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Analysis of the distribution pattern and nutrition profiles of forage plants in the
Tarim River Basin
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Abstract: The aim of this study was to determine the distribution of forage plant resources in the Tarim River Basin
and the factors influencing the distribution. The overall aim of our study was to provide theoretical support for the
development and utilization of forage resources at family, genus, and species levels. In addition, based on the
grouping of forage plants with similar nutrition profiles, we aimed to identify forage species with potentially high
nutrition value in the Tarim River Basin and suggest possible substitutes. By integrating information from historical
literature, field surveys, and online databases, we updated the forage plant list for the Tarim River Basin and
analyzed the composition and distribution patterns of plant families, genera, and species. We also explored the
influence of anthropogenic, climatic, and soil factors on the distribution of different pasture taxa and growth-type

plants using redundancy analysis, and carried out a clustering analysis based on principal component analysis to
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identify groups of pasture plants with similar nutritive value. The main results were as follows: 1) The forage plants
in the Tarim River Basin totaled 269 species in 153 genera and 41 families. These plants were mostly distributed
along the edge of the Tarim Basin, and were mainly concentrated in Hejing County in the north, Wugqia County in
the west, Yecheng County and Hotan County in the southwest, Ruoqiang County in the east, and Aksu City in the
central part. 2) The mean annual air temperature and local gross domestic product were the main factors influencing
the regional distribution of forage taxa, with a combined contribution of 66. 8% . Mean annual temperature was the
primary factor influencing the regional distribution of different growth types of forage plants, with a contribution of
62.2% , and acidity and alkalinity (pH) and available potassium were the factors of secondary importance, with
contributions of 13. 1% and 10. 8%, respectively. Soil organic matter only affected the distribution of forage taxa.
3) In terms of nutrition status, similarities among forage plants were independent of their phylogenetic relationships
and forage class groupings.

Key words: Tarim River Basin; forage plants; distribution patterns; environmental factors; nutrient clustering
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Fig. 1 Overview of county-level administrative divisions in the Tarim River Basin

1: Bl % 95 17 Aksu City; 2: B4 #F B Akqi County; 3: B 52 fi 5L Akto County; 4: BT /8 17 Alar City; 5: B 77 Artux City; 6: Pl FC 42 2 Awat
County; 7: % B Bachu County; 8:FEI% & Bai County; 9: ] 2 Bohu County; 10: 3 #) & Qira County; 11: )i & Jiashi County; 12: Fl#H &
Hejing County; 13: il & Hoxud County; 14: Fl M i Hotan City; 15: #1 ¥ & Keping County; 16: JE %1 Kucha City; 17: J& /K #)1i Korla City;
18: % 5 & Luntai County; 19: # I & Lop County; 20: # 35 H Makit County; 21: R B Minfeng County; 22: % [lI & Pishan County; 23: H A&
Qiemo County; 24: #7392 £ Ruoqiang County; 25: VP #f B Shaya County; 26: 75 7= £ Yarkant County; 27: Hifff & Shufu County; 28: #1 FE /R T4
7 32 H i B Tashkurgan Tajik Autonomous County; 29: EI A& 7217 Tumushuke City; 30: B 22 E Yuli County; 31: 75 & Wensu County; 32: S5
H Wugia County; 33: % I & Uqturpan County; 34: # #1 B Xinhe County; 35: % & [l 1% A ¥4 & Yanqi Hui Autonomous County; 36: B % &
Yecheng County; 37: 3&3 70 £ Yingjisha County; 38: T I £ Yutian County; 39: & ¥ 5 & Yopurga County; 40: ¥ ¥ & Zepu County; 41: 8 £ &
Moyu County; 42: W17 Kashgar City; 43: & # £ Shule County; 44: 1 H £ Hotan County. T [i] The same below. 3& T [ #& ¢ I 35 b 1f b (51 iz 55
M 34 GS (2023) 2762 5 F i s 18] ) 78, i€ 181 30 B J6 18 2k . Based on the standard map service website GS (2023) 2762 of the Ministry of Natural

Resources, the boundary of the base map is not modified.

1.2 H#ERR

22 ) o T S A PR e ) o el PR A ) ol il AR 9 00D 45 5 8 e 3 L R o U A 5
o >R B 8 £ il 1 A Y (iPlant A0 —— Y W0 P AR R R G0 ) A5 A 41 13 0 0 Hh Al T 38 BUAR ] i 3k HL R A
T AR (B AR ) B RO F AR B APG TV 0 K R GURAR YR s RS Y AR BE I3 A IR ] O S5 A SRR B
R A DAy L A Y AL Sl A A ) 44 53 ) 2 I HG L Sl A o T O AR ) 3 el A A T B 2 37 T ) o ) K
E/E g8

WS T3 134, 20 A7 OO E 07 A 72 BB U B 7 AR R AERE K H IR R 7 (L
AHLB pH A AR AT A A RO RO e A ROk A E G R 2001 — 2022 4F [
GEiHAF 4R HAREL, 2003 — 2022 4FAF 3 AF B K L B b M R 14 3 o I 5 R JRU B Th o (hteps < //data.




5 35 B 3 W Ol 2E 3] 2026 4F 29

tpde. ac. en/) F 2RI, H A 2 B Z AL GFE R h O (EBRRLEE PO — P EILEE ™)1 2001—
2020 4F v [ 1 10 A<M BERE H (BB B T AR, BT AR B B 20 A DR ERE A 2D RO (B AL B S O (B LR
]I A BT 20 A BT PR B0 ) B 4E

B BRI i Sl e w37 Ay OMLER 1 T AU W RLER 2 DRLIR 7 MUK 73 ) B BORe s 9 (A R b I 45) E 28
F CNKI[ H [ 1 (enki. net) ] A Web of science [ Document Search-All Databases (clarivate. cn) 2% 48 56 SCHk 3K
BCPA Bl i B = A 7 [ BE S =R 7 (pwsannong. com ) | AH 938 (A 9 38 — #8591 8048 72 — zhiwutong ) 55 75 28 W o
A FR BT % 30 R B A I] g B 0 5 0 DB 4
1.3 HK#EAHE
1.3.1 B HORI SR AR o R BRSBTS Y A B B AR R (1R NBURE(2~4F) R RS~
9FN) KBEHZ=10F0)" & & He s fp g (L AP ) /NELE (2~4F) P ALE (5~9F) RALE (=10 F) e it 4 st
MO R BB R BB DL K TR R HE R RIS K AS AR ) 00 ) Al O TSR BT o e 5], R B O B 20 SR
Yo RE I 2H LA K Wy b B e O .
1,302 3% HLORT] 0 Sl P AL 0 G A1 A R B 3K Bl DR R B BT i B I 5 10T A 36 M E L i TR E T
SRR T B K I A1 R 43 S5 R R R, A A X Ay 44 ATl B sl TR A AR ER B A R BR I L W A A
WAt o i T A OGRS 0 A A R 1 0 BT v oK HE R AR R AE N . 38 H ArcMap 10. 8 BB LR
TR YL AT B DX R Ak i T O B A Y] g A e IS R 2 T R ) e RO B HI A 1% 43 A L — 2] % 4 R D A R R L Gl
AN AL AT | R R I 56 Ak S A5 B8 LR Tf A0 5 0 R ) S [ R S B A T A o3 A L iR — 28 A A
T IR S AN [) A 1% A AR ) 1) 23 A A% R

A (RO T ol A e IS R A 3% U ) A 80 ) B AR S O B AR i el 4% B0 20 4E PR B IR 7 s ) B LA JF
J& iz 1] Rstudio 1 1Y “Hmisc” F1“ corrplot” 4, 25 il A= 1% £ S BURE KR BE W) R B S 13520 X 7 i A DG HE AR . R+
AT ML 5 4 A (total nitrogen, TN) Z B £ 78 558 A AH G (r=0. 98) , Al B ‘T B £ F L PR In) 0, hy b A i —
[ F , A 58 2 1 He A 4 A HLT (P<<0. 05) 5 4 & (P<C0. 05) (1 5 2 1 /K - {56 3% £ HE A AL VR WA Fe ik I 7
HEAT 20 B, 251 AF ] Rstudio H“ Vegan” £ i1 5 9 F 45 43 J5 2K 1 “ ggplot2” “ ggpubr”“ ggrepel ” 45 4 2 il I 3 fL TT 4%
43 M7 (redundancy analysis, RDA) &, It 4k iz F “rdacca. hp” 40 31 58 & 8 K 7 5T 8k & 49 ke, TR B 2R FH “ ggplot2” fi &
O B DAL % B B A 7 P e 2 A B A T B b o0 A Y BTRR 20 B AR
1.3.3  BEHEORW AT Y A M E R 4 SRR T 328043 43 T (principal component analysis, PCA)™
2R 2507 1, 4e i A Rstudio T (9 “ preomp ™ 4 5% 38 B AR J] 3t $uk 4500 5% 43 ) 85040 4 v A R B 11 OB 43 RELBE D R
27 Yk K TR S AT Ay a0 A, E T B T cluster” €0, 22 i) R 3% 43 B 2 AR 18 34 < ggplot2” 4, 2 i
FEARE I3 28 1Y F7 53 F2 05 43 W I P LA AR A (O B A ] 7 Sl e e A ) 4 3 ) BB R TP BORE SR G BRI VR b A
45 5 AF G 2 i R SR AT AR IR

2 HBREHGH

2.1 B ERFRBACE A AL LR,

B B R YT i 3 1) R A ) T AL R 153 J8 269 B, T2 Bl BRI 5 E R AL, L R A R ) 5 0 R ) R
I 258 Fh (96 26) , Fe R 5 e AAL 7 F1 4 Fh, B o LB/ o X BR AR (62) IERF(46) (H AR (32) (TR
(28) EFRH(16) . FH A (12) KL K H 8@ (11) P B8 JE (8) E 8 () A& ir S A W W M B 2 (% 1) , 72 F}
YA b SRR (L) NEBURE (2~4 R ) o5 SRR ) SRR 75 060 B T A% 19 TR A o5 R 8 E 1500, B A% b
d AR 2226 (K 2) . PRIRH(5~9F) CKBBH( =108 A 108, 5 HCRAE Y BRHR 25 % (BT L35 1Y IR
A BE B 8506, BT AL S Wy A i S RN Ry 7806, 3xX AR W B B K R U R A ) A 2R A R T A BORE N . T
J AL L, R (LA ) 5/ AL JE (2~4 Fh) B b7 B B0 9450, BT & RS 5 SRR 7804, I L B R
NP J A B AT i B A 2 S A A



30

ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 3

*1

BEAFRENEEYN B

Table 1 List of the number of species in each family and genus

REACISE/LEY)
Family name (Number of

species in the family)

J& 2 (s N R8O

Genus name (Number of species in the genus)

H1&l Cupressaceae (1)
ik # Bl Ephedraceae (1)
MR Salicaceae (3)

fii Bt Ulmaceae (1)

FKF Urticaceae (1)

3} Polygonaceae (16)

L1 75 Fk Caryophyllaceae (1)

Ak Amaranthaceae (46)

£ H A Ranunculaceae (4)
11 #t Bl Capparaceae (1)
4 F Brassicaceae (5)

% 4% B} Rosaceae (12)

I Fl Fabaceae (28)

2 )L T} Geraniaceae (2)
3B} Zygophyllaceae (9)
i & A Polygalaceae (1)
Hi 22 R Malvaceae (2)
AT T #} Elaeagnaceae (2)
BEMIAL Tamaricaceae (8)

Mot 22 R Onagraceae (1)
#iBAEL Cynomoriaceae (1)
{i 7 4E B} Primulaceae (1)
4 47+ F Plumbaginaceae (1)
JiEAE R Convolvulaceae (2)
JEIEFL Lamiaceae (1)

i B} Plantaginaceae (1)

% Bl Asteraceae (32)

Ik F 4 F Juncaginaceae (1)

HI M1 Juniperus (1)

R )& Ephedra (1)

¥ )& Populus (3)

faiJ& Ulmus (1)

HRJE Urtica (1)

KEE Avraphazis (3) ;708 H)E Calligonum (8) ;Z & Persicaria (3) ;%2 )& Bistorta (1) ; TR BLJE Rumex (1)
R AKJE Gymnocarpos (1)

W IE Agriophyllum (1) ;8 AR ME Anabasis (2) ;=R JE Arriplex (4) ;FWEEJE Camphorosma (1) ; i R &
Ceratocarpus (1) ;2@ Chenopodium (2) ; T3 JE Oxybasis (1) ; LG Corispermum (1) ;3275 K J& Halocne-
mum (1) ;#A8J8 Halogeton (2) ; $FEAJE Halostachys (1) ; 8 J& Haloxylon (2) ; X EEFLE Iliamna (1) ;&
JONE Kalidium (5) ;38 93 & Krascheninnikovia (3) ;32 M 5 )& Salicornia (2) ;11 38 Oreosalsola (2);
W T3 8 Soda (4) ;5 B3I Salsola (2) ;4% F @ Sympegma (1) ;W88 Amaranthus (1) ; i T3 )8 Dyspha-
nia (1) ; K228 Chenopodium (1) ;¥ IKEEJ& Bassia (1) ;55 IKE & Grubovia (1)

BRERFE IR Clematis (4)

1A & Capparis (1)

MATIEIE Lepidium (2) ;37 8 Strigosella (1) ;23R IF )& Neotorularia (1) ; 115 3% J& Tetracme (1)

RW SRR Potentilla (4) ; BEHIE Sibbaldia (2) ;4 #F )& Dasiphora (1) s BRIRJE Argentina (1) ;3% #% )8 Rosa
(1) ;B4 TR Rubus (1) ; M JE Sanguisorba (1) ; K KR Alchemilla (1)

IR JE Alhagi (1) SHEARE Amorpha (1) ; 8 18 Astragalus (3) ;4338 JLJE Caragana (5) s H 5 & Glycyr-
rhiza (4); A BKIRJE Lozus (1) ; BT @ Medicago (3) s HEARMRIE Melilotus (2) ; TR Oxytropis (1) 5 -5l i)
Trifolium (4) ; FIMJE Robinia (1) ; FHEJE Vicia (2)

P L Jm Erodium (1) s MR8 Geranium (1)

Ml & Nitraria (4) ;38583 )8 Peganum (3) ; B¢ B 38 Zygophyllum (2)
i %8 Polygala (1)

KR JE Hibiscus (1) ;5525 J8 Malva (1)

AT 8 Elaeagnus (1) ;¥ & Hippophae (1)

AW JE Reaumuria (2) ; 82ME Tamarix (5) ; KMAELE Myricaria (1)
W22 )& Chamerion (1)

B E Cynomorium (1)

B KR Lysimachia (1)

AL JE Limonium (1)

€48 JE Convolvulus (2)

% 22 )& Dracocephalum (1)

7 i J& Plantago (1)

W55 0% Ajania (1) ;5 )8 Artemisia (11) ;858 K& Asterothamnus (1) ; 85 3k J& Echinops (1) ; e B AL )& Inula
(1) ;7EAE4E 8 Karelinia (1) ; #im} & 8 Neopallasia (1) ; ¥ 2J& Takhtajaniantha (2) ;75 5 232 J& Sonchus (2) ;7%
SERE Lveris (1) ;285 )8 Seriphidium (2) 5 55 EE Lactuca (2) ;81 J& Cirsium (1) ;4855 J& Aster (2) ; 5858 A Jg
Asterothamnus (1) X9 E )& Leontopodium (1) ;3 15 J& Rhaponticum (1) ; K3EJE Erigeron (1)

IKZZ 4 )8 Triglochin (1)
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Family name (Number of

species in the family)

Genus name (Number of species in the genus)

ARAEL Poaceae (62)

% Ft Moraceae (1)

7 H B Cyperaceae (9)

FV5 R Alismataceae (1)
A BF Amaryllidaceae (2)
17 B} Celastraceae (1)
Bl Typhaceae (2)

Pt KR Rubiaceae (1)

27 Bl Boraginaceae (1)
ST H A} Juncaceae (2)

45 Bl Portulacaceae (1)

} KRR Neotrinia (2) ;5 BB Aeluropus (2) ; IKFEJE Agropyron (1) =15 B8 Aristida (1) ;46 22 J& Bromus
(1) ;8 + 08 Calamagrostis (3) ;B2 R )& Cleistogenes (1) ; B 58 Elymus (6) 5 JLTRHLJE Enneapogon (1) ;
BEZ TR Eremopyrum (1) ;35 ¥ & Koeleria (1) ;R B HJE Pennisetum (1) ;75 J& Phragmites (1) ;11 & % &
Setaria (1) ;%1 3@ Stipa (7) ;B & Echinochloa (1) ; H & Saccharum (1) ;51 F R JE Cynodon (1) ; JERE R
Chloris (1) ; #AEF @ Anthoxanthum (1) ;35 i 8 Agrostis (1) ;8 J8 Puccinellia (1) ;¥L# E & Bothrio-
chloa (1) ;¥ 5 )G Leymus (2) ; T I8 Digitaria (1) ;%1 2 %.J& Psathyrostachys (1) ;15 J8 Dactylis (1) ;{83 %
J& Elytrigia (1) ;#6328 Avena (1) ; B % J& Phalaris (1) ; oK JE Poa (2) ; K J& Hordeum (1) ;5 J& Festu-
ca (8) ;8835 J&@ Polypogon (1) ;10 J8 B )& Eragrostis (1) ;358 Arthraxon (1) ; 40638 Ptilagrostis (1) ;5%
MeF J/ Helictotrichon (1)

¥ )& Ficus (1)

Ji BRI & Blysmus (2) ; 2 )g Carex (7)

BV I Alisma (1)

& Allium (2)

T )& Euonymus (1)

s Typha (2)

LIS Galiwm (1)

4 EHE Anchusa (1)

FT R 8 Juncus (2)

W5 W J& Portulaca (1)

F2 BERNARBHEEDHES T

Table 2 Analysis of family and genus of forage plants in Tarim River Basin

el B Family J& Genus fil Species J& 2 51 J& Genus fil Species
Categoriesof g i MR A goR g | Coteeoriesol g gom o Nt
families Number  Percent- Number Percent- Number Percent- genera Number Percent- Number Percent-
(No.) age(%) (No.) age(%) (No.) age(%) (No.) age(%) (No.) age(%)
KB Large fami- 6 15 196 73 107 70 K JE Large ge- 1 1 11 4
ly (=10) nus (=10)
h AR Medium- 4 10 31 12 13 8 b 7 J& Medium- 8 5 51 18
sized family (5~9) sized genus (5~9)
/NELE} Small fami- 8 20 19 7 10 7 /N J& Small ge- 42 27 105 39
ly (2~4) nus (2~4)
B AL Monotypic 23 55 23 8 23 15 HAFf & Monotypic 102 67 102 39
family (1) genus (1)

2.2
2.2.1 B BRI a8

BEATRBRF L LBL £ E R 5T M5 R H
S Y WA A ) SIS 53 A A% SR

B FEL A T 3 S AP A 0 IS A e B 5 O A R L R

Bb HAU R B HE AR o 32000 B R R S YRR ) B R AR D o R RS B R A ) AR ORI
A AR W A 5t E IR N B A B (39 Fh) BT & B 2 (1 2a) , FHLUOR 2% T AL 0 B 35 58095 52l A 36 N B A B
(25 Fh) Ko i Bl v oy b DX %) Bl v 5 T (21 Foft) i 35 e we AL D 2 2% D 380G 8 e A0 AT K e 180 YR M A B A B
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Fig. 2 Distribution of forage plant communities in the Tarim River Basin

a, b, c,d, eI ARAR GR WEE AR ZEARMEY) /M. a, b, ¢, d, e were the distribution of Poaceae forage plants, Leguminous forage
plants, Cyperaceae forage plants, forage plants from other families and shrub plants. %& T [ 42X ¥ J0B b5 o 3 R 55 90 3 GS(2023) 2762 5 g 11 3 1 i
B, KB 1 5 A& M. Based on the standard map service website GS (2023) 2762 of the Ministry of Natural Resources, the boundary of the base map is

not modified.
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Fig.3 Life-form distribution of forage plants in the Tarim River Basin

ab e B E A AR A R BT /3 . a, b, ¢ were the distribution of annual forage plants, biennial forage plants and perennial forage
plants. JE T 5 9K % I ARbR 1 3 1RT IR 55 99 3 GS(2023) 2762 5 A5 1 1l &1 i £F L i€ B 1 L M8 2. Based on the standard map service website GS (2023)

2762 of the Ministry of Natural Resources, the boundary of the base map is not modified.

2.2.3 50 B LR JT A e AR A 3 A 1 BIK Bl TR R 1 T1 4 Fp X8 19 28 T RE AR O3 A1 A 1 35 R R Y TR R B
T (FR3IMELA), R 3a]J, XS A [ A 1% B A W) o0 A A7 5% i) 19 [R5~ 60 935 4F 2 il (mean annual temperature,
MAT) . 4 ¥ B% 7K (annual precipitation, AP) . pH. 4 (total phosphorus, TP) . #& f# % (alkali-hydrolyzable
nitrogen, AN) JHZH (available potassium, AK) , H1 3 4 W A1, X5 A8 9 4w S RE 43 A1 A7 52 00 1) DY 60, 466 4 2 i 4R
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Table 3 Factors that have significant impacts on the distribution of forage plants with different life forms in the Tarim River

Basin
A i Mean annual tem-  4FE 7K Annual pre- pH 4% Total phos- B fit & Alkali-hydrolyz- #Z#f Available
Life forms perature (MAT) cipitation (AP) phorus (TP) able nitrogen (AN) potassium (AK)
—4E A4 Annual —0.386% / —0.393%* 0.320% 0.351% —0.377*
Wi 4F 7 Biennial —0. 526%* 0. 525% —0. 460 0.413%x* 0. 497 —0. 384*
Z4E A Perennial —0. 541%xx / —0.423%* / 0.336% —0.374*

#, P<C0.05; **; P<C0.01; ***, P<C0.001. T[] The same below.

R4 WNEBRNARESARNNELBRNEEY I HEFRESWOETF

Table 4 Factors significantly influencing the distribution of pasture plants of different forage taxa in the Tarim River Basin

HE R AR Mean  AEXFFK An- M O5 AR 7R R pH AP & Total B S Alkali-  EZCED Avail-
Forage plant groups — annual tempera- nual precipita- Gross domestic Soil organic  phosphorus  hydrolyzable ni-  able potassi-
ture (MAT) tion (AP) product (GDP) matter (TP) trogen (AN) um (AK)
RAFL Poaceae —0.582%* 0.473%* / —0.602%* / 0. 414%* 0. 555%x —0.457%*
B} Fabaceae —0.325% / / / / / / /
W EFL Cyperaceae —0. 582%* 0. 380% / —0. 515%* 0.332% 0. 424%x* 0.411%x* —0. 536%*
HAbF} Other family —0. 597%* / / —0.471%* / 0. 340% 0. 340% —0.458%*
# A Shrub —0.321% / 0.334° / / / / /
1 [
i 7§t Fabaceae 1 EIREK AP
; a 0.6 : T
¥
Tl : e BB AN
8 03 tF 2Jim MAT
= N /e [\ _u - AL
= § A AK Biennial plants|
g (1) A I o pH
a LAt B Other family : Of=======-=----- - -~~~ = === === === o
ARAF} Poaceae < FAEAEY) Annual plants|
R AN @
-04 G -0.3 Z 4/ Ki%) Perennial plants
i IBHIR} Cyperaceae |
! AT LT SOM 06 !
-0.5 0 0.5 1.0 ’ -0.5 0 0.5 1.0
RDAL (79.58%) RDAL1 (93.47%)
43 00, 60 62.2%
g o | g ¢
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Fig. 5 Redundancy analysis (RDA) of forage groups, life forms, and environmental factors, along with the percentage

contribution of environmental factors influencing
a b 43 ) A R 2 R R AR I R PR R DR T B TR G BT, o d 43 ) R s e REAS S B 5 A 0 B A RO A B IR T STRR E 48 L. a, b were redundancy
analysis (RDA) showing the relationship between life forms and environmental factors; ¢, d were the percentage contribution of environmental factors

with affecting the distribution of forage taxa and influencing the distribution of life forms.
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Fig.7 Scatter plot of forage nutrients in Tarim River Basin
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Fig. 8 Cluster tree of forage nutrients in Tarim River Basin
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