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RS RS AT T AR AL A4 7 A 3B ) Tk . RIS BN EAE (CKO \ BEZEUE (ND
FBERCHE (NP) | FEFFSEBERCH (SNP)  BEAHLE (M) FEHUIES EBECHE (MNP) 6
b, R, BT A RN BR B S A A IR B IEAHDE. MNP SNP. NP,
M 4 ZbFR KA H 2 R4 Bl 8 856, 7089, 7226, 7 043 kg hm2, /NEAEY AR 5IH 4 916,
3747. 4132, 3868 kg hm?, HEFEETXHE (CK) . SNP. M Al MNP A F T KA/ 77
5 NP b AHIT 8 T NP ARHE . IR, SRR /R SR i DTk S P A PR A3 Sl 2 IR R
BRI R BOC R . BB (NP). FEFFIE F AR S 5 o ik i 0 45 4 R A 3 TR ARG,
HAE TR R TTHR R 2> B~ 3 408, 2 191 kg hm2, /NEEPEEETOIRE S5 429, 206 kg hmZ,
KAt FH A LAE B R FFIA AT 2 35 1 n 3 A LR A A S . K Bl AT - 4 i o B
ER, TR A AUIE e O A A S R RN AT S, W hm R Ry
DX T4t LA IE e AT AR RS FF 500 AE I A it FF B A ATLRE S A M 45 e P 350 ] 348 o £
Wre i, PRI HIEIE SRR, & B AR N 90 kg hmE, P,0s 75 kg hm?2, A FFid TR
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Tt A i 2 8 A A ()t S b B S ) o ) 98 72 7 2 S g k™ 40 i [y
A RMEHER AR 8 M A K EARIE, (5 R B B IEX 42 el R T2 7 &
AR 77 RN o AR E 7 B Dk 2 22 A EXS =AM P B ik AL = RO A7
B DT A E A AR S AR 7 b R R A AT HILAE TR 20 X E 7 B ) D k3 7 2Lk
1, M AR ) B~ B NS R 4T E Y R TR, AR R 88 72 R
7 IR 7 BR3P 2 S50 Tt A S8 R (R 52T, A1 b B o s ALt S F) 1 400 7 B R o

b A XCAIERRYE . HORN L T E L FilE. A LT, AT (XD 285 E (X,
D, dH A TR62.37 Tkm? e KIILUK, ZX AR AR E Y, BT R
MR KLU KRS faH, P BRI AR, S5 RERE, RRADEAE, Tk,
B H Lo U s R, B SR AR R R I T T e R — 2 X AR KR A
Sntihtise s, AT KERAL, W&, EiTERIEERAN, m2MANIE, 5%
JR TG R PR, I, AR T R I A PR 55 I R i KPR o X ik
BRURREER DL K SRR AR 2 AL AR 7 ) R A PR 3R o AP SRR, B2 T I
ST AR SR R A B R SR AT R R R I SR Y, e R e 3
JIE T35 BRI L BRONBSURT AN 27 SR ) A o R SR XA R e 5 3 T g i
e LR R T U RIE B 2 T, (B 2 G AR R R R AR B BRSSP IR, i KA R
P B A AT T 5 R X TR IE D o A T L1978 A ELAE B L IR RR Y - |
MRS AR B bl T TN AR SRR AN L IR T AR i 5 ok, DA B
o R Y R EAE  ANE I | 3555 I R 35 5T B AR R TN A5 7 T4 it 3
WIS BOR S .

1 MRS TTA

1.1 iR stR

RIS HAL T H IR & P o iR ) B P4 (107 80'E, 35<16'N), ik 1150 m, EIE
8°C, KT2F 10°CHE 2 800°C, £r4LHH 180 d, 4EH % /K & 540 mm, b 60% 47 7—9
Ho S8 1380 mm, TEHINIZ 170d, FHE 030, JLAGIEEE, KA, JEICE
1o SR 2T e R X R I 3P, 3SR R A 75 M2 45 4 (CumulicHaplustoll, USDA
O3, IR AR R (2~0.02 mm)231.4 g kg™ AP KL (0.02~0.002 mm)432.1 g kg™
B (N 0.002mm) 336.5 g kg™e AELAAT 1978 4, JFUAIHHE (0~20cm) LHEFELL
YER: HHUR 10.75 g kg™ pH 8.20, 4% (TND 0.95g kg™, 4B (TP) 057 gkg™, M
R (AND 65.9mg kg™, HBE (AP) 6.77mg kg™, MM (AK) 163.2mg kg™’
1.2 REE

RIGILB 6 4F: (1) AHEAE (CKD. () HiE%UE (N 90 kg hm?, N, (3) kAL
i (N 90 kg hm™ + P,0s75 kg hm?, NP): (4) FEAFAEBEIE (S 3 750 kg hm? + N 90 kg hm2
+ B} 2 4Fjil P,Os 75 kg hm?, SNP); (5) RFKE (75thm?, M): (6) KFAEINEBAL (M
75 thm?+ N 90 kg hm™ + P,0s 75 kg hm?, MNP), /NXTEF 666.7 m?, BabLHES. ZUEHA]
PRE, BEIEADS BERR AN BB RR — A . BTN N SR IREHT . REAENE T
BEAE. 1979 GRS MEA U & 6t 15 g kg, BB AR B0 N 1.7 g kg™s P68 gkg™ K
28 g kg™ 1 TR LI E A S5 65 B, 2002 47 A KUl BRI A6 7 e SR NEURE 5347 B
I AR A SR B e FH B ) E kR, P3RS & N AR 19 ¢ .kg'l\ N1.6g kg'l‘
P16gkg’. K15gkg™.
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1.3 HIEERIEE

BERE . R AL B AEFE AT A A8t N RN R R RTIE, 1 TR ENE60%
AN, 4006130E AL . 1979—1993 IR U0 4% 24 5 o oK ~ 4 & /N2 R AR gk 4T - 1993—1998
AN A, 1999 Fi =4, 20004F FiE K, 2001—20154F 156 F k#4243 oKk ~4
ERNZRAEH AT . TR, HE5.2577 0k hm?, NEHUAIE, 581875
kg hm2,
14 #EEESNE

FHEMEM A, 1% “S” BURPEISLL, A/NXSMREA, AR AURAE40 mPf Tk r vk
UNERE20mD) , BESEHATERAM =, FINEFE S RAE0~20 cm HHE HIEFES, R
JEIR G . 20154 RAE LIBAE A, Sl NX R A3 Sy, MORBIRER, ik “S”
RURAERELR, BB 5AFE A, REE0~20 em BHZE HIRFE S, SFESAERR G L — MEAFE.
BAFERT W05, AT R, &%, &, A8, S AE PRS0
W o LI R E VRN E s A VU A BRI A EvENE . LI pH A Z&RKIR#2
(1:25) , pHitE; T3EAEFHIIKERENE; TR BoEN e, SRR 4
BR FINaHCOS A Rl 5, 43 i AR B BT L (kA KOs B kI 5 s 3586 20 FH0.5 mol L7
NaHCO; #23%, HHEHPTELEIkME; AR AL mol LINESEREIR IR, KOG e vk et
10]
1.5 HBH

OV BRAE BRI B K B R SRR 3% 22 e S = &k 5, R A SR BV AU A
JE AL FEAE LRI B B NS E = R DTk . R R 4R R S AR AL B, 7R — Bk
FERMED R AA . & (N B (P) . ZBEELHE (NP KFEFFIEH (S MR &
TR EAZ LU A5

N=Y7?(N — CK). P=3%(NP — N). NP=Y%(NP — CK). S=Y7(SNP — NP), HHLALHI=&
TR AT EM=Y (M — CK)RIM=X7(MNP — NP)i15, :HCK. N. NP. SNP. MFIMNPJyjiti
JEALEE, nA EVIFEAERR .

] 25 224157 FHEXCel2007334T « S FHSPSS 11.0 AT T 2. £ EHE (RPN REER
(LSD) ¥:) FlEZ R ERAH IS4 (Pearson correlation coefficients), {E¥)r= &7 7 240 #r
i, EMAARFEGAEGE (ER %, e PR B AT 5 2 hl.

2 78 R

2.1 FEREXHEM R E RIRE RIS

7Kk 38 a MREE Y, 1999 FEFHAE =3, 2000 HEFHE KRG, X FEYIFIEE L
b BEAZIXIBERAEY), P, 3X 2 M EYI B A SRR i btk . B 1 AT LLE H,
Tie/NEIE R TAK, AREMEAECHEEY BB EREZER, 1 HEMEFRBK, 2R
FrEZERMC. N K B R RS A AR IR B B IEAIDE, HE 23 R?>0.95,
DRI, St 7 R 00 R 26 R S O AR M SR AEAS [F] AR BEAE I AF 38 72 & . HARLER AT AN CK,
N. NP, SNP. M. MNP 6 4B F KPR = 85579 3491, 4359, 6899, 7329, 7
024. 8392 kg hm?, /NERI45I)9 1443, 1869, 3634, 3842, 3338, 4378kghm?. CK
AN AR BN AR 5 S PR BRIA) (1) ¢ 2R BT FHZR MR = 0L &, (NI 1 oA
RIL, CK AN LT /INEHFRL SRR ™ B ) 38 Bt P A BR () G T e A R %, 328 CKORI N
AbFEBEARIS AE PR A I, T3 TR W FE, /NIRRT B A IR PR GE S . NP SNP. M,
MNP 4 ZbFE T KT/ ) B 7 B B A AR BR ) G T B2, R 4 Fiojt A b 22 9
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ARG SAE S KT FEA,  REdERF A E 1) L3 A 1K1

90 o CK Yox=3491x+0.739 R==0.99™ .

%0 O N yy=4359x-0083 R==0.99" €
A NP 'y .,=6899x-1450 R2=0.99™ 0"

70 X ﬁANF’ Yonp = 7.329% - 2.984 R==0.99" R

60 O MNP Yw=7.024x-3217 RZ=099" -0 g

Yunp = 8.392x - 2.209 RZ=0.997 -5 __ %

a1
o

Tk B R B
Accumulative grain yield of maize /(t hm-
2

40
30
20
10
O 1 1 1 1 1 J
0 2 4 6 8 10 12
TR R 4EFR Years of maize cultivation/a
s 140 Yox= 1443k +2270  R2=0.98"
He 120 L yy = 1.869x+6.262 R=0.95" 5
i > Ynp = 3.634x +2.053 RZ=0.99™ ey
£8E100 | Ysne = 3.842x +3.086 R==0.99" el -X
kol — ok /O—‘O __)(:X_,—ﬁ
Zeg yu=3.338x+3.293  R==0.99 SO L KER
wES 80 | Yunp=4.378x+3223 RZ=099" o0 5 KBRX
Y E = Q/GX'X?—?TQ X X
<5 e o 9/°_§_ 5 RXES
8 2 >z = ogonTE
40 g%'/ . a- S
20 ]___ID ........................
0 ; 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

/NFEFIEAE R Y ears of wheat cultivation /a

##: CK. N. NP. SNP. M F1 MNP 2 il R AHEAE . (OEZENE. ZBECHE. REFTIEH S5 2B ik
FAEANAR FAE S B BEACHE, 2K n=10, /N3 n =26, "#/R P<0.05, "%/~ P<0.01. [ Note: CK, N, NP,
SNP, M and MNP stands for no fertilizer, only chemical fertilizer N, chemical fertilizers NP, straw coupled with
chemical fertilizers NP, single organic manure and organic manure coupled with chemical fertilizers NP, Maize
n=10, wheat n=26, “mean P<<0.05, ” mean P<<0.01. The same below

Bl 1 it AR /N2 A K R & ) R

Fig.1 Effects of fertilization on accumulative yields of wheat and maize

DAt AE AL BRFI A4 o B AR =, ARV BRI &, BT R 20, 45RR, i
REFIEEAS SR Y= A W R 250, CK. N. NP. SNP. M. MNP 6 4B T KFI/NE R £
BRI (R 1) 5HRE 7RIS A S A AR = B AR . NPL SNPL M Al MNP
AR B 22 42 FORAFRL = RO I (CKO R 38n,  HIEmE 508 92%. 97%. 93%F!
141%, THEENE (N) BP0 B A E 2. NP. SNP. M F1 MNP AbBRE) Tk 7 B 2 F ok
KB EZEAKT . SERKARFRR, FrE AR BN R et IR A B 253, N NP,
SNP. M HiI MNP &b B (1)~ 351 /NS AR 5 43 3 o0t I (CKO 390 36%. 147%. 164%. 139%
A1 214%, HIGHEIE KT K ANFEAIERE, MNP LB/NZFFR = i m, 53 e T HAR
AFE, {H NP, SNP. M &FEREIMZRARE (R 1 . HILRH, {UGEEVE (M) &FF
W H S RRERRE (SNP) T LAZRAS 5 NP ALFEAR Y EY P & . IR 4E bR B N 22 77 B
R EWmAEE AR (R 1) , NP SNP. M Fll MNP Ab3 /N3 77 & (1) 728 53 R B8 I 2
FREAR, AEAS[RI AR (8] FORFF R ™ AR S5 REE R A, 1E 23%~32%Z [H].
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R TEEXHEY = EHFNT

Table 1 Effects of fertilization on crops yields

4hgm T’E%H*ﬁf% ) o 1@%?%3{}%%%& _
Treatments Crop mean grain yield /(kg hm™) Variation coefficient of crops yield/%
E°K Maize /N Wheat EK Maize /NZE Wheat

CK 3678b 1567d 29 46

N 4.382b 2 138c 23 65

NP 7 043a 3868b 23 32

SNP 7 226a 4 132b 29 27

M 7 089a 3747 32 32

MNP 8 856a 4 916a 30 30

# FFESEE ARG R R AR BRI 0.05 KF2 7 53 . T IA Note: Mean values followed by different
small letters within same row indicate significant differences (P<0.05). The same below

2.2 TeBExt R = 28I TTEk

FUBR O « RS FF I B AT HLAE P KRN 22 SRR R i R 2 35 It o oA 2 R 484 v 4
T, T EL S R AR R (M AR B BRI R . LA R, BB HE . FEFFE H Tk 4
BT E S B 3 408, 2 191 kg hm?, /NEKI4M1 429, 206 kg hm? (JF2) .
M=YT(M — CK) i+ 5 i3 EG AL BE G oK. NEEL =B REE 58 3 533, 1 896
kg hm?, i i M=32(MNP — NP) P55 B84 HLAR K 5K /N2 43 7 B ik B 1 1492,
744 kg hm2, M=X(M — CK) T 5 A HLIE 28> & 5Tk & B 2 KT M=X2(MNP — NP)Jif3,
HIEER R, LIERE A MR FIE P Rk & A B, IRAE ) L3 (CK 43D L
FE R3PS R i v T A g 3 (NP AR

e
N B
=
~

=
o

/(t hm?)

y =-0.033x? + 1.326x - 0.206
R==0.95**

of wheat /(t hm2)

y=-0.114x2+2.124x - 3.334
. R==0.94" .
D 0/0 5 10 15 0 10 20 30
TR AR INFE PR A PR
Years of maize cultivation/a Years of wheat cultivation/a

RAL N2 BB

Contribution of N fertilizer to
accumulative yield

UK R
Contribution of N fertilizer to
accumulative yield of maize

60
50
40
30
20
10

I(thm2)

y =3.408x - 2.189

y=2.191x-0.217
R==0.99"

R==0.99

wheat/(t hm-?)

accumulative yield of maize
accumulative yield of

BERCI K R it
Contribution of NP fertilizer to
B RO/ 2 BB~ Bt

A
Contribution of NP fertilizer to

0 5 10 15 0 10 20 30
TR AR R N AR R

Years of maize cultivation/a Years of wheat cultivation/a
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. 50 50 r
2g y = 0.169x2 + 0.686x + 2.342 e y =0.031x% + 0.942x - 0.368
5 N e : -
Eﬂi S S a0 | R==0.99 :ﬂﬁi g = 40 R=Z=0.99
#5556 e
KaZ 30 <o > 30
%52 W5 2
o
B8 2 HES 20
23= =235
= =
EEE 10 EEQ 10
(S o
0 J 0 1 1 J
0 5 10 15 0 10 20 30
FOKRFPAE IR /NP IR
Years of maize cultivation/a Years of wheat cultivation/a
7
7 &
s 6 y = 0.429x - 1.534 2ES
3 . R=:0.60" WES 5
oy O L 28
- 2 % 4 ‘-Euf == 4
=ES o 255,
S o R N T
Bk B > 5@
XTE 2 o o HJ%M g i;‘ 2 _
HEZ2 <o TE2 y =0.206x + 1.034
=E 3 1 nes R==0.80"
ma 8 WES 1 | o0
TE® L L ) S g O
= 1 J
S 10 % S 10 15 %0 0 10 20 30
2 L FORFIE IR /N FIRE A PR
Years of maize cultivation/a Years of wheat cultivation/a
60 y =3533x-3.956 R=0.98" 60 [y = 1.896x + 1.024 R==0.99™
m = 1492%.0.739 R= 0.95" Yuro = 0.744x + 1171 R2= 0957
50 F 50 o S
o M1 M1
o M2 oM
40 M1(M-CK) 40 M1 (M-CK)
................. M2(MNP-NR e M2 (MINP-NE

accumulative yield of maize/(t hm-2)
Contribution of organic manure to
accumulative yield of wheat/(t him-2)

AHUEEK R = &
Contribution of organic manure to

g
R
=S
30 % 30
#
20 % 20 i
;E .....
-
10 T 10
0 0 1 1 J
15 0 10 20 30
TR A R AN TR A PR
Years of maize cultivation/a Years of wheat cultivation/a

2 AN[F AL AL FE /N 22 A0 K ARG -
Fig. 2 Contribution of fertilization to accumulative yield of wheat and maize relative to treatments

A U AR /N FE A0 K SRR R Dk R R R AR N S 1 s AL WA
N Z AU, R EEAL — 2 ERR G, TRV B 2R T AL AR 2 (CKO ,
TR R, BE AR R DTk R AR IR IR TR AR, — e IR AR
B B o X AT e T R R WTRE S, TIRERE IR AT, P R TR
PE = RS (B 2) o SENEAE, BEALH /N A FoK BAR ™ & o7 ik & fE A -4
fogan g N, AT ROT E A R R Z . IR ZR I RER B, BEIL AR R vk R
W R F BRI TS A G, X AT R TR, E a3 P iR Rt — b e
FAEPTEL AR DL P=ET(NP — N)iH5 P 2B BTk E, REED B NP IS AR L
N AbEE ™ B W PR AT
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2.3 MR 3T - 1% BB 1 A9 SRRk

2.3.1 JfExt AN A SR TR I 3 ATUE N, BERER K, HiA UL R A
FFik AN B EIN, AL (CK) MUUGERILIE (N, NP) Ab¥H-+34H L5
FRMA AN, bR CK AT N ARHE, HAUCHE 5o PR & & 550 IR B3 EA (ywp=
0.18x + 9.69, RZ=0.71""; ygnp=0.32x + 10.09, RZ=0.92""; yy=0.39x + 8.95, R=0.84";
ymne = 0.44x + 8.86, RZ=0.87 ). 2015 4E CK. N. NP. SNP. M fl MNP +3#H L5 & &
4354 13.2.13.6. 16.6. 18.9. 23.4 F124.2 g kg™, 23 )%k 1978 4E14 1 22.8%. 26.5% . 54.4%.
75.8%- 114.0%711 123.3%, 454455 43 554 0.064. 0.075. 0.154. 0.214.0.322 1 0.348 g kg -
2015 4= NP, SNP. M F1 MNP b3 -+ 3G MU & 2 53 m T (CKO AU ZERE (ND
ARFE, o R BRI N 25.7%. 43.2%. 74.2%7F1 81.8%. M Fil MNP A4bFE I 2 =T NP Al
SNP 4b#E, {H CK 5 N. NP 5 SNP &z M 5 MNP i3 [a| 2R AR (R2) .

25 r

20 |

51

)

HIFEHEL
Soil organic matter/(g -kg)

15 |

10 | PR B

==
N W

FIEAE
Soil total N/(g -kg1)
o =
[le] o

o
o

o
\,

123456 7 8 910111213141920212223242526272830333538
X6 742 7] Duration of the experiment/a
3 AL X g p U DUk
Fig. 3 Contribution of fertilization to soil organic matter and N contents

TERAR S EL GRS TIEAGYUR S BN EHRRA Z S, ST REK, th
HUBEFIAE AT I4 FH 38 A 5 & e B B, (AL ARG 8 SR it 2 i, TS &30
B (F3). CK. N. NP, SNP. M I MNP 6 4bH {5 M Fl MNP AP+ 3454
B 5iR56 4 IR 53 TFAH 55 (yy = 0.009x + 0.968, R=2=0.62"; yyne = 0.010x + 0.983, RZ=0.72").
2015 4£ CK. N. NP, SNP. M fil MNP Ab¥f+3E4% & &5 %4 0.87. 0.87. 0.89. 1.04.
1.32. 1.27 g kg™, {¢ SNP. M Fl MNP 4b3 HIEAE S BHEN IR (CK) SEW, 454
S HE A0 9.5%. 36.8%F1 33.7%, 1M H M Al MNP 4P 2 =T SNP, N F1 NP Ab# 5%
B (CK) ZRARE, M MNP AH A ZRWARE (R2), Xd—Bul, KiiEH
WE RN LIRS B WAL E.
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2 HEREXT0~20 cmif{EBRLIEFR TR ENFIT
Table 2 Effect of fertilization on soil nutrient contents in the 0~20 cm tillage layer in 2015

i HHLR £ A R Ve
Treatments Organic matter /(g kg™)  Total N /(g kg™) Olsen-P /(mg kg')  Awvailable K /(mg kg?)
CK 13.2c 0.87c 3.2d 129c
N 13.6¢ 0.87c 5.0d 154b
NP 16.6b 0.89c 23.6b 119c
SNP 18.9b 1.04b 13.6¢ 139bc
M 23.4a 1.32a 12.4c 288a
MNP 24.2a 1.27a 39.2a 299

2.3.2 it Ot - A A AR K TRk CKORT N ARSI AN o, 138 25 (Olsen-P)
BRI R KT E WA, T NP. SNP. M F1 MNP ALFIEREX R, TI8H
RO S B AR 6 AF PR AT K T 0 (P 4D, HL 5 RIGAE R 2 2% IEAHSE (yy = -0.13x+6.78,
R2=0.53"; ynp = 0.57x+4.70, RZ= 0.82"; ysnp = 0.28x+6.38, RZ= 0.69"; yy = 0.278x + 6.27, R=
=0.88"; ywne= 1.33x + 2.36, R2= 0.94") . 20154 CK. N. NP. SNP. M il MNP [ %%
BB %A 3.2. 5.0, 26.7. 13.6. 12.4 f139.2 mg kg, 5 1978 EHItEEM L, CK Al N
AFRFEAC T 52.7%F1 26.1%, 4E3597> 0.094 mg kg™ #10.047 mg kg™, T NP. SNP. M A
MNP Kb 455 B2 B30 T 394.4%. 100.9%. 83.2%#11 479.0%, 4EHJ14j11 0.52. 0.18. 0.15
H10.85 mg kgt. 2015 4E NP. SNP. M Fl MNP -3 2k & & 5 25w T IR, 40 il nt
141 638%- 325%-. 288%Fi1 1125%. MNP BEjitiA HUAE AL, i TIEpRHBANRER K
(153 kg hm™®), 34 il & Both 3% v T JUAt AL FE; FLUCA NP Ab#E, NP 403 (30 kg hm™)
AR IR M RACT M A (120 kg hm™ , (HA XS &, B, NP ab# 4%
GRS EBRERT M A, SNP AR AN E(LT NP ALHE, (R 6,
TS ERE ST NP A, H5 M A ERARE (R2) .

40 r

w
o

=
o
T

3 R
Soil Olsen-P/(mg kg)
N
o

o

300 r

250 r
200 r

ol bt — < .
150 T )

100

B T A
Soil available K/(mg kg
9,

(&)
o

1234567 8910111213141920212223242526272830333538
X8 FF42F [A] Duration of the experiment/a
4 Jit JIE R L 35 AR AT S TR

Fig. 4 Contribution of fertilization to contents of soil available P and K
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5 s & AR B AR L, BRI R K, KT N AL (CK. Ny NP) +
HERUSUER B R PR, (EAY CK AbHE 5iRIGAE PR 3 FAH K (yok = -1.20x + 162.44, R==
0.497) , FEFFIAH (SNP) HL R L2 - Hem dn & B ash, EARREENER (H4 .
it FHAALAE (M AT MNP =38 2008 B o, 17 L5 056 R 5 35 TEAH O (ym = 5.67x
+123.91, RZ=0.78"; ymne = 5.61x + 124.43, RZ=0.84") . 2015 4F CK. N. NP. SNP. M A
MNP 6 Kb 358 5504 5 0 Wl 129, 154, 119. 139. 288 A1 299 mg kg™*, CK. N. NP
FTSNP Ab 2 - 39850 24 B B B 40 il 1978 4RI W AR PR 21.0%. 5.6%. 27.1%F1 14.8%,
/D 0.90.0.24.1.16 1 0.64 mg kg™, 1M M AT MNP &b BT 4G E 14 1 76.6%71 83.2%,
FEXHG N 3.28 F1 3.57 mg kgt. MNP F1 M AbBE-K 156 A VUL, HEdm s ERm, &
FEm T HANALEE, HKCH SNP FIN AR, 1 CK AT NP ALEE -+ IEHE A4 & Bk (£ 2) .

34 it

3.1 BRI =2 RAERAEY = 2 Sk

VRV = 5 (1 it AP S PP it I Tt 75 ) 2 P 3 AR, {F Bl T 52 A A ot P 85 R 3R
PIRZNR, BRIV EY = Bl A RORIE S ATHRRAUE . SRR SRR ks, 2R
WP R RS A B, R R, CRMINALER /N 32 SR B 6 4 PR 4E
KA, 17 A A I 2R s NIE TR /I 22 0 oK AR B ke B AR A PR 13
JeshnE A%, NP, FEFEAE HUIER B2 2 oT ik E RIS IR i, 5 RF7E
A A HEE; CK. N. NP. SNP. M. MNP 643 KA/ () 2 45 B R & B
0L A 7 FE TS A S AR B AR 4 7 B AR, DA b 45 SR 3R IR R P ek Al A B A R e ]
JBE B AR BRI 7= B R B, et 2 3 AN [ it AR AL B R4 PR R 2 I K R,
AR AN [ it A 2 R R 7 e A AR A DT ik B S5 S 4

NP f /N2 0 B K AR = B BTk 40 I3 408712 191 kg hm2, FEFT I AR 25 KA1/
e R TR ) 942941206 kg hm?, AU, BEARA R K BTk E SO R 2 ) £
YRR 2 e 2, MATMINP AL B A LR ) K A 247 B 5Tk 93 533, 1 896 kg hm?,
INFENL 492, 744 kg hm?, RUIPEERIZE. HIEIR-THRRGL AL 1K T B0 5 AR
VEYIF= S oTmk i . NAGEE 560 R0 & IR PR, IR B Z R IEY = 0Tk, BH 2R
RERIEDI = BTl A s KRR, 390 Rk 2R, BRAEMIER S EvTmkig N, FIRF, DA
NP-NTHECEAE /R 7= 5 D7 ik 2= BRIN AR B AR 7= B i 0ok 5 | R B R VR 7= B DR B0 1 M
AbHE ECKACEE AR Fpfabr CHEMLR . 2%, A BRI ) 25 18 K TMNPSNP
AbEE, BUEMAEA HLEEY = E 0Tk 2K TMNPALEE, (Rltk, 7EVPAN RERHE = &
DUBR BN B 78 537 B8 ISR A PR S BB J1 K

i SR B IR AE PR (Al LA T FEA3 %0, CK. N. NP, SNP. MFIMNP 64 K
AESAPFERL P R 23 7)) 93 491, 4 359, 6 899, 7 329, 7 024. 8 392 kg hm?, /N 153 5l 91 443,
1869, 3634, 3842, 3338, 4378 kg hm?, iX 545 B /£ B K B K W2 A B CK L N. NP,
MAIMNP b B /N 257 27 B e A — B2, B AR B K 00 8 AR i i R R s T A1
F i ZR M B SR 56N ST AR B, 2 AR /NI A T K IR T4 7 B 43 )3 55516
690 kg hm®, /D[ £E /N2 2K 172477042 95512 580 kg hm?, £ i 4E /N il K 77
LR FENPAC /N A TR P AT, PRI, AR RI0 NP AL 2 14 e AR 2 5 X sk 0 it e
B (N 225, P,05 150 kg hm®) HIELEREHK, (HAGHEEMEREKEBTNHE. /9 2M
PR TR R SRR B3 IEA G, [FIRFNPALEEH A PR . S RRA 20 S R EOR I
SRR LA RN, B3P UF SENP A it AR R 51 AR 71K . SNPL MA
MNP AL FE /N2 F1 K 77 B 5 NP AL BRI B0 35 v T NPALEE, LR PR 2 X 34b 2+ 3 A ML

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

AR ME R A R NP AL R B S 3 A0, ERSNPRIMAL B4 24 & B AL T NPALEE, (EAT & T
12mg kg™, 5HIEFRDFEIEFRRI S ARAEIA L, SRR, T H S I AA I A B
B3I, BERSWE RMEMI TR . IXUegh AR, FEFHE HECA AR Rm . i F A VR A ik
JEE5 A LR RD i 3 2 3 v iR S 4 X L A3 B S A, R 1) e R T 5 B 4
Jt, ANE T BRI i B 50%, 38 W] fE R AR YIRS FT I H 2% )
3.2 fERB Xt 1% PR S R = A TRk

AU AR g (S AN - B A A O R R, — BB R . AR R, i
FAAG MUACRIAS AT 34 FH 5 300 7 - 8EG MU & &, ASHEACAOE A IR 3, 3G MU &
BN, RN RO RS TS ARt e KR I 1 g R S MR, R
[Fi) b B2 ] - HLT G IR AN [, P RE 5 M 5E HUB SN IR0 L 03 i AR 73 FH AN [ K,
SNPILH BAE NLTU I N R AR (149 200 kg hm™), TiMAIMNPALEE B FUG HLER N &5
517993 027 kg hm 21102 841 kg hm™®, {E K H ALk AL o BB WU B S0 AL e, 135 47
AL, FUE PR SR R E LT MAIMNPAL B . FR % 2 M7 8 v s b B 0 1 50
R RIL, FiEEAE (ND) « BB (NP) i) &3 HEa Ui & &, AHUES e
Tt -39 0V 2 WD S P, A LR 5 R e A A Lt R Pt 2 R (B 3 b 2]
TERAC A B3 TR A - E I A RIREIE ST, KMIANHEAE, TIRE MU & ER A 1 n; iy
AR I S R S I BRI, KRR e A 3 LR S R
B ANTR] X S St A 3 WL e N AN — SR R R L SR S A A RE A E AN R
P

it FH A HLAEFIRS FRak 38 n T+ & &, (Hi e L3R & m A,
X 5 W O g g R B, B IR AT R AR v 1 2 SR 2 I 0 A o R A
WK IVE R N B e ah, FERLLAATENH, -NFINO; -NJE bk 2k £ 4% R 2 80@id 4
PR BN KA, AT HUIR AT X 20 5 3 R A SE 43 AR KT KB 4y, BT 6 Wt FH )
MR R TR A, MG A O ES . RRR A, K I St FH vl 7= 2k R AL
WP, P T s, A AU B R e LR AR S, AU &
S eR R mEE 2K, HERY, ZIESHEVEREESm - #Eem 8. 14+
B RE )R EE R R A BO& R

4 7z

SR AR B n] AR T I 1) RBE Y B4R PR R E Y = B IR 9 3, S L RE AR PR 5
PRI R, AR A R BEY) T 277 & P R AR i 34 BB Ve
BERESESH LB AR EY P R Tk, EUEABEAE 0 K7 B Tk
SRR R 23 ) 2 IR VTR SO R AR &, M ORI MNP AR B LI 0 T K AE 27 B ik
3533, 1896 kghm?, /NFEH 1492, 744 kg hm2. FEFFE AR K A/NE = B 5Tk 4 51
SN 429 1206 kg hm?. # i R R XN TR R R R b, KIARSFFIEE . AL
HE KA HLAE S b A Bt /4 7 s I AR, RT3 H IR A U A & & &, 2
TFASAE Sy 5 s & B R Ry N 90 kg hm2. P,0s 75 kg hm™®, ZFEFTEH, ] R AE 6 .

SE 30k
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Abstract [Objective] Contributions of fertilization to crop yield and soil fertility are key
parameters in evaluating whether the fertilization practices are reasonable or not. In order to
provide some scientific basis for decision-making in fertilizing and developing sustainable
agriculture in the Heilu soil region of the Loess Plateau, this paper tried to explore in-depth
contribution of fertilization to crop yield and soil fertility in a long-term stationary field
experiment in the region, relative to treatment. [ Method] The long-term experiment, which has
been carried on since 1978, was designed to have six treatments, that is, CK (no fertilizer), N
(single chemical fertilizer of N), NP (chemical fertilizers of N and P), SNP (straw and chemical
fertilizers of N and P), M (single organic manure) and MNP (organic manure and chemical
fertilizers of N and P). [Result] Results show that accumulative yields of wheat and maize were
significantly and positively related to the number of years the crops had been cultivated in all the
treatments with determination coefficients R? being all higher than 0.95. The crop of maize and
wheat in treatment MNP, SNP, NP and M reached 8 856, 7 089, 7 226, 7 043 kg hm™ and 4 916, 3
747, 4 132 and 3 868 kg hm™, respectively, in mean annual yield, significantly higher than that in
the control (CK). However, among the four treatments, treatments SNP, M and MNP were similar
to or higher than treatment NP. The relationships between the contribution of N fertilizer and P
fertilizer to accumulative yield and the number of years of cultivation could be well fitted by
quadratic concave function and convex function, respectively. In treatments NP and SNP, the
contribution was significantly and positively related to the number of years of cultivation, reaching
3407 and 2 191 kg hm, respectively with maize 429 and 208 kg hm™ respectively with wheat, in
accumulative yield. Treatments MNP and SNP significantly increased the contents of soil organic
matter and total nitrogen, while treatments CK and NP slightly increased the content of soil
organic matter only, and treatment NP almost had no impact on soil total nitrogen. Treatment NP
significantly increased soil Olsen-P content, while treatment MNP significantly increased the
content of soil Olsen-P content and the content of available potassium, as well. [ Conclusion] All
the findings listed above suggest that long-term balanced application of chemical fertilizers,
application of organic manure, application of chemical fertilizers coupled with straw returned, and
application of chemical fertilizer in combination of organic manure all can increase crop yields
and improve soil fertility quality, that the suitable fertilizer application rate should be N 90
kg hm? and P,0s 75 kg hm, and that in fields where straw returning is adopted, P fertilizer could
be applied once every two years in the Heilu soil area of the Loess Plateau, China.

Key words Heilu soil; Accumulative crop yield; Soil fertility; Contribution to crop yield;
Straw returning
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