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1,2 L - | w1 o ur12 w12
YEA, BER, BEH, LFE, BER S, TAK
(1 B35l AT Rp2e & i B R i S0 2 (P ERF2A B ot HIEIFSTRT), mat 2100085 2 FPEBMABERS:, JLaT  100049)

8 E: DORKWIMXAEE ., RS RN S, REFNZMBURZE AT AT, DR SERALBR(>50 pm) A7k AR
PR RAIAE 325K, 35 2 A% G RS F AN R R S Pk = st AR O A 76T b, ISR e S b+ 3 S5 40 (R AR (RARAE , 5F
IR R -, G5 RFE VOB RE BRI T R HORFLEE, IR RS T R AR E M, LB T BRI T HEZ
~ 15 ¢cm)50 ~ 500 pm F1>500 pm FRAMFLERE, HILBRE SRE LML BIHRE T 133% 1 141%, SEERH A a5
FEET 120% M50.4%; HHEFRACRI/NA R IR/, KA, AH TR EMEE g, $HE KRR A f e E
FR(MWDYRE T 72.3% F126.6%, HIRIKBIARPAD)EIL T 46.5% H137.8%; AUEE MWD 251425 T 83.9% #178.1%, PAD
FEART 42.9% 1 44.8%. HSCHIRW, +HEESHSECSEHUR & RAEPR bR & i A 0G . IF5T X I M b+, i
%, BHEERE A MU RN, YRS R BEIRS, AR TR B e RFLBR, SR RIS &, R ARk
RaE k. BRI - BEAT B SRS 5 20 A HLIE 11.3 tvhm® BERRE 145, A RO e LRt LIRSS N4 .
KR Wi EHL BIRR; HHEE LR

hESHES: S152 MNHEFRERD: A

Study on Soil Structure Characteristics of Typical Greenhouse Vegetable Field in Taihu Lake
Region

SHI Yijie" 2, WANG Meiyan'", XU Shengxiang', SHI Xuezheng', XU Lingying"?, YU Quanbo'*

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Traditional paddy fields, open vegetable fields and greenhouse vegetable fields in Taihu Lake region were taken as
study objects. The topsoil and subsoil were collected and the physical and chemical properties were determined. Soil macropores
(>50 um), soil aggregates were chosen to characterize soil structure. The variation characteristics of soil structure were studied
and the impact factors were analyzed. The results showed that greenhouse vegetable planting significantly increased soil
macropores and improved the stability of soil aggregates. In terms of macroporosity, the greenhouse vegetable planting increased
50-500 um and >500 pm porosity of the topsoil (0-15 cm), which was 133% and 141% higher than those of the paddy field,
respectively, and increased by 120% and 50.4% compared with open vegetable field. The greenhouse soil showed a decrease in
small aggregates and an increase in large aggregates, compared to paddy field and open vegetable field, the mean weight diameter
(MWD) of water-stable aggregates in the topsoil increased by 72.3% and 26.6%, the percentage of aggregate destruction (PAD)
decreased by 46.5% and 37.8%, the MWD of the subsoil increased by 83.9% and 78.1%, and the PAD decreased by 42.9% and
44.8%, respectively. Correlation analysis showed that soil structural parameters were significantly correlated with the contents of
organic matter, sands and silts. Soil texture of the study area was silty loam, the application of organic fertilizer (11.3 t/hm?) for
greenhouse vegetable crop significantly improved soil macropores and increased large aggregates, thus, improved soil structure
and effectively avoided soil compaction after intensive planting.

Key words: Greenhouse vegetable; Soil macropores; Soil aggregates; Soil organic matter
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20 g 80 AR IR, WS = 7 . R4
b, EATRAE S, 1ETR E R AR YR,
F 2017 4FFR E B AR B A2 1k 370 J7 hm?,
Pl {E AR 9 800 /200!, Hfkgik AL, it
BESEAR I R — A S K SRR RO
HERHSE AR 73X, 5) 1l i it g 5 Hh 1 45
iR Ak, SRR, R0 Hi,
DA L R 2 38 it 3 b - 5 Ry R 15 it S A
JIRIATFELE K 8 (1) 5 LR it

H FSC T30t S 3R S5 i s B 4E P T+
AT 2L i AE ARV EAS B AR L it S
AT 1) A bR O SO R) S 35O - 3R 5 A AR AE )
ANIF]. BRI, MRt B RE K FAL AR A it 3
o5 LB AR N, HIREEHEARD s LA
JERP T A% 50 R M AR R TRt S b e LB L
FAE 0.26% MR REREIE it FHA HLAE T DL 2 eiss:
Wit sk, R AP RS R, bt
A LA i I XS 2 30 S ) o G 2 ke Ot A HLAES
I AR B BEESEH 0 ~ 10 cm )2 >0.1 mm AYFL
B IAME AT ) 530 30.4% 1 10.9%. Xu
GO R B, KA HLAEAE A S a0 T it 5
A BT &, A ML S et T 3
PE, AHLE SR 1.00%, KILEEE50 wm)kEhn
1.70% o BEAER llth 52 Wi 15t S5 b - 3 28544 1) A2 A
Herencia 25" 7E 38 Bt AORIFSE & BR, T AE 22 AT
PHEE H it RO AR E A BT AILS RN R 2
A, A DU R IS RORCR . AL, Bt
TSSO AR R T2 T e, R E A
T Bt - eSS A — R IR S IR Ak, (A A
TR, 2755 3R B 1 o 5 30 ) A
R YIRG, WRTE— A TFRIRE

T DR TR E AR R L A X, Rk =
FA b X FE B RS SR A PR, 20 HHE2E 90 4RI KR
TR 7K R 588 RS M RIS TR S o AR SC LA b
AR ARG | 38R SRRt S B x 42
SRAENHZMBYRZ TR T, DA SR FLER
(>50 pm) . AKESPERIRIREAE 25K, Bt S
204 i % 435 14 P R RS b 9 b = b R R s A e
Ll , BRET IS b T SR ES R AREAE , BT H i R,
SRR Hh - HE R VR (1) BRI PR BERL 2= R

1 #MRERE

1.1 FARXHER
5% DX AL F V1 0 44 B 2% T TR A0 A R W 952 X

(31°25'13.74"'N, 120°1'18.00"'E),, Ay I HH7 2 XU 46
AR 1R B N RK B 43002 15.6 CF 1210 mm, 2
A 231 d R, LMK EEAR A, RO
KRG A L, SR 1 R Y
Kt . SRR, REEEERE/NT 1 km, %
e 5 ANMEFIZIN 333 m® (HEE MR . AE R
FRIRGA SR, F54E 6—9 AFMRIKARE, 11 A B4R
6 ARE/AINAE , FIMERTHEF 3.38 t/hm® JRE/ERLAE .
SEHEYIR A Fei . BN, AR, AR RS
T2 K SEHT- Y BRAEFIRL 2 ~ 3 78, PR A
PULAB (BRI - W 2ERE5¢ 10 2)27 t/hm®, E&H0
1.35 t/hm’, SHtisE 9 A BIWKAE 7 A SFIHHE 4
T, ZaeRh 6 2, 7 7 E 9 ARBE, REEEE AL
A (ZERE K - A 2R 10 2)11.3 thm®, E A
0.53 t/hm*, —ABAE,
1.2 HFmRESLE

2017 4 6 HRREE HERE S o M ETRE F1 £+
SRR E RIS HEZ 0 ~ 15 em) M AR 2 (15 ~
30 cm), £)J25HRE 100 cm® FURI ] HAE (R
50.46 mm, & 50 mm)3 >, HASIRARERESZE
T 2 kg BABEASNW W, EENKT . D,
Al 10 B, 60 H. 100 HfiFH T - B A o o
Bro [RIEF, 7EBHZMAURZ 0 0RE 2 kg HHERES
Rl N, VI ARG SRR E AL 1 om
P/NEE, RBRAER . RRGEAT, EEAERT it
Je S K Rt A B AR ST o
1.3 MEMB SR

AT R IIE(100 emd)IE, MFLBEER
PR ETHRAS , HHER R AT 5 (H 2.65 glem’,
- HERURL AL R FH A 0 (DA B o 50, Bt
G390k 55 I o XA AL A2 R A R A 4R Ak
®

T+ KALBL(>50 pm) LB M & SR - Eijkel-
kamp Sandbox(08.01) b4 191, #i¥E Greenland!”
B I RALBRIX 53 A E A2 . (D50 ~ 500 um
&R LR ; @>500 um AYFLEL, BRZ4R. MEfLAE
(d, mm)5JE 3Kk H, ecm)iHE AL N
d(mm)=3/H . ¥ JFUIK 1 3634 J] B T oK TR i =4 A
(24 hfFRE, AT, SRl EDFEAK N
6 cm A1 60 cm, MWAIE/KES 6 cm B IIKK TFHYE
KEZE(ERIA >500 pm FLERJE, >50 pm A9 FLBRE X
BRI & KBS 60 em Kk TR S K 2.

- HEAK R A SR A 5 R TR AL, B 200 g
WA 4, ALK R 5.2, 1, 0.5, 0.25, 0.053
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mm ET 12, & TR UG -0 i 5045 2]
T I SRR, e T A A SRR LB EL AL S0 ¢
A LA, BUE R 5.2.1,0.5,0.25,
0.053 mm WETif 12, BERBARR
Kk E i L2 AR, #E 10 min f5, FFHL
FEG L TR 10 min, 7385 & HET LK R
PR RE T &N TFRE , 13 2R R AR KA PE A
RAKE IR EOT),

R AKSY-H4) # & H 44 (mean weight diameter,
MWD)H 5250 -

MWD(mm)= Zn: X W, (1)
i=1

K. MWD SRR 5 AR (mm); X
PG LN B BT R A2 B AR (mm) s W, X T X
) AT SR AR o £ 0K

RARWE IR 2 (percentage of aggregate destruc-
tion, PAD)IT3 AN

PAD= R0.25D — R0.25W x100% (2)
ROAZSD

A PAD NHRIEBEIR (%), Roasp M >0.25 mm
HUB RS & P T R 5 18 (%), Roasw A >0.25 mm 7K Fa

PE AT (%)
1.4 HiE4bIE

K H] SPSS 24.0 Xt #4847 40t , PR
ANOVA #4777 224387, Duncan W72 & [L4L, W
F K P<0.05 ;5 AH 5 23 B XU B AH OC v i
Spearman 7%, BEMEKFE P<0.05 Fl P<0.01; N
Excel £xif &%

2 #®R

2.1 igMERM TIEAVIRSEEM, FERR

1R, R IX B LA —, Db
F, BEEE L, MRS AR T 80%, LEGE
FLGRSRAIAE o 55 RN EE KRR S AH [, Bt =2 b
BEHEREESBIEMIT 12.0% H 8.30%, HfLEE
AT 10.8% Al 6.90%; {H 3 FhAH A AL
T2 25 FE ML IR B3 T W 25 25 55 Ul I it i S A
W GE T IR ST L it A P R
WIS, B2 AT LT 5 5 4 i) L AR FE RN B8 K 52 Ml ey
108% F1 78.7%, HALR)ZA MU & Gt 3 Lo H
MIFERFTHE 44.7% F1 79.8%. XAl GEFS 25 T IX
Wt g S P P o A HLIE BB

F1 3L ATXOERBLMR

Table 1 Basic physical and chemical properties under three land use types

T2 LWRHTX AEgem’)  SILEE (%) AP (g/kg) WRL(%) HRE(%) Fiki(%)  FiHi(USDA)

B2 e H 125+0.0la 52.9+0.00b 222+3.25b 507+095b 856+14la 933+1.18b b+
FTRFEHM  120+£00la 548+0.00b 258+ 7.64b 507+1.11b 845+3.65a 104+2.60ab K+
WiZE#  1.10+£0.06b  58.6+0.02a 46.1+0.99 a 783+1.17a 78.6+1.14b 13.5+027a HPHEL

BRZE FEH 136+0.03a 486=0.0la 123+1.89ab  3.16+0.88ab 88.2+2.12a 8.68+1.39a iz
BRI 129+004a 51.5+0.02a 9.90 £ 4.04 b 2.19+0.16b 854+326a 124+342a HibHEL
Wik 1.28+0.05a 51.6+0.02a 17.8+4.77 a 385+032a 843+130a 11.9+1.60a b+

T WP/ NEF AR R [ — 28 7 M A O 200 22 55 35 (P<0.05), Rkl

2.2 e R A FLBR AR R i
WFFEIX 3 At A 7 =X £ LB (Y
L2 >50 pm)sr AL AT R 2 s o Bt 3 Bk 2
TR RALBR A A B R, SREAHE, 50 ~
500 wm Fl >500 pm AYFLBREE S AIBG N T 133% Fi
140%; SEERIEHA L, 50 ~ 500 pm F1 >500 pm
B FLBREE 23 SRS AN T 120% i1 50.4% , 156 BH 5% it =2 b
T HEFLBREE R B B . 3 FRH U BUR S K
LB TR E 22 5, BUR)Z HIEFLBR A 32 3]+ 1o A
FH 7 2RO (1 R
2.3 iEMEst TIEAFARGMEARKRELAE
i

TIEPRS A 3 PR, 7ERHZ 1R

R LR FORIEE KSR M, Bt SR H1<0.053 mm
(/N R AR S 43 0 T 49.0% Fl41.4%, 0.25 ~
0.5 mm Y REIRIES T35 T 36.6% Fl 24.4%,
305 ~ 1 mm KREIREEEDNEMT 54.6% F1
31.1%, 1 ~2 mm KEIRIEE 503G T 300% F1
117%, RVt =5 1l AT SR 4R & S (A2 B iy
0.25 ~ 0.5 mm F R4 & 2 19 il e A TE % T
BRI AR IR, 7R Z B3 rp gt a3, &
JESEHE 0.053 ~ 0.25 mm /)N R (AR5 B A H R EE R
SEHIL T 31.2% F1 34.9%, 0.5 ~ 1 mm K RBIKS
HOIEINT 89.7% 1 142%., & I, %t %t/
P SR 1] K AT SR R B 2 ELAT I S A 2 R o

TR it i S R YT 1 K R (AT 3R AT 2 o
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= 8 2
= b

4t a 1

H b
N . 'N
0 1 ’_‘ J 0 1 J
50~500 >500 >500
LR (um) LEALAE (um)

(181 /NG R [ 2 [l — 2 FLAR T AR [ e R 5 20 ) 22 53438 P<0.05 B3k, TRIE)
E1 3#t#AAARTHEQMNEEEB) TIEXRIESH

Fig. 1 Topsoil(A) and subsoil(B) macropore distribution under three land use types

OfGH D@L B i

O
gara
il . b
& up a
i’ N b
H% 8t fﬁ HE s; . a g
% . INE _CNE
<0.053 0.053~0.25 0.25~0.5 0.5~1 1-2 2~5
A B Ak 44 (mm)
40—(3) .
33}'_s
el MY a
<M § N
B NE §
glm §% \
& \§5 W
2 8t §% §
2| IN

<0.053 0.053~0.25

025~0.5 .
PIRUFAE(mm)

2 3IMTHABARTHREOMNELERBKEEARAEES %

Fig. 2 Topsoil(A) and subsoil(B) water-stable aggregate size distribution under three land use types

& (MWD)FI 1 35 % (PAD) i i % (3% 2), ML T
e FH R R RS b, 1t SR Bk 2 6k MWD &y
SIHEE T 72.3% F126.6%,PAD 43 B T 46.5%
M1 37.8%; FLUEJE 3 MWD 205l #2 %3 T 83.9%
1 78.1%, PAD 73 AIFEIR T 42.9% Fl 44.8%, %5
SEFIY, TR BE S A AR 2 BE 1 HE T R AR 1Y 1A
RIRGER

3 ihe

3.1 REHREMELTIEEMARKE

— B LR, 454 BT RO, BHER A E K
A7E 1.14 ~ 1.26 g/em™, RALBREAET 10%2,
AT it R A2 A E O 1.10 g/em®, KAL
BB Iik 19.4%, fEHIFLEUE 14.9%, ULk
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F2 3MEHAAARNTHARKERNEEHERMBIRE
Table 2 MWDs and PADs of soil water stable aggregates under
three land use types

+2 LA MWD(mm) PAD(%)
T U B R KR

#2 el 2.06+0.07a 047+0.06c 0.43+0.05a
BEREM  226+031a 0.64+0.06b 037+0.04a
WHiZEM  2.41+£030a 0.81+0.18a 0.23+0.05b

RKZE A 199+0.12a 031+0.08b 0.56+0.12a
BRI 2.17+0.14a  0.32+0.04b 0.58=0.16a
B 2.11+£0.06a  0.57+025a 0.32+0.09b

it S MR AR S - EFLBR S5 M I R R ARk S ok, B
J2 - EEE R EE R o, Ui SR LA R 1 R SR A
i, HARIZEH & B HRUE, SR, Bk
W IESE T it FiAR 5 -+ HEFLBRZS M A T3 | f91)
T R AR bR AR AR 4 TRt S - A
ML G B FER T 16.5%1, (B2, 25
AR IS SR A & T B R RS R Ak B,
FLAE S VRIS T 95 i S0 A 5 26 4 - K R ek
P it e SRS E RN T 8.80%, LI EE I/
T 20.8%, 454684k 25 A PIRNR WP R
U TR A R B, KIS A R
T 19.5%, BFLBREW/NT 12.4%. J78mE
SERIL, EPREE IR 1 ~0.25, >3 FI>5mm
KEEERRIR S HIRIN 1 a>5 a>10a, HHEHA
FIRBIR R LB S, g 1 a i) IR
BEIREN 27.8%, 5 a Fl 10 a 70 E5ik 49.9% Fi
58.7%. 1AL P2 S R B AT BB LR B I —

J5 1, BEVE SRR G A 32 B SR ROV T A WL & Y
BRAIRH . AT 5T 58 K S b RIS it S b o (i =2 A
T T RIEAHUAE, AR A HLERE 11.3 thm?,
ARG T AV G, AR T LS TF5Y
FH, X FESAG PG A BEHE = L3 b S R
PR R UE AR5 A T, BR S5 PY; ek
PR 3R (R 5t R R 1T 2R A s e i A LA i P 2t 184
RN ST A 5 e = b - M 2 3R Ak v R K
it FRARRE . A8 ALAE b FH A I v Y . 55— T, 3l
T X B, SRR IS - LA IR Ak X A 3
Lo BARTE 30% LA L, FiMbZhE, Zhire e ApE
Ve R 5 Z e ah i Sz, B LB, iAo
Hh Y - 4 T b R R RS - R D HE £ Bk A AR 10%
Zidi . RS AERVE RN SR 5 AT A K FLBRIUE , 1M
Y - SRR BN AR )2 B, BEE B K AR K
TRIE, ARITFRRZEM R E . 251, % X 552
ReZE 4y B AT 0 R IEFLBRES M , T Re 5 Kbt FH A LR
FIUR D436 - Jo AT G
3.2 TERMAMAVRI 4R EEEHFLEFE

BRESEREEH

3 Won, HEAVREES 50 ~ 500 um 44
FL B L B2 R AT 3R A K R 14 2 A S8 3 IE A G (P<
0.01), HHERMR & it SEFLIRALER R . KR
IRERAUKFaME S B E MG, Boh, IEeh &
5 1L AL BR L BB A P SRR K R S 3 R
AHSE S AT, XoF - S L Bt A0 P SR A o R i e K i 32
SRR A USRI T b

F3 HEAILRR. KIEMEARKS LRERMERREXRME

Table 3 Correlation between soil macropores, water-stable aggregates and soil basic properties

HE O OAHLR -5 2 LA (um) Kkt MWD PAD
(A ki i A 50~500  >500
Py -0.83"  —0.17
LT -0.88" 0.77" 0.22
3T kL -0.74"  0.86” 0.60" 0.24
biag A 072"  -0.67" -0.67"  —0.00
iy A -0.43 0.34 0.41 -0.11
IK Rtk A SR {4 <0.053 0.56" 052"  -038 0817 -0.78"  -0.52 —0.08 —-0.69" 0.86"
(mm) 0.053~0.25  0.82"  -0.777 -0.80"  0.54" -0.16 -1.80" -0.19 091" 0.87"
0.25~0.5 0.48" -0.39 -0.37 0.17 0.12 -0.50" -0.51" -0.56" 0.41
0.5~1 —-0.68"  0.73" 0.74"  -0.62" 0.35 0.62" 0.33 0.80" —0.85"
1~2 -0.88"  0.78" 0.65"  -0.63" 0.31 0.817 0.14 0.95™ -0.80"
2~5 -0.73" 0.53" 0.59" -0.29 -0.07 0.56" 0.23 0.71" -0.52"
KEEaME MWD -0.88"  0.82" 0.71"  -0.68" 0.38 0.78" 0.04 -0.92"
PAD 0757  -0.717  -0.67" 0747  -0.51" —0.69" -0.04

e Ferhr | o3RI IRAE P<0.05. P<0.01 K5 Z A,
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Fig. 3 Linear relationship between soil aggregates (>0.25 mm), transmission pores with contents of sands and silts
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