=gk DX 3 B A el DR 9 P T 3R R
IREEM Bk B BES BRI

SN F Y GokE Y J P FIER Y ik

(1 MM R SRR IR S A8, M At 210037)

(2 BRI R B 5 i S . (PR B a3 7T, Bt 210008

B E RIS T RAES SIS 8 a KWL, Xt 5 R R ik B
S R e - SR AR A b 5 R R B BE S B MRHE AT TR S5IRE, R B
LA H =M (CMD FITHHE [l b T R AR RS FT 28 1 (SMD b33 2 48 (0~5 cm) KT 0.25 mm
IKEaME RSB BIERA P ERES (MWD) . KT0.25 mm KFRME R RAE &8 % SM
WbFER LR TF0.25 mm /KRS M SRR RE & 5 2 o T HARAREE: IR E R AE S S i
(CH) A FH A 45 el Y5 4 4R BB B I (MM AAFRR 2 3K F0.25 mm KEatk IR k& &
J CH ACEE ) MWD {H 553 T3 MU A (CKO RIFAB BRI/ NE 184 (PC) A4bBE; 5 CK 4k
FEAHLL, PCARFEKT 0.25 mm /KESMEFI RS . MWD {H. BIZRMRR & & AR 2 L3RR
TERARELN, A5~20 cm DIRFIREB S EG T EES . FIRA MWD 5KF0.25 mm 7K
TRt R AR & B AR EH LR

KR SREX BobRE: FREG: IR ARHE

FESES S152.4*81 MEARIRAD A

=R R XA DY — A B RN A A e g5, H™ E K R S B R A AT T
PG YR B OG5 T AN Z RN AR, o =ik X IR AR AL P A
CA A5, B 2 g A R B T A AT SR R 3 4 i O T
SR 1 Dy =0k 28 DX SBT3 2, A S A 2R el K 970 2R ) DR 7 2 3 e o
FIRE G E RS2 A AT S . RPN L RA M ) N E S, e
S R SRR RV B AT — 52 P A T A R AS R RLAR h 9540 &5 Bk
EIEFR RN IR (T ORI IR DA B - AR () (R A B 3 s AR SRk T =0k
TR SR A SRt B IE AL atls, IRV 1T T A 2 4E 42 B = R A
NARAVEIRE 7 2 S ORI RS B A S S R AR R A R A TR S B RRE i, AT D R b -
A S PR AP AT R TS G E TR ST A AR R S5

* [HRARBIEIEST FTE (30870410 A1 40871147) A=k THEAE A IE AN ARG (SX2009-009) #%
B
+ EIEE, E-mail: lzxia@issas.ac.cn
fEZ N SR (1985—), %, w7t NFHESRIVASHI. E-mail:
wdming1985@yahoo.com.cn
WAmH . 2010-08-23; WEMEoks HI:  2011-01-20



1 MESETHA

11 HFRKHAR

WA TARAE =0k TR A2 5 IR B00 I SE IS TF i o BFSC XA T =0k R ey AR A 2K i 2,
Jb4 319'32" , ZR% 11090133" , HEKILTIRL 4 kme 36 X &R KPR K%’
WA, RFEEZES R ARMEHX A7 A A, ERIL (600 m LA Ji 4 ity ,
FERELFMA-BRE; 2w LA (600~1000 m), RMMEMEYII LM X, milii
(1 000m LD, PR AT, bl G 97.3%, #OCE > o, e +h4
AT AR 78.7%. i 4 5 220, KRR M E .
1.2 A4

o U1 7R SR Bl A 2 T 2000 4F, [ 2002 SE PRI RS, (BB AESS 3 EHEANE
. AR 6 MET/MX, & /NX HA A 5.00m X 9.06m = 45.30m?, HJE A 259 4bEE Sy
BIA(L)CM: B ERMZEA [ =HE,; (2) SM: BRI REMFFTER; (3) CH: fiE
EMEERESHEYE: (4) MM: FrEgETRSmAIRBIEE GREZHN 60cm); (5) CK: &
U REARAE: (6) PC: riB &R /N E-1e4:. ki LN RO A B F e L, B

®1 BRATEWEIREIES R

Table 1 Fertilization for different crops

=z JEAE N % P,0s 1 K,0
Crops Timing of application ~ —eeemeeeee O

N HE Total 135.0 56.25 90.00

Wheat FNE Base fertilizer 50.63 56.25 30.00

THAE Seed fertilizer 33.75 T 30.00

JYBEAE Tillering fertilizer 33.75 - 22.50

FEAE Panicle fertilizer 16.88 - 7.50

et ME Total 135.0 74.96 99.00

Peanut HAE Base fertilizer 67.50 44,98 61.64

HiHE Seed fertilizer 33.75 15.00 18.68

JBJE Topdressing fertilizer 33.75 15.00 18.68

ligicN EHE Total 510.0 255.0 3825

Navel citrus FHE Spring fertilizer 101.9 50.99 76.21

A Fruit fertilizer 229.4 114.7 1715

ICFAAE Autumn fertilizer 178.4 89.24 133.4

T ANFEFIEAE B AT B9 E AR R T A AL &, SRR AU /N X TH A2 18% Note: The fertilizer
application rates for wheat and peanut were calculated on root-bed area, and the actual area accounts for about 18%

of the plot area



o, BERCDRE, RULARIE A FEEY) T IR A, 2001 S B IEEC T FEIE R (R 1), M5
NEVEYIA /N fedE . A= RS EREY); 2003 4242 2006 F- 4344 7 RLit . RSN RF
BEME, JRE. SRS, BN TIHMEEAE, HA/EY R & A
45t . 2007 IR, &/ NX G b B R b~ A I &, 20, BEAN S & 20 0l 9 N 437.1 kg
hm?, P,05178.8 kg hm™ 1 K,0178.8 kg hm™, H:rt PC /NX A /N2 AITE A ) AP /)
DX i ) 7.6%.  SM /NXAEFE 6 A EH M (THE) Ky 22X10°kghm?, 9 A4 E S
HEREFT (T 9 8.8X10°kg hm%,

B LB AR B RP A R O R R BN RO, Byt 1% pH 6.68,
AP 4.82gkg™, 4% 0.6gkg™, 4% 0.28gkg™, 44 16.7gkg™. &N X [ FH 7K e T 14
TE, BAMSZHK HASKM. N TG ERE, Ira/NXEREBCHEH (B3,
R, BRE, WS HHg—rt.

TR R MR Al AR B A3 #5327 (Naval orange), 2002 fEI5HE, 2004 GEF=. /NX I
SRS 34T, AT 28, ATHRE 3.4mX25m.

1.3 LEERBESGT

e B3 IR R AN R 3 AMETT, KIRBERL. 2 RURFEIR, T 2009 4 4 H 4y
BIRBERMET 0~5em. 5~20cm BN E R TIERE S . TR S, B I H0E XUG T KT
2 d, REHIRHTEL Lom KRB, GREERT, I 5E a9 A SR A K %% 2 AT SR Al U 25

i

398 SR AR PO 5 SR IR SRR, FREX 60g EHEE T [ 4T 1 T B A EE T EAK
82 mm, 0.25 mm. 0.053 mm), JEAMHH, M/KEN 10min, A5 LS 3 cm,
HE 50K (2 min N, FBHEM T L HEhREEEY, 50 CTIHEEE, FRE.

FIFRSMR SR (CRIRR A BT IE . e HUBRR A A 4%
FRAR TS RECEHEMEILIREE; 28R HF-HCIO, W& —H B b b ekl i .«

1.4 THEITEREELE
R AR E R A (MWD AR,
MWDzE?%ixmi
i=1
A, mi S R RAR I E B E S & r oA | MRS RN (mm), FFH o=y 1= e,
n AT
Bl R M) SAS 9.2 HEATHEIH 0T, I LSD kAT 2 5 WA TE AR (p<0.05).

2 ER55Mr

2.1 TIEARARIGAE
211 HIEHBAESA L 0~5cm, CM AL KTF 0.25 mm HKEEEHAREER S =&, 15



067 ggt T+, FEFHmTHALNEEE (B 1); SM AR KT 0.25 mm KRtk B8 1k
HERZ, 061 ggt F+, HEEET CH.MM.CK il PC 4bEE; CH Il MM AL¥E AT 0.25
mm KRR Z R AR, (HEZE ST CK M PC 4F,; CK 1 PC 43 AT 0.25 mm /K
e R AR S B K. ANFEAAEEE KT 2 mm KEME R RS E G MR %, 1 0.053~
0.25 mm BRI E B A (B 1. 765~20 om, HRESTA AR,

ution (g"‘ dry soil)

025 —~2 0.053 —0.

5~20cm

Aggregate size
%

2 025 —2 0.053 —0.25 > 0.25
12 44 i 2y Aggregate size (mm)

e ARFRHURA IR A & 2
Note: Bars are standard errors (n = 3) and values with the different letter are significantly different at level of 0.05
P 1 AN [ A L it A e 1 S 1 SR A S kAR A
Fig. 1 Soil aggregate contents and particle size distributions in soils of citrus orchards different in managements

R2 FENEBEARFFHEEER

Table 2 Soil aggregate MWD in different treatments (mm)

KbHE Treatments  0~5 cm  5~20 cm

CM 1.63a 1.33a
SM 1.26b 1.11b
CH 0.92¢c 0.99b
MM 0.86cd 0.73c
CK 0.70d 0.74c
PC 0.73d 0.67c
p <0.0001 <0.0001

CM: JFf&EHr A =M% interplantation of citrus trees with white clover; SM: [ #5 Fel Hh ifi f5 FT 78 26
mulching of crop straws; CH: Jif#& [EE i1 2HY) & interplantation with day lily, Hemerocallis citrina

Baroni, or contour hedgerow; CK: ‘¥ #iJif#[il conventional management; PC: JFF#EEE R /NE—1E4E



interplantation with Wheat (Triticum aestivum Linn.) - Peanut (Arachis hypogaea)
AR FRAREKLETA BEMZESR (p<0.05)  Values with the different letter are significantly different at

level of 0.05

2.1.2 PIRMEFHHEEHS (MWD)  RIEANIHEL R LUEH, £ 0~5 cm, CM 43
MWD {8 2 % (0 T H At AR FE (3R 2), SM 4EE MWD {5 B 527 T CH. MM, CK 1 PC 4t
H, CH A MM At P [E] MWD B 2 2 V% 5+, 1B CH AL EE MWD {35 1 PC Al CK Ab P,
£ 5~20cm, MWD {HAR I AT A 3

18 0—~5cm [ 455 =n% SM R UiBIBUAI . MM

FEFrE: oM B R K

16 | . S kA CH mmn R4 PC
T a

a

Soil organic carben in aggregate (g kg'1)
[EiE 313558

[
[l

12r 5~ 20cm
= 10 a
=0
@ a
= a
sl ab
=Habc
g 4 ab abf
o IH bH H bcbe
& A 7
= 4T Ab %
= @ 6 a8 AR
§ = A a NH
€ & N o
@ AN 218
S AN AN
c = o4} o b AN
= H
= AN 213
© AN AN
o Z13 24
] 218 AR
° 213 213
= P AN BN
= B AN 218
N b
@ N AS
Z13 213
AN ZI
AN 7
AN HNH
0.25 >0

—~2 0.053 —0.25

]38 {4 f2 L -]~ Aggregate size (mm)

e ANF TR AN A B2
Note: Bars are standard errors (n = 3) and values with the different letter are significantly different at level of 0.05
B 2 7S [ A I I A ) - 33 S [ WL AR [T B e &5

Fig. 2 Carbon contents in soil aggregates different in particle size in citrus orchards different in management

2.2 HIBMARMKIFSY

221 PIRMAEESE AE 2 TR Y, BIREREESMERT 2 mm Al 0.25~2 mm
IKFEME B B, TAE 0.053~0.25 mm KRR & B AR .

T A B il ) — WA SR AR S B A TR KB Mk . SM AL EE 0~5em 4K T-0.25mm
IKFavE BB B S B R EHE T CH. MM, CK M PC 403, 4% 13.2 gkg™; CM Ab3E
M H SRRz, ~N119 gkg', JERERT CH A CK 4LH; 1 CH. MM. CK i PC &b
A TG B2 R 78 0~5 om HiAtRiAR & 5~20 cm H3E KT 2 mm. 0.25~2 mm A1KT-0.25
mm R, RS B AR AR . 5~20 cm 31 0.053~0.25 mm KA PEHIR
R, MM. CK 1 PC AP SRR Bk & i fe iy, JFRE =T CM M CH ALRE; SM AL PSR4



BN 45 gkg?t, FFREET CH AT, CM AFEAN CH Ab3E A I SR & B2 R AR,

222 HREREGE MEIWLEH, F—OFRAR S EFESAEKRT 2 mmF10.25
~2 mm KifEH, {5 0.053~0.25 mm HA S EMIE 0.5~1.0gkg™" 2 MAES, SHIFE A
FERAK . IX G H A F BT T — 5,
£ 0~5cm, [A—RiARA F AL B A A AR S B —BUh A& . CM 5 SM b

RSB RE R THALE; CH. MM, CK fl PC A i AR AR S B EF N EE . HXT
RELIE, 5~200m HIEZ A RER S B FEK; ARLEE LT 025 mm BIEE
AT E CK AR, BEHKT CM. SM. CH. MM #i1 PC 4b#; CK 1 PC 4R FE K T2 mm
IKARPE I RAR & Bt 5 I T CH b3

2001y 0 —5cm C f=fb=nti oM EEER BANER MM
720 #:FTEM SM = gmem CK
SERAR Ol OIOID fERREH PC
2 st
=
2
© g
Eé‘: b
S b
B= 10T 2
He N y
5= NH N
125 3 §
5 §
e HH 3
z NE §
= 05f NE N
o 3| s
& NH N
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NE
NH q
NE §
0.0 NE AN
=2 5 0.053 —0.25
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© 5 ~—20 cm
14 |
o
2 12}
0! a
@
Sy 10T 2
£4r ab b
g g
5% o8} § A
e § g
=& NE g
o= 06 NE 2
g a
E \ /
Z o4} § 7
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§ g
02 \ e
§ g
N g
§ ‘|
0.0 B b
> >

2 0.25 —~2 0.053 —0.25
H AR f2 4 /s Aggregate size (mm)

e ARFRHURAL IR A B & 2
Note: Bars are standard errors (n = 3) and values with the different letter are significantly different at level of 0.05
Bl 3 AN [ B e S A ] L 3N Rl kA% A R AR & =
Fig. 3 Nitrogen contents in soil aggregates different in particle size in citrus orchards different in management



223 PEGE#SE ME 4 aTLUEH, [ R AR S R R R ARAR (8] 5 A
H5], X5 HAbSEE WA — 8. £ 0~5cm, SM Z4FE AT 2 mm. 0.25~2 mm FIKT
0.25 mm K ZAARRAR i 1 & B35 B T HAt kb #E . CM. CH. MM, CK il PC 4b3H] [4]
RUEHEEERANEE. 165~20 cm, A[FEALLFE (A [F— kAR KR R A & B30 B3 =
5, 1H PC AbFE A R A & & i T HA LA 3, X W] RE S 2 A Bt R S = A 0% T SM
AEFR I A AR & BRI B W T H AL, 5 0~5 om MR ERRK, W WFHHESR
R R (0~5 cm) HIEFRAERES ERCRME, EX) 5~20 cm LIRPIRMABE S 8%
A R

I ffh =% CM
o8 - 0-—5cm FFrEH  SM
ek E CH
_ 2 oEEEmER ERLE A MM
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Note: Bars are standard errors (n=3) and values with the different letter are significantly different at level of 0.05
P 4 AN[R) A L it A A R WA S8 A SR AR 35
Fig. 4 Phosphorus contents in soil aggregates different in particle size in citrus orchards different in management
2.3 B MWD 5KF0.25 mm 7K itk A R fk e AR A 75 40 IR R

A5 MWD 57K F0.25 mm K Fa P 2R AR . SRR BR B AU AH G OC R ANk 3.

M 3 AT LLEH, BIERMAE MWD 5 KT0.25 mm 7Kt SRR AR & Ein 3 7k
BEMKK R, SEBEBRIIMHCRECN 0.782 2, {H5 FRIARFABEL A B & KA KL R,
BRI, FERAE R AT E AT ey, 138 rh K T-0.25 mm /KA L R R AR AN B R IR RS B
M EE RS ELER

& 3MWD 5XF 0.25 mm kiattERE, ARFFIHERXER

Table 3 Relationship of MWD with > 0.25 mm water stable aggregate and nutrients in aggregate (n = 6)



KT 0.25 mmKFEVERIZEMA KT 0.25 mm KFSMERIZRMAm KT 0.25 mm KEERIRAR KT 0.25 mm /KA LR Rk
>0.25 mm water stable Soil organic carbon in >0.25 mm Soil nitrogen in >0.25 mm Tk
aggregate water stable aggregate water stable aggregate Soil phosphorus in >0.25 mm

water stable aggregate

MWD 0.9781 0.782 2 0.9525 0.452 6
P 0.000 7 0.066 0 0.003 3 0.367 4
3 U

SRR+, HREE KA. BRI R, 8 R AR R R e 22
NNTEHE K. B RIBHERR SR, X R AR R, e e, 725
BRI, BB RN TR AR AR R, X LR MG R T — e IR . 5
BT R ARM A L, BRARIZACFE R T 0.25 mm /K Ra: [ vk & Bosi s W ARk, (H AR
HARR, ZACE IR T LRI IR R K

T HEF R AR R M SR RGN BN R R BV, A =B AR
RFAhE et TR g, MR R 20 va W BB 1A AR Z AR A oA [ 5 A O e 4540
Ji, ART KT 0.25 mm KRR RIS, BT B SR 2 4R g S R
BT A3 KT 2mm, 0.25~2 mm LA KT 0.25 mm (KA R RS . S AR R
FEAT 78 o5 47 1) L3 I% T REME N, AR T ok Rigi . fem Lttt (H2H
THA =M EAEEAR R F RS, AT 025 mmKEMEARKSENARMES &
BT EEM 2L a = B . 5 RN L, A R B0 S8 45 i R ) B
JIFE eS0T 7 5 vy 22 39 5% 7 V2 b 3 350 S8 2 b o 7 R38R T 0,25 mm /KRR M B SR AR 1) 2
X5 Mapa ZPSE S — 5. (BT BE AR KRS, X T Rgh i s
A FAS % S P 2 2 A 1 = o S R [ o A P R 70 i AR B

P 5 e e ) s B Ak P b 3 LA 1 SRR T3 R AR (MWD R AR R (PAD)
Je VR ARAR 2478 B 250 (RS 45, ol MWD 2 R AL A1 38 R e M A B LB e G AR,
Hoth b5 39848 kA AR 47 (R S 12224, Le Bissonnais?2 4l MWD {E0:Kr 58 ik s M il 43 9 5
MNER (KD

% 4 ARAFREMEMEFR™

[22]

Table 4 Soil aggregate stability and its classes according to MWD values

MWD {& EiPAuS Sy
&2 Class
MWD value (mm) Aggregate stability
e A e E
1 <0.4

Very unstable



2 0.4~0.8 ASF&5E Unstable
3 0.8~1.3 HHEERRE Medium
4 1.3~2.0 FasE Stable

5 >2.0 EH A€ Very stable

AHFFE, B EML L [ = ELLF MWD {575 0~5 cm M1 5~20 cm 43 %14 1.66
mm Fl 1.33 mm, RiZA 4 5%, EFREBIRAEH: bR E . e
SRS TR R I S v R B S IR AL TR MWD B4 T 0.8~1.3 mm 2 Ja], J& T
R e VRS G T RS S /N 32 6 A R R A R R A0 MWD (31K T 0.8
mm, J&TAFE BRI GE . AT, 5 Rl b ORI R e DA A B R 24 A 1 = B
T e A R MR v TR I 28R B

AR SRR WA BT EDINR R PARRE, LB 2 R BIRN
W), PR A R AR B AR R R S R R, FEPRTR KRR, AL
. AT, ANEAFEEEA KT 2mm F 0.25~2 mm KM F R AR T E HLRE
LrEmT 0.053~0.25 mm A%, Xt 5 X FI R 7Tk BB B AR A R B
I HUT R R 2 R A BT M O B N AR R, AR B s
WUT & A A SR AR AR B VAN O bl o 5 068 SR el A B it v, I Pl A AR P R 7 i A
RS ER 2 A =SB EWIN T 0~5 cm 13T 0.25 mm BIRAERRG S &, i
JURRE B it 1) KT 0.25 mm - IR A B & B 22 5N K . BRI, I A 28 7 =k R4 =k
X 33 J 0 SR el L3 (41 SR A4 A s PR AN B e 1 S B S AR A

FHR TR, B A MWD AMY S 358K T 0.25mm 7K Fa 4 H SR AR AT AR &7 (1R AH SG M, T
HEHAREREE TREZEMIRR (R4, BAETEDFEUEHEEE, HEEAES
AN — B TEARBE T, BIRARERS BRI A S BB a2 AR, x5
2% RO IF T4 SR AT, SRR X K A K B TR R LR A, BAL
ﬁwW]KW%ﬁﬂﬁiﬁéﬁﬁiiazwﬁ AT i A A i, 1 HLAE W] ASR
TR AR E BT . RSBV REFTE 5500 R T 190 0~5em 3% R AR B &

Zi LTk, TR X L BEO R RS I, SR A ARV E I RE RS 2 R 2 4R A A =
e85 1 i L3 b KT 0.25mm ZK AR BRI 5 B, B 3 s B R iR Rs e v, I
MBI T KR SR A R U B i TRIVE SR AE SRS A B EUAR AR AR K LR R
{(ERAR S 7P AN W el Cp AR LN R T R L NG R 13 TR S AN e S e w1l N
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EFFECTS OF PROTECTIVE MANAGEMENT OF NAVEL ORANGE
ORCHARDS ON SLOPE LAND ON STRUCTURE OF AND CARBON,
NITROGEN AND PHOSPHORUS CONTENTS IN SOILAGGREGATES

Wu Dianming™®  Xia Lizhong®®  Yu Yuanchun® Ma Li?® LiYundong® Yang Linzhang?
(1 College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China)

(2 State Key Lab of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract Based on the 8-year long experiment at the Zigui Ecological and Environmental
Experiment Station for the Three-Gorge Project, effects of five citrus orchard protective management
practices were studied on structure of and nutrient (C, N and P) distributions in soil aggregates in navel
orange orchards located on slopeland. It was found that Treatment CM (interplantation of citrus trees
with white clover, Trifolium repens Linn.) and Treatment SM (mulching of crop straws) were obviously
higher than the other treatments in content of >0.25mm water stable aggregates (WSA), aggregate mean
weight diameter (MWD) and nitrogen content in >0.25mm WSA in surface soil (0~5cm), and
Treatment SM was higher than all the other treatments in phosphate content in >0.25mm WSA in surface
soil (0~5cm); Treatment CH (interplantation with day lily, Hemerocallis citrina Baroni, or contour
hedgerow) and Treatment MM (counter embedment of impermeable membrane) were significantly
higher than CK (conventional management) and Treatment PC (interplantation with Wheat (Triticum
aestivum Linn.) - Peanut (Arachis hypogaea)) in >0.25mm WSA and Treatment CH was also
significantly higher than CK and PC treatments in aggregate MWD. Compared with CK, Treatment PC

did not have any significant effect on >0.25mm WSA, MWD, soil carbon in aggregate and soil nitrogen
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in aggregate in the surface soil (0~5cm), but increased soil phosphorus in aggregates in the 5~20cm soil
layer. Aggregate MWD was significantly related to contents of >0.25mm WSA and nitrogen in
aggregates.

Key words Three-Gorges Reservoir Area; Citrus slope land; Aggregate stability; Aggregate

nutrients
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