| T T

——

j: ;t/%‘jf % 5[:& Vol. 53, No. 4
ACTA PEDOLOGICA SINICA July, 2016

(T

HS3E AW
2016 47 H

DOI: 10.11766/trxb201511190451

R T DIEERMERMEM A = A LR F B eI E2 N
Wk AXE EFRA 2 BT

(1 A F RSB, Bl F 832000 )
(2 PER R F RIS F6E, AR S HEYLRL IR T AR, Jue
(3 Hl ARl B AR ST KA, =M

100193 )
730070 )

m OE BV R EGG R WS, BREA SR EERfZ—, ERETZE IR
AL PR G — L. BRI, KB EIE R R 0 A ) e s i o s = . EH R
B LR6AE (2009—20144F ) HEATE A%, RAMF R, EFRE RN =AHKT (0. 40F1
80 kg hm™) , RIHZE NORFAERI (AR G/FK ., KE/EK . IS/ FRMIMSE/ FORRE, &5,
KE ., G MEERTRRAE) |, A7ESES4E (20134F ) FISE64E (20144 ) Mk &L= f+
B W) Ak bR, BAEBES NS N R AR, S5 ER B 1) S AR
BT, BEfEREEEERRZER R, BT, &5, KREAEES SRR R P57 5 Hox i e
3 H38.2% . 32.6% . 34.0%138.4%; 2) SEAEMLL, MIMEFE D ERE T AL &
3) Jtah KRR 7 R AR S B TC W E R 4) WAERME S SRR L AE20 134F 43 51 k25 K 1
HEOlsen PHIE5.2% . 6.9% . 15.9%F11.3%, 20144 [AIVEMXT T 54+ HEOlsen PTCIEE AR FL; 5) 1]
V0 25 IR B & i, 24 FRE10.3% . 14.1% . 8.5%F13.2%; 6) N FI/EYI 414 LA K ja]
PR AR B E A+ EpH . B2, HLEFES—64F, [MEMIXT T RAE REIE S IR RIEW AR ™= B, il
L RE L AR SR ATRL =, 80 kg hm il it o P i ak Bl ey s AV B R A HL, RS 1 1EO0lsen P
A SRR, R A MpHA Z SRR ] VE R 52 m . RGBS T, HEEAL

AXS T AR R TR R, B RES I SRR T AR A R SR AT S
Xegim o WME; AR BEEAHLR; BEER; HHEAE; tdaE

FESES S158.2 X BRI Y A
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PAVEE KRB T 17% ~ 24% V) A8 LRI A
RS R £ B (LER) ¥k
T e TR PG G X U A g L
S PUAR A AR R B . SRR L, [RIE £oK
PR3 %, A TR B R I26% Y .

] 1 E AT G 2 0 7= i O 3, ) R I A oA 3
HAT FE W g 2022 B R 3
AR T R B B T L
VB Y &K A R E AR S T
XA, TR T ERRIBEE R L 2
e 24 g T DN ORI R B, 5 4% A I PR AR
Fo, WIVEVEWIMAL. B . B3R WOBCE &40 5 e
HNE24% ~39% . 6% ~2T%M24% ~ 64% , /INF]
JEWE AR FR T, AR R B R A WO B A
22.3% ), WEIKREERZRS, EERRRERHR
A B 5149 0

PRI, T A it 7 ) () s A 398 v 486 o A
YT Z IR0 B PR AR ST AR X8R AT
SETE M IR R RS T A S 3 B R
5 R OKIEAE G A S /W A 2. 7R TOIL
WIE, MWER AR . KA. B A BKR A S
HBBUE IR T ARG LA B4 . Wang 2% %
B, (B VE3—44F AR S iy T AL R I AR E .
A SCHTE I EL Al b, 7R AL B 2R S AE (2013
M) MEE6AE (201445 ) |, il il 1A iy &
FALcEE AR (AL . 2%A . Olsen P H . HAL
BRFIpHAE ), BRUTFEAFPAF B/ERAEIR R T, %
SLIEVEXVEY AL 7= 0 R - Ak AR Ty 52, S fa)
EAETHFE R R AR AR A
1 MRS I
1.1 iXIG R
R0 15 AE H R A Al B 2= B 4 HEAE R 5 K
W52 T a2 SRR 560 0 o 86 sl 7 T H R A
R A BHE A=A (38°37'N, 102°40'E) ,
WE BN 504 m, FEFEHRIEHT.TC, =0CH
= 10 CHRA AR S3H 03 646°CHI3 149°C,
FEWI170 ~ 180 d, HIEEIECH3 023 h, 4EK[IH4R
SHE RS 988 MJ m™, AEFHFEKH A 150 mm,
EEHZE R N2 021 mm, 78 K20 MK E
1afs, JB THAPENLE . —FH K K% T
AW, A HERR R L, RN

g, KB ERHE BT REA LR
159 g kg™, ©%1.07 gkg', Olsen P 19.5 mg kg™,
+ 205 mg kg™, pH 8.0,
1.2 Rt

A R R, B E R AR
(0. 40, 80 kg hm™) , EIHZ & E K/ G
Tok/AE . ER/IRE L K0 YR EE R R
L KRR R S oV 4 B A SR o Fl Rk 5 2 (T oK/ JE
O EK/MEE . EK/KG . BKRAME. BEE
K. BPAEEHE G BRAERT . R/ERE . AR
), WIS SR ES, IR, B
XAHHEF . 546 T20094F

HEAVEY) K i Fl . EoR W EB 958 ( Zea mays
L. cv. Zhengdan No.958 ) , JEWE G [ JE 15
( Cicer arietinum L. cv. Longying No.l1 ) , &N
4255 ( Vicia faba L. cv. Lincan No.5) , K& N
LH 15 ( Glycine max L. cv. Huaxia No.1) , i
X MNPEMSS ( Brassica campestris L. cv. Longyou
No.5) o [/E/NXHEFHN30.8m” (5.6 mx55m) ,
FhAE 42064, Rl 38 247 B KR M3 4T BL xR
Yy BAE/NX IR, PAEEHEG . &U, KU,
WX EA 22 m® (4 mx5.5 m) , FAE20
75 BHAETKR/NXEALR27.5 m® (5.0 mx 5.5 m)
FPAR 1247 o TC X W 78 (8] 4R R B4R o 0y 47 BE 34 Oy
0.2 m, HREHNO02 m, ERIILH . RFEITIEI N
0.4 m, FREEZ40.25 m,

it A 55 FH R A R . R0 A AR S — e
P BB A (40, 80 kg hm™) L) H i i
FRES (PEE44% ) MR — R EEREA o ZIE 2
¥124225 kg hm™, H 1150 kg hm 46 FhEi 5606, 7
A75 kg hm 7E FORBCT WA, HALEY (B
T EE . RGAEE) 5 EKFEA AL, Ak
JRE (NEH46% ) o FEAEDRASERKBN, Irf
INK IS TIE S W, b AR Rk L AER
T REEK . RIE KRG SRR, FAENSE .
] VR0 e 25 K 4R, BAER T . AR T
BV 2% 7. BRI G A5 RS R, R IR K A
75 mmo HF—WHEME4AH 15—20H , 5 K%
ESHISH, H=EBEHS—10H, MUK
HEWAE6 H20—25H , S HIRHEMAETH20H , 5
ANKHEMAESHSH, B LREMAEH25H . 17T
T TR R R R AE AR 3 S e E AL AR R
(0, O-HH-S— (N-FFIEEILPEEH L) Hift
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1.3 BERMNER

VEY ARG, — R PEGR R, BN
DI ASVE D AAR AT, )R/ DX A 1 4 45 LG
TEYI R, AT R RRfEY & GR)E
FEAS /N DR B A HERE 5 F L2 bR i I E o
/R /N H8AS i, TR VE DA B A A, Bk
INXABERAAS A, A SR R AR BT T ELRY PO A4S
S ERRRA YA, Rk UL A — 34 +
HERE S A% TURETRIE MO0 ~ 20 emo BT RE SIS
2 mmifi, KBRS PR R, EAH
BHAS DL AT AL AR AT -

A PLTCR AR R A B,
AR YLICE AL (SKD-800& &Y, 1ifi
MABRAR, Fi#E) , +3EO0lsen PH0.5 mol L
NaHCO R #E—H B 1 53 L % (Uvmini-
124040600 BT, BEeARRA A, Big) , IE
B 1.0 mol L' NH,OAc 14— kMG s
(M410X AR, SR RN, Big) 3 +
WepHRH LB F/KERE (KN 5) , pHIT
(pH-3CHY, RERHARAF, i) M.,

S T AE TR R 2 [ AT AL, BRI
W Z b, AP E e s CFPRD™ i . IR
PLE ., TSR . T3 0lsen P, TIEHERIHE)
PR FIACE Y 04 )7k o ATLE s BAE 4 e 5 Hb T
R LU AT K P 400 FRLATE B T 3R 48 A e £ A T 1 .
VEIACT- 3408, RIXH I, A 48 A5 3fe LLZAE P #2 a4
W TERR L, R 2 RN R BRI YA )
FEHL, R PR ] VAR 00 TR T8 5 A Ak S PIAE S in
BOFIME, BRI R4 b5 3 LUOZ AR P 78 (B 7F b e
A7 TR LG, PR 2 0 R TR A 240

PL7 st kg )

KPR =Y meropa X Pat Yosaocrops X Py (1)
HH, YVaonocropa 3 Voonocrops 75 MRS a . b AR
B AFFRL = 5 (¢ hm ™), P RILP, 43500 36 7 X 1
EEEY BT i T AR e, P=W. (W+W,)
P=W,) (WaW,) , WHRW FRIEYa, b5 AT
RCE o BRI AS i v TR A A R A e
1.4 HIFEE

BEAERE R W &R XA B AT g i
FHER3INBEAKT, BIHENSNFEER (44
]/ 44 2 FAE R B AR R G B35 ) o B4R
s % IBEPREIE R, RHZHEHESRIT 28 (SAS

19.1, 2003) . KJHSAS 914707 22408, i 1%
N S (LSD ) T2 | ILE . SGiit i3
Z 50K hp < 0.05,

2 45 R

2.1 EEEETHEMITRSEE

HERAEM LG, RE B E R S 7Y kR
o PHAEN], PR, SHRAEME, AR
BEXTVEY (MGG Axig . RE . Wh3g) FEEE
KAL) 1 LU B BRAE 2 = 1 26.7 % % F140.1%
(FIMFE2)

AR KR E, B KT i 52 Sk
WLy i E N . PIAER], SORNHEBEAR LG, BOXE
Y o(BWEE . RE . OKE. SR AR = 7E40
80 kg hm il /K P, P30 3% & Rt 14.2%
M47.7% . IE T KAFRL = 7E 40180 kg hm jife i
AT, P E S I ANERE3.9%M110.37% (&1
mEk2) .

PIAESE LW, 228 =Ntk SF, 1A4E
EWOM T ARk R R (RIMEKT) o AR
K, FREW S . ER/AEE . ER/KEA
Fe oK /3 S [RIVE LG AR I B R R 7 i A 2 43 i)
WiN38.2% . 32.6% . 34.0 %M38.4%, ik EK
Vo SEEMEL, BIEFEAEARE . 40 kg hm™
Jta /KT, 80 kg hm™ Jta /K P F AL 5 43 1] 55
X BAAE40.5% . 37.7% . 39.1%. 454 LR fEIR
F ., AT s AT R A S e (R 3 A
R7) o SATEHEAALL, WYY, A BEIC40F
80 kg hm KPR F- Y= I INS.11% F113.69%. #
4E80 kg hm B i AHXT T-40 kg hm 34 Ji14.7% il
11.2% (p<0.05) .

22 EHEETHLIEBNRESE

R A MERE A, PRAE], [A/EXT A L
JT & R I — B AR (RAMIERT)
20134F, Fok/EWEG . Tok/ArE . FR/REME
K R TA] AR S5 AR X 1 AR - A AL BT % & 43 sl 4
15.4% . 10.3% . 16.2%H110.6%. 20144, Y
T 20 6 1 ) AR 55 6 1 B AR 7 A LB AR Lh 3
Jo 2 MAEFMEZE AR ERE T A LR &
HALT X AR, SEAEML, 40 kg hm Rk
SF-FI80 kg hm it B 7K 7 F 43 51l it 12.8% F17.8%
(p<0.05) .
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Table 1 Effects of P application and intercropping on grain yields of chickpea, faba bean, soybean and rapeseed (thm™?)

JE T 5L 35 PN iEs
Jt KT
AR P Chickpea Faba bean Soybean Rapeseed T
rate
Year ety B EMERE R W mfE e e Mea
Monocrop  Intercrop  Monocrop  Intercrop  Monocrop  Intercrop ~ Monocrop  Intercrop
0 1.59¢d 1.81be 1.63cd 2.28a 1.25d 2.09ab 0.57e 0.73e 1.49C
40 1.84cd 2.05be 1.79¢d 2.33ab 1.54d 2.38a 0.76e 0.80e 1.69B
2013 80 2.03be 2.56ab 2.25ab 2.64a 1.67¢ 2.4ab 0.80d 0.87d 1.90A
A1
1.82C 2.14B 1.89C 2.42A 1.48D 2.29AB 0.71E 0.80E 1.69
Average
0 1.65¢d 2.40a 1.48d 1.78¢ 1.57cd 2.04b 0.66e 0.71e 1.53B
40 1.68¢ 2.54ab 1.83¢ 2.64a 1.94¢ 2.01be 0.71d 0.77d 1.76B
2014 80 1.93bed 3.69ab 2.74abed 3.79a 3.11ab 3.03abe 0.94d 1.21ed 2.56A
I {E
1.75D 2.88A 2.02CD 2.74AB 2.21BCD 2.36ABC 0.77E 0.90E 1.95
Average

TE: RAPPIIEAE 3 EE RS 45 A BRI P R G 05 [l — 45 9 [l — Sl Bl et 7 A [l /NS 5 Bl 2 A ) A
W ZBITEp <0.05 K25 AR RV ) 5 Fl—FAR R KRS 752 RARVEY (KI5 10 L) SO R o 2 ) (36 4
FrELH ) 1Ep < 0.05 KFE2EFAEE . Tl Note: Values are means of 3 replicates. Two factorial analysis was used in the same year.
Values followed by the same lowercase letters are not significantly different between different crops with the same P application rate in one
year at 5% level (‘horizontal comparison ) ; values followed by the same capital letters are not significantly different between treatments
different in P rate (vertical comparison ) or between treatments different in crop (‘horizontal comparison ) in one year at 5% level. The

same below

w2 TREEFNEMEXT EORFFRI MR

Table 2 Effects of P application and intercropping on grain yield of maize (1 hm™)

G e ok OB K (lff) Maize (Intercrop) T
Year P rate (kg hm™) Maize ( Monocrop ) M/C=M" M/F-M? M/S—M® M/R-M® Mean
0 12.38¢ 16.69h 16.96h 17.81ab 19.12a 16.59B
40 12.46h 17.20a 17.51a 17.27a 19.08a 16.70B
2013 80 12.73¢ 18.29b 18.25b 18.61a 19.66a 17.51A
FHE
12.52C 17.39B 17.58B 17.89B 19.29A 16.93
Average
0 11.77b 16.58a 16.32a 16.12a 17.09a 15.58C
40 13.09¢ 17.55b 16.95bh 18.69a 17.31b 16.72B
2014 80 14.15b 18.64a 18.28a 19.36a 19.36a 17.96A
Ty
13.00C 17.59AB 17.19B 18.06A 17.92A 16.75
Average

. OO At EE MG | & . KEMMSEEER ) FEK Note: D@B@ indicate maize intercropped with chilckpea,

faba bean, soybean and rapeseed, respectively
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Table 3 Effects of P application and intercropping on grain yields of intercropping and the weighted means of corresponding

monocultures (t hm™)

oK+ Tok+de g Tok+ KRG BB/ SIE
gy BT e + Chickpea Maize + Faba bean Maize + Soybean Maize + Rapeseed L {i
Year (éZ;) wE W e R E B M ffE Mean
Monocrop  Intercrop Moncrop Intercrop Moncrop Intercrop  Monocrop  Intercrop
0 7.76¢ 10.31b 7.77¢ 10.67ab  7.6lc 11.07ab  7.39¢ 11.17a 9.22B
40 7.91b 10.71a 7.89b 11.00a 7.78b 10.89a 7.44b 11.24a 9.36B
2013 80 8.14h 11.55a 8.23h 11.56a 7.99h 11.66a 7.62h 11.61a 9.80A
FHE
7.94CD 10.86B 7.96C 11.08AB  7.79CD 11.21AB  7.48D 11.34A 9.46
Average
0 7.38b 10.50a 7.36b 10.09a 7.48b 10.09a 7.01b 10.07a 8.75C
40 8.20de 11.12ab 8.26d 10.82b 8.31d 11.54a 7.78e 10.22¢ 9.53B
2014 80 8.92b 12.23a 9.26b 12.07a 9.50b 12.28a 8.54b 11.97a 10.60A
A
Average 8.16CD 11.28A 8.30C 10.99AB  8.43C 11.30A 7.78D 10.75B 9.63
WX AL S A AW 20134F O FIERT) .

ATEHE A0 kg hm ™l 2 5 T B§40 kg hm ™, 2014
4E80 kg hm>f140 kg hm 2= TG, 5 54E
M, EAERAE S & TR R LA & &, F
PR EI AL A, 20134 ARt i A #E80 kg hm™
e MU 40 kg hm 7K 12.9% Al
8.1%, 20144Fti40 kg hm 180 kg hm >4k Ff /)
il AT B - A LR S B 7.5%F10.9% (K4

SR IFE AT (20094F ) 9+ HE b 2= M R
Fedr, #ELLEVESHE (20134F ) J HqE Ainfa)l 4k +
A LTS IR T 12.8%M1.4% . %22 VE6
AE (20144 ) J5 B4R FIRLE 13847 BILIST 20 1) B AR
8.9%M7.0% . Wit F¥)5, HAEFIEIE S BT
AHLFT10.8%F4.2%, [AIMERED 22 fig A ML T B
LR

R4 EHFEMEN LIEANRE ERZIT
Table 4 Effects of P application and intercropping on soil organic matter (g kg™")
it B35 K~ K L T+ B SN EAK I
AEAsy P rate Maize + Chickpea Maize + Faba bean Maize + Soybean Maize + Rapeseed SEHAH
Year (kg b LiX( [ 4 Lik(E k(S Lis(E [ 4 LiX(E 4 Mean
Monocrop  Intercorp  Monocrop Intercrop  Monocrop Intercrop  Monocrop Intercrop
0 15.32ab 15.55ab 15.35a 15.95a 15.65ab 16.69a 15.54a 14.63ab 15.59A
40 12.55b 15.97a 12.56b 14.61ab 12.49b 15.12ab 12.59b 14.58b 13.81B
200 80 13.58b 16.31a 13.11b 14.67ab 14.04b 17.23a 13.56b 16.90a 14.93A
I fH Average 13.82D 15.95AB  13.67D 15.08BC  14.06CD  16.34A 13.90D 15.37AB  14.77
0 13.33a 13.59a 14.04a 14.23a 13.50a 14.20a 13.52a 13.91a 13.79B
40 14.43a 14.45a 14.38a 16.07a 14.09ab 14.73a 14.53a 15.89a 14.82A
20t 80 16.08a 15.12ab 15.09ab 14.40b 15.78ab 15.20ab 15.17ab 15.61ab 15.30A
T {EH Average 14.61A 14.39A 14.50A 14.90A 14.45AB  14.71A 14.41A 15.14A 14.64
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2.3 EHZEETH LIEOIsen PEE

SEH U RMAE A, 20131201 44F (K & 4
Olsen P dat Fifl i 7 38 b 25 389 I ( 5 A3k
7) , 80 kg hm ’if +30lsen P AT K.
40 kg hm 180 kg hm il i /& R £ 3 O0lsen PFF
O E T AL, 7% ~ 25.4%H130.2% ~ 30.9%
(p<0.05) .

SAEAKCET, XTAREAENE, 5
FVEAEE, BR EOK/ R ELRE IR RO 3 22 Ak,
20134F-80 kg hm i@ /K F T~ HAth = MMEW AL & +
HEOlsen PE i W FHFEML (RSFIHRT) o 20144F,

PO FE 24 G B AR Z 8] £ 38 01sen PEHESY
TR EES . SHRAMEMLEL, [A/EFAE7E A8 |
40 kg hm K F180 kg hm it B /K F 23 B
THIN N BAME9.4% . 5.9%M5.4% , MWkt T+
HEOlsen PRy, [IVEFNRE AR AT T HRAEREAR T £
HEOlsen P &1,

i8I ihw7 (20094F ) B £ O0lsen P&
19.5 mg kg 'HAL, ARH#EPAAE - EOlsen PA FTHE
hn, TE)VE 2 L2 R A T AR Al 3 O0lsen PR FFAK
IS S—64E 25 T, Toie & BRI 2 (Al ,
1 Olsen P& 38 MR £ 5)30.0% ~ 52.6%.

x5 TEHEFEIEX L1EOIsen PR E I

Table 5 Effects of P application and intercropping on soil Olsen P ( mg kgfl )

(T

Jite WA Fo oK+ L Fok+ TR B S NI S SR
SENy P rate Maize + Chickpea Maize + Faba bean Maize + Soybean Maize + Rapeseed RS
Year Ll (s lOE(E Cif(a lial /5 HAE Il 7 Li(s Il 7 Mean
(kg hm™)
Monocrop  Intercrop  Monocrop  Intercrop  Monocrop  Intercrop  Monocrop  Intercrop
0 26.2ab 26.1ah 26.7a 24.4abe 23.6bc 19.9d 24.6abce 21.8cd 24.1C
40 28.0ab 25.7bed 29.9a 29.1a 27.1abe 23.7d 27.0abe 24.4cd 26.9B
20 80 33.9a 31.8ab 35.2a 32.1ab 31.2ab 25.2¢ 33.0ab 28.9bc 31.4A
T Average  29.4AB 27.9BC 30.6A 28.5BC 27.3C 22.9E 28.2BC 25.0D 27.5
0 22.2a 19.9abe 19.2abe 17.4¢ 21.1abe 17.9be 22.9ab 21.6ab 20.3B
40 25.7a 23.9a 25.9a 24.9a 26.6a 26.4a 25.4a 24.7a 25.4A
201 80 28.1a 29.4a 25.6b 25.9b 25.6b 25.1b 25.7ab 26.9ab 26.5A
VI Average  25.3A 24.4AB 23.5ABC  22.7C 24.4AB 23.2BC 24.7AB 24 4ABC  24.1
24 EZEETHLRENHESE (#6) o 20144F, 40 kg hm ™ % & T Al g A0
LR SAMMEREKT, 20134F, S5EEAMLL, B 80 kg hm /KPR Ay - HEEACH A R A B A
K/ A R S AR A S i 2 A, 80 kg hm R[] U i T W 2

A =P VE Y AL A (AR TR A I R 5% ) A Y
Hho 20144F, HfEMILL, PURMEY 4L & b /R
A3 IR T ISR 1) 5 i 12.0% . 16.0% . 11.6%
F13.8% (p<0.05) o PIAEN], AN[FEFRE T =0 &5
MR R R S (R6) o SHEMIEL, RIFE
FRMLIEATRE . 40 kg hm i 7K F-F180 kg hm i i
KT 43 MK T AR A T7.5% . 8.6%H114.6%. it
BERESE SR R R HEHRAE M & . SEEM L, )
VERPREREAR T A8 & it (R6FIRT) .

SER PR ESIZHA . 20134F, 80 kg hm i 3%
140 kg hm RHURERE T 19 £ HEEACH & &, R
JHE s A140 kg hm ™22 [A] - OO & 5 0 3% 25 57

X5 T (20094F ) f - HEfb 24 1 5 b
B, FRAERIEAE 43 ) B ARG A 8 8508 7 1559.6 % F11
63.8%,

2.5 ESEEETHLIESRIpH

AN R R 7 SRR [ e s /K OF -3 2/ & B A
1.07 ~1.16 g kg™', £AbHAIY TR H 25, S5ik
IR (20094F ) ISR G R LE, FAEM
]V 184 0 5 4. 7% 3.7 % .

AN TR oA 7 RN it s KO- R 3 pHAES.01 ~
8.55, #AbHIMI I W FE 2R HiXK I BT
(20094F ) (1) +HEpHS.OM Hdz, Toig e ARl &
MR, R kAR + EpH .
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Table 6 Effects of P application and intercropping on soil available K ( mg kg™)
Jite 5 7K - TR+ TR+ E B NG Tk
TN P rate Maize + Chickpea Maize + Faba bean Maize + Soybean Maize + Rapeseed SR (E
Year Hff: ] B il 4z Hff: il 4z Hff: I Mean
(kg hm™)
Monocrop  Intercrop  Monocrop  Intercrop  Monocrop Intercrop  Monocrop  Intercrop
0 78.0ab 71.4b 78.0ab 71.7b 84.8a 87.5a 80.9ab 70.2b 77.8B
40 81.4a 67.2¢ 81.4a 77.0ab 77.5ab 76.1ab 75.2b 66.2¢ 75.2B
20 80 78.0¢ 80.1¢ 90.6a 74.2¢ 88.8ab 74.6¢ 88.8ah 81.0abc  82.0A
F-H{E Average  79.1AB  72.9C 83.3A 74.3BC 83.7A 79.4A 81.6A 72.5C 78.4
0 74.8bc 72.3be¢ 86.2a 75.1be 78.2abec  71.3c 82.2ab 75.5b¢ 77.0B
40 82.4b 75.5b 84.6ab 79.3b 78.9b 74.4b 96.6a 85.8ab 82.2A
201 80 83.1ab 66.8cd 84.8ab 65.8d 77.4bc 64.5d 93.4a 77.8be 76.7B
FH i Average  80.1BC 71.5E 85.2AB 73.4CDE  78.2CD 70.1E 90.7A 79.7BC 78.6
T EHBAEMETMEMTFRNSFEMTIECEEREROAES T PED
Table 7 Effects of P application and intercropping on ANOVA results for grain yields and Soil chemical properties ( p Value )
2T AP RLP 4 H LB ot Olsen-P AR
ANOVA Grain yields Organic matter  Total N Olsen-P Available K el
AEPRY ear 0.055 4 0.423 7 0.590 8 <0.000 1 0.798 9 0.223 2
Jii B 7K SF-P application <0.000 1 <0.000 1 0.000 7 <0.000 1 0.287 5 0.4559
At J7 X Cropping <0.000 1 0.140 8 0.031 1 <0.000 1 <0.000 1 0.425 1
HEBR x MEREKFEY x PP <0.000 1 0.361 8 0.0159 0.000 1 <0.000 1 0.610 2
AEBR x FPRETT Y x €% 0.031 4 0.945 1 0.993 <0.000 1 0.000 4 0.836 2
Pl 520 x B K E-C x PP 0.956 6 <0.000 1 0.320 3 0.052 5 0.024 4 0.093 9
FEBR x P72 x MEBEK TP Y x € x PY 0.927 4 <0.000 1 0.619°8 0.4127 0.136 7 0.528 7

e SEZEIT 200 CANOVA) 4087, HIEAERR . A A R oK T KR & 3 2 | a2 HAE I B33 D@45
RFAED GBI CEAR L AR SR XSS BARRT . B 7 X5 B K7 59 S BAR T RIAR Gy Bk 5 =05 M B K- 19

L HAEH Note: Three factors analysis were used for all the data including years, cropping systems, and P applications. Values under

ANOVA are the probabilities (p values ) of the source of variation by three factor analysis. @D, @, @, @ indicate the interaction of

Years (Y ) and P applications (P) , the interaction of Years and Cropping (Y x C) , the interaction of Cropping and P applications

(C x P) , and the interaction of Years, Cropping and P applications (Y x C x P)

3 1 ®©
3.1 EZEEEETHFEME

AP R — LU, SPAEMIL, EoKk/&
o, EORIRT, ROK /W TLRD K /3 S Y A ]
ER R PEm TIRR & (F2) , X5
BT PUAE 45 S — 5 50 L R 45 SR 7EAR 2 0F 5
A RELO an e E P L R IX T E 1
AR XA S BT B 5, 5 AR A

b, S A A B AR 5 A BLORT B OK b 2 e R
F1 2 FEAEM B SR R IR, KA
BC T 0 L BHEY 7 5 03 Bl HE R 42.1% M188.9% , ik
B K L RO A 7 O 3 OR A AE T ]
WA IR, B P AR, 55E
ML, TAIVE/INZE W G s = g R A i 1) i
SERAERE, Fic R EEms. % P, K
SEWFFEIE B RVE AR B A = L, WA A
Kt R - (5—64F ) S VEI SR BERS PR+
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B R = e (FR3MFET) o ATRERYHLEIZ, 18
EEAEE AR “wh—WE" IS, mX5=%
KIE, fEAEYILA BB, VB Z MAEfE s 4 G
20 SEULB YA B R R (il
X)), BYHUGKE, BTSSR (E
K)o, e AR R, SR A ) R
FRZ M b, B2 o o X I AR .
PR E TP, SEFRe I RIEMIBOGR)E . e g
JIISVEYIRE S 34T A AR R mhE] L kA, AL
YERIEAEIS , A BENFIREIEVE R, f AR sE 56
W A B OREVERY, 48 TT IR HE [ B Aok
X SR I s M/ Tk CRARE) [
YEJG . WG nT DL HE BB R0 R OK X A LI Y IR
S TR AR SEER, JF BLRVEE I GAR RIS T
R PR BRI PR, R HE T HARIRYEY) (oK) X
PLBEA WU, AT 3 e 7 5 X
AR ER A RN 2 — .
32 EHEETUERLECFERERRE

ESLEES S (20134 ) M6 (2014
B, HEAEAELL, YRR AR PO R 2 A Y
ARG RIER (%4) o X SThierfelderflWall ™
% 1) B B A ik 1 48 0 5 HIL S 45 SR — B
Beedy % 120 75 T3 24k w6 6] 415 o V2 6 R / B oK —
SRR R, SHAMEMLEL, BIES HEAT LS
T3.4 g kg, WiE14%, [MA/EFAERES N+ EA
HURIRAE AR AES RGE WA I, Fornara
Tilman ** HFURIG R, SREMEL, MY
i =F B 4R v BB R A NS AT A2 A . XU
A 52 w5 L W b A 22 R T L A DL Y R
Tt

S5 RT (20094F ) ) 4 HEAH HLTAS K
i (159 g kg™') o, Sid#EL5—64FEMitG,
AN]R8 A AL 73 5 BRI 10.8% F14.2% .
SR AN E b B 2 3043 V0 (R R
TH SR BES 28 fff - HEA LTI T R e ) 75 22 08 B 11
e, A L6 4R WA i AR A ML . ZEIXAh
T, HIEAPR S & ULFRE4.2% . ARG
HIECE A ALIE, AP & BRI IR, AN
SRS

HEpEM, RELRREERELEEEAN S
X Ul B AR T N IR R AR R
IFRMBER SR &', XATERH K225 kg hm™
Jit 280 2 6 TR g 7, T s — 8 0 R e 9 D

BT HENSRGE. WS RRrhrimn
AR SR (1.07 kg hm™) A%, WAl g2
VEMR & A HLR Ve R TR R T
ML Z AR B MiBE K- AR A + 2R
.

5200940 th R & = A, AR AE S
PB4 E 4. 7% 3. 7%, Al RERALF A .
TRHE ) [ R AR R 5% )T EOE 2 1 A A F
HE Y ARG S A RT . BT B,
X G R 2SS [ E ) RURE A — R L
mtELE SR . Jensen AT EW, TE
fif 20 + b SRR Y A AR Y B AU R
AH L PAAE B350 162% ~ 82% . ZE LR 45 S 16 HoAth
FARIG T R B, W, AR L0 e R ]
P MRS B, RE R34 R 3 )
JUEBE

L MAESAE (20134F) J5, SHAEMLL, [
VEFME G, T3EO0lsen PEE W EFIL, X HERE
[ VEFPAE S, E 77 b k25 3 0 (] B DA A 338 rp
ETHEZHM (FSMET) . HEEREGLE (2014
) JE, UFEDH A 3 0lsen P& IJCH
25, SHMEMLL, £3E0lsen PEHEIKIHA T
R, 0255 R B WK, PR EY A
BRE, BEEBEKCEEI, +30lsen PE i
RN, PIARLE R —E

AN T AR RIEEOLsen P& it 550
WILRME (20094F ) ML, JEARTRE, il 27 H
TEZMET, eusA TR, XA R PAERM T O
FHEW A L e B i1 7, AW T
YED X 8 2w oK, BRAEAE Y b 13 3R By
WO REAE20 ~ 25 kg hm ™, [EAEVE Y45 ik ol
25 ~ 40 kg hm™ 2 [IVERRLAR X T 0000 0 IR
87 £40lsen PF &L, XATREZ N, FEfE 72
FAET, SRMAS BB AR PSS, i ) A A
FXF TR, R B TR A b SR AR R T R BAVEE Y
B AIN]7 5 S

PIAR ], AN [R] o =X 3 5 i A 3R - Bk
AR AR (R6MET) o HAAEMEL, [HAEF A
BERRAR T A A X T AR R D A
TEF P2 BRI, N Al i £ 525 7 (A
RN TR U0 Mo A s - R 5 B (205 mg kg,
20094F ) , #EZZEAEMAS—64F (2013—2014
) JE, HEEAH SR T T61.6% ~62.5%.
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Effects of Continuous Intercropping on Crop Productivity and Chemical
Properties of Soil Fertility in Orthic Antrosols

LIU Xinru" > BAO Xingguo’ WANG Zhigang” LI Long™'
(1 College of Agriculture, Shihezi University, Shihezi, Xinjiang 832000, China )

(2 Beijing Key Laboratory of Biodiversity and Organic Farming, College of Resources and Environmental Sciences, China
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( 3 Institute of Soils and Fertilizers, and Water-Saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou

730070, China )

Abstract [ Objective] Being the kernel of the traditional agriculture of China, and one of the major
practices in developing ecological agriculture, intercropping still occupies an important position in modern
agriculture in China as well as other parts of the world. One of the advantages of intercropping is overyielding
relative to monocultures, which consequently removes more soil nutrients from the soils. However, in respect
of high nutrient removal, few researches have been done on intercropping as on monocultures on a long-term
scale. [Method] To find a solution to this issue, a long-term field experiment was therefore established in
2009 at Baiyun, Wuwei City, Gansu Province, Northwest China, and carried out to investigate changes in
soil chemical properties in response to P application and cropping system. The experiment was laid out in a two
factorial design with three replicates, where the main factor was P application rate, designed to have three
rates (0, 40 and 80 kg hm™ of triple superphosphate ) and the second factor was cropping system, including
maize/faba bean, maize/soybean, maize/chickpea, maize/rapeseed and their corresponding monocultures,
maize, faba bean, soybean, chickpea and rapeseed. In 2013 (the 5th year ) and 2014 ( the 6th year ) yields
were measured and some soil chemical properties ( soil organic matter, soil total N, Olsen P, available

K, and pH were examined after the crops were harvested to explore changes in soil fertility as affected by
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cropping system. To estimate yields, two rows of maize and three rows, each of the other 4 crops, regardless
of cropping pattern, were selected at random and harvested at their respective harvest seasons. To collect soil
samples, 0~ 20 cm in length, for analysis, an auger was used to minimize disturbance of the soil structure
after harvest. Eight cores and four cores were collected from intercropping plot (4 for each crop species ) and
monocultures, separately. And then the soil samples from the same plot under the same crop were blended
separately together as one for analysis. [Result] Results show that by averaging the yields of the plots the
same in cropping system regardless of P application rates, 1) The grain yield of treatment, chickpea/maize,

faba bean/maize, soybean/maize, and rapeseed/maize was 38.2%, 32.6%, 34.0% and 38.4% higher than
their respective monocultures treatment; 2 ) Intercropping significantly increased the content of soil organic
matter; 3) Neither P application nor cropping pattern had any effect on soil total nitrogen concentration; 4)
In 2013, intercropping decreased soil Olsen P by 5.2% in treatment chickpea/maize, by 6.9% in treatment
faba bean/maize, by 15.9% in treatment soybean/maize and by 11.3% in treatment rapeseed/maize, while in
2014, it did not affect much; 5) Intercropping significantly depleted available K, by 10.3% in treatment
chickpea/maize, by 14.1% in treatment faba bean/maize, by 8.5% in treatment soybean/maize and by 13.2%
in treatment rapeseed/maize over the two years; 6 ) There was no significant differences in soil pH between P
applications and cropping systems in 2013 and 2014. To sum up, intercropping enhances productivity for at
least five to six years. No matter P application or not, it could increase grain yield, and the effect intensified
with P application rate rising till 80 kg hm™. Moreover, intercropping tended to increase soil organic matter
and reduce soil Olsen P and available K. But neither P application nor intercropping had much effect on soil
total nitrogen or pH in 2013 and 2014. [ Conclusion] In conclusion, intercropping enhances not only crop
productivity over time, but also improves stability and sustainablility of soil fertility if coupled with proper
applications of organic manure, P and K fertilizers.

Key words Intercropping; Productivity; Soil organic matter; Total nitrogen; Soil Olsen P; Soil
available K
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