ch E B RS 2 AR BATY ISSN 1000-0933
PERRFRHT CN 11-2031/Q

ch EF S HAT

P ERFRESEEET
cta Ecologica Sinica

P E 60 /220 H B HA T
ERHFIR

2011

PEESFFS —_
AR E R 22 B A SRR R 5T Rl
R N tH AR



R £ 7 ¥R

" (SHENGTAI XUEBAO)
smemmecis B 31 B F4H 2001 F2R8  (FAT)
| R

IR F R EH R B EE G BE LM A LD Z O Hra e F W, EAR%E M #,E (895)
Zk B X9 APALA AR T AR AR I P A S ML) I E (906)
Gtk B I 3 BT AR D E AL e EE]j],F/iﬁ ?y,ﬁ,fﬁ@%ll%,% (914)
FE B E B B R T FE S AP oo ereeerereeeee ettt WA EFE HEE (923)
Ji W B 3 P A B K B AR P F S AR A R AR T e X B, M, AR (933)
BMORT KA RAGS) Py B LEHIFEAE veveveevemenensns AT, BLE, AXF, % (943)
IR R BN R KA RAG B RE 5 A R R ST AR E B AR L e YR, EAER, KD R, %F (954)
A RIS LY KRS A e KA RAB N M RE B MR e WA E M E 2 (964)
B %4 8 F ( Pseudois schaefert) B-18) 47 4 7 AE AR BF 8] 5B weveveeereeesenns X & E, B, ER,F (972)
F T BAL v R A Ao fb T 2 AR PR AR PEAT e eeem e AL IR KEU,E (982)
B F P AR RACE B AR RIRAP T R FETAL s Goat, K=&, 0 HZE, % (989)
AT TM B8 AR TR F & B Ao A TAP 2 P L0 ARARBR E ) S A AEIL ovveeeermnnenne

.......................................................................................... /}://}\ﬁg’gﬁﬁg’ﬁygg’% (998)
L ALTEF AL GIS PR ——VAT R ol B AR A ] ooeeereeneeens EFH,@ %, ERAMK (1009)
AT T ht o K0 T IR RN E F WAL B VAT B IR N T AP o eeeeeees FER N LE A E,%E (1021)
R FHE T AAEAR AM L E AT R A & RS HRF A rh oo REA,E B RWAT (1029)
RO B AE P E R IR BRI e eeee e ene e EHE EEA B .2 (1038)
B RA CO R T D Zafrt A A AR 2T RA Fo ARG o T weeveeeeeees K, TER, B —,% (1046)
B 2T FAEAB AR Frt R P 09 B RAR G T D G ERE KA, EilR, % (1058)
R s S b AR IR 8 8 B B AR PR oo ERN, ERAR,E P, % (1064)
BT i RS AT 2 ARG S iIs TR veeeerrrnnneeernie e % F. 4 #,T 4.4 (1073)
it ABA A EANAR R R B /s ZARSR W A IR AR MER BT R R e EEXF,FRIF, HHFE, % (1085)
CHGRB I K A GAGTE N P JHER veeeeerorrrreeesnmnnnrneee i, kWL OB RIER % (1093)
ST3E AR RARR A A A B R A e & %,1%7Ké,§ﬁﬂj&,% (1101)
HEKRREREE FEHEA T EG IR F v %KWU,JEEQ%,EX%,% (1111)
AR I AE FD AR B e %E?ﬁ,?%/ﬁ,%&f@?,% (1124)
A5 RN LAR AR T A G S rE ] o e v v eereereen e % ﬁg’ﬁﬂ*f’%%ﬁx,% (1130)
K& Brt i ki 55 L) £ FRBAE T TUAAE ooeevvrermmeemnnenees EXZ,EHAN,IEF (1139)
AL T 5 Ao B FRBAI A EAEZ RO TG BOR oo K&, AR, F X, % (1149)
S N LS L SR s U T e R E L T b I B O EWHE,E R, % (1157)
it S5
BB FEWME B EAILFEIR T RIREIE oo & F (1164)
M E A ST A R A LM Fr T BE R B r o vvreeeeernrnrree e e ettt e e e EHEE B (1174)
j]u/;\k#)fijg—%g/])\/&#}bigzﬂ:%ﬁ& ............................................. f%ﬁn%,%#ﬁﬁ?,%}%i ’% (1185)

HAFIEARSH.CN 11-2031/Q * 1981 * m * 16 % 300 # zh * P+ ¥70. 00 * 1510 * 32 % 2011-02



H A 2 7 2011,31(4) :1101—1110
Acta Ecologica Sinica

TIERE KRR ERESRAE

Z OB ,MARAET REL, PR, EXE
(PEACARMBHE 2 PRI 2B, et 7121005 P EFBHERE KRR K HOEEIFSEIT  BEFIAA % 712100)

T ANJEIYLE T B 6 SR 08 IR 5 PR IE s USR], L 2148 e g X )81 T 48 A0S BH EL A BRS04 I 28 5 2 R A 25 2 0 1, X A
AT RS AT TS, S5 R 3RHH 2008 4R XA A AR 7 R S 3R BN E A XY T Y 4F Ak S 19 4. 85% 5 & 1
MaAE L S BUAS T 4 ih 3 3. 18 2. 44 3. 02 JT/kg, i H B B 43104 1.76 1. 90 1. 84 TT/ ke, = AUAS IR 25 9 175 0 %2 X 48 iy
AHFLE S S A A ASFSEI s TSR AE 7 1A 26 R Gl BE SR AT A2l AR AR 55 30 J) B, S K e = i,
R BEFAERUAE , 7T B AR A= 7= BRLR A A S B

KR BT R RAR

Initial exploration of the ecological costs of food production in the hilly red soil

region of Southern China

LI Xiao, XIE Yongsheng®, ZHANG Yinglong, LU Weiye, LI Wenzhuo
The Resources and Environment College of Northwest A & F University, Yangling, Shaanxi 712100, China
The Institute of Soil and Water Conservation, CAS & MWR , Yangling, Shaanxi 712100, China

Abstract; Human activities and food production are bound to affect resources and the environment. For a long time the
direct costs of food production have been calculated while ignoring ecological loss costs. The correct assessment of the
ecological costs of food production is important. Such assessments can be used to properly evaluate the economic benefits of
agricultural production, to realize sustainable development of the ecological economy, to regulate food production patterns,
and to develop industrial policies. In this paper, statistical and household survey data from Qiyang County were analyzed
using economic and ecological methods to investigate the ecological costs of food production in the hilly red soil region of
southern China in 2008. In order to explore the ecological costs of food production more accurately, this study analyzed both
the costs of ecological loss and direct production. In other words, ecological costs are equal to the costs of ecological loss
plus the costs of direct production. The costs of ecological loss refer to the negative impact of food production on the
ecological environment and include soil loss costs, nutrient loss costs, water pollution costs, and costs related to the loss of
land resources and water conserving ability. Direct production costs refer to the costs of planting from sowing to harvest,
including costs related to seeds, chemical fertilizer, organic fertilizer, pesticides, plastic film, irrigation, agricultural
machinery, and labor. The results showed that ecological damage due to grain production in this region was equivalent to
4.85% of the total agricultural output in 2008. Once the ecological environment has been severely damaged, sustainable
development of the ecological economy faces a severe test. Ecological costs in this region reached 3. 18 Yuan/kg for early-
season rice, 2.44 Yuan/kg for mid-season rice, and 3.02 Yuan/kg for late-season rice in 2008. However, unit sales were
1.76 Yuan/kg for early-season rice, 1.90 Yuan/kg for mid-season rice, and 1. 84 Yuan/kg for late-season rice. Rice
production resulted in financial loss to agriculture producers and resulted in a negative attitude among the laborers. The

combination of high production costs and low income have affected sustainable development in this region and become a
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threat to the area’s food security. Principal component analysis of the various factors affecting the ecological costs of food
production in the hilly red soil region of southern China showed that, under current production conditions, moderate
increases in the use of chemical fertilizer, pesticides, agricultural machinery, plastic film, and labor inputs would reduce
the ecological costs of rice production. Rice yield and organic fertilizer inputs are important factors affecting the ecological
costs of rice production. Irrigation costs have little effect on ecological costs in this region because of the abundance of water
resources. Ecological costs of rice production in this region declined as the amount of cultivated land per family increased.
This indicates that if the government expands the scale of family agricultural production in the hilly red soil region of
southern China, then the ecological costs of rice production would be reduced, the economic efficiency of agricultural
production would be increased, and the mood of agricultural workers would be improved. These changes would be conducive

to achieving sustainable development of the ecological economy of this region.

Key Words: food production; ecological costs
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Table 1 Ecological loss of food production in Qiyang

4% Index 2008 4f
Pe KA Soil loss costs/ TG 29729257. 34
FEH R E Nutrient loss costs/ JG 27297284.35
B PEIRZE Loss of land resources/Jt 70594230. 57
KPR FE I HEI DR Loss of water conserving ability/ I 4892.35
JKERE G e Water pollution costs/ TG 7562774.70
A SR B E Total value of ecological loss/ It 135188439. 30
WAAE A SR AR Ecological loss costs of early-season rice/ ( 76/kg) 0.29
HE A SRS AR Ecological loss costs of mid-season rice/ ( J6/kg) 0.25

W R AR SR UAS Ecological loss costs of late-season rice/ ( 76/kg) 0.26

x2 KEEEEFEEK
Table 2 Direct production costs of rice

1 2% AHLILLE

R KW RS BRI Sgnmgn TR

VEW) A TR . e Chén,lcal Orgafuc Pesticides Plastic Irrigation Mechanical Labor Dlrec.t
Seeds costs/ fertilizer fertilizer ) production
Crop name — ) costs/ film costs/ costs/ costs/ costs/
(76/hm*) costs/ costs/ ( Ji/h 2) ( /h 2) ( i/h 2) ( /b 2) ( i/h 2) costs/
(IC/hm?) (F&/hm?) J./hm JU/hm J0/hm J6/hm J6/hm (7E/ke)
Fi Early-
R o 494.55 1951. 65 89.55 1039. 05 239.55 316.35 889.35 12467.70 2.89
season rice
5 Mid-
" ' 417.60 1673.25 36.90 1030.50 4.95 288.00 811.80 11160. 00 2.19
season rice
H Late-
WA Late 419.40 1930.95 85.80 1389.90 1.65 333.90 542.10 11209. 50 2.76

season rice

2.19 Ju/kg, EZ R R T /D8 09I, 55 3l FH T BRI 8 T R AR B e A 7= AR 2658 v 1 i AT A
TZMARE , TERRE B 7 A iR R R, 57 80 ) S B A s, 7 LA AR 71, 29% |, HR O
FRAE R AL, b7 11.16% ; "PRE B A P A M LA R v, 55 8h 1 S 2 1 72.36% , ARAE 2% 15 10. 85% 5 B A
¥ Rk 2 b, 55 8 S 2 & 70, 449% ARRE SR 12.13%
3.3 ERBARERS T

ARG A 77 PR R AN [R) J7 THI S 1) 3R 40 1) 2 AR A, i S8 PR 3 A S K R A 7 A SRR Z BIAF AR A G OC R
i HA S WAFFECER . S T B 25 P20 KRR AR A AR (52 i FNAE T, DAZK AR AR B A R SRAE K A A2 77 1Y
RS BEEL T 11 DS54 MARE B WX R R R B KRR R A wi =2 7300 1
BB A LIRS AR 253 AR IS 2 A AU SR T 95 3h 71 3 S A S R 9, T2
VR AL IR A T o B 4 SR — I, e P K R A e AR AS AR g RS B, 3 SPSS 17. 0 B X R
AR TAG IR (2 3) , A5 SRR WIZAEAR KMO Siil5 o 0. 725, BEHIREAR 7243 ; Bartlett BRIZAG 0 AR 0 3%
IS4 0. 000 , B PAIE A B AR 32847 R s, 15 SRR AR | 35 A2 STikR 5 BT 5TilikR

%3 KMO and Bartlett's 1238
Table 3 KMO and Bartlett’s test

KMO BURESE 24P & Kaiser-Meyer-Olkin measure of sampling adequacy 0.725
Bartlett BRIZ A Bartlett's test of sphericity RITHEE: Approx. Chi-Square 1313.189
A df 55
B PR Sig. 0.000

BT EA T W s
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N 4 FRRLIE RT3 A TR 7 22 STk RA F) 80. 710% , 754 STk RN KT 80% —85% [ ER
PR BT 3 AP AN KRR A S AR I A SR T, T & BRAR R RS A R X 7, I O 25 B Kie % 1
A& o R i P A T AE S R AR e, TG J5 ) R B A R LR S

x4 BEFANMBFERRE

Table 4 Total variance explained

WILHHHEAR Initial eigenvalues PLEUE Extracting sums of squared Tk J5 HEHUH Rotation sums of squared
¥ , : AUy 2% ; : ARy 2 ; : LB 2
Component Efﬁﬁff;& VZjiaEnce C?l?riu?zfe Etﬁfﬁ*;& VZ:f:;ce C%iu?;fe EH:TEH? VZiagi:ce (f%zjluljzt%e
rgenvaie /% variance/% rgenvaiue /% variance/ % reenvaiue /% variance/ %
1 5.648 51.345 51.345 5.648 51.345 51.345 5.505 50. 046 50. 046
2 1.950 17.724 69.069 1.950 17.724 69.069 1.955 17.777 67.823
3 1.281 11.641 80.710 1.281 11.641 80.710 1.418 12.887 80.710
4 0.948 8.620 89.330
5 0.560 5.088 94.418
6 0.312 2.834 97.252
7 0.151 1.372 98.624
8 0.086 0.782 99. 406
9 0.047 0.423 99.829
10 0.015 0.135 99.964
11 0. 004 0.036 100. 000
x5 EEEHETHEER
Table 5 Rotated component matrix
H—EWSy B WSy F=ERS
The first principal The second principal The third principal
component Z, component Z, component Z
FEFIEFL Acreage X, 0.977 -0.006 0.024
B Yields X, 0.038 0.959 0.069
T3 Seeds costs X; 0.689 0.071 0.417
AEAE 2% 4] Chemical fertilizer costs X, 0.977 0.021 0.069
FHLAEZEH] Organic fertilizer costs X 0.046 ~0.301 0.288
2524l Pesticides costs Xg 0.957 -0.020 0.052
AL FH Plastic film costs X, 0. 866 0.064 -0.166
HEWE 2% ] Irrigation costs X -0.050 0.074 0.895
LN WU ] Agriculture mechanical costs X 0.949 0.025 0.031
558113 3l Labor costs X, 0.735 0.081 0.561
L P B Ecological loss costs X, 0.087 0. 960 0.054

WO BRI e . A Kaiser FRUfEAL I IEACHE ;15

MWES Haf AN, F—FEHNTFEERFEMEA (X)) LIRS (X,) AR (X,) AL ZE
(Xo) ARMEZRH (X,) 578 SIS (X ) FRPF 38 (X)) BT, iX 7 MR ESS — FE N0 2, FARES
(R TE A 2, 3 T RS e 1 /KRR A 7 v ) = SR AR AT O, R G B — TR o3 U B T 7 = R R 2R 3
Bt I, LAARAE 2% Ry 35 08 A 72 AR B A — 2 3 R N KA AR S AR A AR FE L A R i), 2 — 32 il o X 4540 i
T 22 BT 7 50. 046%

X BT, SR (X)) VE R (X)) A PUIE S8 (X)) RS i, Hrh m ™ & )t
A A TR R R AT RIS = 3 U3 R DAL= R AR KOE S B Al 9 25 A4, 2R 2840 % 2% R A AILIE 9%
FXKFEAS ARG HE W, A mﬂfﬂ%ﬁﬁ&’**fﬁiﬁi LA B m i trfr 2, U6 IR H RTHeA SR & A2 77 1
BHEE KA BT &, TR T 38R 3 AR A8 A, A RFIOR R R 1 B, A AL 48 A KT T B e KRR AR 2
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Fig.2 Trend of the ecological costs of rice
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Fig. 3 Ecological costs of rice per hectare compared with the gross income
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