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A data envelopment analysis study of alfalfa fertilization responses and economic

return in the desert irrigation area of Hexi
WU Yong, LIU Xiao-jing” , LIN Fang, TONG Chang-chun
College of Grassland Science , Gansu Agricultural University , Key Laboratory of Pratacultural Ecosystem , Ministry of Educa-

tion s Pratacultural Engineering Laboratory of Gansu Province, Sino-US Center for Grazingland Ecosystem Sustainability ,

Lanzhou 730070, China

Abstract: This study quantitatively assessed the effects of various fertilization regimes on the herbage quality
and yield of ‘Gannong No. 3’ alfalfa in the main production areas of the Hexi Corridor. In a field experiment
conducted in 2016 and 2017, a balanced fertilization regime (N 103.5 kg « ha ', P,O; 105 kg » ha ', K,O 90

kg * ha™') recommended for alfalfa forage production this area was used as a control and compared with nil fer-
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tilization, or with a suboptimal level of one of the three elements, N, P or K, and economic benefit was ana-
lyzed by data envelopment analysis (DEA). It was found that compared with no fertilization, all fertilizer treat-
ments significantly increased alfalfa yield and total protein content, reduced the acid and neutral detergent fiber
levels, improved relative feeding value, and increased the economic benefit. Compared with balanced fertiliza-
tion, yield and quality of alfalfa herbage of treatments receiving the suboptimal fertilizer regimes were signifi-
cantly lower than those of the balanced fertilization treatment, especially in the case of suboptimal P applica-
tion. In 2016 and 2017, the total yield decreased by 25. 9% and 25. 7%, respectively, and the total protein con-
centration by 33.4%, 33. 1%, respectively, relative to balanced fertilization, on the suboptimal P treatment.
These results demonstrate that phosphorus is the nutrient limiting factor for alfalfa forage production in the
desert irrigation area of Hexi, and that the importance-ranking of the three tested fertilizer elements is P>N>>
K. Analysis of the results using DEA showed that balanced fertilization gave the highest economic return
(10679 CNY « ha '), while the nil fertilization treatment gave the lowest, and the treatments with suboptimal
N, P or K were intermediate and ranked: Partial phosphorus deficiency<Tpartial nitrogen deficiency<Zpartial
potassium deficiency.

Key words: Hexi desert irrigation area; alfalfa; fertilization effect; data envelopment analysis; economic benefit
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A= ) 8RR AT JE % R A IR AR R T AR B e R i R A AR AR s B AR SRR
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fi M RHA PR P2 I 2%
1 #R5FE

1.1 BX A

“H4& 357 (M. sativa cv. Gannong No. 3) B H 7 ol 2= Flk 2= B4t . AECIE R ZIE S E ™ IR &R (%
NZ=46 %) 5 IR N i B R4S (& P, O, =12%) s B IE M B R AR (% K,O0=52%) .
1.2 XA AL

R XA Tk B BB 74, R4 101°56',Jb4k 38°16 7, i3k 1900 m 247, )& T iR KB+ S IX, B
A H B R BEK D, HZE R R BRI 2 KGR . 4FH BATECH 2884 h, 4EFHBEKEH 185. 1 mm, H
ENSAAYL, FEEPT 6—9 A AR N 2000, 6 mm, FEFESE 4.8 °C,=>10 CAEMIE 2011 C, LHEY
134 d, 2 SRR, A RS+, PR BRIRfb BT an ke 1.

F1 ITEEMBEAER

Table 1 Basic physical and chemical properties of soil

A e el AR A R R EERiIN pH
Total N Total P Total K Available N Available P Available K Soil organic matter
(g kg 1) (g kg ) (g kg ) (mg * kg™ 1) (mg * kg 1) (mg + kg 1) (mg kg 1)
0. 88 0. 89 15.2 40. 8 30 91.4 1.08 8.5

1.3 X%t

ARG 56 R R I RS0 L 35 5 /i 0 b 3 . RUR 40 4 i S il R0 A B ANt Al Ak P L AN i Ak SR AN it A Ak 3L
B2 N :NPK.N,PK NP,K.NPK, F1 N, P, K, , Hiit . NPK b A 5 85 45 i 09 0F 5% b AR 0 204 3l - 398 3% 00 S (- M 45
FR) 1% b X 28 A6 1 7 ) B A 7 A SF i it BE )7 28 (N 103, 5 kg + hm 2. P,0; 105 kg « hm 2K, 0 90 kg + hm ?);
No PK ZUE it 124 0, B L 00t 12k SR - 4 it NE 7 2 1) B bt o 5 NP K B AL e 4y 0, %80 B0 it 3k SR JH P 4687 it A
ZE 0 AUB it 5 s NPK, Bt 52 0, & Wl it 2t >R P 4657 i AT 7 58 1) R it o 5 NG PO K R 80 W L B0 I 2 A it (.
WMEAE 7 W3 2), AR 3 K, it 15 AN/NX g/ X 58 2 FEHLHES] , /NX T L8 m X 8 m=64 m®, Ff
HEETE AL 960 m”, 2015 4F 8 HAEFP  4E & 15 kg » km *, 58K ATHE 20 cm. AL TR 7 0 — WMt A &UIE
S35 43 13 YRt 43 ) R R T I R RN ED L IR S FE A HEE . AR 2(2016 4F) 3 AE (2017 AF) HEAT XN
F L ERAE RT3 FE WAL (L0 Y6 FFAED NI, /N DX B3R it A AN — &b, A T ) 4 L E AR I

*2 HHEELEERTE

Table 2 Fertilization schemes for each fertilization treatment

L T Jifi i & Fertilizing amount (kg « hm™?2) /INIX i AE 2 Fertilizing of plot (g« plot™!)
Treatment BEAL P2 O; HIAE K2 O AN N WIS Ca(H.PO:  HiEH! K. SO, IR CO(NH:),
NoPoKy 0 0 0 0 0 0
NP K 0 90 103.5 0 1107.7 1440
NPK, 105 0 103.5 5600 0 1440
Ny PK 105 90 0 5600 1107.7 0
NPK 105 90 103.5 5600 1107.7 1440

1.4 METIAFR T &
1.4.1 E=& ARG /N X N E] BB FE 5 em, 78 H PR AL &, AEAS/NX VLRI 100 g 24 B9 /NFE
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A AR B AR T AE B TSR K R BT A /N R B Y R B kg + hm 7
1.4.2 the SR T R v, IO G AR R BE LSRR SR M
1.4.3 K SREBRED R, B/NXBELIERE 10 bk, AERIAEINEI RTI0E 1 90m 2 BB
14,4 BERmmAEEC M E AU (CT-202 9, & & CID 24 w)) I & 5 ik o 1o B, 3+ 38030 A4 ok i AR 4 . 3t
S AN < AR o TR H = Bk i T FR O R R 2
1.4.5 EIFE¥Eh 2 P vk 1% 41 4E Cacid detergent fiber, ADF) M A P Yk 1% £F 4E (neutral detergent fiber,
NDF) R [P A 25 s AR A & R HL SO, — HL O, & EMEYIIRERAEME™ s EH R (kg -
hm ™) = ¥ F 57 i (kg « hm?) X M4 [ (crude protein, CP) %5 5 (g « kg ') /1000 5 AHXF 45 F A {5 (rela-
tive feed value, RFV)=DMI(% BW) X DDM (% DM) /1. 29, DMI(dry matter intake) 55 DDM (digestible dry
matter) 735K . TR & & (DMI, % BW) =120/NDF (% DM) ; Al {546 i T4 5T (DDM, % DM) =88. 9—0. 779
ADF(%DM),
1.4.6  BHRE4 5347 )71k (DEA) DV B0 Ko 38 bn e 45 - B4 42 2% 23 A A5 ALl i 45 VT A BT 2 (8] 7/
A LK R BEVEAN BT I 28 B AL 25 AS T 52 45 il AT A 38 - 98 I s A g T D) 48 R 4% 1 A 0 R ) A /KO . TR AR Y
X G SR AN [ i JIE 435 i B 7 TG RS 4K A F A 5 77 L DL S it A it S R A £ 46 2 b B DE BT AR 7
ERLUA L N A FELANAE g B AHE AR, DL A2 T 8802 o 7 iR AR, Ferp A2 7 BB A = IEBH AR + b1
A+ HuAH 47K F 2 5 AT AS = FH (] H 8 A8 31 4 X0 ) 4= I8 1 5 55 77 (8 = 1 557 B CBCRE B BORE AN HK HE
BN TN M E 5 S TR R = P E — A R R — N TR,

2RI () e B B AL 5 A AT B R AR AL 4R CPR AN CPGSL AR i F CPR BRI, R ZH S CPGS A
HAEVEN B R L 17 C* R A AU 2 [ B B X0 AT A R0t 5 B AR A O T 35 00 B AR R0k 5

minf—e >, (s +s)

st 0A s =0,
i=1

n

E: o
A Yy S =V

j=1

> =1 A=0; s =035 =0 P10, e S =1,2, e Vg3 =1,2, 0 -
=1

A es. o FRARZHFAP AR e N — AW R AEBTHORGETCTT /oy WA AV ITXT 5 @ A A 4%
A 2y =052, 5 b DUHEAITTRER @ R A B BEAE . 20 =05 v, 5 & PSR BLITXEEE - B T Y 1
sy =05 v, A A DICIITTXE A B RO Ly, > 05 A AR B BURBORRE s 57 s SR
TR BEA TN U A A8 ok 0 A A ek

ABIEFELL 5 A [ Bt AL At A 00 6 3R 6 AT #R 45 5 A MaxDEA Basic 8. 0. 1 A5 i P4 #00
AR bR B BRI A O CHCRAED A S AE Bk (6 RIS B G ) 1 NG BT A AR T 3% 50 O DL I SF 40 5 DAY 2050
(B AR A RN B B A LB 2 175 00 . HE PR R A 2 e R i A 77 A OK T 8 B e A I B8 A BE R R 3
17 B0 » HUASAT A S TE 5 DI A8 77 AR K T I REBRAT: ) dm A7 H A7 0 » WILASEMAC A5 17 D00 2 2 PR A 38 A 7 BB
AEAGS T 1 Y 7 B AR A Z AT 5 2 KRS B 2 A e 3 R

F AR AT Rk RBP4 5 B v AR TR A PR TR IR A A 0 R AR PR S B (s ) AR A 78 Bk
(s ) M SR 0 5 22 0 6 B (9 B R R A0HE .35 07 =1, Hos ™ =0,s =0, WP 2T j, S B (4 50 i 4%
H i s i EARAMAMBARGH 07 =1 s s ZHPEDLH DART 0 WIFMH AT j, B R
245 50 M 559 47 00 i LA A ot SO A B 0 HL 28 B O Sl R R R R AT S ] I AT 2 00 <L PR BTG o B
A A 265 53 A JO AL » 5 2 [R) oF EAT B 91 e A AR il e s A HE 2 B 0 s 1 i AR AR A e [ A

PRI 5 15 00 A 2 A o KA C* R BERS AR 2, (55 7 /4~ DR SR A 0 O UEE 38 280 o 0 DR SR B 0 A ML M 5 175
BLANSRAETE A, G=1.2, 3 ) Wi D5 Ay =1, Mg 5 S TE LA 25 R A8 L R Ak SEHE N BEA L2 BF 26 A48 5
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PG D0 A, <1 P 5 BT HUT I 25 96 G L FE R Ak S IR L G AR B s AT D0 A > 1L s
TR 2% 8 U L Fe R Ak SR FE A L BT RER. Hoh, D) A W B H BRI BT ALE R A

VAL 7 1 U SR BT R B A 4% Ao A O o H AR AR = R AR R+ e e A At e, e B AR R OR
TER M P2 RHOR T A FE bRt LM b OB 36 7R 48 T80 (™ M) 55 HE A9 ;50 A 850 o 5 st ele R SR R 88 A
AAAE BT = R T A 1
1.5 HES%T55#

ARHFFE R FH Excel 2010 % #4780 48 4 3, 0 ] SPSS 19. 0 514 % 548 #4748 3143 . 0 ] MaxDEA Basic
8. 0. 1 AR U7 22 U 8425 B Ko 0. 25 43 #r
2 RS54
2.1 #HENEREESENYW

2016.2017 FF4 AP T S E T M- B Y B F KT X B (NPK) (P<C0. 05) , Hof 2 4F 3 R ANt i (N, P, K,

R 3R PR A, 2 A 13289, 81 Al 16014, 75 kg « hm 2 ; Hik & NP K b3, 5 NPK, .N,PK Ab¥ 2 [f] 25 %
ZE(P<<0.05)(F 3),

®3 HBEMNEEEESENZN
Table 3 Effect of fertilization on alfalfa yield (kg - hm™?)

Qb 7 2016 2017

Treatment EIR 2 3 5% 3 PSYaas iy %1 %2 53 R
First cutting  Second cutting  Third cutting Total yield First cutting  Second cutting  Third cutting Total yield

NoPo Ko 7501.47e 3781. 78e 2006. 55e 13289. 81e 8686.07e 4403.01d 2925.67d 16014. 75¢

NPoK 7958. 50d 4517.00d 2403.05d 14878. 55d 9533. 38d 4863. 43¢ 3213. 54¢ 17610. 35d

NPK, 9714.75b 6466. 65b 2986. 03b 19167. 43b 11536. 93b 6724.42a 3777.04a 22038.39b

NPK 10110. 46a 6757. 18a 3223.92a 20091. 56a 12889. 45a 6957. 79a 3868. 35a 23715.59%a

NoPK 8967.99¢ 5321.19¢ 2704. 30c 16993. 48¢ 10182. 93¢ 5466. 21b 3536. 82b 19185. 96¢

T« [ G 7] 5 B e R A BRI 7E 5 00K 22 5 B 3, IR

Note: Different letters in same column mean significant at 5% level, the same below.

2.2 e ERAEERS . SAIAE AT BRERG PR

BACHTE 2 AR = A ARBOR T T FE 0 R B NPK AbH i = . NP K, 2B AL, H N, P K, b3
T 18 R0 R R 5 A Ak B Ll X A7 7E 25 5 3 (P<T0. 05) , 4% 4b B4R o5 6] 4% 45 s 4 7 B0 Hh0 A ) ) a8 (3 )
2.3 MENELETEAEOLEARAL TN IR

FAXF NoPo Ko AL B, 4 Fof it JIE b 35 5 46 7 75 (4 RL AR 1 3 1 3 0 35 4 w85 (P<<0. 05) . Hor, NPK &b 3 42 55 i 7
RRUE D, NyPoK, \NPK, N PK NP K 4 >4k B 5246 5 7 8 H A i 28 8 38T NPK(P<<0. 05), Hih
NoPo K, b BS540 5 1 0 R B iR, B b B2 ) 25 55 8 3 (P<<0. 05) (& 2), MEAKRE ., BREE A AE 2
AR R I NPK AL B i  HoA$ A B S BRI O : NPK>NPK, >N, PK>NP,K>N, P, K, ,
2.4 SRR LY BB K S 4 (ADF) | P 2k % 4 % (NDF) fo 48 3349 A 45 (REV) 89 % vh

SAEE 15 ADF F1 NDF & &8 R A NPy K, Ab P, B 35 T HAb AL 2 (P<<0. 05) (8 5), NPK Zb#
) ADF Fl NDF & & fik. 5 N,PK NP K Ab# 25 7 8 2 (P<<0. 05), ¥ HfE RFV R NP K, &b 3 5
ik, NPK Ah# 5 HP & 25 5% W 3% (P<<0. 05) . NPK, Ab¥ RFV {0k T NPK 4b#, & % & T N, PK Al NP, K
AbFE(P<0.05), LA 44845 2 4R X 3R B0 H AR R 1 fa 3
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R4 BREMNEEEERS .S REMMHERE LN

Table 4 Effect of fertilization on plant height, branch number and leaf area index of alfalfa

SR b it Fk 5 Plant height (cm) 4384 Number of branches (No. ) FEAR M T A48 S Leal area index
Year Treatment 551 % %2 53 1 1R 52 1 53 1 91 %2 5% 3

First cutting Second cutting Third cutting  First cutting Second cutting Third cutting  First cutting Second cutting Third cutting

2016  NoPoKo 74.55¢ 77.55d 63.00d 11.00c 13.00d 11.67d 3.01c 1.87b 2.31d
NP, K 83.55b 82. 44c 69. 44c 15. 00b 15.00c¢ 14. 33c¢ 3.62b 2.59b 2.95¢
NPK, 89. 11ab 86. 11ab 74.88b 18.67a 19. 33ab 18. 00ab 4. 08ab 2.71a 3.41b
NPK 91. 28a 88.61a 80.05a 19. 33a 22.00a 20. 33a 4.23a 3.20a 3.92a
NoPK 86. 11ab 83. 33bc 69. 55¢ 17.00ab 18.33b 16. 33bc 3. 96ab 2.68a 3. 21bc

2017 NoPoK, 78.89¢ 78.55d 63.00c 15. 33¢ 13.00c¢ 13. 33¢ 3.71c 2.76b 2.17c
NPoK 86.55b 85. 44c 71. 44b 17.00b 17.00b 16.33b 4. 22bc 3.18ab 2.56bc
NPK, 92. 11ab 89. 11ab 77.55ab 19. 67ab 19. 33b 19. 00ab 4. 68ab 3.71ab 2.91ab
NPK 92.78a 91.11a 81.22a 21.33a 23.00a 21.33a 4. 83a 4.22a 3. 16ab
N, PK 89. 11ab 86. 33bc 72.55b 18.00b 18.33b 17.33b 4. 56ab 3.21ab 2. 88bc

ON,PK, EINP,K EINPK, ENPK HENPK
a

9
=251 beaba ¢ a
= bbxb a 428 b
520 ¢ babdab b
i £ -
41 g 15 -
BE S
_§ 0 1 1
& B3
First cutting | Second cuting | Third cutting | First cutting | Second cuting| Third cutting

#hHE 26 24 Second year P HE 55 34F Third year
E1 EENEEHEESENHEIN
Fig. 1 Effect of fertilization on the CP content of alfalfa

RNIA)ING F3: 7R b B 8] 22 5 18 2 (P<<0. 05), FIAl, Different lowercase letters mean significant differences at the 0. 05 level. The same below.

€ 6000 r mNpPK, EINPK ENPK, ENPK EN,PK g
£ 5000 | b @ b
=< 4000 | A1

s d Ny
223000 2 i
T2 2000 ¢ g =
e 2 | o b

2. 1000 : Loms

o .

&= FE =8

First Total yield
FHE 5 2 5 Second year A 26 3 £F Third year

B2 HEMEEZEASENINE
Fig. 2 Effect of fertilization on total protein of alfalfa

R [ i AT b B £ 5 46 1 3 25 TR A 25 4 SR IRD L JE v NPK Ab B 92846 5 7% 0=1, >, A, =1,H s" =0.,s =0
P19 0,9 DEA 430, R WATEIZAL BT S 46 E 45 B AT A0 B A TS AR 2 1) A9 25 2035 TR B 1 et [ I ML 280 4 o £
(£ D). NPK, . N,KP.NP,K & N P K, % 4 NPFA8IGH) 0<<1, 4k DEA 4 %%, % W 1 iR 4b B4 76 F 75 4%

-
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A A IR B R, AR o o B A 38 B e A, W L3 ok 35 fin 480 A 350 25 ) R 0 AT 8 R 4 o R R A0 a5 RN 0 R
BAEE . WA D) A1 B B LB T DEA A R0 AL BT & R TE B A TCAY B AL, X F Ak DEA 4 301
NPK, NP, KN, PK % NP, K, 4 NAbFE, D7 A, <1, 358 B 5 56 b 3 b T 4R 40 25 366 14 B B, B0 T LA 3 3o 434 o 43¢
AR 25 AR T . L D A, (DN L 84S A AR 2 8 48 D MK . NG POK, ARBREY D) 2

(B /N AN 0. 53 T T 98 450 AT A JHC RIS 280 i 18 ) 9 e R, LA NP KN, PKL NPK, #5358 T 1
0. 88 (H 1% Ak B AR ] 38 o 434 T 456 A T 7 JHG MU 20 i 16 K

RS MEXNELEEERERSIE. PERFFENEEAAMNENZ W

Table 5 Effects of fertilization on acid detergent fiber, neutral detergent fiber and relative feed value of alfalfa

AENy kb ¥ % 1 # First cutting %5 2 2 Second cutting %5 3 #£ Third cutting
Year Treatment FRPEPRiRerde whdEvbderd: MXTAA  BRUEUERA g PR MR BRI YE PR e AR
ADF (%) NDF (%)  #{i RFV  ADF (%) NDF (%)  #{i RFV  ADF (%) NDF (%)  #r{i RFV

2016  NoPoKy 42.89a 48.83a 105. 73d 43.31a 50.93a 100. 83d 42.57a 52. 64a 98. 50d
NP, K 35.67b 42.36b 134.60c 36.19b 45.74b 123.93¢ 37.23b 46. 50b 123. 77bc
NPK, 32.02c 38.47¢ 154.63b 31.92c 41.67c 142.97b 34.35¢ 44.00c¢ 131.37b
NPK 30. 71c 35.76¢ 169. 07a 30.61c 38.37¢ 157.87a 29.77d 39.73d 153.97a
NoPK 36.45b 42.15b 133.73¢ 35.95b 46.96b 120. 73¢ 37.92b 47.70b 115. 93¢

2017 NoPoKy 42.56a 52.83a 98. 16d 42.98a 51.93a 99. 27d 41.57a 51. 64a 101. 81d
NP, K 35.87b 46. 36b 122.31c 35.48b 46. 74b 121.92¢ 34.23¢ 46. 83b 123. 80c¢
NPK, 32.53¢ 42.47¢ 139.22b 31.40c 42.67¢ 140. 48b 31.35¢ 43.00c 139.49b
NPK 29.71d 39.76¢ 153. 84a 29.71c 39.37c 155. 37a 28.17d 38.73d 155. 76a
NoPK 36.25b 46.15b 122.27¢ 36.75b 47.96b 116. 90¢ 34.92b 46. 70b 122.90c¢

R6 ELEBELEFUARNTHIER

Table 6 Economic benefit input-output index of alfalfa

fib 33 £ A8 F5 Input index 7 3§ FR Output index
Treatment 24277 %R A Production cost (CNY « hm™2) A T 7 Labor cost (CNY « hm~?%) F B 5 7 i GRS
baasy L%l gy RLRA mEg Xl EE IR Hay price Output value  Economy

Seed Land rent Water and Fertilize Field Cutting Hay- (CNY = t™1) (CNY - benefit

electricity cost management making hm~?%) (CNY » hm™?)

No Py Ko 550 15000 1200 0 3800 2600 2000 R L i i 51282, 99 25582. 99
NP, K 550 15000 1200 1938 3000 2800 2000 i £ Determined 61728. 90 35240. 90
NPK, 550 15000 1200 2300 2600 3000 2000 according to the 84471.92 57821.92
NPK 550 15000 1200 3338 2600 3600 2000 market price at  gga75 7y 68087. 74
No PK 550 15000 1200 2438 3000 2800 2000 that time 68740. 93 41752, 93

AR A = B AR + B AT A 4 80 0 A s R B 43 B PR 25 . 2 CNY » kg ' 3 BEBRSS : 0.8 CNY » kg ' BIMRHH:3. 0 CNY » kg™ !5 A
AR = it AT A TR + R 4045 B+ NI BAS s e85 = H A& 7= — IR AR — N TliAR .

Note: Fertilizer cost=nitrogen fertilizer cost-+ phosphate fertilizer cost+ potash fertilizer cost; Fertilizer unit price is urea: 2 CNY * kg ™!

, super-
phosphate: 0.8 CNY « kg !, potassium sulfate: 3.0 CNY « kg™ '; Labor cost=fertilization labor cost+ maintenance management- cutting cost; E-

conomic benefit=alfalfa output value— fertilizer cost—labor cost.

2.6 RREBEEFABEALTE

X T DEA A0 NPK b Bk 3, BT A B AE0 0, B AP b B B 0IR S (R &), it T9F DEA
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AR NPK, NP, K NP K & NP K, 4 A 4b 3, AR 45 8 %8 Jr 58 . HAR(E = I 4G (8 -+ b ) el i 11 -+ #4 sth el i 1A
o % bR eREL 0= 1, Fa it 28 5t F1 R A3 28 F R A R 0, ) DEA AR, Forp, $5 ABGH 8 803 om 77 i el gk
EHHERRR . NP Ky A3 5 A 7= BB BUAS o A T RUAS | B A 25 37 4 B0 o0 e A 81 8 R 2 389 Oy e R, He v A 7 3
HBEREAS 9] B (A 5545. 84 CNY « hm * HAR K NP, K N, PKLNPK, SR8 A 8 B 1) 2k sl i B e/, 1 H
ARG IR A 77 BORE LA A I8 3% i B AR A AL B R B O R (R 8

R7T ETEANTFHH CREBPRMBER

Table 7 Solution results of C>*R model based on input-output

I PR Treatment 0 Z Aj s s s st s
No Po Ko 0. 67 0.53 517.03 1255.79 0 0 10099. 52
NP, K 0.74 0. 64 993. 25 532.62 0 0 8369. 46
NPK, 0. 95 0. 88 408. 39 0 10. 38 0 1855. 98
NPK 1. 00 1.00 0 0 0 0 0
N, PK 0. 83 0.71 1519. 01 593.13 0 0 6811. 31

0N EARREG D) A RARSH AT T TR R A T R s AR

Note: 0 is the objective function; 2 A represents the sum of the weight coefficients of the reference optimal evaluation unit; sT is the relaxation

variable; s is the residual variable.

F8 ETHRANTHH DEA FEFEEY
Table 8 Suggestions for adjustment of DEA model based on input and output

A =R AS Production cost (CNY « hm ™ 2) AN T A Labor cost (CNY ¢« hm ™ ?) TH M 4% Hay price (CNY » t1)

Ak ¥

L 451 Bl i 5t e (B ERINIEL L 151] 5 A A Bt ok B HARE L 151) o B At i HEAE HARE
Treatment  Proportionate Slack Projection  Proportionate Slack Projection  Proportionate Slack Projection
movement movement movement movement movement movement
NoPoKo 5545. 84 517.03 10689. 13 2780. 86 1255. 80 4363. 34 579. 35 0 1170. 65
NPoK 4828. 33 993. 25 12866. 41 2015. 25 532.63 5252.12 490. 89 0 1409. 11
NPK, 1034. 76 408. 40 17606. 84 412. 82 0 7187.18 111.35 10. 38 1928. 27
NPK 0 0 20088. 00 0 0 8200. 00 0 0 2200. 00
Ny, PK 3341.02 1519. 02 14327. 96 1358. 14 593.13 5848.72 330. 83 0 1569. 17
3 it

TR S A SR AR A ) BB BRI N 2 it R R R A A I A AL L DR AE AR A 7 aE
1 AE AT A BIVE YR R B AR 6 TR AR TE AR RME Y ok B, AR AT LAEAT AR W L AR A AR AR e R v
AT 7 B FH 0 43 B 3k AR AR R A 2L i DI 5 v AR BE S AR S AR 5 DX, P A it IE (N
103.5 kg » hm *,P,0; 105 kg « hm * K, O 90 kg *« hm™ ) A b . At I Ab BE R 4846 B 18 19 T 50 7= B 7 PP 26 2
F1 3 4E 43 BIREAR 33. 906 F1 39. 6 %0, 15 77 1k %5 A S 1Bk 8 L 43 BCBORT it T AR AL B AR DR k= R R e
VY b XK 22 BRI A Y e R 40 B B AR AR TO kW R SR AR T R R e oK T A e AT T 4 1T i - 4
FRor B AR R PERE Y B SR AR R SR A R RE O b S AR A 0 P A T T A e SR AR T bR R B
OYREE L R A E T AR R Y L A AR gE 45 R s JC IR B it B (NG PO K) AR B A AR H A =
TR X ) P A0 1L 350 SR 0K o (LI A 0 0% T 0 R v i U A 2 4 5 i i T NPK AR B, PRI 8, it JIES T 488 15 8 46 1 4 i M
T AR R P 0 % £ 0 R e e S T A A L A SRR v R G ) A (S5 R AR R

AT AL T8 AN A (N, PKO ANt B (NP, KO R B (NPK, ) 3 /4~ 4b B 36 B0 77 88 11 i A
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Xof ) FH A (B S 35 0K T - A i T (NPEO Ab 38, G DA AN it 8 4 381 1) 22 5 e K, 2016, 2017 48 B 7 6 B 43 J31) 3k )
25. 9% 1 25. 7% . 4K 1 A AR 43 0 15 1) 33, 4 %6 M1 33, 196 5 LUk 2 A it 80 Ak B, B 7 R AR 1 0 ) R AR
T 15,4919, 1Y M 24 %6 .25, 6 %0 5 AN Jit B0 Ak B 04 77 6 L8R T A S 00 R IR R BB SR /N 0 I BRI T 4. 6207, 000 F
10.6% .14, 7% . U BAAEAS IR0 v BR ) 58 46 1 7 1) o AR 7 1 B /N 3R A TR R R L 1R TR Sy RO ) S5 4k
A AT A A 1 RO SR E S R K R B R AU B 7R T P b X 1 R A A T AR AR T
L DX AR X ARl A 7 v i SR A R A R 2 ke U W 2 DU T B 55 R T A A Y /NIRRT k AR G i
BT SRAE B AR 7 e Berh — A B4 BIAR L AU, S0 A i i B RBORTE O B, RT3 R E SRR
Xt S8 6 A 7 RN R U kB > R . AR A IR A B R AL A TC IR S e A S R
AT Tt I, O A BIF S8 UE S, S0 A Tt T R R R R R ACR Y AR AR R ) A
For T RS AR TS b & B, A1 He AU 4T 58 4t A0 L Vit & B AN A A i B oK L AN B (Vigna angulars)
PR AN R B N B . PR UL T O AE SR AR T A R A 7 o R T T R B AT S R/ NIRRT S AL B LR AT T —
Tl 5 43 5 BEAR XS 5 2 B R 4 5 e L e, A E SR U R A PR AT R DR UE S8 4K A R UL B AR 7

BT LSRR A A0 7 i R i T R I W it A 2R Ry = A L 2 5 A5k 2 Al UL ML S e 5 A A A A 7 R it A
RN . AR AR Ml 4503 T VAR A 7 R0 A 2 U K AR B O VR R B 4% e BT ik (DEA) %05 vk 32 B i o
S BRLIT PR 19 350 H S8 A7) 18 A5 7= 808 L 315 R AR A58 B B0 1 iy A T O R A SR BT S B e TR
T (1) B 5 o0 B A1 LA R A A 7R S (IR A o 2% 0 BT O 2 ) 16 5 Sy TG 2% B3040 a0 47 TG e 40 Ak Ak B R A HE A s, T
A A5l G A TR R B 014 D 15 LA B ] K 2 43 A R AT R R A I R ELA AR R 1 2 UL RN S A B TR AR A LR
TR LS I7 RN ARl A5 A 22 4003885 25 VAR 40 W7 P A5 B0 2 iz FRS 0, B R N A2 R B0HE A 2% 43 BT D7 125 X ARl sk R
PR KB PR LR 3 AT T - 55 T 5000 0 25 43 A7 3 R JEL Al O 32 R 45 5 DA 25 R 3 245 B 0 T IX ol 2 7
RS 5 I T HOHE AL 45 43 AT 5 1k A U 8 TR 2 A 3 A T Ko e R S A A SR M A AT s DA R R R
RO B F B 1 & s 43 b B AR AR 7 BT i Aol A S e Y . B AL 6 40 B O ik T R R A 7 S B AN AN RS A
Al S5 BE 43 A 58 A6 B A ) AR 7 R (8 2 T A AR 3 TR S8 AR A ) M 0 LA A 7 e R AT B X MR . TR
ARBEFE P AW A PR T 446 1 78 205 A5 DEA A3 8%, 2 % A BE R 2246 1 45 B AT g 4% AJ8 AR 2 181 Y
CER AR IR BN T SR TR) S RUARE S5 2% A A s AN it R L AN B O DA 8 A R AR 4 S PEAY BTN DEA B
R, 38 T E AR A B S AR A BRATC B A I8 B e AT R A £ L A TR B SR A DR L A S B AR 7 e R S o
BN B R R BN TC R R v B R A A R R AL AR . LR A G T SR ANT - 7 A AN it JIE Y R e
K, iKF] 10678, 88 CNY « hm ™ *, Horfr, A= 7= BB A BGH E B KL 358 6062, 87 CNY « hm ™, AJLLA i AH I
U B A P LG L 56 42 N A 1 2R A8 B 18 e U AR S IK A reI a e b . X FR B I R FE AR IR 5T P AR 7 R AR
J2 IR R A | b R L K H B R T s B ORI AR A A Ak B i) H A A AR TR, B AR RO O B it 4 T A
P RUAR (R AT AR JIT R 1) 7 (1 388 i e R AR AR 1) 388 im0 5 A A A S S U A 7 8 T I, ELAIG
BUAM A S A B BE 1 e o T i) A5 B AR 52 it 384 0 o T LA 28 B 20 5 A 2 WEARG T AL A B A G0 Ml 0 i T L T o
P T AR PR 2 B R85 e KAk . 5 A, R 5 A it I 4% Ak BB 1% 97 4% R B A0 Uk Ry R it 9 (4828. 3 CNYY » hm ™ *) >
A (3341.02 CNY » hm ) > RHE48 (1034. 7 CNY « hm ?) , P I Bl O A 114 22 46 B 706 28 16 %00 25 FH 0T Bk 280 O
JIES R G B g S AU o 50 P 2 X S5 A T T 0 U KA S W R T U R 3R, 3 IR SR R T A A X e A ) i Y
S, py B TT UL, DA 2R T 025 A B AR BRI T il AT X VT G S VB [X5R A6 I A A R
4 it

55 AT A B G A 5 G % Ak B S S AR v SR A L R R AR R R R R AR T 4 R R
VRET Yk 4 A G T A (6L DT B85 55 A 0 A o Jo, A 00 I 22 5 2 i

55 G B B Y087 Tt A AT L, 2% O A Ak L 55 4 0 ™ Rt S g 0 T P A G A L W T W e o X S AR T
A ) 2R 7 3R 3 BRI TR Rl B R M DX R A A RE R A W > R >

iz RS AL 45 73 M ik (DEA) 3 K7 H 10T 75 57 358 0 X355 46 1 A 110 it A 2880 1 Ay 560 80 1 4667 il I ) 48 B 2 i e

-
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ANt RS 228 5 20 i e AFK » 3 A AN 5 A it I DA B0 6 r 4 Sl R i IES F) 5% T A 2 5 A i e St 2R i S T SR 1 I B
3R A DEA LRI 1) 5846 15 7 1 50 28 7 28 B 280 it Sk 1) 77 5l R AN I 194 5% AR A ) AR R R TR R
W 2 i R, 4% it LS 5 G 9 0 2 114 W 1 P A < A it S = ke 98 v = sl 280 i e = a9 i e
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