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WENEHFX(CK)  MHERIVER T 1 AR(T) ARG EIE R S 2 4R(T2) MR TRIVE R 5 3 4F(T3)4 ML ER, Mg TIF P SRARZE AR | AR e

AU A S abr . 45REW . OS5 HPHERIAE L, AHERER G £5>0.25 mm KEIRK S EIZE T 19.58% ~ 22.29%;

QM B EER T 0 IR A R FR B MARE R . T3>T2>T1>CK; QR BMACRAZ T A HUBRFI 25 & ik 2 >5 mm BiARES,

<0.25 mm e S ERAR, HHAFRER S5 O/N EEEHFXIRRE T L1645 ~ 1.19 £%; @+ 3R R U485 ARG PR 45
IIYAHOCTE R, RDA J-AIA#RE 99.32% #194.99% RY2EF{FE., H >5. 5~ 21 0.5 ~ 0.25 mm 43 T3 SR (A2 52 w45

ﬁmﬁﬁnﬁiﬁﬁiﬁwﬁﬁfﬁwﬁﬁ%o SRS, AR TR R MK G T 30 Sy, Blost - IRPRA R IRLs ), E—FpT gk

Al %2 At

KRR MR K&, AE; HIEEIRE; B, 2%; ON
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Effects of Citrus and Soybean Intercropping on Soil Aggregate Structure, Organic Carbon

and Nitrogen Distribution
CAO Sheng, ZENG Bin, DENG Sufeng, GONG Biya, ZHANG Wen, LUO Sainan, YANG Shuizhi”
(Hunan Horticultural Research Institute, Hunan Academy of Agricultural Sciences, Changsha 410125, China)

Abstract: The study aimed to investigate the differences in soil aggregate structures and organic carbon and nitrogen distribution
under different years of citrus and soybean intercropping system in order to provide reference for orchard soil improvement. Four
treatments were set up in the field positioning experiments, including clear tillage area (CK, citrus without soybean), citrus and
soybean intercropping for 1 year (T1), 2 years (T2) and 3 years (T3), respectively, and then soil aggregate composition, stability,
organic carbon and total nitrogen contents were determined and compared under the different treatments. The results showed that:
1) Compared with CK, the contents of large aggregates >0.25 mm increased by 19.58% to 22.29% under citrus and soybean
intercropping treatments. 2) The stability characteristics of soil aggregates in citrus and soybean intercropping were as follows:
T3>T2>T1>CK. 3) The contents of organic carbon and total nitrogen were the highest in > 5 mm aggregates, but the lowest in
<0.25 mm aggregates, and the C/N ratios under citrus and soybean intercropping treatments increased by 1.16—1.19 times
compared with CK. 4) The correlations were significant between soil aggregate composition and organic carbon and total nitrogen
contents in soil aggregates. RDA explained 99.32% and 94.99% of difference information respectively, among which >5, 5-2 and
0.5-0.25 mm soil aggregates were the main environmental factors affecting the changes of soil organic carbon and total nitrogen
contents. In conclusion, citrus and soybean intercropping system promotes soil fertility and soil aggregate structure, thus, it is a
sustainable agricultural mode.

Key words: Citrus orchards; Soybean; Intercropping; Soil aggregate; Organic carbon; Total nitrogen; C/N ratio
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FASENEDRE IR | TRSE . ARG5S A 5
FE RN RERS A LA R b e P SR AR iU A P i 2
BUREYIIR, Redl m AR IR Z B A TR, Ao i
SR X H AT AT HLBTEA T AT RO 47 DA T 4 32 T3k
R SR AR, S IR R AR
BRI S AA M) T R P SR A v B 2 A SR AR B 2
M3 5 A B R B . R4 A im0,

PR —RREE AR DG 5. K 35 AR BTIR
f18 e s b =, AR ARG el 4 ] T K & T s IR
AN, REOEIE IR EE AL /) | A RO | S
BTG B B 28, 0 T HERE AR ™ L 58k e R AT
FERE S B S5 A R IR S —
M35 IR AR 4G 19 S S Al 2 E i, RERE A 1t
VERLZS 4 BT ORI RCF L RE OB 3 e Lol 25
IKREST . WK S o AR BRI
T = A AR D [ 2 e A I R ) T R R
VSRR, 035 b vy L3R SR A | U0 5 ik M
AP Z R R INE M . 22t SR 5 R IR
WP AR Y 5 B0 SRMEY Z BAF7E 5 57
I ERRIER , WSROI RERT IR, RAR
GRS B A A LB, REAEIE N 4 S RURL ) 45
P, PR ASNR A, DT 2 1 S P SR A
AR, A ADEE A R 2R AR AN L5550
AN T R RYRITSY , (X SepioE 32 2 DATA) A 2445
(4 LR WFTERS G, BT XA [ ] AR R T e AL
Bk SRAE AN [RI A AR P SR A o 18 5 fa 0 A AR DL ZE R Y
AR NIt , AFEFTE ) 7 156 70 B i
A7 R AN (] ] 95 A IR o 39 AT 58 A 45 g 728 A L B
ABLER . RO ALK, 5 78 2R P A [R] b AR X
2 A R AR FIIE S B $ ik 2%

1 #REFE

1.1 HARXER

FH )2 A5 3801 R 4 5K A S T 7K DR AR i A A
WEREIFMEIX (29°6'117 N, 110°25'11" B, ¥k 208 m), iz
B DX b A XGRS, AR 172 °C,
SRR N 1 345.6 mm. (R TUSE KLY
REMEPR L, HHAYIRS TN 3745 gkg, TiE4
A SRR 1.82. 0.70 Fl 12.80 g/kg,
IR A AR R B RS 163.59.91.23
F1194.15 mg/kg. el X FAR AP AL RIS, BliARH
B, Rl 5 AF, BRATEEN 3m x4 m,
1.2 RIgit

HH )0 15 4 AN AbEE . TEBRX (VR CK),

MIBATIRIEIVE R T 1 4R(T1) . AHAGATIE] 1 R & 2 4F
(T2). HHEFTEIEVE RS 3 4FE(T3) . MHAER A1 Rl iE
BT 1 m AL E A TIE R AR K, KOG
y EH BB FNE D 26 SCEFWY 96 d), 1THE
40 cm, tREE 25 cm, BUEFE 2 ~ 3 R, AR,
BRI 3 A NA), Wi 7 A Bl kR E R
W FEFT R R K <5 em, B S LEATI], IFFHIERFHL
HEFT BRES 3EF0 AmIR S)EAT B RT3 e BRR
15~20 cm, BAMA0H 3 RER , L 12 /MK, BA
I /N AR LY 666.7 m?, 4% Ab B X 2 6] #B 5 & 56
8 m AYRRAEIAY , ANIRIALHLZ [F] 58 3y . KGR
AAEN : P : K=15: 15 : 15)100 kg/hm?*, #EFHRT/E N
FERE— R M A o R 3G 22 SR8 DR S P R e
Fr—u b AR, K 75 MR AR F () 2% i ik
FTH R R B TR X AV B Dl N 2% 5, P FBR o
F<5cm.

1.3 TEHARESE

N TR SERLIG, SR RSk b ik
SRAE SRR, T2 A A I
1.4 NEEREF*

SRV AR TIRENI08 >5, 5~2, 2~1,
1~0.5,0.5~0.25f <0.25 mm Aife T3 &K, +
HEAPURR . A B A . AT RO RIS Y
ES B B (R ) B A
(C/N)J A HILB N 4> A AR
1.5 HIELES5SHIToH

A AR AL B R AR & 3 5 (w,) . >0.25 mm
RIARIE S (Roos) . TR HAAMWD)., JLfiF
BIHAR(GMD) . KSR K53 IE 4855 (D) 1 - 1 Al il 14
(K), HHRAKXWT:

w, =1 % 100% (1)
m
Ry ps = 12025 5 100% )
t
MWD=>(x,w;) 3
i=1
GMD = Exp[Zwilm—ci /(ZW[J )
i=1 i=1
M. X
D=3-1g{ﬁ}/1g{i} )
mt xmax
2
K=7.59440.0034+0.0405exp _E(M
2l 07101
(6)
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K m g BRI RAR B (2); mor ) RLAR/NT
X, BB RIA T (2); mysg0s F>0.25 mm RS R
[tk (g); m A RIK R (g); wi ki R IRAK
& (%); X, N i AR R4 A% (mm);
Xmax NI R P IR AAR I 735 1 4% (mm)

Vi Excel 2013 #7440 3, SPSS 24.0 #17
ZE LH(LSD #35), CANOCO 5.0 4770440 Hr
(RDA), Origin 2019 A iR PR &

2 HBR5HH

2.1 HHEE TR RS T

A 1 AT, R el 8] K BLAE A R AR BRAL HE T
f9 L AT RAR S i AP A 5 22 7, B R B B A 2R
PORLAR BRI R 2 PR AR e, A LI>5 mm

BRI AR = =, AT 34.17% ~ 39.02%,
FERA AT ] e VE K A HR A+ A LA RS R 1 A 3R 44 LA
KA A E; >2 mm R R R 155 R A
BRI 60.18% ~ 65.93%, HBEZE [H/E K GAERR
P3N, >2 mm i A RS B 2 BLR AR RN
P, BIERRS 7l 2K T3>T2>T1>CK; 2 ~
1 mm Al 1 ~ 0.5 mm $72% A R w2 5 BV il
e T1 AEEA R S i, 5o 15.60% Al
11.85%; 0.5 ~ 0.25 mm 2 A R IR A i S BUR A
IR, PR i = BRI CK>T1>T2>T3,
G A R AR P B A2 <0.25 mm A RIS
7, WEHEX TIELI<0.25 mm BRI REREZ, St
27.53%, <0.25 mm FIREEE N CK>T3>T2>TL, £
AT B A HE A R UAMRS M A SR A DA AT SR Ay 32

®1 HBETIRARKRRIZAENR

Table 1 Particle size compositions of soil aggregates in citrus orchards under different treatments

bR P R AR AR 20 1L (%)

>5 mm 5~2mm 2 ~1mm 1~0.5 mm 0.5~0.25 mm <0.25 mm
CK 20.76 £ 0.78 ¢ 1575+ 0.61d 10.74 £ 0.57 ¢ 10.02+0.47b 1520+ 0.34 a 27.53+0.20a
Tl 3480+ 0.73 b 2538+ 0.59¢ 15.60 £ 0.56 a 11.85+0.37 a 7.13+032b 524+0.11¢
T2 34.17+0.77b 28.56 £0.60 a 1524+ 0.61 a 10.92 + 0.48 ab 577021 ¢ 5.34+0.15¢
T3 39.02+0.80 a 2691 +£0.50 b 12.78 £ 0.51 b 7.93+£0.51¢ 541+0.11d 7.95+0.30b

T [RISVEOE /NG R A R 375 AL BEE) 22 5738 P<0.05 23K, Tl

2.2 MWiRELERAREFIRE ST

FH R 2 AT, B R AR el i) AR AR BRAYRE
+ A B MWD Fil GMD 2 HLT - a s, M
b T3>T2>T1>CK, [HIfEALBEEE CK 43l $& & T
53.28% ~ 63.18% FHI41.74% ~ 51.45%, HZERBE
(P<0.05); -1 A1 RAK ) D BN K {500 52 BLRRAG 8L 5,
KRB A CK>T1>T2>T3, [AI/EALBEES CK 4334
T 10.45% ~ 11.42% F112.73% ~ 14.51%., % |45
Vi W Bt o A Bl 47 ] (R VR R AR BRI 4, -3 AT 3R
PR P38 i AR AL 38 AR, T4k
BEOR A B AT b PRV AL, AR B A R] TR R AR
P TR A R A, b Ak Rk AR e
IR P BT AR b XL 0 T 1 i

F2 WHEETIEABKEINSH

Table 2 Evaluation parameters of soil aggregates in citrus orchards
under different treatments

ab ¥ PR KT E P R
MWD (mm) GMD (mm) D K
CK 195+0.02d 1.52+0.01d 2.75+0.0la 0.37+0.03a
Tl 2.99+0.04c 2.15+0.01c 2.47+0.02b 0.32+0.02b
T2 3.05+£0.05b 224+£0.02b 2.45+0.03b 0.31+0.01b
T3 3.18+0.03a 2.30+0.04a 2.44+0.02b 0.30+0.01b

2.3 WiRELIBEFRAREENES MEFE

H1& 3 W, AN [ )/ A B A P 48 A HILAik
S BER, I T3>T2>TI>CK, HRAk:
G INFE AR AR PE] - S A SR A P AT LS 5 S 43 A
Bl 1A SRAARL AR (R 800N , A ML 1 i 2 30 0 3 IR Y
s, P LI>5 mm kg A R AR HLRR & e
T 17.13 ~ 22.15 g/kg. AT H EIE R ZAEAERR
(A AE A ] - S AL SR AR N AT LR &5 S AP A — 25 57, B
5 FH A ] ) 1 R G AR BR A S, 457 2 P SR A H LAk
T b, S, ASREIRER ZARR
FOSRRE 3 >5,5~2,2~1 F1 1 ~0.5 mm B4R
PR AT HLBR S 2 BN 1.12 ~ 5.02. 1.21 ~ 6.25,
3.60 ~ 6.00 FI 2.46 ~ 3.86 g/kg, H:H T2 fl T3 5 CK
A MR B 22 Sk B i 2 KO (P<0.05)
24 HEBELERAREERSHIFE

I & 4 AT, AN (] [E) VR AT R Ak JHG) 398 4 5 7 i
AR, o EE 3 AR ISR S e, 1
BEX AR TR S AR R R A T (4 7 A
TES AR, FEE HRARAR RN, 2R
P E RS, 1E 4 NEFET, >5 mm kg
R 2R & R MG RER T 3 ARAb 3
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N 2.37 glkg, A HFX LI 2R E &

wAIK, N 1.96 g/kg . bifi 5 FHAR el (8] VE R GAEBRAYSE K
2~1. 1~05F105~0.25 mm Fr%HRIE S &2
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Table 3 Organic carbon contents of soil aggregates in citrus orchards under different treatments

AR g4
5 ~2 mm F1<0.25 mm $7 g% F B k4

A SRR, 7308 1.45.1.34 1 1.24 g/kg;

R mAEEfER

VAR B B, HIRWER . 2 4R 4%

I A B
SRR,

Iy 9Ih 2.19 F101.23 g/kg.

piseil BALKR AN KA A B R A HLAR 2 2 (g/kg)
(g/kg) >5 mm 5~2mm 2~1mm 1~05mm  05~025mm  <025mm
CK 21.72+0.27 ¢ 17.13+0.29¢ 1450+ 0.15¢ 11.90£0.21 ¢ 9.44+0.18 ¢ 9.05+0.29b 6.62+£0.24b
T1 23.80£0.28b 18.25+0.17b 15.71+0.20 b 15.50+0.12b 11.90+£0.24 b 8.57+0.15¢ 6.65+0.18b
T2 24.64+£0.34Db 21.10 £0.21 ab 20.52+0.26 a 15.80£0.18 b 12.90 +£0.18 a 11.10+0.26 a 9.09+0.15a
T3 26.38+0.29a 22.15+0.15a 20.75+0.12 a 17.90 £ 0.21 a 13.30+0.28 a 11.40+0.16 a 8.89+0.18 a
x4 HEBEIREARKZESE
Table 4 Total nitrogen contents of soil aggregates in citrus orchards under different treatments
fb ¥ E TR LA SR R A2 AL A i (g/kg)
(g/ke) >5 mm 5~2mm 2~1mm 1~05mm  05~025mm  <0.25mm
CK 1.82+£0.03 ¢ 1.96 £0.02 ¢ 1.77+£0.02 b 1.67+£0.03 ¢ 1.47+£0.03b 1.30£0.02b 1.03+£0.02b
T1 1.93+0.01b 2.01£0.03¢ 1.75+0.04 b 1.45+0.04d 1.34£0.04 ¢ 1.24+0.01¢c 1.08£0.04 b
T2 1.94+£0.01b 2.13£0.03b 2.19+£0.03a 1.76 £0.01 b 1.52+£0.04 b 1.38£0.04 a 1.23+£0.02a
T3 2.08+0.04 a 2.37+£0.01 a 2.17+£0.03 a 1.88+0.02 a 1.62+£0.02a 1.43+£0.02a 1.22+£0.01 a

2.5 HBELEFRRE C/N THHFE

MK 1 A, AEEVEERREIE C/N 225 8.3
(P<0.05), ZEALIX[H] 2 6.16 ~ 10.69. Ktz B4k
BN, TERFIX L O/N BLIEREARR T i a3,
AKX B A 6.43 ~8.74, “FHIEN 7.31, M4 FEATIHA]
YERE 1 ARR 3 ON 25Tt Rk, 2k
XA 4 6.16 ~10.69, ~F-H4{AK 8.45, Hir 2 ~ 1 mm i

12r C k11 BR T2 RNY T3
L a
0F &b abd 7
bR 2 a
| C; N : i N ab
B C; }IF b a,
8 H H d % % aa
< k3 ¢ -Ib-; b B
9 b
é 6 H ES —I—i'
S
E L
4 .
2 .
0
>5 5~2  2~1 1~05 05~025 <025
IR (mm)
(B /NG FHER TR 2R [R]— ki A A B AR AS [R] Ak B ]
2535 P<0.05 2 #FKF)

1 HIBETIEEARK C/N
C/N ratios of soil aggregates in citrus orchards under different
treatments

Fig.1

DA RIA LI C/N Hem o AGERIATRIEER S 2 4F
W+ C/N 2B EREIRn s, ZIXES 7.39 ~
9.91, FHEN 8.70, HHEEIATIHIAIMEKRE 3 4F/9+
B C/N BAETHREREICHEE, LXK EN 7.29 ~
9.56, “FHMHM 8.65, Hrf5 ~ 2 mm KA RIAKL
H C/N o ARIEWER GAERR A A 3% C/N 43
PSR B 1,16 5. 1.19 f5A0 1.18 47, FWIHT
A5 e A 7 1) [ A K o R 8 s - SR 7K
26 HREELEARGIAEFEIHRMNEASE

EIl:0ESER

ARSI R (>5, 5~2.2~1, 1~05, 0.5~
0.25 F1<0.25 mm K1 ERAK KA A B i) F 135 7
RIEA RS 2SR S EAY RDA 25 Rl HI(E 2),
AR RLAR L B 3 A R AR A LA % 521 RDAL
Fl RDA2 B3R5 0 91.95% 1 7.37%, WifhifE
il 99.32% 1122 515 B8 24); HIRIEK KL
BRI A 398 R PR 4 R & 5 RDAT Fll RDA2 iR
39N 88.08% F 6.91%, PikHBEMEFE 94.99% Y2
SE B8 2B), M1, M2 Hil M3 it + [ B ik 5
Cl ~ C6 SRR MUK & 8 2B O R, XA HLBK
TR HN 67.6%. 68.6% 1 15.9%,
M4, M5 il M6 fife HIERTRA S C1 ~ Co HIRIA
A BRGSO R, XA ML & R F 1
BN 21.2%. 70.3% Fl1 49.6%, F£IH >5. 5~
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Fig. 2 Redundancy analysis of soil aggregate distribution with organic carbon content (A) and total nitrogen content (B) in citrus orchards
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FFE A, [ VEFAE 2 B ok () 3 (2 1+ 49 KA
RAURMTE AL, Blost bt 20 ARBFgE v, Mg
[FE R AP AR 8 E 4R = >1 mm AR AR 5,
ATEHIXARE T 28.53% ~ 31.46%, X b EHHE
o T R AR R B i SR, SR R B MR M
A TR N T B B R IR A B BY | B ORI SRAR 2500
BERBEAT Ry, X ST S R COR ) A R ik
ghEFgRR s b A AERR A N, 0.25 ~ 2 mm
gt AT I NS Nl I e I wp AT E JVN
D {E#N, HHEREN, RIS, S E K
SRR EORFER DI RE AR ; TR 1A MWD Al
GMD fHMK, HIEL5iis e, HIRPTIRIAEE T i
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FEK, IR MWD Fil GMD 2 3T} i
TIEFRIRE D A K (2B, e R
SE[AVEAE TEVEDIAR 2 2004 () 431 ik, AR 2R 43I 1Y
ST LR 0 LA A TS A 400 T R R R, it
W22 AR, XA R IR BAT M BE T, AR T Al
RARIFA R KA R, (35T nfaseE .

LA WFIE & B, 38 SR A 9 A5 HILA 75 i Bt R A2

HER MR I, R A SRR DA LR & Sim, — 7 2
P T 1A 2R il sk A AL e 285 R AT SR A s 55— T
T, KT SR AR A Ab T3 A AR ZS A AR 3 AR 22 AT LA T
Horp A LBk A P, TS DI IA R JEHLIR
A (bR RN 25 8 A ) 32 200 BURLAR B0/ N K FR P
IR, TR AR R 7Kk e T SR Ak S AR T A L
Fa it ABFRAS RN, BEE ARG AT )RR
AERRAVIE: , R A R DL . A B
P, LIRS 1 L R IR S e s O A Pk . AL, il
HAZ o o i, YINER RN E LR, LI
VAT 2R A rh A WL A RN 4 R0 B B AN R AR B AT
TRy AR bR, W] LUE R 13k . B SR S1k
N5 P45 1 25 SR PO A MLmk . R A SR Ak g 3%
B R >2 mm KA, 0.25 ~2mm ¥KZ, <0.25 mm
A%, KRR A PLAR RS i s T R A
X251 G B RIRE Y L B RAIIS Y &, TIE
C/N J& T HEE FRRGL A 28R, AR CO/N EIRE
TP oy 15 S RE 3G, A ML fL R,
AV R, RIS AR, M
C/N EREA PR E , AT HE R B RRT, K
fEgEr, AtERE AT RIEE R AR CON W& s T
TR I, 2 R A SRR S R s AR A s AR A
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M) - P R AR R A AR Y 4 A BB IREE R T
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4 g
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Fo, HAS KR 0 A SR A Fr 2 S 3 Bt s A2 /) T AR 7
A FHAR £ 8] Ta VR A A 3R P R A v
HEIXHE T 19.58% ~ 22.29%, [aERME AR = 51 4 F)
TR BRI B Fifi 2 R A el [0 4 DK 4 B 174 4iE
K, A& MWD Al GMD £ T+ mEi#a, +
HEARIRRY DS K (S IRRRAE S, A fE Fh A
W L W e w e £ Al i
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