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Abstract: By collecting 11 forage species from the desert steppe of Siziwang Banner, Ulangab City, Inner Mon-
golia, we separately determined and calculated their crude protein, ether extract, crude ash, neutral detergent
fiber, acid detergent fiber, total digestible nutrients, dry matter intake, dry matter digestibility, relative feeding
value, and relative forage quality. A comprehensive evaluation of the nutritional value of different forages was
conducted. The study employed a combined approach utilizing the CRITIC objective weighting method and the
GRA-TOPSIS comprehensive evaluation model. The results of the study showed that the three forage grasses
in the grass group, in descending order of nutritional value, were Leymus chinensis = Stipa breviflora > Cleis-
togenes songorica; the five forage grasses in the shrub and semi-shrub group, in descending order of nutritional
value, were Bassia prostrata > Krascheninnikovia ceratoides > Caragana microphylla > Artemisia
frigida > Caragana stenophylla; and the three forage grasses in the weedy group, in descending order of nutri-
tional value, were Phlomoides umbrosa = Convolvulus ammannii = Astragalus membranaceus.
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Table 1 Analysis of variance results of nutritional components of four types of forages
2VE R (n=9) Subshrub Z%Z5%% (n=9) Forbs A% (n=6) Shrub RAF} (#=9) Gramineae F P
HEM CP/Y% 20.884+3.831 19.5854-8.371 18.2364+0.258 13.6534-0.893 4.870  0.007"
Mg EE/ % 5.182+0.687 5.247+0.538 7.307+1.203 6.60740.610 4.183  0.014
KLy CA/% 9.854+2.604 9.062-0.681 10.70140.806 9.425+43.726 0457  0.715
VR L 4E NDF/ % 41.284+2.924 37.855+11.825 41.97543.122 62.09340.770 20.593 <<0.001”
R PE DR £ 4 ADF/ % 26.9184-6.527 27.05845.101 41.21748.652 34.884+4.95 6.510  0.002"
A S R 62.151+4.905 62.046+3.834 51.406+6.502 56.16+3.618 6.510  0.002"
TDN/%
TR & & DMI/ % 2.932+0.200 3.442+1.094 2.933+0.133 1.9404-0.023 8.506 <<0.001"
TH B k% DDM/ % 67.9314-5.085 67.822+3.974 56.792+6.740 61.725+2.818 6.510  0.002"
FHXS A WA REV /% 155.003+21.714 183.267+67.577 131.246+18.649 93.03445.367 7.679  0.001"
AT RS BT RFQ/ % 148.764+21.423 175.958+65.362 124.726+18.502 88.79445.368 7.649  0.001"

T #P<20. 05,**P<0.01, FId
Note: *P<<0. 05,**P<C0. 01. The same as below

WA LLE B X TR RS B & L, CP,
NDF,ADF,TDN,DMI,DDM,RFV } RFQ#J1E a =
0.01KFETFEMRH EHEZER, M EENEa=0. 057K

FTTFEMPEREELER, CAIP=0.715>0.05, %
WA R B 2Z [ B CA A 2 90— &k, B &
£,

R2 T MHEEFRSFTESTER

Table 2 Analysis of variance results of the nutritional components of eleven kinds of forages

B (= IHERBL RERTE Bt L RS fh tu kR bEe HK

Y (n=3) - - IS S - N _ 7 N = -

Artemisia (n=3) (n=3) (1=3) (n=3) (n=3) (n=3) (=3 (n=3) (n=3) (n=3) »

. Caragana — Cleistogenes ) Caragana Stipa Phlomoides Leymus Comvoloulus — Krascheninniko-— Astragalus
Jrgida microphylla— songorica Hasia prosrat stenophylla— breviflora umbrosa chinensis ammannii — via ceratoides  membranaceus

HEACP/Y% 1749640123 1841940158 1325240354  20.115+0.094 1805442854 13.031+0.160 2885810097 1467740244 1731340598 2504240139  12.585+0.289 96800 <0.001"

BRI EE/ % 439141000 815720873 663510373 563241819 64561036 72030913 499012422 598442827  5865H0496  5523ELI3  48R4E0478 1718 0139

Rk CA/Y% 78680157 10130+0.718 67252543 88931536 1127144.096 1367612463 8746+1132 787612241  9.8M+0645 1280212572 850641284 3246  0.010°
DRSS 1463314610 30.768+2.806 6246455628  39.981+1197 44.182+10.957 626074257 27.296+5.978 6120814052 356373440 3023844644 506323052 15451 <0.001°
NDF/%

RETAAE 3380812511 35.098L0.679 3554046759 2588912814 47.335F14.155 3812941887 22.252+40.987 3098313010 265123222 209661358 32411411105 4687 0.001"
ADF/Y%

MRICER  56905H1887  56.004+0510 5567215080  62924+2115 46.808+10.638 53.726+1418 656570742 59.096+2337 6245742421 666241021 5802318345 4687 000"
e

TDN/%

FHRREE 270740267 302740208 193140166 300310089 283910748 192240136 4563+1141 196640125 3388+0315 308710364  2.376+0.148  8.665 <0.001"
DMI/ %

FORHLE 6249311956  61.558+0.529 61.214+5266 687322192 5202611027 59.198+1470 715650769 6476412423 682482510  72567+1.058  63.652+8.651 4.687 0001
DDM/%

MATARAE 131197414500 144.433+9.395 92.009414.762 160.09249.193 118.059+55.89 88.253+6.830 252.739+60.610 98.839+9.534 179.303+19.460 173721421664 117.760+22.578 8.724 <0.001"
RFV/%

MRS G 12529814060 13780848939 87.782+14.503 153.717+9.072 111643454570 840046555 243165458185 94.596+9.310 172.007+18878 167.276+20.926 112.612+22.475 8.712 <0.001"
RFQ/%

MFE 2 A EEM P=0.139>0. 05, MK & A
MRS T EE 2R B — 80k R o b 2
5. T CP,NDF,ADF, TDN,DMI,DDM,REV L
M REQTEA IR h S 2 25 7

IR Ty 2543 B B 45 B B S [ 2R ) i A
Ko E SRR LAAE W3 22 7 X RV HR S 57
FRIEM 22 2 S O @B VI o6 . hik— 2 F
JRBURUE SN A L5 A VAN, A D SR A P 1) AR S

AR AR SE Y 11 R BRI A3 S =R R
AR ARG A TR Hop KRR
FIACE P s o SR B, B Rk i AR 5
R 4 BTV s S R LB (B G SR -
o B e 1D R PR AR R T A R RS RGP R
S [ 35 0 7 AT D AR R R R S B T A
BRI . HEAR 5 HE AR AL HE e 4 A8 L /N
XL BEHREE R MK AV AT R TR Y,
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HATAR 5 B9 L5 (T 2 T £ B RE ) ol N 45
B, A U RE R B XU D R ) B AR O
XFWTRFN N E A TR AR AR
I RIKBEAE M BB, B A2 — A A ol 2 A A
A A 2R AR R 22 0 P A A L Bl F)
G IR Yy 22 R A R A 2SR SE RO AE T o 3 Bl R T AR
A G T I RERE B 40 2605 2, 0 T ML R s T A [
FALTE A 5 A B0E Bk L AR R 2E R, O A
BEAT R E SR E LR G R R I T 0 AR

2.2 ETFCRITIC (YR INE R

AR SO N S 5 22 B A T DY E I 3 SRR R
10 J90 38 5% 1 43 48 b B8 43 i i AT Bab B, Jrp
CA,NDF ,ADF i BiABIFE 5 , BRI AR 4 23 X (2)
A 396 1) £ A B 5 T A% 46 A R AU 25 L S A, DU AR A
A FCOAEIE b b3 . P 283 A HE AL )5 15 2
CRITIC BAL 45 R AR 3~FK 5 s o

£3 ARAFR CRITIC BNLE R

Table 3 Gramineae CRITIC empowerment results

bR A2 5 Mg (PSS A
Norm  Variability Conflictual Volume of information  Weight
Ccp 0.538 2.607 1.403 0.071
EE 0.441 17.530 7.738 0.393
CA 0.412 4.975 2.047 0.104
NDF 0.547 2.664 1.458 0.074
ADF 0.476 2.406 1.145 0.058
TDN 0.476 2.406 1.145 0.058
DMI 0.522 2.523 1.317 0.067
DDM 0.476 2.406 1.145 0.058
RFV 0.478 2.406 1.150 0.058
RFQ 0.477 2.406 1.148 0.058

X} F R A B (3 3) , NDF (0. 547) 1 CP
(0. 538) 114 A8 S5 PE A7 & 1 P A7, Ud W AS ) R i
NDF #1 CP & & 2 & 8 K ; CA (0.412) f1 EE
(0. 441 W78 S5 MR, 28 BH AN [] R 1E (4 A0 K 43 1
HLAE 5 & AT RE E . EEC17. 530) il nh g M 7
Uh IR AR 195 5 Gl 48 A 0 AH DG ARG, A B m
M7 B s CP(2.607) ,NDF (2. 664) 2548 5 11
SV RA , U W] AT 5 A AR A7 AE — 2 B A O
PSR ESR L, EE(7. 7385 8 & 5, T &
T HABL4EFR, CAC2.047),CP(1.403) ,NDF(1.458)
B BB Z . EE0.393) B AL & i i , o5 H it
40 % , 1 WKL RS D A2 R A B 4 08 5 1F M 1) o O 5
$8hr. CAC0.104),CP(0.071) ,NDF (0. 074) fJ 42
#H K Z ,ADF, TDN,DDM,RFV ,RFQ ¥ #¢ T % ik

($12450. 058D, 15 B HAEPEM v 1) BT K HR /N o

R4 EARFEARECRITICHEMER
Table 4  Shrub.Subshrub CRITIC empowerment results

T P B e
Norm  Variability  Conflictual Volume of information Weight
Cp 0.382 4.434 1.692 0.116
EE 0.303 9.716 2.944 0.202
CA 0.277 12.031 3.332 0.229
NDF 0.178 3.460 1.049 0.072
ADF 0.303 3.446 0.900 0.062
TDN 0.261 3.446 0.900 0.062
DMI 0.263 4.062 1.069 0.073
DDM 0.261 3.446 0.900 0.062
RFV 0.293 3.031 0.888 0.061
RFQ 0.292 3.038 0.887 0.061

FHEAR CEREOR (F 4, CP0.382) fl EE
(0. 303) 4 728 S M A e, 0 BH AN [) 8 AR 288 0 1 L
ARG D5 & B 25 5 8K s NDF (0. 178) 1y 728 5
P R A, 3% B v Uk 1% 4 4 A8 A TR W R S 0 TP Y
SR E . CAC12.031) Ay w5 1 f 5, B W
FELR 43 55 FLA A48 Bs 19 AH G PEAR AR, H A 3 1y 40 7
G EME;EE. 7160 F1 CP(4. 43D Wy s Ik 2,
& WML BE W5 FORL B (1t A B A 0k 57 1 5 RFV
(3. 03D RFQ(3. 038) Y i 28 M e fIK , e A & 4115
HMEmrrEEESER L. CAG.332MEE &
B EEC2. 944 F1 CP(1. 692) {5 Bk 2 , £ W
FHL G 7 A0 2 (1t A3 B 252 e s NDF (1. 049) il
DMI(1. 069 By 17 & it B A, STHER AR X A BR . CA
(0. 229 (W BLE fie i L o He 2 23 %6, Ud LK 43 J2:
AR B SRV 19 B G B HE A5 s EECO. 202) T CP
(0. 116X WAL E R 2, 43 il i L 249 20 %6 A 12 % , & W
HL IR 7 A 2R B A B RS2 s NDF (0..072) il
DMIC0. 073) iy A H B, 57 #k 4 /D 5 4 48 4w Cn
ADF, TDN, DDM %) () £ & ¥ F 0. 062, 5 i
.

X F 4 26 B (£ 5, EE (0.546) fil RFV
(0.456) , RFQ0. 456) 1 78 S Ve 8¢ 5 , 18 W A [] 24
(R AR G AR A/ T 25 AR 5 CA
(0. 410)F1 CPC0. 494) () 22 S vh 45, R WKL K 73 Fn
A A& AN AR P fEE— & 2 5% ; NDF
(0.426)F1 ADF (0. 434) [ 725 S PR 5 A% , 158 B £F 4 2
Fe bR AR Ra i . CAC10. 935) Y w58 1 % 5, Ui 1
FELIR 43 55 F A8 B5 09 AH O PE AR AR, B A S5 o 19 20 7
FRAMNE S EEC9. 159) 19 vh S MR & , 3R WIRLAE D7 1Y
S P AR s CP (2. 307) M 4T 4k 2545 b5 (NDF 5
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Table 5 Forbs CRITIC empowerment results

L LI S e
Norm  Variability Conflictual ~ Volume of information ~ Weight

CP 0.494 2.307 1.139 0.067

EE 0.546 9.159 4.998 0.292

CA 0.410 10.935 4.483 0.262
NDF 0.426 2.165 0.923 0.054
ADF 0.434 2.098 0.911 0.053
TDN 0.434 2.098 0.911 0.053
DMI 0.454 2.080 0.945 0.055
DDM 0.434 2.098 0.911 0.053
RFV 0.456 2.083 0.949 0.055
RFQ 0.456 2.083 0.949 0.055

ADF) K i 1k 26 45 #5 (DDM 5 DMI 48 ~2. 1) 48 5
(i g PE B A, DA B AT 5 H AL AR bR (5 B & K
% . EE(4.998)F1 CA (4. 483) By {5 & & it i H A 45
B, o0 B A0 55— FI 48— CP(L. 139 (5 B &
G LVRME A — B WA AW EE M CA B3 ;

H A8 45 (I NDF , ADF , TDN 5) ({5 B & 4K T
1.0, stk A XA BR . EECO. 292) 1 CACO. 262) L
R, AT A O 5500, R 28 S M R SR Y
I CHREFEBR ; CPC0. 06T AL H 45, i L 29 6. 7%,
BB b ; 47 425 (NDF 5 ADFA20. 053) Fl i 1k
25 (TDN 5 DDM=~0. 053) $§ ¥ A9 A | fe ik, ¥ 4
5.3% , S m# /N ;RFV (0. 055) Fl REQCO. 055) A X
B 5 T 2R 4248 An  AEAT 8 AR AL T Y

2.3
&R

TEARAT A WO E TR AR 0 B WAL Ji5 , Ry ik
— 2 LA [ — 28 G31) P AN [] A R 1 3 R A AR
WF5% % H CRITIC-GRA-TOPSIS £ 4 PF- 4 J5 12 %
BRI IAT A HE T, SR BOR R A VR 45
#6.%T7 KK,

E F CRITIC-GRA-TOPSIS 1 &£ & 1 #

&6 ET CRITIC-GRA-TOPSISHIRARPEEFMELZ S ITNER
Table 6 Comprehensive evaluation results of nutritional value of Gramineous forages based on CRITIC-GRA-TOPSIS

£ Bk Name D, D, R} R, C C, 7 HE44 Ranking
JAEE 2P Stipa breviflora 0.190 0.347 0.762 0.933 0.554 0.562 0.497 2
Tet:BF 5 Cleistogenes songorica 0.208 0.207 0.790 0.850 0.499 0.529 0.485 3
EH Leymus chinensis 0.347 0.185 0.926 0.766 0.556 0.556 0.500 1

ST RAFR(F 6), CRITIC-GRA-TOPSIS 4
A KRB K B /N N 2E B (0.500) , AR EF P

(0.497), LT H0. 485) , HILAS B4 A E F2
LA HERMIR N e > A 55 > E T o

&7 ETF CRITIC-GRA-TOPSIS HEAR FERLEUEERMELESITNER
Table 7 Comprehensive evaluation results of nutritonal value of shrub and semi-shrub forages based on CRITIC-GRA-TOPSIS
£ % Name D/ D; R/ R, c o Vi HE44 Ranking
W5 34 )L Caragana stenophylla 0.200 0.105 0.608 0.880 0.357 0.540 0.398 5
/N3G L Caragana microphylla 0.132 0.201 0.777 0.704 0.489 0.418 0.539 3
B Krascheninnikovia ceratoides 0.198 0.167 0.877 0.662 0.521 0.430 0.548 2
KMk Bassia prostrata 0.138 0.171 0.800 0.659 0.486 0.399 0.549 1
R Artemisia frigida 0.217 0.166 0.686 0.838 0.426 0.527 0.447 4
T HER CE#EAR(E T ,GRA-TOPSIS 4 & RS L

KB N K #) /N R BB R (0.549) , i 4 2
(0.548) , /N #338 JL (0. 539) , ¥ 35 (0. 447) , et
A JLC0.398), A MG B MR E M LR B HEA
WKy« A Hi Pk = g 90 E = /N 5 L =>4 8 >k

TR (F 8), CRITIC-GRA-TOPSIS £
A R BE BN R B /N S Rk 95 (0.538) , R K JiE 1k
(0.522), ¥ (0. 423) . [H A5 B 44 508 =2 M (258
B HEZ AR Ry < B 75 = AR e 18 > ¥ 1

%8 ET CRITIC-GRA-TOPSISHIZAXEHEERMERATNER
Table 8 Comprehensive evaluation results of nutritional value of forbs based on CRITIC-GRA-TOPSIS

% F Name D} D, R’ R, c’ C, Vi #E4 Ranking
BEF5 Phlomoides umbrosa 0.260 0.226 0.922 0.724 0.574 0.492 0.538 1
W Astragalus membranaceus 0.323 0.197 0.730 0.943 0.463 0.633 0.423 3
RIKTEAE Convolvulus ammannii 0.211 0.299 0.826 0.818 0.562 0.514 0.522 2
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Fig.1 Dual-label plot of correspondence between forage species and evaluation indicators
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