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Investigation and evaluation of fertilization under winter wheat and
summer maize rotation system in Guanzhong Plain,Shaanxi Province
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Abstract: [Objective) Investigation and analysis of fertilization were conducted to provide information
for improving regional fertilizing practice. [Method) We carried out a questionnaire survey through Oct.
2011 to Mar. 2012 in 10 representative counties (Qishan,Chencang,Fufeng, Jingyang, Wugong, Xingping,
Yangling, Pucheng, Fuping, and Linwei) in Guanzhong Plain, Shaanxi Province. In each county, 4 — 18
towns were chosen,with 3—10 villages each town and 4—5 households each village. Survey on the fertiliza-

tion regimes of the winter wheat and summer maize rotation system was conducted and the results were
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summarized and evaluated. [Result)] The average application rates of N, P,O; and K,O for winter wheat
were (2104106),(1834121) and (25£49) kg/hm?*,respectively,and the mean grain yield of winter wheat
was (6.541. 0) t/hm*. The mean yield of summer maize was (6. 2+ 1. 2) t/hm’, and mean application
rates of N, P,O; and K,O were (288+£113), (45+88) and (12430) kg/hm”, respectively. N application
rates of 33. 6% households were at an optimal level,3. 5% were at a very low level,7. 6% were at a low
level,16. 8% were at a high level and 38. 5% were at a very high level. For summer maize, N fertilizer ap-
plication rates of more than 70% households were higher than the recommended rate,11% were at a lower
level,and 11. 2% were at the optimal range. Nitrogen, phosphorus and potassium nutrients were mainly ap-
plied as basal dressing for winter wheat, and the basal N accounted for 90% of the total. For summer
maize, N,P, s and K, O nutrients were mainly applied as top dressing at jointing stage,and the N used as
top dressing accounted for 90% of the total. The partial factor productivity (PFP) values of N,P,; and
K, O for winter wheat were 31. 0,35. 5 and 260. 0 kg/kg, respectively, and those for summer maize were
21.5,137.8 and 516. 7 kg/kg,respectively. [Conclusion] In the winter wheat and summer maize rotation
system in Guanzhong Plain,over application of nitrogen fertilizer was severe with too much N as starter. O-
ver application of phosphorus fertilizer was another key problem. Therefore,efforts should be made to edu-
cate the farmers for scientific and rational use of fertilizers.

Key words: Guanzhong Plain, Shaanxi Province; winter wheat/summer maize; crop yield; fertilization;

partial factor productivity
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Table 1  Yield and fertilizer application rate for winter wheat in Guanzhong Plain, Shaanxi Province
B() HEA K - - - L
County Sample number (kg + hm™*) (kg « hm %) (kg » hm ) (t- }Alm )
N P, 05 K;O Yield

I 11 Qishan 144 2654144 2304277 54+86 6.6+1.0
X Fufeng 268 195+71 175+83 17£38 6.540.9
%> Chencang 120 152473 14885 30432 6.540.8
VI Jingyang 132 2424115 176488 16422 6.640.8
MAF- Xingping 212 207+117 168+93 25+31 6.740.8
1) Wugong 201 202498 176 £77 8441 6.840.7
i 7E Linwei 199 2334141 2194115 22443 7.044.0
I Pucheng 130 219+119 195+99 28+67 6.0+1.6
& F Fuping 232 213494 187+£103 45453 6.2+1.0
¥ Yangling 131 17886 18891 4419 6.940.7
SEI(H Average 1769 2104106 1834121 25449 6.54+1.0

TE R BOR NI bR 22”5 2 SR — AR B BB R 2 .

Note: Values listed in the table are mean® standard deviation. The value in the second column last row is the number of total samples. The

same for Table 2.
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Table 2 Fertilizer application rate for summer maize in Guanzhong Plain,Shaanxi Province

) v A/ ; =
200 B S P A L

N P, 05 K;0O Yield
I 11 Qishan 143 3264164 844172 2656 5.54+1.0
M, Fuleng 255 307495 834 1410 5.941.0
%4> Chencang 112 2461106 55469 17433 5.740.9
% [H Jingyang 132 3324381 104+115 17+24 6.5+0.8
MF Xingping 212 287497 48487 10429 7.04£1.0
K Wugong 201 2854106 28476 10+23 6.540.8
I Linwei 199 267+107 70+92 11+32 6.9+1.1
S Pucheng 130 2584126 43+63 12+24 6.2+1.5
& ¥ Fuping 232 266+119 53+60 24+36 5.9+1.6
¥ Yangling 131 274484 3+17 0 6.24+1.2
SEI{H Average 1747 2884113 45488 12430 6.2+1.2

R3 BEAXPFERPENEARRANENSHILG

Table 3 Percentage of households with different nitrogen fertilizer consumption rates for winter wheat in

Guanzhong Plain, Shaanxi Province %

B (%) TRAK it 1% i it 155 R

County Very low Low Optimal High Very high
Iz 111 Qishan 2.1 4.8 24.3 17.4 51.4
#: X Fufeng 1.1 4.5 38.8 16.0 39.6
B4 Chencang 8.3 30.0 36.7 6.7 18.3
¥ FH Jingyang 2.3 5.3 25.8 17.4 49. 2
Y Xingping 7.1 7.5 33.5 19. 8 32.1
I Wugong 3.0 3.5 38.3 21.4 33.8
78 Linwei 4.5 6.5 26.1 12.6 50. 3
Wi 3% Pucheng 3.1 4.6 35.4 12.3 44,6
7 Fuping 2.2 10.3 26.3 25.0 36. 2
¥ % Yangling 2.3 5.3 53.4 11.5 27.5
SE Average 3.5 7.6 33.6 16. 8 38.5

VE 40/ 2L OND T REARA o RHEG 3 oF  R 5 AR 5 6 28 G M 43 9 <80 . =80~ <120, 120~ <180, 180~ <220, 220 kg/hm?,
Note:; The grading criteria of nitrogen (N) application rate for winter wheat were divided into 5 categories,very low,low,optimal, high and

very high,and the corresponding values are <<80,>80~<120,>120~<C180,>180~<220,and >220 kg/hm?,respectively.
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Table 4 Percentage of households with different phosphate (P, ;) fertilizer consumption rates for winter wheat in

Guanzhong Plain, Shaanxi Province %

B () TRAK i 1% i = R

County Very low Low Optimal High Very high
I 111 Qishan 24.3 15.3 22.2 8.3 29.9
K Fufeng 6.0 7.7 30.1 15.9 40. 3
¥4 Chencang 13.3 10.0 35.1 20. 8 20. 8
#FH Jingyang 6.8 5.3 24,2 31.1 32.6
YF Xingping 12.2 15.1 15. 6 23. 1 34.0
i3 Wugong 5.5 3.5 34.3 20.4 36.3
IV Linwei 7.5 7.1 6.0 32.2 47.2
S Pucheng 9.2 6.9 16. 3 13.8 53.8
#1°F Fuping 3.4 7.3 31.5 25.0 32.8
¥ % Yangling 3.8 1.6 38.9 8.4 47.3
¥y Average 8.6 8.1 25.2 20.5 37.6

e ANl (P2 Os) I AR AR L A MK L 35 b o A i AR 5 1 40 b HE 43 531 R << 60, > 60 ~ <C100, > 100 ~ <1140, > 140 ~ <180, > 180

kg/hm?,

Note: The grading criteria of phosphate fertilizer (P,Os) application rate for winter wheat were divided into 5 categories, very low,low,op-

timal, high and very high.and the corresponding values are <<C60,>60~<C100,>100~<C140,>>140~<C180,and >180 kg/hm?*,re-

spectively.
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Table 5 Percentage of households with different nitrogen fertilizer consumption rates for summer maize in

Guanzhong Plain, Shaanxi Province %

B XD RAK i 1% i i =5 R

County Very low Low Optimal High Very high
I 11 Qishan 4.9 3.5 12. 6 4.9 74.1
K Fuleng 0.8 2.4 6.7 12.8 77.3
¥4 Chencang 4.5 17.9 16.0 3.6 58.0
B Jingyang 0.0 3.0 3.1 10. 6 83.3
24 Xingping 3.8 6.6 11.3 13.2 65.1
i3 Wugong 4.0 7.0 10.9 11. 4 66.7
78 Linwei 5.0 4.5 14. 6 23.1 52.8
Wik Pucheng 10. 8 8.5 13.8 16.9 50.0
%% Fuping 9.1 7.7 12.1 14.6 56. 5
#¥% Yangling 0.8 6.1 13.0 19.1 61.1
F Average 4.4 6.2 11.2 13.5 64.7

TE B R OR SR (ND FT A AR i 5 L 3 v i L AR 5 B9 20 AR o 3 03 O << 100, > 100 ~ << 150, > 150 ~ << 200, > 200 ~ << 250, > 250

kg/hm?,

Note: The grading criteria of nitrogen (N) application rates for summer maize were classified into 5 categories,very low,low,optimal, high

and very high.and the corresponding values are <{100,>100~<{150,>150~<200,>200~<250,and >250 kg/hm?, respective-

ly
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Table 6 Percentage of the households with different phosphate (P,O;) fertilizer consumption rates for summer maize in

Guanzhong Plain, Shaanxi Province %
H (XD RAK A% & ot 55 {1
County Lower Low Optimal High Higher
Iz 111 Qishan 64.3 2.8 5.6 9.8 17.5
K Fufeng 92.9 1.6 1.2 2.7 1.6
% Chencang 52.6 2.7 18. 8 17.0 8.9
7 FH Jingyang 28.8 19.7 15.9 6.1 29.5
MSF- Xingping 61.3 9.0 8.0 7.5 14. 2
K3 Wugong 76.5 9.0 5.0 5.0 4.5
I Linwei 46.7 11.1 10. 6 8.5 23.1
3 Pucheng 60.0 13.1 6.9 6.9 13.1
® Y Fuping 44.0 21.5 7.3 19.4 7.8
# ¥ Yangling 97.7 0.0 0.8 1.5 0.0
SE-¥g Average 63.6 9.4 7.3 8.4 11.3
T E R AR (P2 O5) AR ARAR 0 1% I8 v O e AR 5 B9 23 208 i 23391 S <C80,, >80~ <60, >60~<290,>90~<120,>>120 kg/hm*,

Note: The grading criteria of phosphate fertilizer (P, Os) application rates for summer maize were classified into 5 categories, very low,low,
g g p p pp g y

optimal, high and very high, and the corresponding values are <<30,>>30~<60,>60~<290,>90~<120,and >120 kg/hm?,re-

spectively.
R7T BEAXHPERRFAZMNEZENDPO MKOFSEEMEHENAE
Table 7 Rate of fertilizers (N,P,0; and K, ) applied as starter and top dressing for
winter wheat in Guanzhong Plain, Shaanxi Province kg/hm®
(RO AN B P2 Os # K, 0
County L EN L B L BRI
Starter Top dressing Starter Top dressing Starter Top dressing
I 111 Qishan 263.3 1.4 229.7 0 54.1 0.0
R Fufeng 193.4 1.5 174.9 0 16. 6 0.0
M4 Chencang 145.3 6.8 148. 2 0 29.8 0.0
%A Jingyang 156. 3 85.4 175.6 0 16.3 0.0
MF Xingping 199. 2 8.0 165.0 2.6 18.0 6.6
I Wugong 182.2 19.5 174.1 1.8 7.9 0.0
I8 Linwei 221.2 11.4 219.1 0.0 21.8 0.0
S Pucheng 202.9 15.7 195. 3 0.0 28.1 0.0
= F Fuping 161.9 51.5 186. 2 0.5 44.6 0.2
¥ Yangling 168. 9 9.6 188. 4 0 3.6 0.0
S Average 190. 6 20.0 185.5 0.5 23.9 0.8

HEARAFRE NP.O; M KO AR RHA  SRILES,
®8 BEXAFERRAEERNP.O MKOFSEHMEHYHES

Table 8 Rate of fertilizers (N,P,Os and K,O) applied as starter and top dressing for summer

maize in Guanzhong Plain, Shaanxi Province kg/hm?
(K A AN A W P,Os A 4 K, O
County SETE BIE I B SETE B
Starter Top dressing Starter Top dressing Starter Top dressing
I 111 Qishan 30. 2 295.6 28.7 55.4 8.2 17.9
X Fufeng 2.1 304. 8 0.3 8.3 0.0 1.3
B4 Chencang 9.5 236.6 0 54. 8 0.0 17. 4
%A Jingyang 56.7 275.5 104. 3 0.0 17.0 0
2%5F Xingping 9.3 277. 4 5.6 42.7 2.5 8.0
3] Wugong 4.4 280. 5 2.2 25.6 2.4 7.9
I8 Linwei 74.1 193.0 24.7 45.1 7.3 3.8
i Pucheng 44,1 214.0 24. 4 18.7 11.2 1.0
& F Fuping 45.5 221.0 46. 4 6.5 21.6 2.8
¥ Yangling 1.0 272.5 0.0 2.6 0 0
1 Average 27.4 256.5 22.0 25.1 7.1 5.5
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/INAZ NLP,O; F1 K, O #y°F3 PFP 43 5 24 31. 0,
35.5f1 260. 0 kg/kg, % H (X) &AM PFP K
25.2~42.8 kg/kg, i 534 P & X AN PFP &
s U 1 /IR PFP SR A% % B (XD # i PEP 2
30.0~43.9 kg/kg, H P Pr 4 X B IE PFP iz »
L1 3 3 A T X B IR PFP 5 i ; 41 IE PFP 4% M
X 25 S AE KL AR R Sl 30. 0~1 725. 0 kg/kg.

R BRAXPEERPEZNEZNE B HBBREESN
Table 9 Partial factor productivity(PFP)of N,P, s and K, O of winter wheat in Guanzhong Plain, Shaanxi Province kg/kg

B (X)) A

County Nitrogen fertilizer
I 111 Qishan 25.2
#: X Fufeng 33.2
4 Chencang 42.8
% FH Jingyang 27.3
WS Xingping 32.4
7)) Wugong 34.0
I Linwei 30.0
Wik Pucheng 26. 2
W F Fuping 29.1
% Yangling 38.8
SE#4) Average 31.0

A I
Phosphorus fertilizer Potassium fertilizer
30.0 104. 8
36.9 382.4
43.9 216.7
37.5 942.9
41.1 418.8
39.1 283.3
30.0 30.0
30.0 222.2
33.0 137.8
36.7 1725.0
35.5 260.0

i 10 A, e R 4% B (XD B E oK N,
P,O; 1 K,O By3F ¥ PFP 43 %] & 21.5,137. 8 Hi
516.7 kg/kg. £ H (X) & PFP 2% K kK. N
16.5~26.1 kg/kg, H i & F B AN PFP & K,
/e B e KRR KUE A1, S B (X0 85 18

PFP 27 A K, J 62.5~232. 1 kg/kg; 4 & X #EE
PFP fe K. 7% PRI L A BEAE PFP A/, BR4k MR
A H B (XD 4R PEP 2% B &8k, Sk 203, 7 ~
700. 0 kg/kg.

R 10 BREXHFEERRAEERNR B HIBREESN

Table 10  Partial factor productivity of N,P,O; and K; O of summer maize in Guanzhong Plain, Shaanxi Province kg/kg
H XD AN WA B
County Nitrogen fertilizer Phosphorus fertilizer Potassium fertilizer
I 11 Qishan 16.5 64.0 203.7
M Fufeng 19.5 737.5 5 900. 0
4 £ Chencang 23.2 103. 6 335.3
% FH Jingyang 19.6 62.5 382.4
M7 Xingping 24. 4 145.8 700. 0
#.Z) Wugong 22.8 232.1 650. 0
{8 Linwei 25.8 98.6 627.3
Wik Pucheng 23.1 140.9 476.9
® ¥ Fuping 26.1 111.3 245.8
#%#% Yangling 22.6 2 066.7 —
¥ Average 21.5 137.8 516.7
5 W i 5.5~7.0 /b’ I BLEE X P AN B

3.1 XHERENE EERNTE
A A EE R F W] PP 10 A B (XD &/
ASFHE R 6.0~7.0 t/hm? - T ORP-2y 7= 4 0

e Bk A 5 501 A U A /N R
H TR AL T 5 2
(R R R F N PP P IE & 3l e
Yotk T AN B Tk 8.0 t/hm? ) H
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12 %

Tk E e/ 10 t/hm® DL ET, Wik, 4545
77 b A RO |t IE AR Ak A4S SR L i DX /N R R K
R IIE R,

3.2 XHPEFERZNEZ FERHFTEAN

ARBFFEGER BoR  BRVE S rp P I & /N2 4l N 1Y
P 152 ~265 kg/hm?, i % X 3l 4 /N 22 &
JE Cali NO # A R — | 120 ~ 226
kg /hm? 0 g AT XA /N 2RI T Y
R . ARYE BT IR S B A S bR UE F] AT %
Hb DX IR E P AR P 33.6% .45 55. 3%
e RNE R A B . 5 AR Y R A 4 R
FEE /N I AGE P i A P B3 T 20 %,
H R A NE A M = 1 LE BTSSR AR BL . AR ST 45 2R
s RO R E KoK 4l N it B & O 246 ~ 332
keg/hm”, 1 4 7% & B (4l N) & 5 112 ~ 205
kg/hm? o120 AT L B R K IR it A i %
AT m e P B 70% LL b, A IE g D
1997 — 1998 AEFECH P4 AR 0y I A 45 SR AR Tb . e 5
TR o 5 0 L A ke AR A &,
AR LI FH 2R B IG5 38 AT B8 BOE B 0 = s ik
A ik i AUIE I8 25 38 i K A A E =l
BCH AR . HOR AR BY bR 2K 08 i 7K A6 26 ] BE E A M 3R
JK s 3 LT ) K B e B SR AR DT AR B Y 3R
B BB ED T HOR, o Wit FH A AR, 2
Tk 5 = Al A0 A DL AR W SRR 8 i AR
TR R AR IR B2 S AN R G
PRt FH RUIE 25 3G 2B 77 A BEAR A B ek . A B
FEI R, TR E AR N G i AT 1 A AL R Gk
300 242767,

AP R, Crp PR A& NE PO Hl&h
148~230 kg/hm® , 1fij 3¢ 1 J5 4 /N2 B IE (P, O5)
R AR 60~140 kg/hm” 0, 45 A B IE# A
O bRUET IR A R TS R AR P AL 25. 2%,
B A A8 A2 i o ) AR Y T o BB 2 R 6000, Kk
VIR E EK P,O; Hi# o 3~104 kg/hm?® , #E74 it %
(P,O) 2/ 30~80 kg/hm?*P, PO, # A & 1 &
AR P25 20% . A RAK AR AR 1 4R 7 24
07 75% . K oF RN/ OR B AR IR 00 45 SR R
FEAFERE 10.5~12.5 t/hm”* F#E (PO & H
105~120 kg/hm?B¥ | 22534 4 PAEBE IR A &
AT LR N FRRAEIR R AR P AR e i
B ) I, R T R A A 24 500 42t R
fitiit 130 12 . B F & IR E K 2 8wk o A 1%
T 25060 HLBE AN 0] A, 77 ok b L 45 )

SRR AE Tl B A T R f R R Wl B i 3 T X A A
K. WA TG BKZ RRAE LS B A A
S WL R T AR U A A IR I V4 T o
Xl G B O Wl 3R AR A I R B T R S UK A
BOE LSRR, P A P A A 2 R
HH N,

A, PR A NE KO R & 25
kg/hm?, £k K, O FE¥HHE N 12 kg/hm?*, AN [A]
A7 2Z B BRI it ] AR R 22 5 . b Ji 4
AL AETE T = g B b b A e R e R
BRAE X /N 22 R0 R OK 3G 7 R B, A A D
) ERFEAVER R 77 KO T o A 8 0 A Ak 2= 41
HE o 2B A5 L 4 /N2 R R K B T A R
39K 147 ~166 F1 96 ~ 112 kg/hm®, H K HE A
9126 84 Vo Iy Bt A AE A& /N2 T L R ORI RS AT v
TGS S I R AR N B AR IR R
2 FF 0 T AT DL R 1k K R B 0 A T e, A
Mg =&, B, fE& /N /B E AN o, >
R it FH A DA T 2 R L Wi R L 4R A8 A AT
W H 2SR R P R — A E T,

AP AR R A/NER N EZLEIE T
BA L EH IR A B 90% LA b, BRFESS ERE 7Y
e AR A 3 45 SR R W 5 AR 8 — IR Pk A Oy
A HE, 50 %6 FUIE it » 50 %0 T4 /NFZ 3R T I a8 it »
AT DA i &/ N R R s I AEE R %, H EoK
By N F BB IS Ty 4% A 2 it 138 it 43 )
di 1020 F0 90 %0, B R KB A F W r T B AL
— Uit T L 4 B U E ik ok DY R 2R G v
BT K ZE 0 AR K T AR R Y ) A A B
R RAERAR WA ZUR & k45 0 L 5 5l
R ZEFFER O MR R S AR Rk
$, RERS 3 10 e R BB RCR R,
K Hp S e PR W i P R AN (A AR A i R R T
H AN 53 8 ¥ A7 AE ) R
3.3 KXHPERZNE . BEERNERBES A

AFIE L e RO A B (XD & /hEE N
P,0; . K, O B4 PEP 434 & 31.0,35.5 F1 260. 0
kg/kg; B £ K F % PFP 4 5 K 21. 5, 137. 8
516.7 kg/kg. kAR BIES X TR E W L K HE B Y
T (DO B/NE / EARRAER IS R BEAT T 4047
KRIFE E/NE NLP,O, . K,O F ¥ PFP 2 43. 0,
63.7 F172.2 kg/kg » EK N.P,O; .K,O ¥ PFP
F551.6,72.4 F 64. 7 kg/kg, T UL, 565 4 /N
ZMA L PEP AR T 4 EKF, #IE T 48 AR
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O PEFP i T A K5 T2 B R B9 &S PFP
WAL T A FEK P 78 oK BB IE A B D,
PEP AR XS @ T 2 [P e, O 7 9 L o
I PR 285 4t » 0 0} 2 5 B P 4 BRI

ST F AR R ORI /N ER R ER &R
A 5 T it A 50 ) 552 it Lok S &/ 2 RIS e A
R A T EE A T R g L (ELE JC IR R T A /N A ik R
HEK S FNE B A e o AR AR AR & T L
RN AT LA — R PR A R . 55 4 9 AE it ]
i o5 A /N 22/ B OR AR R TR 0 SR B R AT AE I
T BN, de AR R T IO A H
HE EEAE L 23309 O E 2 — L 9 A

AW BRI AETIRNE . SR R R L
TEFE PN 05 R 2 R e AT RIS T A Y
T it SR A AR P R A L 7R — I XA AT 2 7R by 2 A SR
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