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Abstract; Diet selection in livestock is a complex physiological and ecological adaptation process. It is also a core problem
in terms of the foraging behavior of grazing herbivores, which is of considerable importance for sustainable grassland
management. To date, the available studies have predominantly focused on the effects of plant community composition,
structure, and individual characteristics of grazing herbivores on diet selection. However, the study on responses of forage
plants in the context of different topographies to the diet selection of grazing herbivores is rare. In this study, forage plants,
comprising gramineae, cyperaceae, leguminosae, forbs, edible shrubs and the whole plant community on different
topographies, that is, terrace, riparian zones, shady slope, half shady slope, half sunny slope, sunny slopes in the Qilian

Mountains were selected. Changes in the nutritional and mineral content of forage plants and differences in Tibetan sheep
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forage preference for forage plants on different topographies were examined using an indoor cafeteria trial. A structural
equation model was used to illustrate the effects of forage plants on different topographies on Tibetan sheep forage
preferences. Our results demonstrated that: 1) the nutritional value of gramineae was the highest on the shady slope.
Meanwhile, that of cyperaceae and leguminosae was the highest on the terraces. The nutrient value of forbs and the whole
community was the highest on the sunny slope. 2) The dry matter intake of Tibetan sheep to gramineae, cyperaceae, forbs
and the whole plant community was the highest on the sunny slope (42.6, 68.7, 69.8 g/h and 237.6 g/h, respectively) ,
and the lowest on the riparian zones (7.3, 8, 21.8 g/h and 69 g/h, respectively). 3) Tibetan sheep forage preference of
gramineae, cyperaceae, forbs and community were the highest on the sunny slope, the forage preference index was 5, 8, 8.1
and 27.7, respectively; and the lowest on the riparian zones. 4) Structural equation model (SEM) showed that the crude fiber
and crude protein content of forage plants were dominant factors affecting forage preference of Tibetan sheep. The results
provide a scientific basis for understanding the relationship between livestock and plant in grassland and formulating scientific

grazing management strategies, and is of great significance for the sustainable utilization of grassland-livestock husbandry.

Key Words: Qilian Mountains; Tibetan sheep; forage nutritional quality; forage preference; diet selection
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AESERHRA 0.16°C AN R 416.9 mm' ™ AFF5T X g LA 5 SRR i PRS0, FEVR I, 45 SR i, K
PRAR SR K BRI ToZe X ToRa I, A8 (P 2= A AR K2y 120 d, T30 s i RS £, AF5%
DX B 3 BT AR 43 A1 B e JEE AR M L FRE R S T BL A FE Y ( Rhododendron thymifolium ) F1 3k £€ £t B
(R. capitarum) , FEASFEY) FFA TR 23 ( Polygonum viviparum) | [0)38] ( Equisetum arvense) '™ | HEAR I 35 JE 24 K
50%—80% , WA w5 BE 2 Ry 60%—85% A3 1] W] LA i 9€ REA) oy 32, A S AboAE 49 Sy T A8 5 090 R ( Elymus
nutans) K (Poa crymophila) FIEA: &5 ( Kobresia humilis) , 5 ALY 0 55 2 80% ' |
1.2 it 575k

2019 4 4 A i), S A FFAEN X IR R 0 BRiE , IR G BT X BT e R A AR AR B B 5 IX i A
PRI - SFERRIE 09 ST R R 9 DX b e T 43 A R 43S B b (0°) T TE ME (0°) L2 B3 (0—45°,315°—
360°) BAYE (45°—90°,270°—315°) 2 BHIE (90°—135°,225—270°) FIRHHE (135°—225°) . #FFE XA T
2761 m 4398 m [&] , Sy ] i 4 i i S BRI S XA AR BRFAE , ASBIFTE AR TR 4R 2800—4300 m S , T IEFIA
TTHE 300 m BE 1455 km SERELT 3k 5 SR . TERESAEAT A0 i R ER B T8 A T3 B 2R
BH3BE R0 P33 Bt | 4% TR Bt TR 2220 0.1 b, B4R FE A 125 MU R o3 I & 4 Ok BB HLHEA . &5 1
FHAE A T REHb R B 2270 500 m, AR RRAY L3k 24 SRR (6 FRiix4 A ) ST 120 SFEHL (5 FEHT X
24 FEMb/REA = 120 FEHE) . 2019 4F 7 F & HIE A BOR LIERFIEANSR 1 TR

F1 FIE LR EMRAERFT BEEE

Table 1 Grassland vegetation and soil characteristics on different topographies in eastern Qilian Mountains

51 1] 18 I3k 13 BH PR
Terrace Riparian zones Shady slope Half shady slope  Half sunny slope  Sunny slope
T A4 T HAEE R
Elymus nutans C. atrofusca SEHF S
Hi R R EE R R R TR Stipa aliena S. aliena
el Poa pratensis Carex orbicularis ~ P. pratensis E. nutans i HOH REOR
Dominant species SEE B FLEOR TR B B B h BB R Leymus secalinus P. pratensis
Stipa aliena P. pratensis E. nutans P. pratensis L I i
R [R] 2 2 K. capillifolia L. secalinus
Kobresia humilis C. orbicularis
B A A Tr;T icg
I ﬂ‘#ﬁ%;—]ﬁ; 32.35+1.17a 22.65+0.82¢ 19.4+0.66d 19.26+0.7d 23.6+0.85¢ 26.1+0.94b
Herbaceous heigh/cm
L Edis
R 95.00+1.73a 82.00+0.58¢ 69.00+1.73¢ 93.00+1.15a 87.00+1.73b 76.00+1.15d
Herbaceous coverage/ %
0—20 cm JZHIEAE
Bulk density in 0—20 cm 0.92+0.04bc 1.11+0.04a 0.74+0.03d 0.81+0.03cd 0.93+0.04bc 0.96+0.04b
layer/ (g/m*)
0—20 cm 2 HHEE Kz
Soil moisture in 0—20 cm 34.51+1.24¢ 28.52+1.03d 43.58+1.57a 38.74+1.39b 26.7+0.96de 24.3+0.88e
layer/ %
0—20 cm J2 +3EHHLHR
Soil organic matter in 0— 34.51+1.87b 28.54+1.82¢ 43.57+3.05a 38.73+1.19b 26.73+1.12d 24.32+1.2d

20 c¢m layer/ (g/kg)

0—20 om JZ H LR & it
Soil total nitrogen in 0— 6.6+0.19b 6.29+0.21be 7.69+0.22a 6.82+0.19b 5.6x0.15d 6+0.13cd
20 cm layer/ ( g/kg)

F PRI I AR ER R R NG TR Rl — SR R TE B ] 28 57 3% (P<0.05)

2019 4 7 J ) BRI 3 AR FE AL 1A IRARBE S (352 1) kg /E RIS SN, 2 I E G 1 45 0] A B)
BT LTI RIS . 76 E BRI T, Se X e F e AT PR YA 0, 3 A
AU BT 4] PR € R R LRI R HRL T 2019 4F 8 W1 EA T IEAUHe e 7 1E AR R fi— 2K 20 dil)
REEAFIHIE ARARE PHFRL SR AR [ R SR IR WA b, A THBRE Y 2 HE
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M —% S h R TR SEA TR IR I K 3 U A T R Ry KA [ b ) A A o0 R
BEAN R RS B RS IR A R B R 1 b, FRD TR A0 SR ] AR MR S 40 0 X 45 R £
T AEDFRE  THRCR B B AR S AL eI ECH A TIRERF R B B REBEEMN EH L,

AN, S BIRAE 400 ¢ RS MUEPIRE S, 47 Bl SC 50 2 )5 37 BIFE 105°C 287 30 min, X5 1F 70°CHL T2 1H
& ORESE R, TR YHE T (CP) KNI (EE) KK (Ash) FHEF4E(CF) FRUEVERL 4 (ADF) ik
VRV EF4E(NDF) A e £ (P) A (K) 1 (Na) 45(Ca) BE(Mg) 8k (Fe) A (Mn) 4 (Cu) 5 (Zn)
(Co) IME , LA L 48hr¥ 2 B+ B e b sy o kil e , T JC U ) (NFE ) R X 45 FH A (8
(RFV) , B EARm T,

NFE(%) = 100% - EE(%) - CF(%) - CP(%) - Ash(%)

120

DMI(%) = m
DDM( %) = 88.9 — ADF(%)

DMI( % ) xDDM (% )
1.29

RFV=

A, DMI T FeR frit, DDM Al AL T4 5
1.3 Huirt

K FH Microsoft Excel 2019 S 54 | i ] SPSS X4 ( SPSS 19.0, Chicago, 1L, USA) JeXi #4785 Fw 4y
TR FEHR AV IE SRS 225 MR AT RS0 SRJ5 R R 3R 07 22 70 I b A 2 B LU (LSD) X [] —$8 AR TE AN ]
HIE () 647 2 M1 (0.05 3 7KF) . R R 4.0.2( R Development Core Team ) plyr £ 45 11, 2 v ) Hhe 756 455
#—TOPSIS ( Technique for order preference by similarity to an ideal solution) X} AS[F]HUTE AW )& FERWT W)L &
PEATERG VAN o ARV AS W) 0 JE 1) FH AR 8 35 ) o & e R ) 50 3R % 45 00 80 i 20 1 1 AR X SR, SR
R 4.0.2 Boruta XM E SR W 058 W) R AT H ZAEHE , Boruta (075 HEAT 5 B R/INHEFP I, 25 56 Tl
PLARARI B A 3 AT 53 ( Min \Mean Max) , B ZEME/NT Min B8 FRIA N A2 TRRBE AR A8 AR , B 2R
T Mean {H/NT Max BYFEPRIA BA B B TTRR, MR T Max IFEAR U BAT IR A 5Tk, K Bk b v
A ZMER T Max WOHE AR BEAT J5 22 20 %, DUAR AR W) 8 35 Be i W) 0 28 X 780 i B2 1 B9 AR X STk, R
R 4.0.2 piecewise SEM {45 53 Be 4l ih 77 B YRS b TE A 40 D) e 1 B A2 B A ) Ao s o A [m] % A2 5%
Wl 5 =F A BV . >R Origin 8.0 2K,

2 ZER5HH

2.1 AR A E TR U ) o0 & & s RAE
2.1.1 AR E SR BRI

BRI ARARL 5Bl | BRI 28 A M) AL B 1 RO 2T 4 55 i 35 e ( P<0.05) , RASE} 75 BRI
FEVR AORELAR I 23 S 74 BH S5 P PH 3 B 80 5, R PRELIG 77 % St e B b | B3 e PR3 Bl 38 d i . AR AS BRI
FORHAE ) R 3 5 et 7 Tl T8 R B 30 Wl 35 e ey | AR RO R IR 23 % e PR 3 ey . ARASRL PP FERE
b ZE BRI LA 4 5 i e P ey, AR BA S e A, ARASEE UDFRE | GRMA 428 ROAY) 1) BR M R
ST 2 e B0 A v T A B e S 3 B A1, P A PR 4330l 85 29.8% . 23.7% 27.19%0F1129.7% . RASEL 5
TR} 2B 0 A P (E AT B SR B B e . RACR VPR SR e RORIREE
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F2 ARELRE MR AEYE ST RFE
Table 2 Nutrient characteristics of forage plants on different topographies in Qilian Mountains

[[3éRYs ik ZiEpok

W HEH bichilEiit K 53 pitEaid i s id MM E {;Eﬁ%
Topography Crl.lde Crude Crude ‘Crude Acid Neutral Relafive Nitrogen free
protein/% fat/ % ash/ % fibre/ % detergent detergent feeding
fiber/% fiber/% value extract/%
RAR} Ky 8.70b 2.62ab 7.56¢ 28.80bc 52.32hc 47.99ab 50.83b 52.31hbe
Gramineae T 18 i 6.70c 2.27abe 10.18a 29.40bc 51.45hc 41.27he 65.54a 51.45he
B3 7.20c¢ 2.06¢ 9.3ab 25.60d 55.84a 40.14c¢ 71.68a 55.84a
Sk 7.60be 2.15he 8.40bc 27.80cd 54.05ab 42.2he 66.87a 54.05ab
EREh3 8.60b 2.74a 7.70c 31.40b 49.56¢ 50.38a 51.88b 49.56¢
FF 3% 9.92a 2.71a 7.45¢ 36.90a 43.02d 52.89a 46.01b 43.04d
WHIE iy by 11.50a 2.61ab 7.49h 26.70¢ 51.7he 38.83bc 65.62bed 51.7be
Cyperaceae T 18 i 9.60bc 2.02¢ 9.26a 28.50bc 50.62cd 37.12¢ 74.51ab 50.62cd
[ 3% 9.20¢ 2.15he 9.52a 24.30d 54.83a 35.11¢ 77.14a 54.83a
I 10.80ab 2.37abe 6.18¢ 26.50¢ 54.15ab 36.35¢ 68.73abc 54.15ab
PR3 11.90a 2.53ahc 7.05hc 30.50b 48.02d 47.14a 56.26d 48.02d
PR3k 12.00a 2.76a 7.31be 33.60a 44.33¢ 44.42ab 60.10cd 44.33¢
R iy b 17.30a 3.42a 8.56b 21.40d 49.32¢ 38.72a 82.14bc 49.32¢
Legume T 1 13.90b 2.13¢ 7.31c 24.30c 52.36ab 35.41a 100.59a 52.36ab
13k 12.95h 2.53he 10.86a 20.10d 53.56a 37.20a 92.63ab 53.56a
I 13.60b 2.46bc 9.96a 23.40¢ 50.58bc 36.74a 80.55bed 50.58bc
R Eh3 17.80a 2.93ab 10.14a 26.40b 42.73d 37.17a 74.27cd 42.73d
BRI 16.80a 3.30a 8.47bc 29.30a 42.13d 40.93a 66.18d 42.13d
FRHE (51 10.50ab 2.74a 10.77¢ 17.9¢d 58.09h 41.13a 77.75bc 58.09b
Forbs T 1 9.23b 2.11b 9.27d 17.60cd 61.42a 38.00a 93.29ab 61.79a
13 10.35ab 2.93a 8.43d 16.20d 62.09a 39.33a 94.79ab 62.06a
ERE) 10.40ab 2.86a 8.43d 18.90¢ 59.41ab 40.52a 101.45a 59.41ab
B3 9.50b 2.85a 12.27b 21.30b 54.08¢ 42.82a 66.25¢ 54.08¢
FH % 10.90a 3.10a 13.65a 24.50a 47.85d 38.75a 81.84abc 47.85d
ATEHEA 1] {8 it 12.70a 3.40a 6.50a 24.80b 52.60a 41.10a 85.26a 55.10a
Edible shrubs B3k 13.50a 3.20a 6.80a 27.90a 48.60b 40.30a 87.89a 50.90b
B 13.60a 3.10a 6.40a 26.60a 50.30b 38.10a 90.36a 52.70b
eV ¥y 1 10.76b 2.72ab 8.28bc 25.25¢ 37.74ab 59.70a 79.94b 52.99¢
Community ] 18 ik 8.80d 2.26¢ 9.07a 25.8¢ 34.77b 52.56b 95.92a 54.08be
R 3k 9.01d 2.42¢ 9.10a 23.01d 34.19b 51.37b 99.53a 56.46a
I 9.72¢ 2.48bc 7.70¢ 25.07¢ 35.15b 54.15b 92.84a 55.03ab
> PH % 10.69h 2.72ab 8.66ab 28.61b 41.38a 59.55a 75.47b 49.32d
FH % 11.42a 2.86a 8.75ab 32.67a 41.13a 59.72a 75.54b 44.30e

TEAAS 0 BUAEIT 18 B | BH 3B R AT 3 AR 6/ NE B ROR [l — 1R bR o ) 22 57 .35 (P<0.05)

2.1.2 A YR E R

W3 3 Pion , ARARR P RRE 2228 RORBER ES BE MR & 7 B B S R (P<0.05) . RARFHEY
Wl BRI O 2R 1 T R B 3 I 5 B v, TR TR R SR AT, B 38 2T 182 8 4 331 /&7 96.4% ,20% F11 40.7% , RAFBHHE
YRR NN TR O AR I RN P B 2 A T R S A PR e 2 e, TS TR & e P e
o VPRUBHE Y W EE RN TR O AR BSHRNF I3 R, RS T R Y BH 3 R 38 8 3 e ey, 6l 2 s A PH 3
o SPHME YT R 2 B R PRI AR, B A B3 = 92.8% , SLRHE AN REAE BRI
Y BE S d o, K B RV 1 S e BE I R BH 0 i , ) 2 AR o b | BB R 2 B 0 B 3 de v . 22 Rl
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TR S A A BN R BRI B e A BH I S e, AR S A B M e . TR BE B
Wi S e A W T A I | A S i AT A B B R RV ROWE A B AR AR S I
A3 f 5, T8 BRI F A%, B AR FH 3% 4 9 150% 53.4% 101.5% 25.6% F1 65.8%

x3 MELUREMHAREDTYUTESE

Table 3 Elements contents of forage plants ion different topographies in of Qilian Mountains

i W P/ #H Na/ #i K/ 45 Ca/ B Mg/ B Fe/ ff Mn/ i Co/ 5 Zn/ i Cu/
Topography  (g/kg)  (mg/kg)  (g/'kg) (gkg)  (pg/g)  (gkg)  (ng/e)  (ngkg)  (pg/e) (rg/g)
RAR} 5151 1.94h 94.2b 14.74b 0.51d 2.16b 0.5lcd  116.62bed  295.6e  2773.5bc¢  456.3b
Gramineae RCIRC-4 3 1.1d 117.4a 18.25a 0.41e 1.35¢ 0.45d  121.09bc  334.2d  2622.8c¢ 357.6d
I 35 2.16a 93.2b 14.8b 0.85a 3.16a 0.53bc  142.5a 390.2¢  3147.3a 503.3a
LAY 1.96b 110.9a 16.96ab  0.71b 2.08b 0.49cd  127.87b 543.7a  2709.3bc  483.6ab
21 BH 3% l.de 105.6ab  16.32ab  0.59¢ 1.04d 0.58b  103.8d 504.11b  2654.3bc  393.5cd
158 1.13d 95.3b 15.1b 0.45de 1.5¢ 0.65a  108.1cd 412.3¢  2866.2b 412.6¢
WER} (5781 1.3¢ 98.3b 15.32a 1.75¢d 2.48¢ 0.51bc  115.16b¢  292.7d  2905.2b 432.3b
Cyperaceae ] 1 0.98d 134.2a 17.51a 1.51e 1.64d 0.47¢ 109.3¢ 279.6d  2423.6¢ 374.2¢
33k 1.92a 113.6b 15.59a 2.65a 3.89a 0.5bc  134.2a 380.6ab  3352.3a 508.7a
L 1.8a 143.85a 14.72a 2.09b 3.24b 0.49¢ 123.5ab 332.11c  3113.7ab  486.3a
2 BH 1.51b 130.6a 15.43a 1.95hc 2.42¢ 0.56ab  105.6¢ 346.9bc  2986.33b  410bc
158 1.02d 108.4b 14.93a 1.7de 1.72d 0.57a  115.4hc 406.3a  2865.3b 432.2h
SR ¥y i 2.14a 127.89ab  15.75a 4.64¢ 4.49¢ 0.53b  137.2hc 339.6bc  3025.9h 513.4a
Leguminous {8 1.96b 101.56¢ 18.53a 4.13d 3.67d 0.51bc  124.3c 305.7¢  2866.7b 412.6h
55753 1.5¢ 120.3b 17.21a 5.7a 6.57a 0.47¢  124.2¢ 321.5¢  2986.9b 549.6a
I 2.1ab 138.9a 16.43a 5.2b 5.18b 0.49bc  135.2bc 375.2b  2895.2b 508.9a
Bk 1.11e 142.3a 17.79a 4.82hc 2.35f 0.6a 144.3b 413.2a  3105.6ab  422.3b
PR 1.31d 121.2b 17.95a 3.8d 2.95¢ 0.64a  160.3a 421.6a  3343.3a 441.3b
FHE 578 1.84¢ 130.94b  17.03a 3.95a 3.35¢ 0.55¢  124.8hc 325.6bc  2707.5b 534.3a
Forbs T {8 1.41d 127.9b 18.25a 3.98a 3.12cd 0.53¢ 128.9abc 298.4c  2461.2b 404.1h
135 2.73a 134.5b 17.15a 4.26a 4.28a 0.54c  140.2a 334.8b  2467.7b 396.4b
LI 2.15b 136.59b  17.65a 3.86ab 3.76b 0.52¢  118.4¢ 342.3b  2568.9b 391.4b
B 1.69¢ 138.6b 15.81a 3.49bc 2.76d 0.61b  116.3¢ 404.43a  2978.4a 376.7b
PR3k 1.35d 160.52a  16.32a 3.4c¢ 2.93d 0.68a  136.68ab  412a 3120.9a 401.2b
A ] {8 1.97b 124.6a 17.89a 3.42ab 3.95a 0.57b 153.2a 385.6a  2841.3a 476.3b
Edible shrubs 3k 2.2a 131.4a 17.22a 3.25h 4.02a 0.62a  150.3ab 395.8a  2895.6a 524.3a
I 2.05b 127.5a 18.21a 3.65a 3.52b 0.59ab  142.3b 412.3a  2854.3a 489.3h
HEvx (518 0.87¢ 13.27¢  139.26b  10.35d 2.73¢ 0.83¢  116.88b 3.99¢ 27.36c  305.13¢
Community {8 0.59d 15.46a  162.18a 9.66e 2.28d 0.62d 117.65b 2.59% 23.13d  312.95¢
13 1.25a 14.26b  143.91b  14.24a 4.03a 0.65d  136.90a 6.32a 35.87a  357.93b
I 1.04b 16.30a  148.48b  12.31b 3.22b 0.78¢  122.84b 5.61b 30.79b  409.95a
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