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Abstract:  Objective Variable rate fertilizing is an important way to improve fertilization economic efficiency and reduce
adverse environmental effect. The objective of this paper is to make a diagnosis of the fertilization of wheat in Henan in an
attempt to find out problems and to optimize application rates of NPK fertilizers in line with geographical change of wheat
potential yield and soil properties. Henan Province is a major wheat cultivation area of China, contributing 25% of the total wheat

production of the country. Method Funded by the formula fertilization project of the Ministry of Agriculture of China, the
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province launched extensively Three-Zone Comparison Experiments (TCE) during the years of 2007—2009. TCE had
experimental sites set up all over the province. Each site was designed to have three adjoining plots, randomly selected and
laid out for wheat cultivation under CK (no fertilization), CF (local farmer customary fertilization) and RF (fertilization
recommended by local agricultural experts), separately. In this paper, data were collected from a total of 2277 TCE sites in 82
counties for comparison analysis. Before seeding of wheat, a soil sample was collected from the cultivated-layer of each plot,
and then the samples from the three adjoining plots were mixed into one as soil sample of the site for analysis of OM, pH, total
N, Olsen-P and readily available K. Wheat yield, NPK application rates of each plot and soil properties and accumulated
sunshine hour, accumulated precipitation, accumulated evaporation, accumulated temperature above 0 °C and that above 10 °C
of each TCE site, during the wheat growth period were all recorded separately for comprehensive analysis following the steps
below. 1) mapping wheat yield, N, P, K application rate, contents of total N, available P and readily available K in soil with the
aid of kriging interpolation, and comparing the maps to identify problems in application of N, P and K fertilizers in this area;
2) adopting the Random Forest (RF) method to assess relative contribution of soil properties of the cultivated soil layer,
fertilization rate and geographical variation of soil type and climate to variation of wheat yield; and 3) superimposing the
wheat potential yield map, soil total N map, soil available P map and soil readily available K map acquired in the research and
referring to the research on soil nutrient sufficiency standard and recommendation of NPK application rates for targeted wheat
yield to optimize fertilization recommendation geographically in line with the principles of “yield-targeted fertilization” and
“soil-oriented fertilization” for the province. = Result Results show that the customary application rates of N and P tended
generally to be higher, while that of K to be lower in some areas. However, most of the fertilization recommendations failed
to reduce the rates of N and P. but generally raise the rate of K application. The two fertilization schemes, customary and
recommended, are found to share a common problem, i.e. N, P, and K application rates mismatched targeted wheat yield and
soil fertility in spatial distribution. Random forest analysis shows that geographic variations of soil, type and climate were the
dominant factors of the spatial variation of wheat yield, and fertilization followed the next and soil nutrients the last in effect,
while variations of geographical factors and fertilization were the ones determining spatial variation of wheat yield increment,
which had nothing to do with soil nutrients. High fertilization rates were the major reason explaining the weak relationship
between soil nutrient status and wheat yield. Conclusion On the background of high nutrient and water supply, physical
geographical distributions of soil type and climate now are the key factors determining spatial variation of wheat yield at a
provincial scale. Owing to the hardness of breaking through the obstacle of soil type and the limitation of climate conditions, it
is almost infeasible to alter the rule of spatial distribution significantly within next few years. Based on the spatial variations of
potential wheat yield and soil nutrient level, the recommended N, P,Os and K,O application rate should be in the range of
120~210 kg-hm 2, 45~105 kg-hm? and 45~ 120 kg-hm 2, respectively. It is estimated that geographic optimization may save
N, P and K fertilizer by 14.2%, 40.0% and 39.5% over the fertilization schemes recommended by local experts and by 20.9%,
41.1% and 17.5% over the customary application rate of the local farmers.

Key words: Map comparison; Random forest; Henan Province; Wheat; Fertilization optimization
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Fig. 1  Soil map of the study area ( a)) and field experiment sites (b))
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Table 1 Comparison between CF and RF in N, P,0s and K,O application rate
ik SOSE] i ikt R/ME S PNIEL S {E P2
Scheme Treatment Number  Fertilizer ~Min/ (kg-hm?)  Max/ (kghm?) Mean/ (kghm?)  SD/ (kg:hm?)

CF N 62 N 97.5 501 208.5 72.4
NP 608 N 67.5 475.5 210.7 53.6

P,0Os 22.5 384 111.8 49.7
NPK 1607 N 60 435 196.8 46.4

P,Os 18 306 84 29
K,O 12 180 58.9 28.6

RF NP 80 N 45 198 129.8 30.9
P,0s 30 210 109.7 36.5
NPK 2197 N 90 390 182.8 33.6

P,0s 15 228 85 23.9

K,O 30 225 73.2 28.9

H:: CF A1 RF 43 51 3 7% > 150t AR A4 22 hE AE o T 1] - Note: CFand RF stands for customary fertilization scheme and recommended fertilization

scheme, respectively. The same below.

A5, K 2a) ~ & 2f) AIA, S BiE AT AL
B Lt T i R X )4 B2 150~270 kg-hm ™,
90~150 kg'hm >, 0~105 kg-hm >, HEFEHEAC T 4351
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120 kg-hm 2. ARFEE 2 fh5, HEFEMIA. BE. HH
O IR B B E Y 92%. 98%F 136%.
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T IS R PG g 740 2 5 DX s A 5 R e E RS
DX
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W . Wt EW b ER L SR AH
Wb, > 15t AR Y/ 22 B e B 1 200 ~
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AL 1 Fertilization rate/(kghm'®) - yiee oy et ween RF and CF in fertilization rate/(kg-hm?)
N P})s K?O N PJ)S KYO
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H: Bla) ~c) FaRIBUEALE, Bl d) ~f) BRLTRIEHENCE, & g) ~i) FaRMEFEE RS > PEAL & 25, Note: Fig.
a ) ~c ) stand for customary fertilization rate, fig. d ) ~f) stand for recommended fertilization rate, fig. g ) ~1i ) stand for difference between
RF and CF in fertilization rate.

P2 5t FE d A i A

Fig. 2 Customary fertilization rate and recommended fertilization rate
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Fig. 3 Wheat yield and yield increasing effect relative to fertilization scheme (a), b) and c) stands for no fertilization, CF and RF, andd)

and e ) for CF and RF, respectively )
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Fig.4  Soil total N, soil available P,Os and soil readily available K,O content
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Fig.5 Agronomic efficiency of N, P,0sand K,O relative to fertilization scheme ( CF and RF )
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Table 2 Ratio of the Random Forest model explaining variation of wheat yield relative to composition of the model in variable/%

Jiti BES D5 58 04 1 Groupl 14 2 Group 2 204 3 Group3 204 4 Group4

Fertilizer HfE b2z HfH b2z HfH FrifE2E HE b 22

FArAs h

Dependent variable

scheme Mean SD Mean SD Mean SD Mean SD

AT BUNE P i NF 31.2 0.09 28 0.07 15.5 0.05

Per unit wheat yieldarea CF 31.9 0.02 31.7 0.06 28.5 0.21 22.1 0.02

(PUWY) RF 35.1 0.05 35.1 0.15 29.8 0.16 24.9 0.18

B TR AL 4 7 CF 21.8 0.09 19.2 0.1 14.5 0.12 15.9 0.18
Increased PUWY caused

RF 21.8 0.18 23.4 0.06 16.3 0.08 16.5 0.14

by fertilization

E: dA 1. 20 30 4 SRIFRLALE . HRTENEERORS RS JIRIEIEE R MR A A 2R SRR
SAERZER HA E. NF 2R AL, Note: Groupl~4 respectively represents that all independent variables, all independent variables
except for soil properties of the cultivated layer, all independent variables except fertilization, and all independent variables except soil type

and climate variables, respectively and NF represents the scheme of no fertilization.
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oy k. b AREEE. EIL L SRR,
P W22 T T g R 25 B /N B bR
FEE AR E S5 6 500, 7 000, 7 500 kg-hm ™
A A ) 4 XA v AR R R H bR 7 R X (A
7625~8375 kgthm™? o % “=XXFHR” HEf i An
TR T NE P EARER T AR 2R A
T/NZZ T EIKE, RIS Y TS BN T P
&% xhizr=mE (E 3c)) ARSI,

A e R X ) 4 )& 4 710~6 750 kg-hm 2,
6 750~7 500 kg-hm™, 7 500~9 465 kg-hm >, T
B5r e 24.6% ., 49.4% . 26.0%.

Liu ZF0 Duan ZEPEXEM AR E 20, 35
LA 1.0 gkg' KT, ZABEH G, A=
165 kg-hm ™ 5 Jiti & & 247 kg-hm 2 () 15 4E5FHy =&
¥k 6 400 kg-hm >, £ 6 4K 5 A9 BE b
JER b, Zhang SEMEFAAEAL X /N Bt A
202 kg-hm >, BEHUS A FX =54 6 527 kg-hm ™,
R E AR 97.4%; Wang SEUg5E 4 Ak
5. SCER A MRS RIBEL, F5 H i 185 kg-hm ™ J&
HUAS A b X ER T 0 77 2 o AR50 A 11 it
ATEUAS 7 000 kg-hm 2 247, R RMgH, 4
b T W A 27 DXORITR 7 4 22 DXHE AR 1) ~F- 240 it 2R ot 0 1)
b 184 A1 180 kg-hm ™, HAR™&4r51% 7 500 Al
6 800 kg-hm >, Ying Z5PG T AR 17 A~ B 156 4~ 45
i 0. 105, 210, 315, 420 kg-hm > fl/NE P i,
£ 210 kg-hm ™ BU5 = ¥ 7= 8 7 020 kg-hm >, JF
WUER AR R0 Fe A AR B 175 kg-hm ™2, AR 4xidk
WA WO . WA /N S X IR R P
T FHEAE WA FARJE A 150~210 kg-hm™
(B 2d)), SORTESCERGE T 438 it 20 72 s [l
BT, AL 20 R0 FEAT 5 T R /N 22 A 5
B R o A 3 AN [) 050 o575 21 109 3 ‘i 0 A
WAAEZES, DA LB AR 22 Rl
i R b P AL . ORI N . FE R R AUX it
A 210 kghm™, @& 7= o &R AR A Xt A
180 kg-hm™?, BE= @A X . e A& AE R A X
150 kg-hm™, Hifh X 8 338 F R BAK, N
120 kg-hm 2.

PO NI AEC A R A L D2 B A
£ 7~12mgkg ', 12~18 mgkg'. 18~38 mgkg'
FUER L N R S Bk 105 kghm? |
90 kg-hm™>, 60 kg-hm > (i + ) 5k 75 kghm ™ (@
ZRA ), LR FE A (E 82.5 kghm? HR R
SR UV ) A AL 4 22 XN R 7 46 22 X T 359 it
88 kg'hm 2 Fl 80 kg-hm 2423 ; H B/ N &
W5 777 a3 GRORN A+ HEAG R0 S e i R T
B ATRAEPN LRI 2R R 2 SR ) R e
MR IR, S TS NS /N P KA
XA, 43 S AR Fy i) = FNAD 25 PR - BTN g
U . D B R & AR X
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105 kgrhm™2, &7 BRI P(RRE X 90 kg'hm 2, 75
PR TP EEAMIINHE X 60 kg-hm ™ (3 A48
+) 3 75 kghm™ (AP R AW + ); HoAh Xk
45 kg'hm™>,
+HEFABIAE 60~90 mgkg . 90~130 mg-kg '
130 mgkg ! DA = AN, Ph e KIS ERD 22 2
F 4> RFRIR 120, 90, 45 kg-hm 2 (OMEEIEE, [T 5400
HEAF I 42 08 120 kg'hm 2, 60 kg'hm ., 30 kg-hm > (]
Sl . T R AT T 2R A S - - sk
i 63 mgkg ! AT, BIASERRAY/NZE T AR
120 kg-hm > A 2 = 7= i 6 570 A1 7 000 kg-hm *, #8
T2 R S MR . % B SR U R E R AR L
A F2 DX RV A% 4 22 DX 34 i B 6 43 0l o 51
59 kg'hm ™, S50 A + X H A R ALK T R 1R
Jti4H i 60 kg-hm > B, £5 EXTHG, 7E 45 kghm ™~

120 kg-hm 2 Jii 40 70 61 0 A7 b B AR A0 A 0 15 B /DN 22 Uk
PR RSP IX B4R 120 kghm 25 s T AR AT
MREPIXERT 90 kg-hm™>; =l . = A=
RAIX 60 kgthm 5 HALX I 45 kg-hm 2,

Zi b, AR 120~210 kghm 2, i
45~105 kg'hm . i & 45~120 kg-hm ™ #E17HL
B, RALMA . B, B2 AT S
e IR () 6), Wit nl#E R AR/ NEE 7= i ik
i it P G R RN (O F 2 ey s 112 (35 <A
B, B 14.2%. 40.0%F1 39.5% (FEH K Gt ),
BN 7 A AR, B . B 20.9%.
41.1% 17.5%., %R Ying 25ROl 5 36 4 5 Al
AN IUR 4 NS T 2 (3 ) A 7 2 2 v 1 )
AR R B ARG 24%~37%, AU
AR AR BT AT

N/(kg-hm2) P,0,/(kg-hm ?) K,O/(kg-hm 2)
120 45
150 60
180 90
&z 120
¥ o’
T .
A 0 150 300
[ — 401}

Ko fEIERHERIEAL

Fig. 6 Modified recommendation of fertilizer application rate

25 K10 FERMEFESHEEENETWL

K7 RE, 2017 /N7 i AR Ak 3 AAE
3785~8 557 kg-hm 2, 5[4 3b) LAY 2007—2009
AR I B IE N By /N2 7 i FARVE T 4 530~
8 655 kgthm? ML 22 R W 5 i H =84 /5
2007—2009 4FEEEA—F: JEFUH - . FB0E L.
v EREREAESX, M EEE . Wt B+
O3 DKATY S AR B ™ X 124 Jmy 5 45 BLBHL A s
W2 (LFEgmLE, BE2 #EZE. LREE
/NT 50 em FEZEAY ) AYHFAE 1 49 0 T AR LG 91 B A B
WEMGAE, R {HA-0.40 (K 8). 2013—2016
LB N-0.45, —0.44. —0.45. —0.41; 4% R*fh
A 22 R 5 XN R R R O T
16%~20% , 1% 25 FAff 11 30T 470 0] [ /N 22 7 i 2 () AR

SRERASE , VASGZARE 5 L e B A BAT %)
KR,

UEAN, YR R /N 7 A AR S AT K
REAE R 75 5 4% 2008—2017 4E48 1, #dt. B AT
JR L BT K Pe st 5 Bk L R 90%; HR R
Hi X K BEdth o B AR AR, {ELIZ XA T IS RS B 1ot
WX, NEARKFER KRR, Bk, 758X /NE
KA IER A 25 ) 25 SR K. TRIA, 7 it AR 5 5
T, W KN 7E 2008—2016 4R 28, &
Yrafim M 468.9 T t LFHE 537.1 T to

AR, KRR R B 2 BR il el R /N 22 A 7 1Y) e
B, AN RS A [ SR BT = i i 20
IR T A 2 [l A8 SRR A . 5 B 5] [ 4R Bk
TEAMERE , 0P S R /N P s ) AR S R
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F AT BEPE AN, ATl AE DL A Ak 10 7870 X — AL
MIT 10 4FA ] R /INAZ 377 DX AL B TS A AAE w5 , #fe
T PR AR AL T S B AT B VIS B

ANt
Wheat yield/(kg-hm?)

.8557

3785

m
Bl 7 2017 4F/NAE i
Fig. 7 Wheat yield of 2017
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Ratio of culticated land with obstacle soil layer to
total cultivated land
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Fig. 8 Relationship between the ratio of cultivated land with
obstacle soil layer and per unit wheat yield on the county scale

3 4 i

TER KNEBESS 25T, R AU A M o
INAE PR S RN ER AT RN A 2 [ A
Fat sz Hog i, ARl AL 77 20 /A2 8™ i A AL
Je BRI 7 A 1 N A e ) S AR B o AR R ) 15t
REAE R Wil e o e, A A SR i ke
W75 e SRR NE 7 5 AW R AR T UM, Wi
ORI S, T AR e TR S [E] [)
JENEAL R K, A PO AR /N A AR R
TR FBRARVCIC . ZRE XS LE 2SR, TR/

F X N, P,0s. KO Jjifi ol #f & k120~
210 kg'hm 2, 45~105 kg-hm™ I 45~120 kg-hm™,
WA /INAE 77 4 () A8 S R HE R HE 73 43 = dgle ki S
JrEHAT RO, ATAEA . L B RE R
MR 2 B 29 14.2% . 40.0%F1 39.5%, B4
> i AR A 2 20 45 24 20.9% . 41.1%F11 17.5%.
10 AFR T R /N2 7 d B H A A A AR 2, (HRFEAE
SRR F S 8L L) RN o W SR ER VIR

B,
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