
TR, BHEAYUR S B2, EEEREME
Wy ] )P B DR R R R B B, B 2 R T A
AP IEAIHIRE 1o pH SR A Y DI REZ eI
BRI AR DA RS CUR 1 2R, I B2
A 25 S B R ACRE AR % . pH T RETE I 3 ik
Fes i - B W R iR RS (1) pH AR
U5 3500 OGS A O R A 20 R
N, BERYBAERCRESS, HIERAIET, &
TR BN E Yy e AR T (2) pH 52 £
e Py RIS RIS T i e S
AR sh P SCHEAE s (3) pH R i A= Mo itV
GERRN RN L R WA R ) B B VR R P
BRI REZ B . ARG v T A A el 1 2 5% 0
bR P, AR ST T R 04 M A P - R AL
TR L, AT ) PR I pH OB T
MG SR T8 IR W PO A R AR, 32
TRRACH AR SC ARG P, A3 T A W A v Al A

R, mZARHE T RUE YIS 2 R IR A A

MR R R RS, WA GE T R 2
APIRAL, e 1 IR i G RE T RITIBEZ A
P, B T A A I AR TR e )
i, AR G RE ST RIS REZ RV ERE R iR AT
A el - e A R AR T B S AU A AR

A BB R M) 25 P AR AR A A7 el - S A )
BRUEFIFHARE I A9 2N ZR, 1T pH 25 MR A P ik
DA IS0 Ry 1 B8 bR A7 S ) A 5o 5 42
M RE % pH, MMIHSGE T RE i IR FHRIE
AR TR | S A 2 AT T R
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Effect of bamboo bean intercropping on soil chemical properties and microbial carbon metabolism in citrus orchard
MA Xin-ling" %, QIN Wen-jing”, LIU Kai"" *, LIU Jia’, FAN Jian-bo" >, LI Zhong-pei" >, CHEN Xiao-fen’, WU
Meng' *, JIANG Chun-yu" ?, LIU Kai-li*, WU Zhi-feng*, LIU Ming" ** (1. State Key Laboratory of Soil and
Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing Jiangsu 210008; 2. Graduate
University of Chinese Academy of Sciences, Beijing 100049; 3. National Engineering & Technology Research Center
for Red Soil Improvement, Soil and Fertilizer & Resources and Environment Institute, Jiangxi Academy of Agricultural
Sciences, Nanchang Jiangxi 330200; 4. Jiangxi Agro-Tech Extension Station, Nanchang Jiangxi 330046 )

Abstract: Choose a typical cirtus orchard in the red soil region and set up three planting patterns: clear tillage, natural grass
growing and intercropping bamboo bean, were selected to study the changes of soil chemical properties, microbial biomass, and
microbial carbon metabolic characteristics in citrus orchard. The critical soil factors affecting microbial carbon metabolic characteristics
were also determined. The results showed that the pH of citrus orchard soil increased by 24.03% and 21.65%, and the organic
carbon, alkaline nitrogen, available phosphorus, and available potassium increased by 19.40% and 25.14%, 14.02% and
18.61%, 2.69 and 3.12 times, 63.40% and 1.14 times, respectively, under the intercropping bamhoo bean pattern, compared to
clear tillage and natural grass growing. Microbial biomass carbon was not significantly affected by planting patterns, but the average
well color development ( AWCD ) and evenness index of soil microbe were significantly improved by intercropping bamboo bean.
The microbial metabolic intensity of amides, amino acids, phenolic compounds and polymers in soils under intercropping bamboo
bean pattern were significantly higher than those under other patterns. Microbial metabolic intensity of carbohydrates, especially
Erythritol, Glucose-1-phosphate and D-cellobiose in soils under clear tillage pattern were significantly higher than those under other
patterns. Stepwise regression analysis showed that the AWCD was closely related to soil organic carbon. But pH was the primary
soil factor affecting microbial functional diversity and metabolically differential carbon source. Redundancy analysis showed that
the order of soil factors affecting carbon utilization patterns was: pH > available phosphorus> alkaline nitrogen > soil organic
carbon > available potassium. In conclusion, intercropping bamboo bean can alleviate the soil acidification, increase the soil
nutrient content, and improve the microbial community structure and functional diversity, which is conducive to the health

and sustainability of the soil ecosystem in citrus orchard.

Key words: intercropping bamboo bean; citrus orchard; red soil region; microbial biomass carbon; microbial carbon metabolism

206 —

YRR E IR (1], hEEES5ERE, 2020 (1) 31-38.



