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Effect of long-term fertilization on winter wheat yield from the dry land under different pre-
cipitation patterns. HU Yu-tong'->, HAO Ming-de'>* |, WANG Zhe', FU Wei* ('Institute of Soil
and Water Conservation, Chinese Academy of Sciences, Yangling 712100, Shaanxi, China; *Univer-
sity of Chinese Academy of Sciences, Beijing 100049, China; *Institute of Soil and Water Conserva-
tion, Northwest A&F University, Yangling 712100, Shaanxi, China; *College of Natural Resource
and Environment, Northwest A&F University, Yangling 712100, Shaanxi, China).

Abstract; Based on 30 years long-term fertilization experiment on the semiarid Loess Plateau in
China, we studied the effect of different fertilizer treatments on the winter wheat yield, fertilizer
contribution rate ( FCR) and precipitation use efficiency (PUE) in different precipitation years
(drought, normal and wet years). The result showed that the wheat yield, FCR and PUE were sig-
nificantly higher in nitrogen + phosphorus ( NP) and nitrogen + phosphorus +potassium ( NPK)
treatments than in control (CK) and phosphorus (P) treatments when winter wheat was planted for
30 consecutive years. The wheat yield, FCR and PUE in NPK treatment were highest, with values
of 3480 kg - hm™, 61.45 kg - kg™' and 6.13 kg - mm™" - hm™, respectively, and those in the wet
years were higher than in drought and normal years. The stepwise regression analysis showed that
wheat yield was mainly influenced by the amount of nitrogen, phosphorus input and precipitation
during fallow period and wintering period. Accordingly, increasing nitrogen and phosphorus input
accompanying with potassium and water conservation practices during the fallow period could im-

prove the wheat yield on the semiarid Loess Plateau in China.

Key words: winter wheat yield; precipitation pattern; fertilizer contribution rate ; precipitation use
efficiency ; stepwise regression analysis.
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AR B TR E A 2549 T3 TR AL, FAE AR
FH o R B e i R e S 1t A 3 i IR TR
] AR AR DX ) B 2 3R N A B A R X
Z— XK L R, SRR R BT
AL, AR SRR BRI X Al Kk R EEN R,
W ANEXHED A K & B B PRI 0N, X SEE )
W e B H R X ST A it S T 4R
WE RN ELE Mz —, (IR = Ve & Ak Ak
Yyt i 50% Ao A7 A T Hb e it — 5 U AT T
D4R v AR mT kR, — e i o e T S X 858 n, VE
TP e A R Y 2 AR AR i g
RECRERT sk 2% 52 b = 398 7K 0 X6 77 8 4 52 M), 2 R /)N
F e MK 5 R BOR . K 5 FSE 5 SHE Y 7= a5 1)
SZMAS Z IS 1, T2 BAH 2 m  F9 28 BH, /UIE
B8 g 1 A5 A 7K 43R 0 88 VAR O AL 7K K
ARG A AR T 2 H R IR BT R R A it
LR P 5 f S R U ) )i A 5 2 SR A
ASTA]HE 7K X8 BRI it 7K T X 7 g ) 2 Wi A %) 7 2 i
A 700 A X R K A B 1] A 7K Y I 35 AL
DX, AN[RIFE AR AR B 4% /N2 RE ARk 334 7= 3507 ) AT 9 41
TR P, Aol 7 8 4 v SRR /N2 AR P A [F]
Ra 7K AT 7555 3t FH AL, 82 v s =t A ARt 25 1
BRI 222535 — R B AR S RN A [R] R

A A RHE T E SR, T T A [l ok
AR A AR XS /NAZ P i ERE BT Rk AR 7K
FIFHZR IR 5E 0 5 [ B A1) FH 28485 (B0 U5 9 93 B A AN [T Rk
AR P8 St AR B AR K B A &R, DL A i/
FAEA I KAER N & B AR S .

1 HRMXEHARTE

1.1 WFEIX H AR

KPR E (7R 6 (35°12" N, 107°40" E, 4k
1200 m) T 1984 4FEAE 18 4 & i E A A B P 4 Kk
B B R FF 4R S 3% M XA LRI A 2R RO X
iR R Rl 2 Y T R i e 2 R, ARl A 7= A A
WK IR IK . 1984—2014 AFEAET- Y14 /K H574.6 mm,
WK ZE35 M AR AN 7—9 F Bk & 5 4 4R K &
() 55% , AFE B0 9.1 °C A3 [X 1 HE Sy 5 55 S
+, BE O RIE B R T 2 4 A 3 S5
LVARBTER7iA 3/ O W L KRR TN 8 L 1 1 R 11
P2 R R AR X AT — o AR R I T 4 B
0~20 emTI3EF4r 7= 0 A B 10.5 g - kgil &
0.8 g - kg™, BhAF A 37.0 mg - kg, &WE 0.7
g-ke', A RWE 3.0 mg - kg, BEACHN 129.3

mg - kg™ ,pH(H,0) N 8.3.
1.2 kit

KAERLE AR K% CK (ANHEAE) . P N NP
1 NPK 5 ML BE b N 25 90 kg - hm ™ jifi P,O, i
90 kg + hm™, jifi K, O & 90 kg + hm™. /N X Tf] 1
5.5 mx4 m,3 WEE, FEHLHES. L5 N 1984 4FFF
TRIESFRE 4 /NZZ (PP T 1984 1985 4FE R %527 4
5,1986—1995 44 K w131, 1996 4 5 M K
134) F&FIH 9 Hb M) AR 6 AR Aok, —4F
—CENE IR R B0 i R 45, 40 10 FH B R 4
NEARE R A FiT— Ui A 5 3055 DX TTHE B, (2 F4F
INFEWSCHR S BB 20 em , P JA) 45 2 ] 224 A P 4% 2R
it A Ok B RSG  2 km A2 A KR
Gk
1.3 EillE

TRAF ORI E /N2 AT 577 i
1.4 Fdaabrt

R TAET 50T, AR /N ZZ £ B4R [ BRI
W(7—9 H)+EFM (10 H—k4F 6 H) 1H#ERE,
FHAERK & =R K =+ R T RK AT
SRR R 43 N R R K AR AL DI Rom T 5445
$, AnP RO AEF FE KR, M, R 1984—2014 4F
HBFTVHEKE, o FnZF4 B ERKE PR
W= AN N .DI= (AnP-M, ) /0.4 DI>0.35 JFk
4F,-0.35<DI<0.35 HF /K4, DI<-0.35 Jy T 5
55'3[10].

T R W K AN A K AT
W /N2 AR BB /IN AR ) M R 4 . i
(10 7)) B&(11.12,1.2 A) 3B EHI(3 ) 4k
WEEI (4 ) BRI (5 ) HERK -
(6 A).

1984—2014 4F (1], /N P i AR AL A Y=a+
bt Frm , Hop . Y /NEE R (kg - hm ™) 50 R AR
iy MICGIRISHE] 5 6 SRy = s AT (] 0 AR fh i 34 e
BEBTHR R (kg - kg™ ) = (il B X 7™ 5 — A it JE DX
) / AR X = K R R (kg - hm? -
mm”') = AR R/ A F AR R B R R E(CV) =
FrufE22/ SEXIME X 100% 2 AN [a] fEK AR =i 5
FEKFNERLZ BN E RN . Y=bo+b, X +b, X, +-o- +
bX, .Y SR /N g s by R RO b, R 1A T R
MREGX, X, X B2 (WASR A 3 oK &
GIENEEEv i N

i8S B 4% % ] Microsoft Excel 2003 F1 SPSS
18.058 11 1 A4 1 A7 0 4 5% AN 4 Br. R H B &R
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(one-way ANOVA) Fll Duncan k#8177 2253 Fr fl £
HHH (a=0.05).

2 ERESH

2.1 1985—2014 4F[a] F /K A1 ) 43 A

HR A A G B s 3 A T 0, 2R B AR R K =
TEAEPRE] 22 Fe A8 K, 1985—2014 4F 30 4E 6], 7F 2004
SEARF AR KRR, M 890.5 mm, /& 1995 4E4EH
AEREAK Y 2.8 . A2 B A BE K AR B AT LR 43 T 5
4£(1986 1987 ,1992 1995 1996 ,2001 . 2003 , 2005 .
2007.,2009, 2013 A=) | *F- 7K 4F (11988, 1990, 1994
1997, 1998 . 1999 . 2000, 2006, 2010 4F) | = /K 4E
(1985, 1989, 1991, 1993, 2002 , 2004 , 2008 , 2011 ,
20122014 4F) 1 i T RAE SEKAE R K AR
PIRg oK &5 460 564.7 i1 696.3 mm.
2.2 KX /INAZ P IERL BT Rk RN R K A
e Siop-Al|
2.2, 1 KIAREAEXS /NAE P s ) 3 S AN it S 1Y)
INFZ PR AR 30 A B] 2 BLREA S, IR
1307 kg « hm™ , AFPRIE) AR 5 REGAF] 48.8% (£ 1).
T St ol At R 7 A A N Y e i R
o1, 52 IR AT R A% 5 T RV R Ul Bt 1) 7 A B
) 52 B 3 hn e #, Horh A& Bk B T A 51, 61
kg + hm™ - a™'  IAF i K- (P<0.05) . 3% £2ifi
(77 it LEAN A ) 7= B R AR T 7.7 % , 3% St AU
OB 7= 3 T 77.0% 5 U8 A AU A T
Jiti ) 7= 3 1) L BR R Y 7 £ R 183.8% F11188.3%
SRR B 0 T it P 7 3 ) b B it R ) 7
48.1%1 50.5% . Hu it & | B 1) 7 0 4F B[] 22 5 2R 4
TE 41.9% ~54.3% Z |85 3, 2804 Pt R0 gl 9 T 7 )
FEAR AR B a8 S R 36.6% ~38.2% Z [l 5.
2.2.2 KIGGAE XTI DT mRR A 52 me D) it

F1 1985—2014 EARRFER B T/NEF=E

Table 1 Wheat yield under different fertilization treat-

ments during 1985-2014 ( mean+SE)

G hEL] FH{E AR R A ek

Treatment Mean Ccv Trend
(kg - hm™2) (%) (kg - hm™2 -a™")

CK 1307+116¢ 48.8 -6.66+13.62

P 1207+125¢ 54.3 -16.47+13.72
2313+177b 41.9 -14.06+20.63

NP 3425+229a 36.6 51.61+£25.11°

NPK 3480+242a 38.2 47.88+27.03

RFIANE/ING 7oA 2 /R Ab #1 ] 2% 57 35 (P<0.05) Different letters
within columns indicate significant difference among treatments at 0.05

level. * P<0.05. T[A] The same below.

HEF AR} BTk 2% S~ 14.10 kg - kg™, AR DTk A5
AR BR[A] 2 LR AR e AR IR 2 0.95 kg - kg™' -
a” AFEBRIAIAE S R B 4 XHE A F] 249.2% (£ 2).
3 HL Tt RN 1 A B Ak R A B ) AR A TR E
H AR BTk 35k 3 38.67 kg - kg', B R RECH
66.3% ; Z T TC it F11 260 i B0 Tt %) TS e} BT ik R AR B
] 20 R 3 (P<0.05) , IR BT ik e A
Lk # 61 kg - kg DL b AE PR ] AR S R OBOAE
20.4% ~21.0% Z [a) I 5.

2.2, 3 KIARGAC XS B KR s 7 22 AR Tit e
AR 7K R SR AE 30 4F ] S BRI RE H , Bk A =R
SEHE N 2.32 kg mm™ - hm ™2 AEBR AR B R A
3 49.7% (3 3) FELLEEAE A 30 4F 0 KR
ARG AL T 2 PSR, 1w AU A
AR 14 828 7K ) P 238 4 B [ 22 LR I e 3, 359
0.07 kg « mm™" « hm™ - a3 SLjii B 1 B K A H %
AN AR B RRAR T 6.9% , % 22 LAY R K R FH R 1L
AR B $E R T 75.4% 5 B RSB I it 1) A UK
I FH 2R3 591 E B it B A A K R FH SR AR 80 T 181.0%
183.8% , R R VA A4 T it 17%) R A ) 36 31 L o
Jiti R B KR R T 49.1% . 50.6% . AL Jiti R
(AR 7K I FH AT B ) A8 S5 REFE 39.2% ~57.2% 2
V)0 2y, L A Tt 0 Tl T 7t 1% I K ) P 38 4 B ]
75 S ZAE 32.1% ~32.8% 2 8] 5.

2.3 REFEKERS /NG =i AR BTiR FEE K
F R 52

2.3. 1 ANEIFEAKRFERIXE/INGZ Pt i sg ) 7] — B K

F 2 1985—2014 FRE BRI IE TR Ek %
Table 2 Fertilizer contribution rate under different ferti-
lization treatments during 1985-2014 ( mean+SE)

Qb FHIE R R B
Treatment Mean CV Trend

(kg - kg™") (%) (kg - kg™ = a™)
P —-14.10£6.50c —-249.2 -0.95+0.73
N 38.67+4.68b 66.3 0.00+0.55
NP 61.29+2.35a 21.0 0.61+0.25"
NPK 61.45+2.28a 20.4 0.62+0.24 "

R3 1985—2014 F R[] PRI R T Bk F) A 2
Table 3 Precipitation use efficiency under different fertili-
zation treatments during 1985-2014 ( mean=SE)

i S AR5 A =k

Treatment Mean CvV Trend (kg + mm™'
(kg * mm™' « hm™2) (%) -hm™? -a!)

CK 2.32+0.21c 49.7 -0.02+0.02

P 2.16+0.23¢ 57.2 -0.04+0.03

N 4.07+0.29b 39.2 -0.03+0.03

NP 6.07+0.36a 32.1 0.07+0.04

NPK 6.13+0.37a 32.8 0.07+0.04
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AERLR | BREREAL A /INZZ P A T AR SRR
TRAF 3 iR K AT 18R 43 3] LU AS i B %) 7 S AR T
10.8% 8.5% 1 3.8% , ¥ L Jiti A W /N A2 7= f 7E 3 b
R /K AR IR 4 1) BE A it BB 7 7 2 5 63.6% . 81.1%
1 87.8% , 1M & A1 U A 40 T i 17%) 7 B A 3 AR K
AFFR 43030 Eb PR A %) 7= i 5 157.0% ~228.9%
7T S R RO 0 B ot 1) 7 F A 3 R R KAR BT, 43
) L A UIE B 77 i 40.1% ~66.2% (8] 1) &4k
vt Rl — LA E T /N P i e KA B 3 & T
TR R PR RAEZ A 25 5 K B3 AN
NE R 7= A FE KA T 5A4F 5 8.0% , HRL il 4 A 1 &L
B B8 77 i 7E FKAE LT R 4E 5116.4% F123.9% , A
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Fig.1 Wheat yield, fertilizer contribution rate and precipitation
use efficiency under different fertilization treatments in different
precipitation patterns.

D. T 54 Dry year; N: /K4 Normal year; W: “F/K4E Wet year. A
[F) RS FREFROR R —HENE AR A R Bk AR B 22 5 | 3 R TR/ NS
TR [R)— R K A T S [ i AT A PR 22 5 3 (P<0.05) Different
capital letters meant significant difference among different precipitation
patterns under the same fertilization treatment, and different small letters
meant significant difference among different fertilization treatments in the

same precipitation pattern at 0.05 level. T [ii] The same below.

TR 60 W8 0 TG e 1 7 o DU AE S K AR [ T AR
21.9% 1 31.3%.

2. 3. 2 AN[E K ARG AR} Bk R A s R — R
FRAERYT, R} it Ak P g A Ak BT ik 2 J 2 v T
Jit JE AR Ak 2L ) AR BT R %, G vl e i S Ak 4 ) IS
B DTIRFEEAR (& 1) . U S I it Ak 3 ) A Ak BT ik
BAE 3 PR AERYT 301 Lo Bt I A FH 5y 23.66
26.37 i1 18.90 kg « kg™, 43 ) b BA- i 4 AE Ak 4 25
80.03.78.88 #168.68 kg - kg™ []— it JE Ak 2 ) HE el
DURR AL AR PR K AR 2 [B] 22 AN B 3

2. 3. 3 R[] RK A RIXS R K A SR G52 [l — &
IR B RE (% R K A FH 370 T 247 FKAR
KA 3 R KA 4351 U AN IE A B K
REEKT 9.7% .8.3%H 2.4% , 3% Seita A 1 K F H
HRAE 3 FPREK AR AL 430 A it JE Ak B 62.7% |
79.6% 1 90.2% , 11 4 Wl FN 22 Wk 2 T it 1 % 7K 1
BRAE 3 PR K AR B b B i s A 1% B3 K R 238 5
154.4% ~227.5% , T B A0 0Bl 0 T i %) % 7K 1)
HRAE 3 TR K AR AL Ll B it Z20NE 9 e K R 38
41.2% ~67.3% (&l 1) AR, Al — L 2404 F T
AR FIHRR T FEAKE, B EERARE.
2.4 /NE T E SRR K 2 A G R

FHICAMT 2 IH | 52 30 4R ANt AT 1)/ N 22 P i
9.10 HAIAEBFREK R 2 HOCE R X R B
9k 0.255 .0.211 F1 0.219 ; 7% 25 Bt B 0 1) /N 22
N 6.9.10,12 A AT MRKEBEMECLR,
A 2B 51 0.268 ,0.224 .0.230, - 0.218 F
0.245 LR AL /INE PP i 5 4 7 IR AR
B AERE K 52 B 0 3 A G OC &R, A 6 R E o R
0.339.0.282F110.346, 5 2.7 Fil 12 H K EH B E
AR AERCH )/ NAZ P2/ 5 2 4.7 H ARIR )
AT AR R K A 3 IE AR DG OC &R M OC R B
5I3K%5 0.394 .0.340,0.392 .0.322 £110.323,5 12 H
FEK B2 R E A COCR, 5 9 H KR W E A
KRR, AW/ NE 5 5 2.4.7.9 H ARFIH
FA B HAAE R K S A S 3 IE AR DG OC R MG R B
5353 0.448 .0.310,0.341 ,0.379 .0373 £10.389, 5
12 ABKEWN B ERAHEKER, 55 AR 11 A%
KEBFEHLKR(E4).

FHIZ AL IR 553 B AS R BE 7K AR 18 BRI 7K
XF/NAZ P (Y) BISEIE, 23 S oy vy o R T AL
W B, I P (n=1,2,3,-++,12) Py P Py,
KRS H KRR AT AFERKR SRR
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F4 AELENEZEFESTENHAKEKBIEXRE
Table 4 Correlation coefficients of wheat yield under dif-
ferent treatments with precipitation in different periods

F#7K Precipitation CK P N NP NPK
7 A July 0.071  -0.087 0.266* 0.392"* 0.341" "
8 A August 0.020 -0.004 0.116  0.012 0.043

9 J September 0.255"  0.224* 0.177  0.261 " 0.379* *
10 H October 0.211" 0.230*-0.004 -0.017 0.038

11 J] November -0.076  -0.062 -0.083  0.197 0.214*
12 H December -0.192  -0.218"-0.222" -0.340" * -0.331" "
1 H January 0.059 -0.054 0.017 -0.014 0.088

2 J February 0.112  0.007 0.265" 0.394" " 0.448" "
3 A March -0.087  0.085 0.109 -0.051 -0.135

4 J April 0.083  0.025 0339"*0340"* 0.310""
5 J May -0.173  -0.100 -0.195 -0.206 -0.208
6 H June 0.192 0268 = 0.189 -0.041 -0.020

R Fallow season 0.169 0.063 0.282* * 0.322** 0373* "
HHEW Growing season  0.146  0.245% 0.198  0.058 0.101

HEHE 0219 0162 0.346** 0323"* 0389""
Whole growing year

* P<0.05; * * P<0.01. n=90.

W, 76T 524F | Y= -5200.782+16.137x, +5.223x, +
7.957 P, —23.618P, +8.753P,+9.299P, +12.530P, +
20.638P,,( R*=0.821, F = 89.684, P<0.05) ; 7EF- 7K
4E,Y=-374.8+17.636x, +6.111x, +5.715x, —4.252
P+10.520P,+12.131P, +12.035P,, (R*=0.761, F =
57.75,P<0.05) ; £ F/KAF | Y =1749.363+20.676x, +
6.171x, +4.86x, +15.483P, —33.995P, +4.269 P, +
12.118 P, - 31.513P,, + 35.254P, (R* = 0.801, F =
62.703,P <0.05).

TETRAE N e S A s e EF
AEREAK 6 H .9 10 H FEK S B 3 1E AR GG
Z MM 56 R B35 3] 0.785,0.379,0.446,0.359
0.436F10.513; /N =i 5 1 ] BEoK 2 IR Wk 35 171
KR, A REGAHN-0.474; 5 5 H KRN
B EA R MR REGEF 0.182. 76 /K AE /)
Zrrat e i St A ek e a7 3.9 M
11 HBEK R0 AR, SRR IR K Z 0] 2
P AR R /N T i 5 7 A48 b 8] 19 i A
KB ik F) 0.769 .0.385,0.283 ,0.362,0.466
0.309F1-0.222. 78 F/KAE , /NZE 77 5 e 2R b vt
i .4 H .8 HF9 HFEKREI M E IEMEER,
TR A 28003 59135 %) 0.757 ,0.327,0.402 ,0.308 FiI
0.478;5 5 A1 10 HBEK 2 3 AR E R, T
AH I R B A F-0.710 F1-0.601 ; 5 i 40 A 12
H B 1 2 AH DG OE &R A ¢ R 5053 51 R 0.202
1 0.180.

3 #

3.1 AR 2 /N2 F=d PR} STk A ff K
IR

ARHIF 5 K S AS it A R Bt A 7N A 7 e S
R R, ELAERLEC A T /N 22 7= o AR ) 53 ik R (2
=T AN AR , X 5 Manna 25 FIUR PR3 46 7
R RIS P AT 45 SR R AR G i
TR A 8 /N2 7 d | R 7K R 238 /N 1 A it S 1 ™
KA R X v g th TR e B sh: 22, 5 78 3
Hh 4R 5 BT A IE R, - 4 b H A e 20 DA A5 B b
70, IR R) L AR A MR R BE A SR
SEUNEE 7 NERL TR 2R R KR 2R Rl 2 R
{E&[lﬁ—ls] .
3.2 AREIBKAERIG /N P PR} STk A ff K
R FH 2 4 R

AW IR, FE KA RN K AR /N2 7= i R
Kotk T 24, BB FKRFES TREZ
[ 35 5] & # K P (P<0.05) , Hu 45 72K W TEHLAN
A HLAEECE XS /N2 7= 5w v R R BRI B X
FIRESE tTREK I 20t (2 T+ b g n R 1
Vit A TV, £ E AR 2R R AED A K
T AR 3 7= i 4 s U W o e B, ROl R
Tic it T 4 2 4R gV W O AR AR g o [ R
N AE A — B K AR R | IR et 35 s T At A
H AL A /N P IR STk R A K R R
33X A BE S PR A RO FC b B, AS A6 T R A K B
TG , [RIHE 35 5318 BP- A= S SR % 77
SICR MW, B T AR R R A AR it
ANURT D4 i B — A RHR FH 2, B RL 22 ] b 1 e &
A AR, T [l m A e
3.3 /NP R AR R AN K R 2 TR G &

ARG I A 5 434 FZ A5 1] U9 434 m]
PRI KA BRI | /N2 7= i 35 27 31 /IR A AE 1)
B R TSP 7K AR R = 7K A v A ) 5% o R
R R FBE KRR /N = i B B2 (10
) A1, 122 ) K24 7).,
R - (5 A IRINIE(7.8.9 A) Bk
R — A5 R IR R, B+ RN e i R
Z K REFZ ] | HEA} b i Xt /N 22 7 e I R MR AR
Ref 7K Fp SR B0 8 K AT A4 JT A 7K XoF /N2 7= B 1) B i
AR LR R 1 ] 24 0] 512 X ek 4 R
R R A 6, TR ST K AR N S K AR B I 5
W 7= dE AR 3G K, AT R S P i 2 VRN 4
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B MERRIE Z | BRSSO
PR EIE A BB 5 K IR R B 20T g
2 DR A AR PR B8 7 55 i 425 o s - S99 175 5 1 TR K
SEMA /INAZ T 5, DT s ) J 3007 i 5 A B Rk /0
A2 M B AR B A A, B R P i R 16 39
(I RIEAN RS AN B W )| Y&
(R A, Bl /N 22 7 a0 A TR KRN 3 3
R K ORI A T R Rl XA 5 4 i T K D) 348 e
AR T R S5 R I 1T fif A7 A 13 P BR A
R KN 35, R R KR
P M AR S A B AR K AR R 35%, T K
SRR 48% , T SHAE 2 1R 101% , IR IR 1 75 55
Jei , /INZE 7 A ) R R T A5 B . XS 1F
VIR A R IR B 25 T S R e K
Gy B
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