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Analysis of Winter Wheat Yield and Fertilization Status in the Irrigation

Area of North China Based on Farmer Surveys

ZHAO Yingjie' , WU You' , ZHANG Xianfa', DU Sen' , LIU Shaojun' , ZHANG Yan®, MENG Yuanduo'
(1. National Agricultural Technology Extension and Service Center, Beijing 100125, China;

2. Luohe Agricultural Ecology and Resources Protection Station, Luohe, Henan 462000, China)

Abstract: To clarify the current status of winter wheat fertilization in the winter wheat-summer maize
rotation area in North China, a survey on farmers’ nutrient management was conducted in winter
wheat planting areas in Henan, Hebei, and Shandong provinces from 2022 to 2024. The application of
chemical nutrients and organic fertilizers by farmers was analyzed, and the rationality of farmers’ fer-
tilization was evaluated based on the recommended fertilization rates corresponding to different yield
levels in the region and historical literature. The results showed that the average yield of winter wheat
in North China was 7 947. 6 kg » hm ?, with a yield gap of 2 529.7 kg « hm ?. The average applica-
tion rates of nitrogen(N), phosphorus (P,0O;), and potassium (K, ) fertilizers and total nutrients
were 218.8 kg « hm™%, 127.0 kg » hm™*, 63.0 kg «+ hm™*, and 408. 8 kg * hm™%, respectively. A-
mong the surveyed farmers, 15.7%, 58. 7%, and 25. 7% of farmers applied insufficient, appropriate.,
and excessive nitrogen, respectively; 12. 9%, 47. 7%, and 39. 4% applied insufficient, appropriate,
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and excessive phosphorus, respectively; and 37.5%, 33.9%, and 28. 6% applied insufficient, appro-
priate, and excessive potassium, respectively. The average proportion of farmers applying organic
fertilizers in winter wheat cultivation was 30. 4%, among which the proportion of farmers applying
commercial organic fertilizers was 10. 0%, with an application rate of 1.5 t » hm ?; the average input
proportion of farmyard manure(including manure and straw) was 23. 0%, with an input rate of 11. 8 t «
hm ™ ?. The average yield of winter wheat in the winter wheat-summer maize rotation area in North
China achieved 75. 9% of the yield potential, indicating significant potential for further yield improve-
ment. The main issue with nitrogen fertilizer application was over-application, but for high-yielding
farmers who were also nitrogen-deficient. The main problem with phosphorus fertilizer application
was over-application by farmers of all yield levels. The main issue with potassium fertilizer application
was over-application by medium and low-yielding farmers and under-application by high-yielding farm-
ers. Overall, potassium application was insufficient. The proportion of organic fertilizers applied by
farmers was relatively low. Targeted scientific fertilization technology promotion should be carried out
based on the characteristics of different yield levels and the current application status of the three nutrients.

Keywords: North China region; Winter wheat; Farmers’ fertilization; Current situation investigation
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Table 1 Different yield levels and reasonable fertilization ranges in the winter wheat irrigation area of North China

A e 1 15 Jii At 4 Fertilizer application rate/ (kg « hm™?)

Yield level Yield range/(kg « hm™?) AN BEIE P,y Os B K, O

L~ Low yie 000 .6~ . 43.2~86.4 .9~51.
iK™ 1 ield <6 87.6~172.4 2~86 25.9~51.8

7 Medium yie 000~7 500 5.0~213. 57.6~108.0 34.6~64.
H17 Medi ield 6 75 115 213.5 57.6~108 6~64.8
B 77 High yield 7 500~9 000 142, 3~262. 8 72.0~129.6 43.2~77.8
#27 Super high yield =9 000 175.2~303. 8 86.4~151.2 51.8~90. 7

2 HXREHH

2.1 NEFEFEBNNFTEE

20222024 AEPH A AR A& N 7 AR 4R
JHIh 7 567.7~8 114.5 kg » hm 2, ¥ =& N
7 947.6 kg « hm ? (5% 2) ; F& B 7= /K F gE 47 R
a3 AR R R R AR P R A 5. 606
17.2% .46. 7% F1 30. 5% (& 1),

2022—2024 A& P w28 A B Y
9 972.3~10 811.9 kg » hm *. ¥k 10 477. 3
kg « hm 237 & 22k EH N 2 361. 7~2 697. 4

kg » hm 2, H 2 529.7 kg « hm™ 2, & Y
PRI T RN 75, 9% . WAEM R FE .
2022 AR PO S8 7 R RV D B v [ B
Z g KL, ikF 2 697. 4 kg « hm 2, INAH 1%k
BT A R ) YRR R 22
F LR PR 2% 2 639.7 kg + hm 2,
2.2 KEERAEMREBREESAH

2022—2024 AEL/NE R (N) B (P, O,) FAR
(K, O) Jiti JI 5 728 4k 30 [l 43 5 24 214, 7~ 223. 0,
125.8~128.5 Fl1 59. 7~67.9 kg » hm *,F¥{E 43
Wk 218.8,127.0 F1 63.0 kg « hm % ; M I/ A&
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Table 2 Yield and yield gap of winter wheat in different years and provinces

AT i PRI FRE RS )
Y Year A1y Province Farmer yield/ Yield potential/ Yield gap/ Farmer yield/yield
(kg * hm ?) (kg * hm %) (kg * hm %) potential/ %
2022 ]t Hebei(8 221) 8274.1 10 635. 3 2 361.2 77.8
W Henan(7 170) 8 153.7 10 869.8 2716.1 75.0
11 4% Shandong(9 994) 9117.3 10 855.8 1738.5 84.0
41t Total(25 385) 8§ 114.5 10 811.9 2 697.4 75.1
""""" 9093 imdt Hebei(6 706>  738L.6 93670  198.4 7188
i F Henan(4 956) 7 731.4 10 214. 8 2 483.4 75.7
115 Shandong(6 208) 8 140. 8 10 046. 5 1905.7 81.0
&1 Total(17 870) 7 567.7 9972.3 2 404. 6 75.9
""""" 9024 db Hebei(8 449> 83746  10177.3 18027 823
7 Henan(6 140) 8 669. 8 10 177.3 1507.5 85.2
114X Shandong(9 870) 9 038.8 10 460. 0 1421.2 86. 4
41t Total(24 459) 8 052.0 10 413.7 2361.7 77.3
SO W Hebaiczs 376) T T T I R F e T R
M Henan(18 266) 8 054. 7 10 694. 4 2 639.7 75.3
1% Shandong(26 072) 7 916.5 10 527.3 2 610.8 75.2
A1 Total(67 714) 7 947. 6 10 477.3 2529.7 75.9

O AT R A R 3 MR 4 .

The values are the sample number in the parentheses after the provinces. The same in tables 3 and 4.
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(KeO)\EEm . WA E, AR5 A £ 6ol

[+]
(ND BRI (K, O) i B2, 5350y 224. 7 1 74,0 & 0l
kg« hm *. 1% T Il &4 (214. 8 il 70. 7 kg - =

A3
hm ) AT IE 45 (218. 5 Al 45. 8 kg « hm 2) s 1l] =201
TR A& ;O Bt B (P,Os) BER 134, 5 kg O 2025 2024 B3t Tom
hm 2, & FHdb 4 (122. 2 kg « hm ™ 2) M A 45 Year
(122.5 kg « hm ™) ; T R 45 4R 7 10 6 3% o e A3 B1 REMNEFEAFRALL
BBl 421, 2 kg hm 2 Fig.1 Proportion of farmers at different wheat yield levels
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Table 3 Nutrient input, and nitrogen partial productivity of winter wheat in different years and provinces

oy e . | HE o BIS RMEGE
Year A 5 Province Fertilizer application rate/ (kg « hm™?%) Total input/ NPFP/
FE N B P, O5 AL K, O (kg hm™*) (kg kg™ D
2022 [t Hebei(8 221) 213.3 122.3 50. 2 385.7 44, 2
[ # Henan(7 170) 219.4 123.1 81.5 424.0 40.7
114 Shandong(9 994) 217.9 141.5 70.0 429.4 44,0
A1l Total(25 385) 214.7 128.5 67.9 411.2 43.1
"""""" 2023 U iE Hebei6 706) 23309 123 2 a7 TTaolg T sy
[ # Henan(4 956) 215.7 121.0 70.9 407.6 40.1
1% Shandong(6 208) 210.7 137.6 66.7 415.0 42. 8
&1t Total(17 870) 218.7 126. 6 59.7 405. 0 39.1
"""""" 2024 U Hebei(8 449y 21304 12100 T a0 T ersa T a0
[ H Henan(6 140) 245.5 126.6 66.6 438.8 36.9
1% Shandong(9 870) 232.0 136. 4 63.9 432. 4 41.8
&3 Total (24 459) 223.0 125. 8 60.3 409. 1 40.1
""" 2022—2024 it Hebei(23376)  218.5  122.2  45.8  386.5 40.1
[ Henan(18 266) 224.7 122.5 74.0 421.2 39.2
1 4 Shandong(26 072) 214.8 134.5 70.7 420.0 42.9
A1 Total(67 714) 218.8 127.0 63.0 408. 8 40.9

NPFP. Nitrogen partial factor productivity.
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Fig. 2 Percentage distribution of fertilization rationality by farmers of different yield levels from 2022 to 2024
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Fig. 3 Percentage distribution of fertilization rationality among farmers in different provinces
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Fig. 4 Proportion of farmers applying organic fertilizer in different provinces

2022 2023 2024 2022-2024

2022 2023 2024 2022-2024

2022 2023 2024 2022-2024



561

RPN A B T A TR A 1 AR I R XA /N 2 7 R FE AR 43

+ 823 -

He b4 it FH A HLACRE Y A4 HE A s L
40, 2%, HOZ AR (36.2%0)

H e 4 7] UL, 2022—2024 4t R A ALIE
B A P -2 R 10, 0%, it FH &3 28 1.5
tehm ", Hd, AR E KR A HUIEEHE A
() 2 B A X B, AT 1/5 AR PR 20
HH1.6tehm ?,

A FNE F B4y Ry FERE S R AP IR0 FL M (&
JE X E TE IR AR A LB 23.0%,

WARN 1.8 t+ hm*, Hrh, ZEERA LG
LB 4.3% F & 15.7 t « hm™* 8%
FF2AE HLAC I FH E B R 18, 1%, - ¥ FH &2
10.1 t « hm 7, oA AT HLAE j FH EL 4510 R 1. 394
FHE A 14.7 t« hm ™7, 3 DMEMBRAMR
FNEHLIREFFIE R 32 T 6 R R B A4
o155 8, S 2 39, 0%, SF ¥ AN 10,7 ¢ -
hm s I ARE R P RELERA R . FH R
14.5t« hm™ 2%,

R4 TREMMEBENEFNEBBRANLILGIINAE

Table 4 Proportion and dosage of organic fertilizer input for winter wheat in different years and provinces

R ZM Non commercialized organic fertilizers

S AV A
Commodity B TRk i
SEAy By organic fertilizer B2 Manure Straw o:ganic fortilizor HAlh Others &4t Total
Year Province - _
Proportion/ % Input/ Propo-  Input/  Propo- Input/  Propo- Input/ Propo-  Input/
P O (t+hm 2) rtion/% (t+hm 2) rtion/% (t+hm 2) rtion/% (t+hm 2) rtion/% (t+hm 2)
2022 Wt Hebei . 12 )
(8 221) 3.5 1.1 2.7 16. 4 43. 4 10.4 0.1 19.0 16. 9 10. 6
7 Henan . . ) )
(7 170) 6.8 0.9 2.3 11.3 7.9 7.3 0.4 11.4 10. 3 8.6
117 Shandong
(9 994) 17.7 2.0 8.0 19.0 13.4 9.7 2.5 17.6 22.6 14.9
A
&1 Total _
(25 385) 9.5 1.7 4.3 17.0 20. 2 9.8 1.0 16. 8 25.2 11.6
2023 4t Hebei
(6 706) 2.2 0.7 1.8 13.0 40. 3 10. 7 0.0 15.5 41.7 10. 9
¥ Henan _
(4 956) 6.2 1.5 1.2 6.9 1.8 8.2 0.8 2.9 3.8 7.0
11 75 Shandong .
(6 208) 18.9 1.7 7.6 16. 3 14.7 10. 3 4.8 15.1 24.4 14.2
A
&1t Total - _ _
(17 870) 9.1 1.5 3.6 14.8 20. 8 10.5 1.9 13.7 25.2 11.8
2024 FIE Hebei 2.5 1.8 1.3 4.4 27.6 10. 1 0.1 25.7 28.7 10. 6
(8 449
Vi Henan
(6 140) 4.7 1.4 1.7 6.8 2.5 10.0 0.3 9.9 4.4 8.9
11 & Shandong .
(9 870) 22.7 1.3 9.3 15.7 8.3 11.0 2.5 13.5 18. 8 14.4
A
&1t Total ;
(24 459) 11.2 1.3 4.7 14.7 13.5 10. 4 1.1 13.8 18. 6 12.0
2022 — 4t Hebei
. (23 376) 2.8 1.2 1.9 15.0  37.0  10.4 0.1 22,1 39.0  10.7
Y Henan
(18 266) 6.1 1.2 1.9 9.5 5.0 7.8 0.5 7.8 7.2 8.4
11 & Shandong _
(26 072) 19.9 1.6 8.4 17.0 11.8 10.2 3.0 15.4 21.6 14.5
A
&1t Total _ _
(67 714) 10.0 1.5 4.3 15.7 18.1 11.5 1.3 14.7 23.0 11.8
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3.1 FEJCEBNMFEE

ARG S 3 A I AR P R A B R L AR
JeH X A - H = 7,095 t« hm 2L R E TR
Pk (7 500 ~9 000 kg + hm ), 5 & 1 #li
Z12015—2016 EFE AL 22 B X TF R (A 7 1A

AR (7.8 t « hm DO BRI —F L. HE T/™WE
20 g5 2018 — 2021 4EAEL 22 X B BF5E 45

AT RE A 5 R — 7 T 9 A A0 B AN (] i A o A
Rl B AR B il 45 0y HAFAE 25 5, o5 — O R B
P R VE AN [R] L A 7 A B B — i E TSR
SR EE . B BRE A R 8. 05 ¢
hm 2,08 T IR A (7. 91 ¢ « hm 2) fI[d 45
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EE %46 &

(7.90 t « hm™*) JHAHZE A K, AR B E" E i
A Hr AL 5 2005—2014 4E A R BFECIE & FH
AL HLIX 10 AE[R] /N2 77 i A S 1S ke 3, o7 3
5} 6.5t hm *.J M) 10 4E 7= mH{H (6.8 t
hm ) E T4 (6.5 t « hm ) F It (6.4 t »
hm ™), 5 A 58 8 B — B, (A2 3 7= R ARk
1.3 tshm ., FE R 32U WA F 0125,
FRPE B8 T H 47 48 0 B0 7 L N 2012 4R & 2021 4R,
N BB AERR LR T P R R 2 0.8 ¢
hm ™7, 17 5 A At 22 XA E L 2L 22 X 35
FRE R, 10 AR Rl B R TR RE R T 0.8 t e
hm 277,

B 5% 77 e Tk 7 R 7 e 22 6 4 8 o R M 8
W1 A X b AR s 4R A RS i R
HEGE X, AWK T 5 Y04k P T 3
AR R RS 7. DL AR B 0 7 1 )
250 10,5 F1 2.5 t « hm 2, Bige 1 3F 25 0=
M TR 75. 9%, ARG ER AL
PRFSSR 7 E W ) 10 484. 71 kg » hm ™ * [ 7 &
222779 kg « hm ) FIZEW 4 £ F DSSAT £
RUG S AT X 45 R (P2 i 25 10,2 t « hm ")y
—H, BRI R EY S T D E
SECOLEI LA B PR RS L B AR P e S
W ES R (T7 4% AR5, Bk E. S5
Hofth 22 XA HE A b A2 X B8R 7= T ) R 34 7=
R AR 2 R A P BE R R R T8
A—EEMN,

3.2 UEFRSEAN

A S h A& /NFE— L F KRR X A /N J A
(NDBEAF T K 218. 8 kg » hm 2, K T i 154§
E12015—2016 A R0 22 B X IT TR 1 A o
WF4E 5 (236. 4 kg » hm ) F ™ W1 K 267 5@ ot
2012—2022 4F & 3% SCHK b B4l 5 & 4 B 4R 15 1
1603 X /RS- 2 i FH 2 (240, 9 kg + hm ), A
WA P 3550 B A A BRAR Y fa Fhe . o T A Y
AIE(ND A =5 S 2013 — 2018 476 [
B8 BF 45 (198 kg + hm %) Fl F g 4L
2018 AF-TE TR 44 1Y S Ml [R) 45 ) A 45 2R (184 kg -
hm ) AH B W A B AE (ND A& 5 8
DHEEECEO RPN E AL S5 2011 — 2014 AEFE T AL Y
WA FA AL IR A WAL (N FEARY
AR R 2015 AR A I A E Oy it AR 5 E AR s 25
H(207.6 kg « hm ™) T PSRN 2005 — 2014
AEAR PR BF B (221 kg » hm %) (9 43 BT 45 R 4%

h B, X2 S R B WFSY DR I R] ) 22
F LA B A 7 i AEAF B a] 0 AN A2 e Pk . BEE 7= &K
VB B T it AAS R A T EE B 5 T i i T
AR PG B X S A
RAEX T4 REEA — 20, B T AW PR ™
A P EAR 7 A P A8 A R T R AR it
i a4 E B v T AU 2 .

B 5T T & /N A AR P BEIE (P, O5) 48 A -
¥k 127.0 kg « hm ™%, 5 EEAGEEPT 2015 & /)
& —H EoK 2016 AR AEARIL 22 B X FF R 1 A& P A
P& 5 (124, 3~131. 9 kg « hm ?) JEA —F,
[ AN R T AN 2 R S IV R ) R
BN Ry A P wE . 5 AR DT 1 R KT R Y
et s B (72. 0~129. 6 kg « hm )M HL 48, %
b DX A% /)N 22 Tl N ST 347 vt P e Ak 7 4 5 £ 9 48 1 K
S BRI AR Y o X AR A 7 KO P B
it A G B0 8 6 90 A it T ok £ PR, RV AR L
2 DX WA T it FH 6T /0N 22 B 388 7 2400 1960 1 Ot g o
B, 71. 6 kg « hm 2)7E 4 KEXFEE> HLEH
[ 46 /N 4532 DX 27 R XA /N 22 Il i v T e A,
VER K Z RG22 K AR /N2 v ] B 4 BR A HE 11 55
—RAE T E A AL AR 4. 5760 B D
a5 it FH AN ACHE DA S BN A B 7R RO 4 R
w2 BRI R AR, § BOUK K & 5 5746 5 30
BElnl @, PR, T AR Wl AR R A4 it A bk — 25
o Bk 2 it N ARHET

ABIFFE A /N2 A P it BT (K, O) 1T 10
63.0 kg « hm * L F A SE" 2015 & /N —
KE K 2016 AEAEARAL A £ X TF R 0y A P R A 45
W(71.5~76.5 kg » hm 2), H ] Jb 45 3 2 jiti
FHE (45,8 kg « hm ) 5P E 8 72 W AL A BIF 5T
59 (45 kg « hm ") #2305 T B 44 19 - 34t FH i
(74.0 kg « hm™ %) & T T R8s ol 2 g 450 46
TEM R /NFE 7= X GT 45 R (58. 9 kg » hm %)
W 2548 09 - ¥ 76 FH & (70. 7 kg » hm 2) 5 3K 3
BT BRI ST 45 R (69. 0 kg » hm D FA—F, M
AR DX 3T 38 7 K ST X6 N7 1) HE A it B A (43, 2~
77.8 kg « hm ) RFE AR IZH X A& /N 32 B RS-
Yo7t FH o b T HE A i 0 B KO R X T
KA LL B P ok Ut sk B B R B, B DA B R
Pt 70 %6, DR E A it FH AN 5 SR AR R
it AN 5 24 il it 5 3 o A 7 it AT et A
Fb o 22 UM W T e A o T B I AR A Y
e —3 R, T A R A i A L s
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3.3 BHERAER

A2 WA P it FH A7 HLAE nT A7 sk ok 3% - S
P Ak 2 A0 A W 1 R, ) ISR E N 2 PR R 3R
A3 R BRI R 77 R AT 45 5% R, B 08 A R0 AR R
Uk /D Ak 27 BB it P 2, S8 B0/ 22 = P AR R 4R 3R
PrAz p=tese) R 5 2 B VE WA L KRB VR B
AP AT HILRE B A 4 R 19 SR 0 3 R R 9 1R B 38 A
KPR AR 3l o X A A R SR A A A P
(1% R AE 2 B it P A AL R AR A IR 1 ok 7 oy
ik 90. 59 %0 HA A HLAE B AR A AL 552 B
7 HIREA 5 Tl 62,10 % . At JH 79 5 A AL
BB SRR AS B 5 Ll 49, 73 % . it FH A R B
FEA RN Lol 16. 94 %0, J5E K AT 8 52 B 4 Pl
TR B RSB YNGR Z 0 i sg L 2 A HL
NER R R 8 2 (5750 AN 55 R 52 e, H i A
HUAEHE R i A F o b . BT A8 A L 7 1L AR
S BH e A A /0N 22 b 50 i R 4 i oy 4 it AT HLAE
(KB 3560 000 kg « hm > +fL B & 138 kg -
hm ™", 5ZAHLG ABFFE gk P 2802 ML i
MR, AR RE bR i EEREIEY
AHHLAE iE 4 R B ) (DB 37/T 2049 —
202D HERFE 8N 7 500~9 000 kg « hm™?
I, A F N HEFF RN 37.5~45 m® « hm ? (R
AHHUE 1 500~2 250 kg » hm 2, HE M, 75 AL
JIE A 7 it P A ok A B, 7 T 3 e A LR AR
BB AL RE G B R 56 L A HLAE R i A AILAE D) B4R
10 % Gifii A2 472 kg » hm ?) ~20 % (it FH &= 24
3000 kg « hm *)fBAE (ED W] 35 48 = /N 22 = i
SEERAG P R T AT LA AR 5 AR P R A AL
JEG B Ak, (HEHEdEEMmE. gL
MR ANIER S S EEZRBRR ARMEEE
FEE IR A O AN ] AH AT XA LIS 4 A7 5K
R it I — 25 Al Ak 5 25 AT BIL U HE A it
AR SE IR HEE) T A MUY EEAE R

4 Hib

il i R & N RN — R TR X A
INZEBIAEAR 1 A L 3R 23 A B R RN AE 5 B
OIBT AR PRSI T R IR 75,900,
WA BRI T . RALHE AN & B R 2R
IR ARG 7™ 2] 5 7 249 A AS [ A 2 5 L {ELE 5
PEAR PR BT AN K s WAL AN A B B R B &
PR KA P BIAE AR AN () R 2o i e Y 1) A

BPAEAS & BE 32 2R BN rp ™ AR A Tt A
L ERPEE AR BRI IR, R
A BLIE AT FH L ) 52 K 5 7 Xk A ) 7 7K P A
FrRL e = b e oy it T BRAR B R T R AT PR
Jil AE B AT
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