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EARKEEUESHEYIR R R IR AR
RE BRI

T OB, EREFY, 2AE, TEMN, HEH, wEET
(1. zrgRNR2E IR 5B 0E, =rE R 650201 ;
2. mERE B AV AR RS L, =5 iRE 651606)

WE: [ B ] B8R R R AR Tk . RERRIES SRR S nt + 58Kk ek A R ke v
HIsgim . [ 7k ] SRA BN, B8 FORPAE . KRG AAVEM E R KGR 3 FhFpa, e F oK
KEAFAATRBIEESSE . RADWY) /I R RS, AT, EYREE
AHMR RS W AR R e YR . [ 4550 ] FEFORMNAER, SRR, TR FORAMR T B
SRR L R R IR AR R W BB AL HLER A RN (P<0.05), SR 41 15.17%. 58.49%.
45.67%. 34.30% 1 15.67%; >0.25 mm FIRIKEH 5755 (Ryps). TFHIFTREA (MWD) FULFEEIEHAE (GMD)
SRR ERRE T 2.64%. 3.37% M 6.06% (P<0.05), TIHAMTELAEE (D) BERLT 0.82% (P<0.05), FEREL5IE
1, SHEME, BEREARFRE. SR, BREmMA. BRAE . WA MM AEVR S 2D
N (P<0.05), HEESY I 17.25% . 63.91% ., 54.32%. 42.77%. 37.21% F1 28.16%; Ry,s. MWD F1 GMD
SR ERE T 1.54%, 2.99% 1 6.78% (P<0.05), D WEFMKT 0.73% (P<0.05). fEMR AW TR, SR
Ko BRI B RARSWEREST R ARRSWEAEIIR SRS Ryys. MWD, GMD 2 i % 1F
HEFER (P<0.01), 5D EWEFNHIERLR (P<0.01). [ 56 ] ERK TR UEEEY R RS MR
EVEYIRR R i i, T R A R ARG e b, 4T S B A T BT AR K K AT 2

BN
EHEIR): FRKRFIEME; WAL, WRSWY; WAL, Kiad:AR ik
FES S S 157.431 RRFRREED: A NEHS: 1004-390X (2021) 03—-0507-09

Effect of Maize and Soybean Intercropping on
Root System and Soil Aggregate Stability

WANG Ting', WANG Qiangxue’, LI Yongmei', WANG Zilin', XIAO Jingxiu', FAN Maopan'
(1. College of Resource and Environment, Yunnan Agricultural University, Kunming 650201, China;

2. Agricultural and Rural Service Center of Chadian Town, Wuding 651606, China)

Abstract: [ Purpose] To reveal the effects of root morphology and root exudates of maize and soy-
bean on the stability of soil water stable aggregates under different planting patterns in red soil slop-
ing land. [ Methods ] Field plot experiment was used to set up three planting patterns: maize mono-

culture, soybean monoculture and maize-soybean intercropping. The root morphological parameters,

Wik H9: 2020-03-26 BRI HHE: 2021-02-23 2% 1 &R BTE . 2021-05-20 16:51:07
SEEWH . ERARRFIEETH (41661063, 41461059); =FAHE I TRHAIIFEEETIH (2018Y063),
VEZ RS AR SCTEREE R, NI —1EE . T8 (1993—), %, WP KEAN, fFEiRmHasd, £
5 NP MK LRI, E-mail: 342755782@qq.com; M2 (1977—), %, zaite B
N, 2=, RN, FENFLAF AN W, BE-mail: 342755782@qq.com
**W{HEH Corresponding author: JE%%E (1977—), B, mmEEA, Ht, BIHE, EZNFHHK R
FrS5H8F 5T . E-mail: mpfan@126.com
W1 & ik https:/kns.cnki.net/kems/detail/53.1044.8.20210520.1406.003 .html
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secretion of root exudates and stability of soil aggregates were measured at different growth periods of
maize and soybean. The effects of crop root morphology and exudates on stability of soil aggregates
were analyzed under different planting patterns. [ Results ] At the tasseling period, root dry weight,
root length, root surface area, total sugar and total organic acid contents of intercropping maize were
significantly increased compared with that of monoculture maize (P<0.05), with the increase rates of
15.17%, 58.49%, 45.67%, 34.30% and 15.67%, respectively; percentage content of aggregate greater
than 0.25 mm (R »5), mean weight diameter (MWD) and geometric mean diameter (GMD) were sig-
nificantly increased by 2.64%, 3.37% and 6.06% (P<0.05), respectively; and the fractal dimension (D)
of soil decreased significantly by 0.82% (P<0.05). At the podding period, root dry weight, total root
length, root surface area, root volume, total sugar and total organic acid contents of intercropping soy-
bean were significantly increased compared with that of monoculture soybean, with the increase rates
of 17.25%, 63.91%, 54.32%, 42.77%, 37.21% and 28.16%, respectively; and R ,5, MWD and GMD
were significantly increased by 1.54%, 2.99% and 6.78% (P<0.05), respectively; and D of soil signi-
ficantly decreased by 0.73% (P<0.05). Root dry weight, root length, root surface area, root volume,
total sugar and total organic acid were significantly positively correlated with R ,5 (P<0.01), MWD
and GMD, and significantly negatively correlated with D (P<0.01). [ Conclusion ] Maize-soybean
intercropping can improve the root morphology of crops, increase the secretion of root exudates of
crops, and then improve the stability of soil aggregates, which has beneficial effects on improving fer-
tility and reducing soil erosion of red soil sloping land.

Keywords: maize-soybean intercropping; root morphology; root exudates; sloping farmland red soil;

water stable aggregates
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Heaik

1 MREREE

1.1 RIS R AL

RIS A T 2 B A8 R B T 8508 XA AR K IR
PR IX RKEEAL X, D b B AR AR N25°15'58"
E102°46'39", MKy 8°, ik 2210 m, 4EFH
KR 16 °C, AERE & 900~1 000 mm, J& I BT
B ME . P - BEAPL S & 39.55 g/kg, Bk
fift R & 105 mg/kg, HAHE S & 26.83 mg/kg,
PR S 217.9 mg/kg, pH 5.20,
1.2 R EI

RIS HHE] S 2018 4F 4—10 A, REFEHLIX
T, FRUEE 3 b, B EREAE . K
GHAVER F KRR G EAE . ANX AN 4 mx10 m,
A E 3AER, L9 NNX L, KRR
K TEAEFTRIAE, T84T 80 cm, ZE4T 40 cm, Ff
f 25 em, /NXIE 1747, 4T 16 ¥k KSR
YER M SEATHEA A, 4785 60 cm, #KEH 25 cm,
It 1747, BAT 16 MR FORKEMAIERM 2 -
2 FEAE S, FOK S EOKEIFTEE 40 em, KE5H
KG[EFTHE 40 cm, E K5 KEEFTHE 50 om,
BREE YN 30 em, /NIX R E K 1247, &AT
13 8k, R 114T, BT 13 k. EWRRNERN
=Hi 88, KREMEG 75 YEYi I+ 24 1+
#EA7, E oK N 315 kg/hm?, P,0s 120 kg/hm?,
K,0 120 kg/hm®, HH AL 73 2 1K (50% AT,
50% fHEEAE), B AELEMIW T BIEAT, BEAE A
B AR VEFEAL A 3 K0 N 120 kg/hm®, P,Os
240 kg/hm?®, K,O 180 kg/hm?, 4= ¥4 S A8 jii J1] .
AR IR E (7 N 46%), Will i R 4s
(75 P,05 16%), HACNHRERET (& K,0 51%).
1.3 FERCREE

FEEORBIWUE Y R k) HlifE ) (2
SEHT) 50 A R AR A R N - AP AR R A
Tk HAE/NXBEDLER 3 #RVED, [RIVE/NX
BEBLLE A 3 HRK B P EY, DU RE
O, A BRI R AR R S, +
HERMETT RN . BB/ BEMLEEE 3 #RIK e Jm p

IVER, TaVE/NXBENLEERAS 3 #R K E iR
Yy, FHAEARAH AR, DA G, R
30 cmx30 cm. 0~20 cm #FZ HAK, HIFRZYFIAR
RIGIRS LI, FHU PRI kg 7 PISCR %
W 3 AR A% B K £ B R B AUk 72 <10 mm
NEHUE R
1.4 FESOHT
1.4.1 R AWV Kot

FH FROK WS AR R AR 2R e 8 R 10 S P 7%
TR ML 3 UK, SR 5 AR AR A TR LA v (5
PR A K AE R P RS, FEAMDEIT BRST T
WCHEAR R 24 2 h (5 mg/L 7 HL IR M0 3 min
J&, LA 0.005 mol/L CaCl, MUK ). R Z 5l
PIEEAE 40 C 550 T et 28 R4 2 20 mL,
FHELZs Hhugge it 0.45 pm JEME, A 20 mL A7
B, 20 °C VKFADRAE . RS0 SWE & iRk FH
i HE e I 5 B A ALER B >R HPLC 530
E, A8 S A Agilent Technologies 1200 Infin-
ity = OB A T, B T A 4514 . Syn-
ergi 4u Hydro-RP 80A {2354 (250 mmx4.6 mm),
B M 10 mmonl/L BERE — SR (pH 2.45),
FEIRL 35 °C, P 1 mL/min, #FFER 10 ul, 4670
Pk 214 nm, S3HTEHE 10 min, R85 A HLER
FRFEAIA E T8 E SIGMA a7 .
1.4.2 WA

F Epson Perfection V700 %4 15U Wi £E 5¢
R W AR AR B S, R
I WinRHIZO R & Hr ik e 2 S . B
TR, AR B FLEARAAR
1.4.3 T3P RARHT

+IEH BRACR ] Elliott JR0fiilE . ISR Ak
BEIKENT R 6 9%, KKK >2 mm, >1~2 mm,
>0.5~1 mm, >0.25~0.5 mm. >0.106~0.25 mm FlI
<0.106 mm, A1 R G R FH 141 R A4 3 A 43000
(IX2$75 ) . Daiki DIK-2012), BAREAER . #
B 100 g [ 2R T HHECE T AR IR 0 5 -
2, RUEK B 2 mm G HES, HARSIBA B
HIHES, DA 30 YRK/min iz 173 T Z5) 15 min,
PRUEH 3 em, SrATEs o JE R AR oK AR I AT SR A
WARRET, 105 C TR AR gk A
RIRpTH
1.5 HdEaer

>0.25 mm KFRPEAT IR B i (Ry0s):
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A, ROFGOKEEME A R IR B, mm;
R FKFRME AT SRR B RRIAE, mm; M(r < IT,)jjl
RAR/NFRAIKFEEA RIR TG, g5 Mo/KER

(3—D)1g[R£ . G A g [M(r <R)) /MRy O\ A

13, 1g[Ri/ Ry PHEASFRAEIEL, 3 — DEIIARTS B
LR, R DA

i A} Microsoft Excel 2016 %44 i 47 5 48 Ak
B, JH SPSS 23.0 FAFAATIMALHEAR THLE A Pe-
arson FHICHHT o

2 BRGNS

2.1 REFEAR S EYIR R IEAS 52

mE 1 PR MEFKREFHNESE, RT
FiE ., SR BRFEAR . AR EAALEAR
PRFLZ RN, 152 AR B K, ML
U, SeEfHLL, [BVEFRBR TR . SR
o B 2 T BURT AR PR A4 B HE I 39.78%
39.88%. 17.65% F19.38%; el , 5HAEHM
o, VR FRAAR T aa . AR R EAR 2 AR
A3 BRI 15.17% . 58.49% Fl 45.67%, M
Y AR B BRAR 13.89%; TERLEY], S5/
Ho, [/EFE KRR TRE . BRK ., SRR
FEURD AR A4 R 23 301 i 25 34 15.04% . 38.45% .
32.13% F149.85%, MV EHAE B EFEL 12.30%,

®1 FEMHERRX TEEBERERRALSEN

Tab. 1 Changes in root morphology of maize at growth periods under different planting patterns
HEH Ay = R /g SARK/m SARERMAY em?® P EAD mm SARIARY en’
growth period planting pattern root dry weight root length root surface area average root diameter root volume
W 1T 3 4% monoculture 4.55+0.60 b 32640.14b  795.44+84.74a 0.74+0.05 a 17.70+0.95 a
bell-mouthed period I} 44 intercropping 636£035a  4.56+0.12a  935.82446.66a 0.86:0.06 a 19.36+1.44 a
b1 BA .4 monoculture 13.71£1.04 b 9.78£0.71b  3271.93+133.72b 1.08+0.06 a 96.11£13.70 a
tasseling period IEJ{F: intercropping 15790332  15.50£1.07a  4766.15+750.17 a 0.93+0.02 b 115274520 a
B 2 monoculture 22.08+1.01b  17.455043b  5974.07£290.98 b 1.2240.04 a 168.01+7.76 b
mature period [Al{F intercropping 254040.75a  24.16£0.60a 7893.27+141.64a 1.07+0.04 b 251.77£15.01 a

T REVNG FRMCER S AL TR 2 57 B 2% (P<0.05); A,
Note: Different lowercases mean significant difference (P<0.05); the same
W 2 fis . WiBE KRG AETUNER, BT
Fid . BARE . BARERmEA . AR EARER
RBUZ W, 2P R R K. 7R A
W, 5REME, BERGHERK . BARER
FRRILEAR AR 3 551 d 214 0 40.91% . 27.30% Fil
19.09%; TEZ5FE, SHAEMLL, FMERGMR

as below.

TR . BRE . SRR AR AL SARRE 5 51
FWAIN 17.25% . 63.91%. 54.32% F1 42.77%,
I AR B R 8.79%; FEALEY, SRR
I, MAEREMMRTE ., BREK ., SAREM
FEUR AR M B ) & 4 15.04% . 31.66%
40.29% #i1 19.60%.,
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2.2 AFEIFAEARL RO VEVIAR 2 73 W4 (1 5 el

W 3 frRs . MiE RETWNHER, RR
ORI ERE . R WEA VLR AR, HE
T 391 32k 38 g R {5 A VT N R . ARl
W, SEAEME, AR FORAGHR R 43I B FIAR
RO A PR 15 AR R 10.60% i1 33.45%;
FERNEER , SEPEAH L, EAE FOK AR 2R 4
SRR S A LR S 1 ) 2 N 34.30% F
15.67%; fEMAG, SR, FETKRME
FRAT U BB EAT HLIR B 550 01 o 3 68.54%
F115.02%.

Nk 4 s . MHRGATYNHER, RR
ORILERE . R R WEAA VIR AR T, R
SERA IR B e KAG N 5 A2 A N . FE B,

S e, VR E AR R 500 SRS A L
PR & a3 ) i 5 B v 51.85% 1 53.98%; TE453E
W, S5 EMLEL, YRR AR R 530 S AR
F 1 W S DR 43 ) B 2 B m 37.21% A
28.16%; FEMAUY, HEAEMLL, BFERG R
F53 Wb SRS AL 7 143 G N 32.35% F
12.73%.
2.3 R[AIRAE AR 2 358 P AR RS e 1k A B2
HE 1R BEE EREFTUIES, AF
T KA Ryrs. MWD Al GMD A i 7
W, DANETRRAR . SEHAEMHLL, EORZEMIH
1L A R B BT Ry s o3 B B AR
1.84%. 2.64% Fl 2.42%; MWD 4 %] i & 42 5

.

4.35%. 3.37% Fll 2.65%; GMD 43 %Il I & # &

*2 TEMEER TEEERRIRARSEL
Tab.2 Changes in root morphology of soybean at growth periods under different planting patterns

EX=p Fie 7= R /g SARK/m MIRE A em? P15 B %/mm SR AR cm’
growth period planting pattern root dry weight root length root surface area average root diameter root volume
4EE I H.4F monoculture 3.64+0.52 a 1.10£0.12 b 270.41+8.26 b 0.69£0.05 a 6.39£0.30 b
branching period | {£ intercropping 4.58+0.44 a 1.55£0.12a  344.2419.18a 0.68+0.13 a 7.6120.68 a
ZE 1 H14/E monoculture 8.52+0.44 b 1.33£0.06 b 363.12+4.13 b 0.91+0.02 a 8.37+0.48 b
podding period [Al{E intercropping 9.99£0.03 a 2.18+0.14 a 560.36+34.45 a 0.8320.03 b 11.95+0.75 a
R A #.4F monoculture 15.62+0.73 b 3.79+0.15 b 691.19£7.99 b 0.94+0.04 a 30.26+1.37 b
mature period [A{E intercropping 17.97+0.03 a 4.99+0.26 a 969.66+86.84 a 0.86=0.03 a 36.19£1.55a

#3 TRMEER TEEEHERRRODITNL
Tab.3 Changes in root exudates of maize at growth periods under different planting patterns me/Fk

£ H W growth period Fi 753X planting pattern

JBE i total sugar content

S HUER & & total organic acid content

W\ 13 Hff monoculture 2.17+0.16 a 11.57£1.56 b
bell-mouthed period Ii4# intercropping 2.40+0.40 a 15.44£1.27 a
B3| H14E monoculture 6.880.18 b 22.85+1.03 b
tasseling period Ii4f: intercropping 9.24£1.26 a 26.43+2.01 a
J A #.4F monoculture 3.91£0.59 b 16.91£0.19 b
mature petiod I {fintercropping 6.59+0.43 a 19.45£0.90 a
=4 TEMEERNTEEETHRIRAS DT
Tab.4 Changes in root exudates of soybean at growth periods under different planting patterns mg/Fi

£ H W growth period Fhi# 753X planting pattern

JSUBE4  total sugar content

S HUER 5 & total organic acid content

g H4F monoculture

branching period [8]/F intercropping

L) H./E monoculture
podding period [8]{E intercropping
R B monoculture

mature period [EJ{F intercropping

0.54+0.04 b 1.13£0.01 b
0.82+0.12 a 1.74+0.17 a
1.29+0.07 b 6.57+£0.73 b
1.77£0.27 a 8.42+0.79 a
1.02+£0.11 a 4.32+1.52a
1.35£0.24 a 4.87+1.14 a
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Note: R ,s. percentage content of aggregate greater than 0.25 mm; MWD. mean weight diameter; GMD. geometric mean diameter; D. the fractal dimension;

different lowercases mean significant difference (P<0.05); the same as below.

E1 FAREMERXTERZETRLRARFREMENT L

Fig. 1

Changes in soil aggregate stability of maize at growth periods under different planting patterns
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Fig. 2 Changes in soil aggregate stability of soybean at growth periods under different planting patterns
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Tab. 5 Correlation of maize root characteristics, root exudates and soil aggregates

TiH R ISYISS SRR WP ER SR HREEE EANRESE
item root dry weight  root length  root surface area  average root diameter ~ root volume  total sugar content  total organic acid content
Ry 0.896%* 0.903** 0.907** 0.712%* 0.877** 0.825%* 0.769%*
MWD 0.979** 0.964%** 0.965%* 0.798** 0.956** 0.621** 0.552%*
GMD 0.968** 0.960** 0.971** 0.784** 0.955%* 0.696** 0.620%**
D —0.961%* —0.956%* —0.967** —0.785%* —0.947%* —0.703** —0.640%*
W e RIRTE0.01 KT BRI ARG (P<0.01); T
Note: “**” indicates extremely significant correlation at the 0.01 level; the same as below.
®6 KERFRFHE. MASWYSLRARKIZEMIEIREXMS
Tab. 6 Correlation of soybean root characteristics, root exudates and soil aggregates
SiH item ’rETiﬁi AR SRR IR RV E& SRR A Hﬁiﬂﬁzﬁé‘i
root dry weight  root length  root surface area  average root diameter  root volume  total sugar content  total organic acid content
Ry s 0.888%** 0.754%* 0.842%* 0.740** 0.726%** 0.803** 0.768**
MWD 0.959** 0.853** 0.890%** 0.722%* 0.853** 0.651%* 0.606**
GMD 0.931** 0.820%* 0.886** 0.732%* 0.799%* 0.730%* 0.684**
D —0.937** —0.839** —0.904** —0.717** —0.817** —0.693** —0.668**
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