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Evaluation of grassland agricultural productivity by food equivalent unit
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Abstract: Building on the concept and definition of the Food Equivalent Unit, this paper modifies the original
definition by including energy and protein digestibility for calculation of the forage food equivalent unit (FEU).
Using 1 kg alfalfa as the forage standard (FEU=1. 0 with standard edibility (100%), standard moisture con-
tent (10%), total energy (14.267 MJ « kg '), crude protein (229 g » kg”' DM), digestible DM (65. 48%),
feed standard energy and protein factors are derived and, together with digestibility values, used in the model
to calculate FEU of other forage types. The FEU is proposed as a measure of the feed value of forage resources

such as native grassland, cultivated forage, silage and cereal straw. The results indicate that the average FEU
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of all principal forage types in China is in the range of 0. 2—1.2 FEU « kg ', and the FEU of leguminous for-
age (with good energy and protein content) is between 0. 4— 1.2 FEU « kg '. The FEU of Leucaena chinensis ,
of which the leaves have high digestibility, is 1.2 FEU « kg™ '; the FEU of grass species ranges from 0.2—1.0
FEU « kg ', with FEU of perennial ryegrass in the warm season being 1.0 FEU « kg™ !, and FEU of silage a-
bout 0.1—0.7 FEU » kg™ '. The FEU of straw is about 0. 2 FEU « kg™ '. The FEU production capacity of 21
major natural grassland types (e. g. : desert steppe and alpine meadow) in summer growing season was calcu-
lated to be in the range 142—2739 FEU » ha !, with alpine meadow in Maqu, and Hebei’s meadow steppe
grassland both being above 1300 FEU « ha '. The forage FEU has the potential to be used as a quick and easy-
to-calculate-and-interpret measure of forage feed value of both arable and pastoral forage and feed crops. and as
such, to be a valuable management tool in the selection of forage crops for livestock production.

Key words: grassland agro-ecosystem; forage; silage; livestock; digestibility; metabolic energy; crude protein;

feed value; grassland evaluation

S FUEAE R A A R RS N FOROE 2R s R e Wi S K L 20 el 80 AR LIk, K IE
FEML L B A 77 S BURDBVR SR S 10 700 2 TR RS K, X R B R 2 n) EEIE Y I L 5
P18 B b R Ml i AR B AR — R R R R T BUR A 1/4 sh R R Aol A 1/2 DLk,
B FE KK JEAKCE ROl BACAL iR i o &k B R E w i 5 KRR R A AN T 0,101, 6 [ 0. 58 +
LLYEE N 1,35 1,8 0622 09 3,57 + 1;REACH 0.03 ¢ 1,00 ot REE WAL A 0.05 = 157, Al WL, Fe W &2 4
A B Bt 1 o HH e B R H S B ) A R R BE AAF Y (discordance of crop & livestock production system, CLPD),
RRAR Ji PR 22— J2 dte /0 Al e B L e AR K RS B A ) R G T T R A L M D ) R SR R A o R A
HORAEIT

FE] A A0 O T B b A 2B 77 7 B I 9 , EH  E RR R R e A R 0 A ) R U R RE R A
Gy TR SRR R T A B AT ) 2 b g A P R R M L 5 ] ML R A A 3 T R A A T 1 s
A PR R AR DL R 2 AR A TG — B A A 8 RN AR 1 A O T B A A A R AR B T B R A
ST B, X VR R R R TR A A s s A 7 R Z R R VR B Z R R &Y
i (food equivalent unit, FEU) DL #R i AR [ 03 Ry JE A, Ry 25 Fh RS 4 0 R sh 4 1 & 42 438 7 %8 — 907 1
HLE0TE BRI 2 B i/ B — o 1 R A A AT B B Y R T P R ) T AR AE R R R O Ty
X AHTRFUREEGEZ W ES MY SR RZBCERASRERESTIE 1 10 AL
U IE 20 AR R AN T KRR BAE G R B S R i AR A T SR
55 0 [T b RN PR B ) A 3B O A S IS B R T MR KSR SRR A T sk E Y R e A S
A — AR DR BEALE] £ 90 29 SR RN W A 7 B ) W8 A i R LTI o ik R0 FH 4 R B R AR T
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R R SRR B 5 A A IR BRI ARl FR G i Z A o L b DT A 45 2 B A 7 KO Y R R A
S DA 24 0 B8 R Tk Sy Bl R AR5 R R T 3R A S RO R 2 DR, DA K
GRS P SRS R BAE T 305 28 | A R S A AR 5 S A A R G 25 S L O B LR I A S R
PARE B P TR S 2 REN S REME IR ROl R &) % 2 FAE S L 2R At ST e iy T A,
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1.1 #¥EXRE
rh R 2R (2016 AR5 27 JRD ) 8 FE M A 5 E (http: //www. chinafeeddata. org. cn/) » T AE R} 45 1 1)
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ONFF R 3 BT A3 R A AR | V3 A 22 P R 2 P B R T I R R o Ml 3 | gy R el
T 36 3t A5 JBCBCIR B v S 0 R T AR A T, R R R R SRR T (Medicago sativa) \HE4E (Ave-
na sativa) 24 B E B (Lolium perenne) . K% (Hordeum wvulgare) . 3% (Secale cereale) . /N3 (Triticum
aestivum) \FF BB T (Vicia sativa) 155 3 (Festuca elata) . % 1j (Plantago depressa) 45 5 (Cichorium inty-
bus) L. =M (Trifolium pratense) 11 =M (Trifolium repens) 55 , 44 A MK A 3~5 MEE .,

1.2 BMELHhIS TN+ HE

T B R Y i (FEUD , DU R B8 f FOML AR B33 & BT AR A D BE Al 35 ) B g > i AR O Ak
FAGTE HEBR 7= SO 0 BE 1 VA AR WL R GA TR R S W W AR 7 0O A . AT AT O e R AR R 32
T A AU QAR R A A Pk B A

FEU=HXCy+PXCp (1
L HEYMRER.PRHEYWHEATRSE.Cy M Cp 205 N RECREE 15 25,

PITE BEK (Oryza sativa)VE PR UERAE Y PE Y AL 08 — AL BBk fll b o 0 s st A 1 By
AT 14.267 MJ » kg ' 77 g« kg TIRER O 1 AR YD, RES R RS EE, FHR LR SORA 1
B 7843 S e I Bl A0 5T e B AR R O 25 B R R, SRR A T A X T SR A R R B
F14 000 22 £ 00 1) e (L KEL S b R S BB AR 5 90 %L BB S 10961, Bl AL A KRR ) B T B
YA AR AS GRUED 2 Sy OB AR g > e b R RN AR OB AAL R O 1 2 1 O AU R s Akt Re . A
o7 HlL L £ Y T R R

FEU=HXDy XCy+PX Dy XCp (2)
Dy B Dy 23 58 RE BN A R AY T 1L R (digestiability of energy and crude protern, %DM),

SEAE T A 2 A SRR T B K 2 AR A DR R 2 0 SRR S B O R B DARIAE I Y
W TV NARAE R B (8 1), M2 Hobp ME 2 30 (standard eatable part, ES)100% .45 # & /K & (standard water
content, WS)1020 W EH T4 1 kg o4 1 M) g 4y 21 i, HAE AL (0% 520 00 D 18,37 MJ « kg ' DM #
229 g+ kg ' DM, RE I AL R FOHLEE (1L R 23 514 64. 95 % F1 74. 83 % Crf [E Gl R B0HE JE % A L hetp s/ / www.
chinafeeddata. org. cn/) , IHALBEFN AT IS AL KL A 1135 B2 43000 11.93 MJ « kg ' DM #1 17. 13 DM., HAE &Y
BE&SHOTEE TR,

1=18.37X64. 95X Cy +229 X 74. 83X Cy (2)
Hir,18. 37 X64. 95X Cy =229 X 74. 83X Cp=0. 5,

F H i T 2 R Y RE B AR BRI 1 B AR % Cy = 0. 042, Cp =0. 0029,

B3 2 R EAC A2 B A A B 4 Y 8 (FEU) I H A8 M Ak R R AR & 2 X 1k
FRAXGQ B EmEY e, B

FEU=H X Dy; X0. 042+PX D; X 0. 0029 (3)

AN T 3t DX AN [] A= 01 A ) it e A T T 5 2 A i R s 7 ot B 250K 4 Z AR BB BN [R] TR S 5 K A
E. B,

FEU'=FEU[E X (100— W) ]/[Es X (100— W) ] (4)
H FEU AR IEJG M Y it E F Es iy SEbr AR &, W o S2BR & K& Ws bR & K i,
Az e AR AT 200 2 T8 I AL (digestibility of dry matter, DMD) , & 555 47 | BUAS AR, B8 /0 7 fE &t Al
A BRI P Z AT LA B0 OC 2 L R B 0 2 i T AR T 4 B A RT3
FEU=DMDX (HXCy+PXCp) (5)
FRUEBCR 1S 0T AL R 65,48 % B A BEURAR GO HEEY Y&,
1=65. 48X (18. 37 X Cy +229 X Cp)
Hor,18. 37 X65. 48X Cy =229 X 65. 48 X Cp=0. 5,
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HEYMENRERE RBMEAT A .Cy=0.042,Cp=0. 0033, FHFHEY Y EA.
FEU=DMDX (H X0. 042+PX0.0033) (6)
1.3 - s=®
REFEEEHEE A ERE AR EZEERD 156 45, &4 B R, Bt LA AR by sh P v &
A AR E R, ME L 1 kg GKER 74,3000 09 1B W) 58 HRE R RN (1 R & 7000 24 5. 815 M « kg ' DM Al
196 g+ kg ' DM #LE BE AN E (5 50 %0, 2 AL A7 50 %0, 15 H sh WM 2 90 10 8 B R BORER (5 R B0 508
C1;=0.086,Cp=0.0026
Y EY N EY 4 E (food equivalent unit of animal product, FEU,) 4 ;
FEU,=E X0. 086+PX0. 0026 (7"
Y SRR Z RS AR R AR SRR S T EA, LD 1 10 MRS b 0, B
Z 7 WA A 4 A Ok B 2 B s R R R & A I A L g — R . B AR 1 kg B R
W E SO —ANF AL A Y T 110,88 MY THALAE . 1 kg ARUELERE — B AE AT LAE R 11. 93 M, —F H
2 9. 29 R EY Y E SRR EY YRR .

FEU,=9. 29 XFEU; (8
FEU=FEU; D)
Kk, FEU, =9. 29 X FEU (10)
Hih ,FEU; (forage food equivalent unit) 2445 5 ) &4 24 & ,

2 HBRESH

2.1 MMEFHRHLE

2.1.1 HEYEFRERGEAEHEY ME W] DL SRR S R B AN (. 16 Fh B RHBOE Y
BYHER0.4~1.2, 27 0.6~1.0,F3¥ 0. 84;17 M B EREHEYW Y ELE 0.2~1.0,F 0. 70, Wi F 7
BHECF (R D10 M —FAERENEY Y2 A IERTE 0.5~0. 8, £HF 0.6~0.7,F¥ 0. 66 LT ZH 4K
BT MAEYRANEY M RN 0.2~0.3,F ¥ 0. 25, I8 FHE FH K b 3 MEVRH ST E Y Y8 N
0.1~0.2,F4#4 0. 18(F 1) ;5 Fi i W4 B 0 & 24 = AE 0. 2~0. 7, ZHEHHE 0. 2~0. 3,7 0. 37, )& F I FEFF 1)
2 f50L E L RAFEN A B EHANEANE. T, SRR E R SRR R & B YRR TR
SR 38 E BT ST R OR B, W 2 AF AR IR A B L B BOR (Poa pratensis) 55, L EY) M5 BB A Y &
EWE (R D, REP, XK (Zea mays) I FHE (Sorglium sudanense) FRFETRIR B EY B8 —RE TR S
BRI (R D, HFmEHE A S b H TS %, i Ey Y Es/hGR D,

YEDREFFE D22 R H & — B A 290 ~5% (R 1) Pl B g o HA @ i B 1745 T kR
RCE D AR YREERY & ED, BAAREE & &5, B A0, HEw S ail., . &Z4k%nT
T AR T R AR A E L AR A B B S AN FRIZED I H TR GE D,

2.1.2 RV EY Y5 AR 1/3 BRSSOk 92 VRSB, Hoh 40 0 IR e 4 K 7% A4 T 35 12
ANBY AR R R E R 700 A ERE, 9 MAWIEY ST 0.8~1. 2, Z7E 0. 8~0.9(3K 2), 1EYH5E
AR AR H BRI RO A 1 Fr e IR (GR 2) L TR R B B I AE BRI (GR 3) .

MY EY S EZ A R, EHRE RO FNZERL, HEY S s TR TR
36% . /INEREFFEFN B T IHEFRME A THE DS D 'Y Y & A SO T B o .
SBAETE LR RVOR TR EBRAHEY BN E . R THARAHER & &, Z4EE R R
R T TCE R OIR T R R CROR T B T A R L B M s R . MBS R B S &k
AT FA L AT B T AR B A A SN, T R BRI . VER ORI R AR Y
11 H N T UM B8 TR 55 BUAS 3R, 2 BF AL AR 47 .
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Table 1 Food equivalent unit of forage
gl EAiS AH W PRES KA RERE feEy MEATE O HEA FES
Ttem Name Growth Standard ~ Energy fb% Crude Mk MR
period water (M] Digestibility  protein  Digestibility FEU
content kg ! DM) of energy (g kg '  of crude
% (%DM DM)  protein (%DM
TR HAEETE M. sativa FIAEH Early flowering 10. 00 18.37 64. 95 229. 00 74. 83 1.000
Leguminosae TEBIE V. sativa WIAEW Early flowering 6.59 17. 65 64. 87 165. 30 58. 68 0.792
FARME Melilotus officinalis F% AL Full bloom stage 8.70 18. 67 57.91 163. 00 57.91 0.739
BT Vicia villosa FEAE Full bloom stage 6. 60 17. 24 68. 30 231. 00 68. 30 0. 990
VATHE Astragalus adsurgens AL Full bloom stage 9. 82 18. 20 68.72 172. 70 68.72 0.872
INTERE Coronilla varia AL Full bloom stage 9.92 18. 24 78.00 220. 40 78. 00 1. 099
B KM Lotus corniculatus B AW Full bloom stage 9.85 13. 60 58. 64 163. 00 58. 64 0.614
LAY Astragalus sinicus A Full bloom stage 8. 40 17. 28 54,91 209. 50 54.91 0.746
AL H Stylosanthes guianensias A Full bloom stage 9.17 16. 98 32.73 106. 00 61.43 0.427
WAL B8 Medicago falcata P Squaring stage 6. 90 16. 53 52.18 261. 00 52.18 0.785
A Leucaena leucoce phala i1 Tender leaf 5.15 20.10 71.00 259. 00 71. 00 1.196
AR T Lespedeza bicolor A% AE ] Full bloom stage 8.81 18.11 57.62 147. 90 57. 62 0. 695
¥ 4& Caragana korshinskii B AE W Full bloom stage 3.82 18. 90 40. 35 266. 70 40. 35 0.677
215 ¥ Onobrychis viciaefolia A Full bloom stage 8.12 16. 55 70. 45 145. 90 65.07 0.782
H =M T. repens % AE 3] Full bloom stage 7.92 16. 26 69. 68 187. 30 85.10 0.962
L= T. pratense % AE3 Full bloom stage 9.31 15. 38 78. 83 204. 10 78. 83 0. 985
ZARA R TR P, pratensis Sy HER Tillering stage 8. 84 19.10 75.68 170. 10 75. 68 0. 994
Perennial 82 Dactylis glomerata K35 Jointing stage 7.48 14.01 75. 40 121. 50 85.10 0.765
grasses #15F Elymus sibiricus i Heading stage 9. 86 19. 54 67.00 117. 00 78.83 0. 819
ZAEEBAER L. perenne Sy BEW Tillering stage 9. 94 18. 50 78. 40 187.00 78. 40 1.036
PP Elymus nutans A Heading stage 9.33 18. 38 66. 19 227.70 66. 19 0. 957
T4 X Bromus inermis S BEH Tillering stage 8. 80 19. 37 60. 46 217.50 64.02 0. 909
i B % Bromus cartharticus A Heading stage 5. 80 16.73 55.48 173. 00 55. 48 0. 700
VK Agropyron cristatum HEEIY] Heading stage 9.71 17.18 54. 96 202. 30 54. 96 0.722
S VK Agropyron mongolicum A Heading stage 9.17 18. 54 51.18 190. 30 13.07 0. 475
Y HE VKL Agropyron desertorum A Heading stage 8.03 17.97 58.43 230. 00 15.08 0.553
Wi W Uraria crinita A8 Full bloom stage 5.77 17. 80 56. 05 74.80 56.08 0. 566
W Leymus secalinus HIEEIY Heading stage 9.14 17. 88 56. 84 154. 10 56. 84 0. 688
FF . elata A Heading stage 9.19 17.23 51. 20 154, 00 51. 20 0. 605
{4 ¥ Elytrigia repens SFEEE I Tillering to 8. 30 18.53 51.21 194. 00 54.02 0.717
jointing stage
2B Leymus chinensis T Heading stage 7.18 19. 29 38.76 175. 60 37.56 0. 522
RISV Roegneria kamoji FAEW] Flowering stage 8.99 17. 32 23.67 101. 90 23.67 0. 245
BRI Roegneria ciliaris JFAEW Flowering stage 7.11 17.53 53.22 101. 00 53.22 0. 565
— AR R —AEA R Lolium multiflorum 9] Heading stage 9.01 17.56 67. 84 73.90 67. 84 0. 653
Annual grasses  JRPIEL S, sudanense ZE T Boot stage 9.11 16. 03 59. 88 153. 00 59. 50 0.674
W EX Z. mays for forage I Maturity stage 11. 80 12. 94 66. 56 111. 00 66. 56 0. 565
FK (k) Whole plant of Z. mays i Heading stage 10. 06 18. 30 65. 36 78. 00 57.20 0.631
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%2351  Continued Table 1
T H 2 EEM PREESKE  AEE REEE MEASTE HEA MR
Ttem Name Growth Standard Energy [ Crude NERI RS L7 R
period water (M]J - Digestibility ~ protein  Digestibility FEU
content kg ! DM) of energy (g-kg !  of crude
2D (% DM) DM) protein (% DM)
—AEAE R BPGRFEK Purus frumentum 28] Boot stage 10. 00 14. 46 66. 60 138. 00 66. 60 0. 672
Annual grasses =3 Sorghum bicolor U Maturity stage 9. 30 15.77 82.69 85. 00 82.69 0.757
M A, sativa 3 BEW] Tillering stage 9.25 17.98 61.50 158. 50 60. 10 0.748
WE S, cereale S BER Tillering stage 8.91 17.88 55.53 121. 30 59. 01 0.633
KZF H. vulgare A Heading stage 9.99 17.05 57.70 109. 20 58. 80 0. 600
INFE T. aestivum Y] Heading stage 7.54 17. 10 64.92 113.90 52.15 0. 656
TEDFEFT JKFE O. sativa B Maturity stage 6.50 14.02 34, 20 27.00 34. 20 0.237
Crop straw EXK Z. mays I Maturity stage 7.00 15,17 30.09 60. 00 30. 09 0. 252
INE T. aestivum S Maturity stage 7.10 15. 40 30. 26 31. 00 30. 26 0. 230
K% H. vulgare B Maturity stage 5.50 15. 00 34.67 45.00 34.67 0.277
RS, bicolor Y] Maturity stage 8.79 13.42 30. 36 39.00 30. 36 0. 208
¥3AE Gossypium spp. FEAMY] Maturity stage 6. 84 15. 40 35.97 49. 60 35. 00 0.293
MEA A, sativa Y Maturity stage 5. 50 15. 00 30.09 35.00 30.09 0.231
HICREFF FIEK Z. mays FREUY] Maturity stage 60. 80 15. 20 20. 09 73.50 40. 09 0.093
Silage straw FI/NE T. aestivum FLAIY Milk stage 73.65 15. 99 59. 81 121. 60 59. 81 0.179
FHI K& H. vulgare I Dough stage 60. 93 18. 22 59.10 85.70 59. 10 0. 260
T fe] B F I 4k Tk Whole plant of  A{Z#UY] Maturity stage 65. 35 17. 30 54. 84 87. 20 54. 84 0. 207
Silage forage Z. mays
HIEfE M. Sativa FAIY] Maturity stage 66. 30 17.37 53.35 157. 00 53.35 0. 237
HIHEAER L. perenne B Maturity stage 68. 40 18. 50 75. 20 187. 00 76. 00 0. 350
PP Semi- FNBET L, perenne SR Maturity stage 31. 60 16. 70 75. 20 177. 00 75. 20 0. 695
dry silage grasses FHIW P2 Phragmites australis i8] Heading stage 44,51 15. 67 65.43 94. 90 45. 67 0.343
K2 BAYFIHRYLYE
Table 2 Food equivalent unit of grain
S i o 5 K ik RE it HEASTE B9 EAS T o 5 K i RE it HEASE B9
Name Standard water Energy Crude M Name Standard water  Energy Crude MR
content (M] - protein (g ¢ FEU content (M] protein (g FEU
%) kg ! DMD kg ! DM) % kg ! DMD kg ! DM)
&K Rice 13. 60 14.27 77.00 0.823 || /I Foxtail millet 12.30 14.98 90. 00 0. 890
K # Barley 13.10 12. 20 102. 00 0.809 | #MF Oat 11. 60 12. 71 143. 00 0.950
F¥# Buckwheat 11. 00 13.56 93. 00 0.840 || EXK Corn 13. 40 14. 23 81. 00 0.833
H B Hullessbarley 12.10 12. 47 102. 00 0. 820 Wi Vetch 10. 40 13.29 215.00 1.184
/INF Wheat 10. 00 13.27 119. 00 0.903

2.1.3 REMEYYE IR VB SEE  HR S T AR AR RO, A A A s TROMERT L 13 R DL KR
BIEYYEHN0.06~0.20, EFF 0.05~0.15,F¥ K 0.12, 10 MEEHEZNEYHSE RN 0.05~0.18, LN
0.05~0.10,F¥ K 0.09, BAT&/KES WM EY S E/NGE S EHIHEL, R85, tn] /5 8 R 5
prey. I TR
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Table 3 Feed conversion ratios of several livestock

K& e 451 Ahpy o] K& i 45 A o)
Livestock Age Ratio of feed to meat Livestock Age Ratio of feed to meat
1154 Piglet 15~20 H % 15— 20 days old 1.50 A2 Mutton sheep 10~12 H ¥ 10—12 months old 6. 80
B J Sow 1LY Lactation 4.55 P4 4F Beef cattle 10~12 A #% 10—12 months old 6.00~8. 00
A % Mutton sheep 1~3 Hi#¥ 1—3 months old 4,00

x4 HRELMEDAREARAINREYLE

Table 4 Food equivalent unit of different utilizations of crops (FEU * hm™?)

JH& A /N L Ek O ORIEEREDR DA RE LY JH& HNA 8] Ek o REHAED AR RAE R
Utilization Spring Corn Alfalfa Perennial Utilization Spring Corn Alfalfa Perennial

Wheat ryegrass wheat ryegrass

WA SE Grain - 635 946 — — FI Silage 1814 1053 3115 3290

3k T3 Hay 1770 — 3108 3005 W Grazing 2250 — 3373 3430

F&#F Straw 341 675 — —

TE o 2bk L BRO I BE SN oA T MR & R & R

Note: Silage is the whole plant, except for the reference data, the rest is the author’s unpublished data.

x5 KREXEWEAVEE
Table 5 Food equivalent unit of fruit and vegetable
=] 2 Bk bR B oK & RehE A R j /R
Ttem Name Standard water content (%) Energy (M] « kg—! DM) Crude protein (g * kg7!DM) FEU

7K S Fruits T Musa basjoo 68. 90 4.56 12.00 0.226
H 22K Honeydew 93. 40 1.05 4. 00 0.056
% Ananas comosus 40. 50 2.43 3.00 0.111
K&} Fragaria X ananassa 91.10 1.55 7.00 0.085
1 Citrus sinensis 87.40 1.98 8.00 0.106
AL Pyrus spp. 91.00 1.42 5.00 0.127
KL Litchi chinensis 87.90 1.93 8.00 0.139
B Mangifera indica 86. 70 2.55 7.00 0.136
Fi#& Citrus limon 82.40 2.68 9. 00 0.070
S Malus domestica 74.50 2.76 7.00 0. 104
Wi Vitis vinifera 91.00 0.84 12.00 0.143
V9K Citrullus lanatus 87. 40 2.34 2.00 0. 060
% # Musa nana 87.50 3.01 6.00 0.239

B 3% Vegetables F3Z Brassica pekinensis 95. 90 0. 50 12. 00 0.056
3% Spinacia oleracea 90. 30 1.09 32.00 0.139
HM Capsicum annuum 93. 40 0.92 12.00 0.074
i Lycopersicon esculentum 93.50 0.92 11. 00 0.071
B N Daucus carota 90. 10 1.76 11. 00 0.106
# K Cucumis sativus 95. 40 0.63 9.00 0.053
W N Raphanus sativus 92.70 0.81 8. 00 0.057
FEF Nelumbo nucifera 80. 50 3.01 17.00 0.176
SE-4E Pleurotus ostreatus 92.00 0.75 19. 00 0. 087
Wi Solanum melongena 92. 40 1.05 11. 00 0.076
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2. 1.4 fRFEE AL Ry 3 W) I ROR ] R AL
P AR N2 B A L A % R R T A A D
Wi oesE, MBI E 1 3. RS
KNS B AR RAE 1.0 3.5, 804 1 kg 3
LT A6 3.5 kg TR . A REEA 1 AR
P TR AE 3L A8 N E W Y kL, 2015 4F
TSR P B 37 kgl OB 4 A YRR B A
T Rl 109, 52 A9 Y &, 1 3K N B
ik 106 DEY YRS EHFEERESRE,
ANEERREETRITERGEE6),

2.1.5 e aEY Y Y e A
T rEeEy. P EmaEtanE S .o
AR M AR EEE M. 16 #aPttEayng
YWY AE 0.26~1. 36, ZF T T 0.85~1. 10, F¥ N
0.90(F ),

2.2 AEHLEETEMERRLZAAGE A

2.2.1 WS G EY AN KRB
Ji B ) L ) Y 2 K BRAR A R, 21 R
FRM Y Y B A K PAE 142~2739 FEU « hm ™%
b R AR, B N A T RE 1 876
FEU « hm *; @i 4R X B AR A AN OB IR 78 12
R AR RE R RO R P A R R Y Y
A= 3240 1367 FEU » hm 2, & T8 + @& AL
5 T T LX) B, ARG I ARG M DX R A R
Syl AR & B E R, IR Y
ME AR (R 8), 4 1400 ~ 1800 FEU
hm 7, ARG F P, GOR IR 0 £ 48 A 5 e
WOROHL A A AR S B YRR (R 8.,

RSB Y Y B A 7 RE ) 5 R RS A% YA
K (R 9y, BRI BT A 1Y) R R 48 B hm®
A7 55~262 FEU, = FE M R G m 4 77 B 1 A8 17~
128 FEU « hm 2,

HRAE B 9 24 o, o B S R 2 ) R 5 M 2 R LR
VN RSP SR d CTIN  3 1 1 € AT 2
FIH 5 20 =2 8] 0T DL 55 9 A 7 e
2.2.2 HEYSETNERENEYE [

x6 FEEFHNEYHEEXK
Table 6 Demand of feed conversion ratios of

livestock productions

FRACRE  WHTRMNESRE QUURER i

Livestock production  Body weight gain Demand of Ratio
systems production (FEU) FEU

¥ Pig 562 15 36.4

27 Sheep 53 4 12.9

W34 Cow 388 7 55.1

A 2F Beel 396 6 64.1

AR T E S iE R S H Rt
Note: Calculated according to the reference standard of Chinese ani-

mal feeding.

RT BYTFRHRVEE

Table 7 Food equivalent unit of animal products

HR T e 5 K [HERT MEAR &Y
Name Standard water Energy Crude ey
content (M] protein FEU
% kg=! DM) (g« kg~! DM)

UG i Clam 84.10 1.30 58. 00 0. 260
1% Razor clam 88.90 1. 65 79.00 0.343
1A Pork 8.10 5.98 132. 00 0. 851
X Egg 74.70 6.50 123. 00 0. 872
8% Duck’s egg 70. 40 8.37 121. 00 1.028
fifi 1 Carp 76.70 5.13 171.00 0.877
A Grass carp 77.00 5.77 164. 00 0.914
# Goose 60. 40 11.19 155. 00 1.358
/K4 B Buffalo meat  76. 50 5.02 177.00 0. 883
M Chicken 65. 00 7.53 185. 00 1.119
11 A Goat meat 71. 00 6.90 187.00 1.071
414 Beef 74. 30 5.82 196. 00 1. 000
4[4 Rabbit meat 76. 20 4.29 202. 00 0. 884
2 Mutton 70. 30 6.68 194. 00 1. 069
A Horseflesh 74.10 5.10 201. 00 0.951
A Ass meat 73. 80 4.52 228. 00 0. 970

Pl K 2Z 8] R e K 7 A Dy S 4% GEAS [R] o A B 2 E) kDL EE

BRI EY SRk A TR, o UG —fif w54 B g WA - i . 35 B RN KR 4 R A 7= ANl 9% K
FE] L A 5 1R S R IR 7 T AR AL AR B Y i 0 AR TR RE T I, 28 [ B M 7 AR T AR R
BEAE, 2012 45, FREFE P = 5343 J7 (R 100,308 1.0 = 3.5 BRI SR 5 1035 . KT 5 18699 1 t B
i Y IRDRE R e R R AR L X 28 [ RORRIE A A2



Al 2= 2019 4F

28 B 121

.EOMWU.H Wch TCMT\H@

IXoH 3¢ 8104 —T10g ut Twﬁ..uu MCMHEGMQ MMWNHO% wO mwmﬁ ﬁwﬂw:ﬂj&ﬁﬂ wkMOLHSN wﬁr EOM% BIB(I % * ¢ \CU .mumﬁmhmw .ﬁ:mﬂwwmpw\\ NQC’Q wwwﬁmumg wwohjowwm ﬁCNﬁwwmuo wwuﬁwﬂow ﬁmhﬂuﬁﬂudu‘w< %O %Ewﬁwu< wwwﬁmﬂu * NQHOZ

° 810Z2—110¢2 % % ¢ /ud "ejepugde ‘puesseid//dyy * ¢
€5 2181 « 07270 02 '¥9 9€ "6VV1 BUIYD) 1S9MUIOU ‘BIE pUBUl PLIY 2INIXIWL DNOSIY [[B1 /BI[BI]Y /
S% 609 «« 00970 08 6. € 9101 BUIYD) 1S9MYLIOU ‘BIIE pUBUL PLIY ELYS|
€6 LTV 1821025 70 0/°€9 00008 neaje[d Sso7] oLy
81 'veel 1321095 "0 0% 09 000072 neale[d SSo] 1®O

SBUUBARS \A‘:\u TGN HOQ rmﬁjhﬂm *uﬂ:‘w HWU.HO.*

g e9TT ey "0 10 0¥ 00 "TG¥€ Blquoron Jeol piBY pue 1eay-qng ‘
97 '108T [01109% *0 S¥1¢ 6L°C16¢ VSN ‘sesuey] ¢ addays urejunow £1p pue 21n)eIdWa)-0IIA]
28 79902 [66166€ "0 02 0¥ 00 "081¢ BLIDSIN ¢91BIS U03() ¢ seuueaes £1p J0H
08 7.2 [¢1289 70 0Z°19 00 00V Bueilury ‘ueysuel] jo adofs uIdyII0N ‘ 1I9SOP-TWDS PLIB PUB WLIB A\
18766 +898 70 6099 02 7211 RIOSUO Iouu[ ‘Iouueq Suemizig ¢ V9sOp pre ajesadwdy APl
88 "€99 «18€°0 €6 €8 000871 vIOSUOT Iouu] ‘Ie[iey ¢ Ssmopeaul Jstowt pIiA
81702V «92€°0 L1708 06 "8821 BIOSUOJN I9UU] ‘Iduueq eungIy ‘ smopeaw Is1ow PIIAL
L1712 LZ28€°0 TV °8¥ 0T "ST9 BIOSUOJA 19UU] ‘Isuueq ue[3uayy ‘ addays 1stow A[p[iwt pue a1nieiadwal-0IdIA
11°2¥1 .292°0 Y 0¥ "Z¥s BI[NSUOJA] JouU] &30 J0quI[Iy ¢ addays L1p-od1rwr pue aanjeradwa-0IdIA
22 °1€8 . 98¢ "0 LV 706 0L °S2ZV1 1911, “AIUnod 1aer) ¢ addays A1p-od1rwr pue aanjeIadwa-0IdIA
€8°¢.1 LIPS0 00 18 00 °¢z¢ BI[OSUOJA JIouu] ‘Iouueq Suenyguery ¢ addays A1p-od11wr pue danjeIadwa-0IdIA
TL°€79 «LSV 0 61°2L GG '80VT 1PqLY, ¢43unod Lsuig ‘ Ssmopeawl pruiny pue wiem ¢pron
16 °9€GT 91682 °0 9 °¢9 00 "ST61 nsues) ¢A3unod uenp ¢ oddass [eo1d4) A1p-ordrw pue arnjerodwa}-0IdIA
96 °CLT [06799S "0 ¢/ 79 98 °01¢ nsuen) ‘urbuipy ¢ 119s9p 91etadwo) K1p-1ejod pue a1njeradwal-0IdIA
92 "0v0T «¥87 70 60 78 0€ "6V12 BIJOSUOJ IouU] ‘oyuar) ¢ oddajs pruny pue wiem ¢p[o)
0G 9091 «LS€°0 16729 00 "00S¥ RIOSUOJ Iouu] ‘unjueleyz ¢ oddajs pruny pue wiem ¢p[o)
88 '8€.L2 [2£18€8 70 0V "LL G¢€ '89¢2¢ 19qoY ‘noyerSueyz ¢ MOpeaW 134 pue wiem ‘p[o) h
L2°1¥6 161262 °0 G019 201811 nsuen ¢ak3uryz ‘IdLNSIP I3e] uryssul] ¢ ¢ 11959p djeradwa) proy
¥9 "¥7¥9 «G6€°0 ¥9 1L 00 '2€91 wqIL ‘eq3uoyz ¢ SMOpEIW pliuny pue Wiem “p[on
25 "98¢€T 161629 °0 98 69 002702 nsues) <nbepy ¢ SMopeswW pruny pue wiesm ¢pioy
7€ 2672 [9c1¢¥8 70 00 2L 000962 nsuen) ¢nbepy ¢ SMOpEIUW UIBIUNOW pluiny pue uLrem ¢pon
(z-1q) (=3 %) (WY « 3%)

Lanonpord N4 nag Aqusasiq PIPIA S arnised pue puepsuey

Lee]

jun judfeamba pasy uo poseq puersseas jo Kyanonpoad  § dqel,

8



10

ACTA PRATACULTURAE SINICA(2019)

Vol. 28,No. 12

R HMURGEHEMHEELEFEH

Table 9 Food equivalent unit of animal production in grassland

R G2 7Y
Grazing system

type

i 2 1

Grassland type

A

Site

ST

Proper stocking rate

(sheep unit « hm ?

B A A R
FEU production
) (FEU+ hm %)

= ZE &R S8 Alpine

grazing system

b T

R

FERJH Alpine steppe

I

i

fi] Alpine meadow

bl

IES
FEFJH Alpine steppe

Ci

FEFE R JE Alpine desert steppe K I PG #E Western Tianshan

#1532 1L Hp S Middle region of Qilian Mountain

H® Gannan

b Northern Tibet

0. 32838
0. 850431
2. 33014]
H: K2 Growth

season<_2, 40L°]

17.10
.43
124.53

H K% Growth
season<_128. 27

B R 4 Sub FEIRFE Desert steppe N5 M F £ i Siziwang Banner, 1. 030161 55.05
desert grazing system Inner Mongolia

LAY B JEC R B Ui # B JEE Typical steppe T H W E Yanchi county, Ningxia 1. 320471 70.55
Steppe grazing system LA B Typical steppe H##E Huan county, Gansu 1. 20018 64.16

N 52l B bk 38 #h 8] Xiligol League,

Inner Mongulia

AR 2, F i Growth £ K7, b Growth
season, flatland <<
240. 51,3 H Slop-
ing filed<C160. 34

i 74 ¥5 )51 Typical steppe
season, flatland <<
4. 50,3 b Sloping
filed<<3. 001

PG R MRHE NI R 5 = 1 X M\ Karst mountain - #-Jt Northern of Guangdong 4, 90ks0] 261.89
Subtropical forest shrub  shrub
grazing system
F10 202 E3NERNBYHBESD' " «
Table 10 Food equivalent unit of grain and animal production in 2012 of China, USA and Australia
i H % Lo F A 495 A YL
Ttems Country Beef Mutton Milk Pork Animal food productivity
7Eig Yield (X10% t) 1[E China 662 401 3743 5343 10149
3 E USA 11848 7 9101 1055 22011
WK F|I. Australia 2152 55 948 35 3190
TP Y E FEU (X107 HE China 662 438 2070 4546 7716
F[E USA 11848 8 2841 898 15595
WKFIE Australia 2152 59 296 30 2537

o M 2 FHBUE E http: //www. fao. org/statistics/databases/zh/ ,

Note: ¥ FAOQO database http://www. fao. org/statistics/databases/en/.

Rz 11 2012—2015 SHREFOARNPEYLES " «
Table 11 Food equivalent unit of import volume of animal feed in 2012—2015
W H s} i) H 45 T35 Alfalfa hay T8 E K Feed maize SH Soybean it
Items Year #t0 Import 7 Self-production #F Import [ Self-production #H Import 7 Self-production  Total
i Yield 2012 44 40 520 20790 4500 4800 5064
(X10* t) 2015 121 123 460 21800 8322 6120 36946
Y YHE FEU 2012 44 40 199 7942 7983 8515 844
(X107) 2015 121 123 176 8328 14763 10857 48681

TR o+ e N R SRR E T O 8 2 http: //www. customs. gov. cn/publish/portal0/tabd9667/,

Note: * General Administration of Customs http://www. customs. gov. cn/publish/portal0/tab49667/.
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AU & 26, AN BT A i) 2z 8] o] DOAR B L A AL T B g1t . R E 2012 4FA0E 45 T 50 o 1 & 5k ik
44 T BRI ZANAA 520 1 ¢ AUARDEL KL 4500 7 ¢ B9 A ORI (GR 1D Gl B @3k B b EDE G heep://
www. customs. gov. cn/publish/portal0/tab49667/) , B W EY M &, —4FE#F 0 8226 X 10" WM EY M E LA,
3 itig
3.1 AFHEHEFH AT EAER N

AVFFETHR R Y i 5 A Y S M N T 1L 23w RIS A S SRR R 2 R
SR THEAE E (E D AKRZE B L IHEAR T RE S Y i/ T 0. 03 BY R . sk K EBY Y&
T 0. 084 B, IHE = THE , R Z WM. i e Bk B E 2 K TIHE, X 58 A X0k 178 H & 5% 50 i
R A (B D,

= L350 1 w54 Cereal crop g 0.30 1 g K E Fruits
3 )
S 120} . 025
2 0.20 f el
5 090 ¢ e X
g "2 0.15 -1’
5 -
S 0.60 | . o
Z = 0.10 | R
= .’ -
2 030 | 7 y=1.4199x-0.5184 i Ja y=0.7100x+0.0091
& L7 R=0.6155, P=0.0000 0.05 g R*=0.9800, P=0.0000
iﬁ 0 — : : ; oL : : : : : )
P 0 030 0.60 090  1.20 1.50 0 005 0.10 0.15 020 025 030
1: 0.20 r m 3K Vegetables L50 r w3 ¥t &% Animalproducts -
= L] .7
-7 1.20 [ .
it . .
= 0:15 n ,// n // ‘ -
2 ot 0.90 f s’ u
0.10 | ol
- 0.60 |
005 .-~ y=0.7717x+0.0192 030 - . »=1.3584x-0.0950
R'=0.8874, P=0.0000 ; R'=0.9297, P=0.0080
0 . . . . 0 . . . . .
0 0.05 0.10 0.15 0.20 0 030  0.60 090  1.20  1.50

JE A T 1 545 B Results of original model

B1 RMEEAXNHHLERNEXIESH

Fig. 1 Correlation of forage equivalent unit

3.2 H¥mRAELHhLEENAE

T H R AN (R — IS A R L B B MU E W RSB R 8 M K & A eRe . W, <+
e N8 S Ko R L 2 B e A R AN (E Y . R R R MR F L RS R 0 AR 5 R R
FGE O WM Z 5 X EREBEMKR,
3.2.1 fEAFM [Fi) b 30 AR AN () A= 300 A% KL B 0 O 45 Y R o O AE 25 2 R R RS 5 A TR I & AR AR
L N TR 2 o R N ) B (= S D o e N v I A ¢ G AR Sl e s i M S 2 D T =
BRI AR A

o N 32 D e e i S S/ B B 1 T = I 1 I N S = D e T, 0 K 2l N 1
FETETE WA A B 1 B d ok B A, AR WA B0 78 LR LR S R AIR & 1590~ 180, TR A T
FRHEA SR RA 16%07,
3.2.2 WECMT. AR TR W T AR SE I T AR A A B 3 R A R R DR Ak Lk A
TR EAE , WO 25l BOm T AR B, v] B G v HGE DD OO S R R B 700 i TR R

T
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3765 s 3 16 2 Al A AL BT 1806 ~45 %0 AR m A AL I AL 3020 ~50261 , FF A B IR AN W] I Bl
FRAT B4 ) A (L R e 0 R R e T e S 0 ST i R BT R T R R IR R T
XIS O BT IR B R

3.2.3 HAERMME  HARETRESEYHENEEZSH. KE MR L RE R E R R
T A 3 BB AR 2 5 W ) 30 A0 25 B0 R (D, AT 532 M ) £ 0 24 i B 3B (3R 12) 700 I % il ) O A
FRA I RE BB X B0 L 22 5 B, S sl G 22 Bl )5 1 22 1) 45 R LA e, SO 17 B8 5 AT AR IR M A R Y
PRA e

R 12 OREH LR AL

Table 12 Digestibility of several forages for livestock

P HH XE T F 4L Dry matter digestibility
Forage Growth stage Livestock AT 98 8 Artificial rumen method 213 All collect method

i M. sativa 2R — I e 43 Sheep 70. 28 65.48
Bud stage-flowering stage 113 Goat 63.56 67.40

I Red deer — 81. 30

I% 3¢ Camel — 65. 40

Wi Cow 73. 40 70.13

A4 Beef cattle 76.39 62. 40

= T. repens A H] Flowering stage 412 Sheep 85.10 81.47
P4 Beel cattle 84.21 75.00

M A, sativa WA W Jointing stage 437 Sheep 60. 40 76.70
Y Yak 89.30 79.00

3.3 RHLEEHEM

PR EY SRR E L KRB YR AL, ARy ay. kR G MY, m s A
F . R A ARG R e 5 R SR TH AR AL O B e e O R R e B R T DL H R Eh
L™ i

MEY Lk al LU FUR 7 20T R A= 0. ST RER 5 8 S i B R B R ORI
M A A AR ARG — AR I Ok AT AT DUE A H R

4 it

T = B A A AT AR R A TN AT AR AL L S al AR A 2 MR B, B S R A R R 2
AR . B Y AT T A IS Y R B AR S YL G — T B W RIAR A RIDRE A A A R S R A
7 M R R AR 7 SR B R e — B AR TS U R A W W R S W e W e I R R R AT
LA Ji I PR 5 g R DX Sl 235 4 A i SV T T S 9 3l ol 3k 2 40 kg o 418 4 e SR A B

£ % 3Lk References:

[1] HouF Q, Xu L, Hou F J. Analysis of global livestock production in last half century. Pratacultural Science, 2010, 27(1):
130—135.
BRAREE , s, BRIRIL. IT 50 E R BREF A7 . FALRA, 2010, 27(1): 130—135.

[2] Ren]J Z. The agricultural structure must adapt to the transformation of the food structure. Science & Technology Review,
2014, 32(3): 1.
ARGk R, AL 2540 508 I B A5 M R . B R . 2014, 32(3): 1.

[3] Huang ] K. Key issues on supply-side structural reform in agriculture: Government functions and market roles. Chinese Rural



%28 B 12 Fl 2R 2019 4 13

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Economy, 2018, (2): 2—14.
BT AR A 25 00 45 b 1 S Y G B (R . BURERBE AT AR . P R A Z9F . 2018, (2): 2—14.
Ren ] Z, Lin H L. Promoting prataculture development in arable region to ameliorate the farming system and insure food secu-
rity in China. Acta Prataculturae Sinica, 2009, 18(5): 1—9.
FEAEJ, b, XA FR SR RE ARIER B 2R LR, Rl W . 2009, 18(5): 1—9.
XuR G, Ren]J Z, Nan Z B, etal. Strategies and policies for the ecological and food security of China’s grassland. Engineering
Sciences 2016, 18(1): 8§—16.
JEH T, ARAKR, B AR, AF. GBI E RS S B Y L e O MECR. P E TR, 2016, 18(1): 8—16.
Ren J Z, Nan Z B, Lin H L. Taking the grassland agro-system to insure food security. Acta Prataculturae Sinica, 2005,
14(3): 1—10.
EYRJE, maEAR, MER. DEYRERIETY (FRD X AT R TR R Y RS T Bk,
2005, 14(3): 1—10.
Yu ] L, Shi H X. Grey relevance analysis and utilization potential on natural pastures nutrient constituent of alpine meadow.
Acta Ecologae Animalis Domastici, 2011, 32(4): 58—64.
Tl e, A, MR EE S THRE IR K E IRV BRI IS 1. K E AN, 2011, 32(4): 58—64.
Liu J F, Wang X C, Liu W H. Production performance evaluation of four materials of Elymus in tongde region. Chinese Jour-
nal of Grassland, 2010, 32(6): 81—85.
XUZETS TR, XSO, D 073 B O 2 e 50 7 () A, X2 ™ P RR TP A, o [ R b 2 4, 2010, 32(6): 81—85.
Shi Y, Ma Y L, Ma W H, et al. Large scale patterns of forage yield and quality across Chinese grassland. Chinese Science
Bulletin, 2013, 58(3): 226—239.
A, BB, Do, A P EE Y R S B S B AR R R S W R T2 MR, BHFE R, 2013, 58(3)
226—239.
Liang J Y, Jiao T, Wu J P, etal. The relationship between seasonal forage digestibility and forage nutritive value in different
grazing pastures. Acta Prataculturae Sinica, 2015, 24(6). 108—115.
i, 505, RETV, F AP HEBWEHEAEEWHESEFMBMRRTI. Hl MR, 2015, 24(6): 108 —
115.
Lithourgidis A S, Vasilakoglou I B, Dhima K V, et al. Forage yield and quality of common vetch mixtures with oat and triti-
cale in two seeding ratios. Field Crops Research, 2006, 99(2). 106—113.
Skidmore A K, Ferwerda J G, Mutanga O, et al. Forage quality of savannas-simultaneously mapping foliar protein and poly-
phenols for trees and grass using hyperspectral imagery. Remote Sensing of Environment, 2010, 114(1): 64—72.
Elgersma A. Sgegaard K, Jensen S K. Herbage dry-matter production and forage quality of three legumes and four non-legu-
minous forbs grown in single-species stands. Grass & Forage Science, 2015, 69(4): 705—716.
Cao ZJ, Shi HT, Li DF, et al. Progress on nutritional evaluation of ruminant feedstuff in China. Acta Prataculturae Sini-
ca, 2015, 24(3): 1—19.
BRIV, R, S PER AR RE SR E AT ST . Rl oE AR, 2015, 24(3): 119,
Jung H G, Allen M S. Characteristics of plant cell walls affecting intake and digestibility of forages by ruminants. Journal of
Animal Science, 1995, 73(9). 2774—2790.
Williams B A, Givens DI, Owen E, er al. Cumulative gas-production techniques for forage evaluation. Forage Evaluation in
Ruminant Nutrition, 2000.
Stergiadis S, Allen M, Chen X, et al. Prediction of metabolisable energy concentrations of fresh-cut grass using digestibility
data measured with non-pregnant non-lactating cows. British Journal of Nutrition, 2015, 113(10): 1571 —1584.
Xiao J Y. Hou F J, Guo Z G, et al. Dynamics of forage supplement and nutrition requirements of grazing sheep in alpine
grasslands. Chinese Journal of Applied Ecology, 2002, 13(8): 967—970.
M, BRI, MIER. S @R RO E S R R B BRI A, AR AR, 2002, 13(8): 967—970.
Zhang G J, Wang H M, Luo H L, et al. Evaluation of nutritional values of leguminous forages in different growing periods
by in vitro gas production and in vitro digestion techniques. Chinese Journal of Animal Nutrition, 2011, 23(3): 387—394.
SREEA. ELt, B, S N ANR G EAME LT E N F AR H I SRR E M. S E R IR, 2011,
23(3): 387—394.
Ren J Z. Hou F J. Change traditional thinking about food grain production and use food equivalent in yield measurement. Ac-
ta Prataculturae Sinica, 1999, (S1): 55—75.
fEAER . BRI, SRR A, AT R i, sl 2, 1999, (SD . 5575,

Ren J Z, Lin H L. Arable land equivalent unit and potential food productivity of land resources in China. Acta Prataculturae



14

ACTA PRATACULTURAE SINICA(2019) Vol. 28, No. 12

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Sinica, 2006, 15(5): 1—10.
TRAR R, MCGE . A T 2 3 i 3o SR G BT 8 7 110 ¢ ) o W R Y B AR N O — A R B R B A R R D AN YO
A R AR TRIE BN w24, 2006, 15(5): 1—10.
Ma X S. A comparative study on grazing feed and forage digestibility of holstein dairy cows with different phenology-hulun
buir meadow prairie region. Hohhot: Inner Mongolia Agricultural University, 2009,
LTk, A (6 A 0 A5 0 30005 A RO HOCR B S R T A SR Y LE B Y W48 DL R R4 B R DX, PP AN A . N 52l Rl
K2, 2009.
Huang X S, Yang X, Huang Q L., et al. Ruminal in situ disappearance kinetics of nutrient components in different stage of
two Cassia. Acta Agrestia Sinica, 2011, 19(4) . 682—688.

WA, . BN, S 2 Fh ok R B R AR FIE IR RO TE N AR R AR S A TR OE. B4R, 2011, 19(4):
682—688.

Wang D M. On the digestive and physiological characteristics of domestic animals. Charming China, 2014, (5): 396.
FHfE. IR AR B L BT IE L 2014, (5) ¢ 396,
He H X. Seasonal changes of nutrients in natural grassland and their digestibility of sheep. Shihezi: Shihezi University.
2015.
FNET . K AR RE A [ e 5 8 77 ) o 00 22 8 Ak R 2 2E I AR B BF 5. i . il 7ok, 2015,
Ren J Z. The lessons of three agricultural structural reforms in China and expectations in future. Acta Prataculturae Sinica.
2016, 25(12) .
Rk, hE= (}\Z?lk A IO S R, 2016, 25(12) 1—
Yang T H. Cheng H, Kin E J, et al. Responses of high-sugar ryegrass productive performance to stimulated grazing on the
Loess Plateau. Pratacultural Science, 2015, 32(9): 1473—1481.
RN, WE, KIMEJ, 4. Bt 5 USR0S Pond 2 bl 8 22 A i s r 2 . B0l B2, 2015, 32(9): 1473 —1481.
Cheng H, Chang S H, Chen X J. et al. Influence of simulated rotational grazing on the forage production of spring wheat.
oats and rye in the Yellow River irrigation area. Acta Prataculturae Sinica, 2015, 24(6): 92—98.
BCEL, WARAE, BRAETL. AL 51 RS O RN A e R B AR B A R R . BEL AR, 2015, 24(6): 92— 98,
Hu A, Kang Y, Hou F J. The prediction of alfalfa forage composition and yield established on Loess Plateau. Acta Agrestia
Sinica, 2016, 24(6): 1155—1163.
B, BT, BEERIL. LR R S SRR BT, SRR, 2016, 24(6): 1155—1163.
Feng Y L. Ruminant nutrition. Beijing: Science Press, 2004.
WAMEE. RashyERy. doat: B ek, 2004,
Li D F. Technology is the key to promote the transformation and upgrading of animal husbandry in China. China Food,
2016, 695(7): 104—105.
PIER. FHR LT EF Ol 5 BT Ry . P EE S, 2016, 695(7): 104—105.
Zhang Y J, Ren J Z, Wang M L, et al. Discussion on the position and development distribution of forage industry in China’
s agricultural industry structure. Journal of Agricultural Science and Technology, 2013, 15(4): 61—71.
SRR, ATRARE , EIR, S5 R ROl AE 3R Al S5 b A s AL R R SR A R, o E RO R, 2013, 15(4) -
61—71.
Ren J Z, Hu Z Z, Mou X D. New indicators of prairie production capacity and assessment-livestock products unit. Chinese
Journal of Animal Science, 1979, (2): 21—27.
FEAES . B RG . BRI, OCT R PR ) KT SE B 48 AR C PEEBBZRE, 1979, (2): 2127,
Hao C H, Wang ] H. Nutritional limiting factors of straw and its modulation method. China Science &. Technology Panora-
ma Magazine, 2010, (10): 168.
AR, EARIE. REAF 8 IR IR R R . E R 2010, (10): 168,
Gao H Y, Guo J. Ren Z C, etal. Establishment of global grassland map based on the integrated orderly classification system
of grassland. Grassland and Turf, 2011, 31(3): 15—19.

R S ARIEE, A AR RHER ST R M d e, BRS EIE, 2011, 31(3): 15—19.

Liu S S. Nutritional value of Qinghai-Tibet Plateau, Loess Plateau and northwest desert grassland. Lanzhou: Lanzhou Uni-

versity, 2014.

X, T I R R TG R B B ) B SR P E Y. 22 22 HIRAE, 2014,

Han J] G, Wang P. Studies on range forage intake and digestibility of grazing sheep by using esophageal fistula samples.
Grassland of China, 1994, (1): 65—68.

BRAEE, . FIEE A X R R R A AR A BT ST, R AR, 1994, (1) 65—68.



%28 B 12 Fl 2R 2019 4 15

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]
[56]

Zhang ] L, Zhang R P, Xi W L, er al. Evaluation system of determining optimal stocking rates of Tianshan mountain
steppe—A case study in Xinyuan County, Xinjiang. Pratacultural Science, 2010, 27(12): 134—139.

SREES, TRATP, B SObR, AFL KL b R D ORI R R IR DURT SRR IR B ). R R AR, 2010, 27(12) .
134—139.

Okwori A 1, Magani I E. Influence of nitrogen sources and cutting interval on the digestility of four grass species in the
Southern Guinea Savanna of Nigeria. Agriculture & Biology Journal of North America, 2010.

Ovington J D, Lawrence D B. Comparative chlorophyll and energy studies of prairie, savanna. oakwood, and maize field eco-
systems. Ecology, 1967, 48(4). 516—524.

Lascano C, Plazas C. Protein and energy banks in native savannas of the oriental plains of Colombia. Pasturas Tropicales,
1990. 9—15.

Hou F J, Ning J, Feng Q S. The type and productivity of grassland grazing system. Pratacultural Science, 2016, 33(3):
353—367.

BRI, TR, B, WFUUBCR G R 5 Ty B RRE . 2016, 33(3): 353—367.

Guo Y R, Hou F J. Relationships between snow coverage. vegetation, and terrain in the winter pasture on the north slope of
Qilian Mountains. Journal of Southwest University for Nationalities (Natural Science Edition), 2016, 42(3): 255—261.
IRMERE, RARTL. AE AL A TR M E [ S BB R CHR. T RIER =M CARBFM ., 2016, 42(3):
255—261.

Sun Y. Angerer ] P, Hou F J. Effects of grazing systems on herbage mass and liveweight gain of Tibetan sheep in Eastern
Qinghai— Tibetan Plateau, China. Rangeland Journal, 2015, 37(2). 181—190.

Gan Z Z B, Guo Y Q, Gao Q Z. etal. A study on optimal grazing rates in Stipa purpurea alpine grassland in Northern Ti-
bet. Acta Prataculturae Sinica, 2013, 22(1): 130—137.

TBRALAT, WA ST SF. L S AR AT R T RN EORCOCR AT Y. Bl AR, 2013, 22(1): 130—137.

Han G D, Jiao S Y, Bi L G T, et al. Effects of plant species diversity and productivity under different stocking rates in the
Stipa breviflora Griseb. desert steppe. Acta Ecologica Sinica, 2007, 27(1). 182—188.

HhEAR, BT, RO, A BB AT SE BRUR R 80 R S A ) 2 A M B AR 7 O B . A AR, 2007, 27(1)
182—188.

Ma H B, Xie Y Z. Studies on construction of grassland agro-ecosystem in the drought region of middle Ningxia. Agricultural
Research in the Arid Areas, 2011, 29(2): 180—184.

DL, WL, TE P ET B b A S LD R R AR . TR KRS, 2011, 29(2): 180—184.

Hou F J, Nan Z B, Xie Y Z, etal. Integrated crop-livestock production systems in China. Rangeland Journal, 2008, 30(2) .
221—231.

He N P, Han X G, Yu G R. Soil carbon sequestration rates and potential in the grazing grasslands of Inner Mongolia. Acta
Ecologica Sinica, 2012, 32(3): 844—851.

ol A, B4, T OEH. A Sl OR[N . AR AR, 2012, 32(3): 844 —851.

Yiruhan, Xie X M, Shiyomi M. Aboveground plant mass and mass available to grazing goats in a mountainous shrubland in
subtropical China. Grassland Science, 2011, 57(3): 119—126.

Yang Y G, Cheng T L, Yang X J. et al. Effects of different growth stages of three oat cultivars on the nutritive value of si-
lage. Acta Agrestia Sinica, 2013, 21(4): 683—688.

Wnst, MRS, HHW, 5. 3 DM GBS RDOH IS X 75 047 528 I8 4 B 0052 . B, 2013, 21(4): 683—688.
Cui W D, Dong Z X, Zhang J G, et al. The nutrient components and ensilage fermentation quality of sweet corn stalks har-
vested at different times. Acta Prataculturae Sinica, 2011, 20(6). 208—213.

PR, W, skaE . S5 IRIRISCH] I E] 6T B2 OK R FF 09 8 % 00 (80 R 0 R T R s . Rl =R, 2011, 20(6)
208—213.

National Bureau of Statistics of the People’s Republic of China. China statistical yearbook. Beijing: China Statistics Press,
2013.

e NRIERIEEZ SR, TEgHEE. Jeat. PEg R, 2013

National Bureau of Statistics of the People’s Republic of China. China statistical yearbook. Beijing: China Statistics Press,
2016.

i NRSEHEE RS R, PESEIHEE. 0. T E g M, 2016

Ren ] Z. Grassland ecology and grassland agroecology. Beijing: China Agriculture Press, 2011.

Wang C H, Yang J Q, Dong K H, ezal. Effects of different cutting ways on the nutritive value of alfalfa meal. Chinese Jour-
nal of Eco— Agriculture, 2004, 12(3): 140—142.



16

ACTA PRATACULTURAE SINICA(2019) Vol. 28, No. 12

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

FHE, R, EILSE. SF. ARDAE 7 20 R R RN R TR, o E AR i, 2004, 12(3): 140 —
142.

Wang C H, Yang ] Q. Wang Y X, et al. Effects of the different harvesting time and different drying ways on nutrient levels
in alfalfa meal. Chinese Journal of Animal Nutrition, 2004, 16(2): 60—64.

LR, AR, LAGH, S AN RSO AN TR T4 5 A ROR B 3R BT BSE . B 3R AR, 2004, 16(2): 60—
64.

Sampaio C B, Detmann E, Paulino M F, et al. Intake and digestibility in cattle fed low-quality tropical forage and supplemen-
ted with nitrogenous compounds. Revista Brasileira De Zootecnia, 2010, 42(7). 1471—1479.

Jones P D, Rude B, Muir ] P, etal. Condensed tannins’ effect on white-tailed deer forage digestibility in mississippi. Journal
of Wildlife Management, 2010, 74(4): 707—713.

Cantalapiedra-Hijar G, Yanez-Ruiz D R, Martin-Garcia A 1, et al. Effects of forage: Concentrate ratio and forage type on ap-
parent digestibility, ruminal fermentation, and microbial growth in goats. Journal of Animal Science, 2009, 87(2). 622 —
631.

Sun S X, Yang S L., Mao H M. etal. Effect of different harvest time on digestibility of alfalfa. Heilongjiang Animal Science
and Veterinary Medicine. 2010, (13): 99—100.

IMEAL, B Ebk, D], S5 IR IR X 5 A8 H AR R AME AL . R VL BCE BE L 2010, (13): 99—100.
Zhang X Q, Wu Q Y, Hao Z L, er al. Studies on the dynamic changes of nutrients and in vitro digestibility of different
Medicago sativa species. Pratacultural Science, 2005, 22(12): 48—51.

SRIEDR, SRAKER . HBIEHL, A5, AN]SR RS B R SR M AR S A WL, FOLRE, 2005, 22(12): 48—51.

Hong J S, Liu SJ. Chai ST, et al. Assessing nutritional value of Qinghai local oat hay with in vitro gas production method
and nylon bags method. China Animal Husbandry &. Veterinary Medicine, 2009, 36(3): 36—38.

BB, XIBA, SevblE, & MO RS R AR E S I YR E TRESRME. P EFREE, 2009, 36(3):
36—38.

Wang H M, Wang Z L. Evaluation of nutritional values of foreign large-leave white clovers by gas production in vitro and di-
gestion techniques in vitro. Feed Industry, 2016, 37(20): 30— 33.

LALLM, EARR. BRSNS SRR S AL 1 AR B = SR (. R D, 2016, 37(20): 30—33

Zhang G J, Luo H L, Zhang Y J, et al. Evaluation of white clover’s nutrition value by in vitro gas production and in vitro
digestibility. Journal of China Agricultural University, 2010, 15(2). 53—58.

REEZR, B, AR, F RSN R S E R AME AL R IE VR E AL A S R B RN E. T E AR R
2010, 15(2) . 53—58.

Fraser M D, Gordon I ]J. Organic matter intake, diet digestibility and feeding behavior of goats, red deer and south american
camelids feeding on three contrasting scottish vegetation communities. Journal of Applied Ecology, 1997, 34(3).: 687—698.
Li K, Zhang S M, Zhang D D, ez al. Digestibility determination of elaphurus davidianus for Medicago sativa. Journal of E-
conomic Animal, 2007, 11(2). 76 —79.

A, SRR, TRAK, S BN E AR MRS E. ST R, 2007, 11(2): 76—79.



