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BE:. BEEESEE 10 FHLEEREARE=E5E, HFADRER LB TR
EMEEEEEREL, kUM REE ERETEIRTREERINSERTE, HU ks
FAHEMEHZMEXAERAR, HALEERH: AMRELECERNGBX ZRHE, K
FARBEDTEER 180~270 kg/hm? 1 90~180 kg/hm?, oMb MALILHE A LT 8, B4
TLIEHR &= B B EHE 10~30 kgkg, LEEFIHAEKZEDPHE 15%~35%, HEER
FAEHX. HMXgr, SHERERAERABETRE, P95 339 kghm?, RAEVHHE
(262 kg/hm?) 1R 1.29 7% RN & X B0 AL ACSE 3 M 4 252 kg/hm?, BRIE T2 EF
K ARMEAE & XA A 178 kg/hm?, R4 ET ) 67.8%; HERALIEN EF 3% R E
FRAEHUEEIEERES, K 17.5 kgkg F139.8%; FHEEER S 13.7 #1 36.
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FERMNEGEITFELEY. 1991~1999 F2E R FHXE (1. X) 1991~1999 FFiHEE %,
1.2 EIERTRALTE

I Maplnfo £ & B EIRT, & INA R 5 Maplnfo B4R id- - %)
%, BX45 %] MapInfo #(#E% 7. FJH Maplnfo {15 KINEE, W5 B4 A R B 4% 8 oo i
FH N4 i\ Maplnfo £4E R4, EXT AP ER L, WA T #5252 5 R A
B, REdEim A 2 Maplnfo $i#rR . 2 HH4E S5 Maplnfo 8 R 1 517 0H 8.
1.3 H&itE

FRIEINA SRl 1 56K H A Ia) b DX B A7 48 o ThD AR RES it P 2 R S R o T L
=g, FRIEFTELE BRI HRER, W (W= BReE (kgkg) = ALTER
AR AT '] (kg/hm?) / BT REFY AR AL AL 6 & (kg/hm?)

REWME T HABHE WX (&) EHIAKE~E. B EEREREE,
X3 MR E R BAA D ERA:

(1) TR 1990~1998 £ 9 4F b B Ay &P T AL BB e HI L AN B A7 M T AR B ) B A
1, AHIETHEN A LB AN, BRIERAMX G TEEH b Hr, K
AR & 22 S BN 3~5 N EAE N —4, HH ZEHEA TR RE AN KEPFA S
SR Y IR B SR AR RSOV R RIS AR, B2 T AR R

Y =by+ bX + bX
AN Y R R Y kg/hm?, X b SR IR T Rk ARG B B kg/hm?,

(2) IRYEFTRAREA AR BRI R, KB AR HX B0 = 8 (AR~ &
b0). A cR A &M TEL IR E) MERE &N AN LR,

3) RIES 5 HERE W & B R EBR A &= B E L, ERE& A+ prg H e
HARe 2 PSEMNEM L, HESENLEHFREESRE BN FRAENES, Jf
CLIE Rk dE, S Eid 3 HEE AT BT IFE

(4) ZW 1990 LKA XK g R, AN X 1 LA L, g
&5 A B 4 45 R ¥\ Maplnfo $UEPE, 15 0A B AEE K.

1.4 KRR BEMITE

AP R ARG ERETRAEIE 8. B ' ARE~EREE 3 1
SHOTERER L, SRR AR E R EAETITR, BESBA.

() tPEMAE 8. B%E 1997, 1998 ~E- BRI FHEMAE L~ &, LY
SR ETTR B ENARIE~E, BUARAE =2 (ERRN);

() THECARTHALKFE FF R E: H5E, BeEReEwiNaERikmE. MEAEK
K3, SHHE 3 REYLRELTBNEE, HURENGMHEY S REEDE
FRIERR F 2 B2 R8s 00k, 35 08, R UH IR AS M I M BE - BE I I AS FF = B0, BIK
Ry x 09, MNEME % 1.1, EX/ 8 x 1.2; Bk, #AEBLSPTEHEN
1.18%. P 0.29%. K 0.35%, FEEHEHE N 0.91%. P 0.13%. K 1.89%, /hEMRPEN
2.05%- P 0.36%. K 0.52%, S N 0.65%+ P 0.08%. K 1.05%, LXK H SN
1.56%+ P 0.31%. K 0.57%, EXKF# N0.92%. P 0.15%- K 1.18%, iH5AHN R ek
VIR BB R E.

(3) trEALERI A Z: DL LA E TR PR SRR BB S I DU IR R e
&, EIHRLL100. FIHZFEFTREAFRBX KAERRE, BRE0E R kpskE
WIS RARLL, HRHERIR, BATETRERKRE, BEA LGS MR A XL
AEF BB SE Bt e, BRI EA —e RSLhRE X MS I E.

1.5 KIEHEMSXITE
FRAE AN [l X AL RE R R BIR 2 BRI IR R 5 N D0 &6 R0, 38 T 1) (b BE it AT 4% 1
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Tab. 1 Summary of crop production in different regions of China

oo A o B i R R B 55 P i AR RaELrg Wy
X 10° % X 10° % X 10° % (kg/hm?)

JOF % hm’ hm® hm’
= [ 2356 100 153245 100 112525 100 54045 100 4802.9

i ERX 674 28.6 46791 30.5 34600 30.7 18586  34.4 5371.5
o R X 973 41.3 72190 47.1 50259 44.7 24825 459 4939 4
1% e FE B X 709 30.1 34264 22.4 27665 24.6 10634 19.7 3843.9

DREAX: WmEREX (AL BRI RAER KT 300kg/hm?) . HREAEEX (B4
5 TH) A B HE AE B 7E 200~300kg/hm?) R i A & X (B A7 9 o 1A A 340 1t B &/ 1
200kg/hm?), SHEREXOFEL T @b, b, R, WAk, L7, Rilg. ¥, 48
LK. BES 1LY (H. X)) PHEEEXSENRE. #R. Wb, e, w8,
M. ). Bk HR. BEZ 104 (1. K): MEEEXERE LA, A, 7E2. &
W. NEFEE. . EM. BRIT. REOL (. X) GR1. E 1),

2 HR5H

2.1 AEIHEX 1L ABRE R ELIA

Y5 1997, 1998 4E )45 5 AT DAL ) T [H A R o X s A7 3R AP I AR IR A 2 B (] 2).
M 2 AT CAAC IR, AN [A] H X B4 436 Fob i A AE A4 P AR AS Pl 3L K4y B MEE &
£ 90~180 kg/hm? F1 180~270kg/hm? 6 [H, B RATBRAALE A 578 MH1 636 1. b
AR M S IR EAERR . R T X DL R M X L B PR A
WL, HA RIS, MRS A AL, DUNITGHES, PG AT N 4 1 kb X 55 T i
B K 90kg/hm? LA R o

SHERE 3 MR EX WAL ERER (K 2), SRR X KRR AEK
30.5%, (EALAE S M B R 2 E K 40%; AR TR G2 E 224% M REERX, Hik
FE 7 B A A ) 15.2%. 1o i FIE B2 X i T 4 A ot ) 2 B 4 1R 359 K7 1 29.50%
v i A B X 30 4 [ S K, T 0 it A 2 DX ) bt 4 B P 7K SRR 32.2%. XU R EL
AEFEF B X Z R K. ATIREE | Mk 2 RIL, ASIRIHLX 5 A7 B A i AR 40 JE i HH =
HHREEM KRR B
22 AREMEBMEIEMREETYE

R 1997, 1998 —4E [ A AR 2 A LAHN R B/ 8, HE HAIERR
B AR, HAE Maplnfo #8AFCFF FAHIH T E A [ b X A7 A0 BE 2 B % 7
(B 3), MEI3 TTLAE I, FE A M Sy 40 AR SR~ A F B AR 10~30 kg/kg 78
B, %90 P BT B TR B 69.1%. K 3 g SR g iy T B T AR A i
EHTHETU RN, REBERE®SPEBCENX, BA1ERMR e~ HARRK,
K& 7E 20 kgkg LU MR R B P F HEEX, HAAIERRE ™ H B & AR
., KBEDTE 20~40 kg/kg JGH A HERERAKREREEX, BALERRE™ A
i, K% HIT 40 kgkg.

%3 AMEIER B X ma s AR R (R 3), RERMEEEXW a4 "5
B AR T AR R I AR LR, SRR IEAE S KPR & . 3 MBAERE T E X b AR
PR A AR DR IR B X B, M 1 kg (WHERTZE 7" 17.5 kg W& P HEREERX
TRAAE KT+ 035, mEERRX UMK T 2EKF 13.0 %. KEEEX L2 EFE
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Fig. 1 China's regional planning of response of grain vield
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Fig. 2 Fertilizer application rates in cach county of China

to fertilizer
5 2 1997~1998 < h @A E L AL B X 15R

Y Pl q,
gjﬁ ,%] E;S;!:]gtt/%z 3%;\_% Tab, 2 Summary of fertilizer applications in different regions of China
gk A

T s IR TS BWAR  RGOEMTE CFMRR REEER
iﬁ " )&25‘ I ES Tg% X10% % AR (kghm’)  (kg/hm?) (kg/hm®)
gl & [ 40145 100 262.0 2385 2241
ME X f v At P AR ER 15874 395 339.2 3292 2241
1 kg fLARATAEP= 154 hiife@E 18189 453 252.0 231.1 985.5
kg ffr; PHIEEX [OEEEX 6082 152 177.5 171.1 977.9

X 13.6 kg, WEIET4
K e

* SIS FH A b v B AR AR R S G .

B WL 9.5 kg, BIKT2EFHAT. 3 AMLIBEHEXALERE X HBCELE, [
FELMIE M AE B (X fe i, 1A 653.4 kg, PHEAEERES, #3223 kg; b AL & X WA 94.5

kg. :

RiREE R, RE
A TR) b [ B A7 A B FRDRR £
ErrEEREK, K58
o7 T AR A6 I il P = 3 28 4k
B3 B HE P
FRI A4 A e A ok, )
R R D .
23 AR LBEF AE

Wik kIR E
A [ Hin A0 A f A 3,
gl “op B A [F] 4 X i e e

R 7, A o SR e
GRKE, RESALE = 0
BARHAEAE, KELHE =203
35% LUF, RATBET o 00

Bl B 7213%. A
FEHXEE, KTF 35%
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Fig. 3 Productivity of fertilizer in each county of China

http://www.cnki.net



5H BRI " P R AL RN X 7

M BEPICHE
JEEX; mtiitE

535

3 PE=MUBEABXURMRR T HEE

Tab. 3 Summary of grain yield increment by fertilizers in different regions of China

XEALIER A — b X *E;aéff% BRETE EEETY RAHNE

" e X10* % (kg/kg) (kg/kg) (kg/kg)
ﬂﬁy’j&é“’”uf' 4 [§ 54045 100 13.46 14.87 653.37
*Hﬁﬁﬁigwﬁ% ML 18585 3439 11.71 9.52 94.45
HTE 25~35% VO iR 24825 45.93 13.65 13.56 322.32
Ao {RMALEIX 10634 1968 17.48 15.44 653.37

S bk = X AR R RS HE R B SR A .

WA RS RIGE (R 4), AR LABFP 7R TH 8, R AR T A i 24k S5 L AR i

. BB A BEA KBRS, NRtEXEK. PRLRXE
B ARHEAE R X B . RS AR HY R I 10% At
2.4 F[E M XA L AR AE A1

AR T3 V2 SR A AR B B B e I R PR R B, JRE 1997 1998 —4E P EMK AL
WA RS, B8 BT E AR AL IE it A P PR, 1 =& 2 %/ T -15kg/hm? LL 1
Hi DX Ak BE M I B X, -15kg/hm? B 15kg/hm? £ 3 X A0 4 i B 2 AP X
>15kg/hm? {3 X AT 9 INAE AL B X, JF7ESL A BRI “rp [ O Je) X A B ) R
WK RER” (B S5). WES TUEN, £

HerAEr=KFEF, REAF 11.9%K 2R 4
HRAA LT R 14.6%K 840t C B A
WEEYTEE, TR 3/4 MEIMLIEERES
— BRI .

3R T [ AS [R] #th (X AL AE Y B T R B
B, ARBE T Bt X A A 7 e M AR R X,
WEVEE, %X LR Y2 A T A G R
BEX 8.70kg/hm?;  H e AR £ X B 5 1o A5 40 AES it
BN A DR AR, PSR A 2 5 R
B4 47.63kg/hm?; it AR £ OX T4k R Bt F e A TE
e BN TR B R, B AR e A B AR g
FERTIE 59.84kg/hm?. IXFh 45 F 15 BH 76 3% = AL AE 1)

F4 PE1991-1999 FEMUEERAE XL
BB A 3 b3
Tab. 4 Summary of fertilizer application rates in

different regions of China

H X fEREREE (%)
MRS R L ory?
£ H 34.17 31.34
B X 27.39 26.14
R X 36.04 33.19
KK & X 39.83 34.81

1) B2 & DR R 7 R B DL e B
#R, B2H14 MR IHERH.
2) A& R R B REF A E R AR T,

EAEEE, AFEEN R RALE X AR EX .

3 g

31 XTHIBRFARITERAFEREBR

WHIAA, FERR A R R IR EY R IR R R G 2 507, 58 —ARYAT LRI 2
(W, ERIERARBRIRS T, $CAFEYRBRIR RIS . REFERHOLT,
WA BA 77 4 BRI R A7 R BRER = A A, ok, HATHRA A AR

REL R FH 28 30 5 VR ) R BRIE AT (B

TNERIE R TN TR B B R FOR BRI RN L, A5 AR R e 3L TR
W] 6 E R4 O BcR:, IFCLTHRAERH A A &, DIRE R, KA H AN

Ry=(W x Cx A x W, x G, x Ay) x 100%

(3-1)

R Ry ARIEFI A (%): Wi. W, 3R TEMEA "N ARCHKERER: . G

THA AR RTRLR AT R AL

A, 53 AR ARIAR G AE R PN R T 2T .

EEVEN A HIEX R K370 B S ALK ER s R B2 %, fEhf
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R=[(U, - U)/Wx C]x* 100%
’ . (3-2)
Arf: R AAEEFIHE (%); U
Uy 43 51l 2 il A X 00 AS it A X 44 4
W I 37 40 B (kg/hm?); W ok IR %L
Jiti FH & kg/hm?; C R AERE A ) 9% 43

.
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Fig.4 Fertilizer application rates in each county of China
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Fig.5 Increment in fertilizer application rates in each county of China
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AT AMBE RS R, URGATEBUR TR, R TREA RS X ARG SR AHE. A
AT BTR G RRE, 5ERE S AEFI F i 5 LR % 45 R KBHNE (£ 5).
A4 ) Bt Al s 4 [ 1 45
3.2 HXRAREF ARG S0 KSR LR

xf [ P ANEAE A RACIEFI I R BFR LR (R 5) SAMR AL RILEES, BR
R REALIL, ARG P HRGOUIER ARG REMICTHREENLE R, S
HIRHEEA: R 5 PHFIHETHT AR RKZ R 00 FAHTHIE 2 80 T,
=5 I L B L R EAI ASWEST S R BB ST R 9 5 vk S AN
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FH BB R b XA [B) i A 52 x5 FRRBUEFBERLERILE (%)

N, X —BmRAILEETEN BH Tab. 5 Comparison of fertilizer application rates from different sources
% g, BHTEMMXAER waokE A B WO SRk
BEAEFRN, Bk, Pk amn e m ey 34.2
RLIER R L b L RTA 2xmg™ 30~35  10~20  35-~50 /
EIER S A R FE. L pmgtss 30~60  10~25  S0~60 27.8~52.6
W, ANEEYR IR LR L o Rt 35.0 19.5 475 33.0
BHEIERM, HH T8 iH4 Peoples ™ 23.8~46.5 / / /
By e BTN 481,  De Daral'®'”! 42.5 21.6 48.9 38.3
B LS Br AR Ve BT A Hignete% (') 40~60 10~20  50~60  29.1~50.3
R I B 4 L 2R Ay 4% o TR ALY * HAFRSERABBEE A = 1031015 AT ETE. FAHRLEER
5 £ 5 48 R R MR R R RS R

4 Z5ig

AW, T KEEEX R E AR GX G ERST T X . FTs R K
B, ASIA G AR e A B X A R AL & AR SR FEAERKER, Hi
A EM AR SRR EX RS, 143393 kghm?, FHEEEX K2 N 252.0
kg/hm?, &3 AR & X MY 177.5 kg/hm?; == K X 38008 £ 80 7= DL & e IR B (X &% &1 38 5371.5
kg/hm?, F AL E X K22 K 4939.4 kg/hm?, B 6 IE & X WY 3843.9 kg/hm?. M AR & 45
RKRE, BHEAREHX PR & RS, JErT R BB R — e .

AN ] DX PR B AL AR AR B P2 AR LRI TR B, S E X kg (AR =R B
117 kg, FHAERX N 13.7 kg, REREXNET] 17.5 kg, = K X 8k BER) I KI5
HEBRKESR, HPhEEREX N 26.1%, P HAEEX A 33.2%, K HAEE X U)X 5
34.8%, B0 B A K4k BEAD BT R Ak, oA TR X A BB e P BAR E AT 408, SR H A
H11.9%MEMIEEH A &, 14.6%M BB ERARBLEEMEKRTE, M
T 3/4 (B AL AR R E A — 52 (38 Kt
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Utilization Efficiency of Chemical Fertilizers
among Different Counties of China

CHEN Tongbin!, ZENG Xibo?, HU Qingxiu’
(1. Inst. of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. Inst. of Soil and Fertilizer, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
3. Inst. of Agri-natural Resources & Regional Planning. Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: According to the grain yield response to fertilizers, China's fertilizer application rate
can be classified into 3 typical regions: (1) the maximum fertilizer input region including 11
Eastern provinces (ER region); (2) the middle fertilizer input region covering mainly 10
Middle provinces (including Xinjiang and Gansu) (MR region); and (3) the low fertilizer input
region consisting of 9 Western provinces (WR region). The average fertilizer application rate
per ha cultivated land (sowing area) in 674 counties of ER region was 329 kg/ha, the average
rate in the 973 counties of MR region was 231 kg/ha and that in the 709 counties of WR
region was 231 kg/ha (Fig.1). The maximum application rate in some counties of China was
found to be as high as 2,241 kg/ha which was nearly 10 folds of the average of whole China,
i.e., 238 kg/ha. According to the response of grain yield to fertilizers, there were 11.9%
excessive-fertilized counties which should reduce their fertilizer application rate and 14.6%
counties which were not necessary to increase fertilizer application rate in China.

Key words: chemical fertilizer; fertilizer utilization efficiency (FUE); consumption; grain
production; regional difference; China



