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Emergy analysis of farmer producing system in the transitional zone of Qinghai-

Tibet Plateau on Loess Plateau: Tongwei-Weiyuan-Xiahe Transect as an Example
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2 College of Pastoral Agriculture Science and Technology ,Lanzhou University , Lanzhou 730020, China

Abstract: The Tongwei-Weiyuan-Xiahe transect zone is located in the ecological zone of transition ranging form the Loess
Plateau to the Qinghai-Tibet Plateau. It is a typical agri-pastoral transitional zone of the Northern China. For a long time,
ecological and economic problems caused by the inappropriate agricultural production structure have severely restricted the
sustainable development of grassland agriculture in this region. From the perspective of emergy, this research aims to (1)
provide a new data support and theoretical basis for the adjustment of local agricultural production structure, policy

formulation, and agricultural ( pastoral) household decision-making in this area and (2) provide a scientific basis for the
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optimization of regional agricultural production structure. Input-output data of crop production and livestock production of
households in the study area have been collected ; the emergy value method has been adopted to analyze the input-output
structure characteristics of crop production and livestock production, the production decision-making behavior of farmers,
and the coupling effect of production systems. By applying the structural equation model (SEM) , this research analyzed the
energy conversion between components of production systems. It is demonstrated by this research that with the increase of
altitude, crop production activities of farmers would decrease and the total output value of crops would also decrease.
Although the main inputs and output factors of crop production are the same, the input emergy, output emergy, and emergy
yield ratio of the same factor in different parts of the same crop can be varied. Significant differences can be seen from the
input, output emergy value, and emergy yield ratio of the same factor at the same location of different crops (P < 0.05). In
the input factors of crop production, the emergy value of organic fertilizer made significant contribution in Tongwei and
Weiyuan. Agricultural production decision thresholds for crop input and output emergy values decreased from the east to the
west, while the crop production scale in Xiahe expanded most rapidly when the initial input of emergy increased. Animal
husbandry scale, emergy input, and output of animal production increased from the east to the west. In Tongwei and
Weiyuan, wheat straw and alfalfa, as intermediate inputs, achieved 80% emergy contribution rate. In Xiahe, with animal
production input factors, the contribution rate of supplement grain emergy value was as high as 90%, while the farm
production decision threshold of livestock input and output emergy increased from the east to the west. The emergy yield
ratio increased exponentially with the increase of the coupling degree. The speed of emergy yield ratio in both Tongwei and
Weiyuan tended to decrease with the increase of the coupling degree, whereas, the speed of emergy yield ratio in Xiahe
increased with the increase of the coupling degree. Adjusting the internal proportion of grain, cash crop, and feed products
in crop production can strengthen the coupling effect between crop production and livestock production. Thus, optimizing the
use of natural grassland and maximizing ecological benefits can be achieved. The threshold point can be used to regulate the

production decision-making behavior of farmers and optimize the agricultural production structure in the region.

Key Words; Emergy; crop production; livestock production; system coupling; Logistic model ; structural equation model
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Table 1 Overview of natural and economic characteristics of study site

Ui H Items

™

wY

XH

H SRR Nature conditions

34°55'—35°29'N

34°54'—35°25'N

34°32'—35°34'N

HH{1 Location 104°57'—105°38'E 103°44'—104°29'E 101°54'—103°25'E
AEYRE/K Annual mean precipitation/mm 450 523 516
AEHSIR Annual mean temperature/ °C 7.7 5.7 2.6
=0°C4FFE Annual accumulation temperature/C 2900 2679 1810
HEE B Humidity/K 1.6 1.9 2.9
TCFEIW Frost-free/d 160 135 56
i1 Rangeland type ORI AR S ORI AR SR e Ll A 2
AL BRI Industrial Structure
Aol B8 Total Output Value/ (10* ¥ ) 4464 4124 7258
YE# A 7 Crop production/ (10* ¥ ) 3764 3425 778
Ml Forestry/ (10* ¥ ) 62 57 527
K& 7 Animal production/ ( 10* ¥ ) 638 642 5953
TW .37 , Tongwei; WY : JH K , Weiyuan ; XH ; [, Xiahe
1.2 e 5500 #2 KMREERBRAR
1.2.1 FdEsE Table 2 Unit emergy value
A AR REAS T IR T BBLAINRE 15 S B A KIREERRE %
Item Solar transformity Reference
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= HRo HBEMBUALIE N T ARG 2 A R KL
ARSI AR A 7 AR VR My A T AR o™
IR RUSAS (Bh T A28 ABIE A T1 B & 155
KA WK & R RO K & 8ee 5 i
R FFE B M AR R 3 AN B

THES BUNRESE
1.2.2 BiEotr
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BB BT B RN ) A SRR () B kg) il
1 K BH BE 1B 5% B R (sej/] B sej/kg) B 55 A5 v BE
(sej) ™(#£2),

(2) BEMEYR 5% ( Emergy yield ratio, EYR)

EYR = Y /(Fy+ Fp) Y J2RE(HE 7 1, F 2
AN TN i Bh BE A, B = T R A HLARE(ET
EYR A, FW1 P 7 1 e W P e

IKBHBE Solar energy

KHE Wind energy

7K #4HE Rain energy

KL RE

source

6.63%10°
8.89%x10°

1.54x10*

Rainwater chemical energy

M BRTER g

2.90x10*

Earth rotation energy

# L JZPK Topsoil loss
B Nitrogenous fertilizer

AL Phosphate fertilizer

K2 Pesticide

A Agricultural film
A1 Manual labour

# 71 Horsepower

A HLIE Organic fertilizer

T Seed
/NZ Wheat
EK Corn
2K Tubers
R Ol plants
W Pork
41 Beef

£ A Mutton
W52 Dairy

21 %£7E Sheep's wool

112EF Goats hair

1.70x10°
4.62x10°
1.78x10"

1.62x10""

3.80x10%
3.85%x10°
1.46x10°
2.70x10°
6.80x10*

Odum, 1988133
Odum, 199534
B, 200203

W35, 2002030

6.80x10*
2.70x10*
8.30x10*
5.30x10*
1.70x10°
4.00x10°
2.00x10°
1.71x10°

4.40x10°

4.40%x10°
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Fig.2 Emergy Flow of agricultural system
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KT BEFmEERARERKE

Table 7 Contribution rate of livestock products’ emergy input

K 7L HMAE R AT INZERERE FRFEFF K

Livestock Region Feed food Labor force Wheat residue Comn stalks Alfalfa

4 Cattle ™ 0.0001 0.00000 0.9995 *** 0.0048 *** 0.0002 *
wY 0.000002 0.00033 * 0.998 *** 0.0013 *** 0.000007

FEF Yak XH 0.988*** 0.0103 *** — — —

2 Sheep ™W 0.00000 0.0096 *** 0.9104 *** 0.0009 *** 0.0397 ***
wY 0.991 *** 0.00000 0.0006 0.0016 *** 0.0070 ***
XH 0.987*** 0.013*** — — —

% Swine ™ 0.0195 *** 0.00000 — — 0.9805 ***
wY 0.0106 *** 0.005*** — — 0.989 ***

“x oxox VFIR P<0.001, “ & % " FIR 0.001<P<0.01, “ * " FIR 0.01<P<0.05;“ —" F/R A LA

el R, FEDI AL B RRIE F AR 1) PUB B o X HEAS [R) il DX BB (R H A9 = o BB {ELAS, TW
S HE ARG IR, WY 7 H RE(R A M AP B BORR A BE, 7D Ak, XH A7 R BE (E AR 5
(%8),

& 8 Logistic B3 572

Table8 Logistic regression model

il iﬂll.z i @‘Uﬂ - fﬂ/ﬁ A Threshold ;ﬂ/{ﬁ B Threshold X/Iﬁ{ﬁ C Threshold
Item Region S equation Y/% Y/% Y/%
(10"sej) (10%sej) (10"sej)

REfHAEA ™wW Y=1/(1+142.164e7X) 0.974 *** 4.30 0.15 10.8 0.93 7.34 0.50

Input WY Y=1/(1+153.641e7¥) 0.956 " 12.6 0.23 207 0.94 14.8 0.50
XH Y=1/(1+39.307e %) 0.847 *** 12.0 0.09 50.8 0.89 30.4 0.50

HEfE ™ ™ Y=1/(1+191.656e %) 0.921 %" 5.43 0.05 13.5 0.86 9.16 0.50

Output wY Y=1/(1+370.719¢ %) 0.955 " 17.5 0.36 23.4 0.95 18.6 0.50
XH Y=1/(1+35.680e %) 0.823 " 86 0.09 357 0.88 217 0.50

“xowow TFIR P<0.001, ¢ % % " FIR 0.001<P<0.01, “ * "R 0.01<P<0.05

3.3 1EY-FEBEMGREE T
331 FHRIZRS RGTRE RSB

TERPOE AT AR S AT R G, BRI R MU A R IR TT R AR 2™ il AN RS T R S AR I ™ i
I I R R A e i B RE YIRS i NG E R B WA i R I R I R BE A 7 T, AT SE B R SR T g
MREA TR . RS R AR LT R R BHAE  XURE | 328 S BE R AE DL S AR AR R 24 55 ) I e A
HRIGBEAEAANEYI A7 R GE, Z ISR 7 S OFF SEAARSE ) A Ry e 267 b i AT 33 64T 52 5, B3 2 B M
T FT 278 FRAAE Ay ] 2= S RS AR B A TW R WY TER R 8 | A e MR R AR A e+
77 AL XH FEE T NN B, RGeS — (& 3)
332 fEY-KEMEE SeE s 200

TW WY #l XH AP A= 25 K& A 2 M0 RGN G B35 5 % Be (e ™ th % 0 3 1F AH ¢ (P<O.
05) ; BB R A L 3, AR R b IX 5 3 BEAE = H 3G e $oR 6], 7ERRA BE A RS B, TW 5K & RE(E ™
L WY BT (& 4) . XH Z & GBIE ™ 232 E R G B2 A3 iy g in . R85 B — @ (E R, TW
LA IR R R BN, FEE RS BRI, WY 14 322, H YRG AR T 8.0 B, i /T
1, BT R Geah 2 [ FRAERFIG B a5, XH BE(E " HRAEAR A B Mt 60 AP fin
3.4 RefE” T
3.4.1  FEYIRELE ™ H

K INEL R BB A S RRE ™ A MR A 2 SRR, AR I BRI A SE R (E ™ Hh B R MR AH G
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Fig.3 Emergy Flow of agricultural system
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342 FEuefE i
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BB I 5 A B3 (P<0.05) IEAHYE . JE77 1 (J%
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BIUAE 35 R P e 7 v 4y T S R A WA AR P A 00 S A W N O A, B4 LA
FIUFA 728, REG UG P N HE P RS %0+ 05 e 53R 50 SRR AT 75 R G T H b . B AR o 24
TR TR, A/ 6 6 , FESNE VO 7 T e T A | o7 S A B s RS FF 75 B 32 M
ﬁﬁa@ﬁ%m*ﬂﬁﬁigﬁx LT X A P R 8K M RS A 0, A 7 A | L% % 7 o I i
e T 30 24 ERORR R T L2 S I 7 (L350 e e A S A M U P2
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Table 9 Correlation analysis of Input factor

=il s mr o oame N a7 P IE NIE K% R
Crop output Region Seed Manure ]_jabur LIV.eStOCk P'hos'p.hate Nltfo.g n Pesticide ~ Membrane
force force fertilizer fertilizer
/NFE Wheat TW 0.503** 0.848 " 0.799** 0.673*" -0.224 0.115 0.394 %" —
wY 0.903** 0.940 " 0.925" 0.944 " 0.401* 0.531** 0760  0.892*"
XH 0.805 ** — 0.766 — 0.212 0.309 0.443 —
2 Corn TW 0.775** 0.691* 0.872" 0.810*" 0.581"" 0.831**  0.694*" —
WY 0.961"* 0.881"" 0.924* 0.897* 0.871* 0.881**  0.807*"  0.956""
L4 8 Potato TW 0.870** 0.922* 0.911** 0.958 " 0.728 " 0.409* 0.581*" —
WY 0.931"* 0.946 " 0.857"* 0.884 " 0.580" 0.802**  0.702*" —
GREY TW 0.805** 0.891** 0.804 ** 0.718 ** 0.248 0.198 0.443 " —
Legume crop WY 0.832"* 0.902* 0.838 ** 0.828 " 0.205 0.347 0.623** —
EHEY) Oil crop TW 0.449" 0.430" 0.224 0.804 ** 0.483 ** 0.664"*  0.458* —
WY 0.686 " 0.752"* 0.766** — — — 0.547** —

RNECT N B R EMAR R B, R> 0 WIEAAE  R< 0 HHUARDE;  + " FRIRTE 0.05 /K BFMCE,“ + # " FIRTE 0.01 KPR FM; “—" %
IRTERHEZ A BEAT R
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Table 10 Prediction model of emergyoutput
27 F5EIX T AR Y o »
Crop Region Predictive model
/NFZ Wheat ™ E= 233.13M+3.28L+ 464.65NF- 1.56x10™ 0.916 ¢
wY E=14.73AP-166.35M~1.97x10' 0.971 =
EK Corn ™ E= 544.94NF-82397.36P + 1.17x10" 0.902 *
wY E=1146813.74MU-2.62x10" 0.932
YT Potato W E= 11.89AP + 643.36M+6.34L+ 1.25x10" 0.973
wY E= 1038.68M + 7.655-11.37AP+1403.38NF+1.60x10" 0.993 *
1R W E=1180.27M + 5.43L-7.911-1.43x10" 0.936 *
Legume crop T™W E=319.15M-1.71x10" 0.925 e
EHEY Ol crop WY E=1556.62M+1.14x10" 0.907
wY E= 14.11S + 1142.32M+1x10'" 0.761 *

“xow w7 FIR P<0.001, ¢ = # 7 FKIR 0.001<P<0.01, “ %7

8 0.01<P<0.05 E .77 i BETE, emergy ; S: P T REMHIR A , seed; M F HLILBE(EL
A manure; L: A JTREEIE A, labor force; AP: & J1RE{E % A , animal power; PF . B T GEME A , Phosphate fertilizer; NF . & AL GE{E £ A , Nitrogen
fertilizer ; P;k%ﬁ"é’[ﬁﬁ/\,pesticide ;MUgfﬁﬂﬁﬁE{ﬁfﬁf\,membran

F11 BREBRAFHEXSH
Table 11 Correlation analysis of emergyinput-Output
X% i R A INERRT FREEFT 75
Animal Region fecding Labor force Wheat residue Corn residue Alfalfa
4 Cattle ™ 0.454* 0.865** 0.784*" 0.568 ** 0.467 **
WY 0.201 0.843** 0.634"" 0.760 " 0.534"*
¥4 Yak XH 0.804 ** 1.000 ** — — —
2f: Sheep ™ 0.945** 0.995** 0.515*" 0.234 0.936 "
WY 0.797** 0.825* 0.713** 0.736** 0.847*
XH 0.951** 1.000 ** — — —
¥ Pig ™ 0.898 ** 0.942** — — 0.326
wY 0.956** 0.977** — — 0.451"
FWECT R IR E R B, R> 0 HIEAEE ,R< O FHUAHIE; « + " FIRTE 0.05 AWM, “ + + " RIRTE 0.01 7K FAHSG; “ -7 %
IRAERIMEZAE Y I A R A
F 12 gREFHFNEER
Table 12 Prediction model of emergyoutput
K& WFFEIX TR A R P
Livestock Region Predictive model
4 Cattle WY E= 7.03L+ 1.57x10" 0.999
FE4 Yak XH E= 30660.16L-(2.13x10'?) xCF+ 14.75 1.000
¥ Sheep ™ E= 2.261+1.82CR- 7.85x10" 1.000
wY E=0.814+1.58CR+1.50CF~1.65x10" 0.997
XH E= 11840.34L-(1.05x10'" ) xCF+7.68 1.000
¥ Pig ™ E=9.63CF+1.20A-1.33x10" 1.000
wY E= 8.071-1.56A- 8.51x10" 0.999 *

“x ok ok TFIR P<0.001, ¢ # x " FIR 0.001<P<0.01, “ x”
corn residue ; CF ; #MAKGFL, concentrate feeding;A: F 75 , Alfalfa

42 RPGEESHSRIAGREE

7~ 0.01<P<0.05) ;L: 57 71, labor; WR . /N FEFF , wheat residue ; CR : T KFEFF,

APV BB AEAON AR A R G I R B, A B AR, A BA AR T 3B SR B
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VR R R , TT ELAEAR P A 7 DS ek A v, BORURY DA AR 3 458 5 PR S35 W R 2B 7 TR 2 AT o A
RS RGBTSR G S BT REME A OC R Tl AR P o LR R P A 8 S A
SEEHR R L | 5 B A SE BT IS ORI, A B B B 0P A 7 0 T 36 R A A A B AR 2 Al
ZERBIIFFE AR P 5 S BRI ARG R S I =B BB Al . Ze e 88 1) PRt g R 4 A ALY i i
AR, NV BE R, PSR AL 7 T TR A, e i S dE AN (R AR P AT o P BER R ), BB Bt A=
PR E A KRR AT T BHC IR LS R IR | b Al B R AR L T PRI AU
I LA MR 3 TSR AR s 5 A T I e ey, (E R S R e I TR A 7 2 B A
JRAS , T EOR G|  OACOT e B R R EA KR AL, SR A R A T L MR AR
559, NP R MR S R G R AT RS R R H R E AR AR, 5 B A SR U N

4.3 RGME 5L ARG RERRLE)

PV ARG T RGO A et A i RE- R 2 ROBEI RGN T, A T, LB RE AR
BB RGH . NEY-FE RGO TR RAEY- R B G, 38w R GG L, AR BRI AR R 2 55 Al
FERRIE BRI AR 11t REFE IR S S A IR R GE . BT MR R R B RS RS, KB SR
SEAREE R SR B AR AR S U0, 2 Dk s, (R BB A AL 07 30— | AR A AR MG 55 , WG e FH LUK
G EBh PR ASAERR AR, 35 RECRER IR R SRR AR KRGS, @B AR AR R
Syl ZEd et ERS A AMA R R A B 709% DLE ORI T AP IR RS R
MRS TR, SRR R4 RERE R gtk i B 7 A fedt R Eeat ik, anfir £ 75
TR R SRR B A0 22 T AR W NS B S 5 R DR AL

5 ZHig

B e 6] T R e S U, AR BRI A S R U 0 A IR AR BE T AR Al AR A R 2 LA A
FE R Ew A B PR SR E NG i A e U AT A R R e A Ak, R SR NS (P ORE 3
ARG ATHFEENE ISR VR RS AT 888 A2 B AME VR T 8 25 L UM AR B 7, DA R OR we R O =X, 1
VEMI A 7= AR 28 A7 i EUA A5 A | S BRA SRR e AL AR P B HE, 51 AR A = s, B e A 1B
SRE TR R e KA Z AR GEIR A 2> 36 | S B2 DAl A = S5 Ak
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