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Response of alfalfa hay yield and nutritional quality to altitude in the Yili River
basin

HUI Jin-feng, WEI Kong-qin, SUN Yan-liang, MA Chun-hui, ZHANG Qian-bing’
College of Animal Science & Technology, Shihezi University, Shihezi 832003, China

Abstract: To investigate the effects of altitude on the yield and nutritional quality of alfalfa (Medicago sativa) , we
planted four alfalfa varieties in 12 representative plots in the altitude ranges of 1300— 1500 m (H,), 900— 1100 m
(H,) and 500—700 m (H,) in the Yili River basin, and monitored their growth. Four alfalfa varieties were included
in this experiment, namely Algonquin (A;) , Magnum V[ (A,) , WL363HQ (A,) , and Xinmu 4 (A,). After
harvest, the alfalfa plants were analyzed to determine the contents of crude protein (CP) , neutral detergent fiber
(NDF), and acid detergent fiber (ADF), the relative feeding value (RFV ), ether extract (EE), crude ash (Ash),
total phosphorus content (' TP) and soluble sugars content (SSC), and the field hay yield (HY). The relationship

between HY and nutritional indexes of alfalfa was analyzed, and the altitude and varieties suitable for high quality
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alfalfa feed production were selected based on the results of principal component analysis and membership function
analysis. The results show that the CP, EE, RFV, Ash, and HY of alfalfa gradually increased as the altitude
decreased, whereas NDF, ADF, and SSC gradually decreased as the altitude decreased. At the same altitude, the
RFV, TP, SSC, and HY were significantly higher for A, than for the other three alfalfa varieties, and the NDF and
ADF contents were lowest in A,. Pearson’ s correlation analyses showed that the HY of alfalfa was positively
correlated with CP, RFV, and TP (P<C0.05), but negatively correlated with NDF and ADF (P<C0.01). The CP
was positively correlated with TP, EE, RFV, and SSC (P<C0.05). Based on the results of the principal component
and membership function analyses, the best performance was observed in A, grown at 500— 700 m, followed by A,
grown at 1300—1500 m, and then A, grown at 900—1100 m. In conclusion, the yield and nutritional quality of
alfalfa plants grown at lower altitudes were superior to those of alfalfa plants grown at higher altitudes in the Yili
River basin. Alfalfa variety WL363HQ, coded A, in this research, can be recommended as suitable for planting at
various altitudes in the Yili River basin.
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AIRBA H G B R R (437487 —43°547 N, 80°55" —80°56 " E, #E #& 500~700 m, H,) o #F5E X 2 )& T it 7



34 B 10 Bl 2R 3] 2025 4 43
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Table 1 Provenance information of 4 alfalfa varieties

Al A 455 Breed number Al Variety KR Source [H % Country
A, B[ /5 X1 4 Algonquin At 5t 5w 25 K Al B A BR 2 7 Beijing Clover Seed Technology Co. , Ltd.  fill% K Canada
A, 5 fiE 7 Magnum V[ A6 5 5w 57 IR AL B A FRZS 7] Beijing Clover Seed Technology Co. , Ltd. 3¢ America
A, WL363HQ At 50 IE Al A BR 2 7] Beijing Rytway Seed Co. , Ltd. & [H America
A, B 45 Xinmu 4 B A4l K 2% Xinjiang Agricultural University 1 [E China

1.3 #ABEFTRAHFERRE
A 5T R FH AU 2 AL X 235 3, 158 3 AN B B, 40 i i AR HL i Ak HL AR R H 4 SRR e T
AR AL AL AT Ao 3RS bR IR, 2022 4F 10 H SR FHALMUACHE 3B PR E N 2 cm ATHE R 20 em, 3%
Tk 18 kg-hm ™", 3Bt 4 ZZNE 7500 kg - hm " (22 24 Hb it A 29 468 ) o 3K 560 100 1) 95— Y[R 465 B, 43 kR 351 /5 9 4 T
LR . FEAEEE AR (20234F 7 H 28— 30 H ) RS 2L S AE B FE M o 45 RFEH H B RS B 16 HE
dn 3, Hit 36 M FEAR .
1.4 MEIwirs 7
1.4.1 T (hay yield, HY ) Il i& TE W H TG WAL (FFAE 5% ~10% ) , Bl AL e BUK 3434 2 R g A% %%
Hb B AR AR L T B DX 1 m X 1 m D7 YRR RR (R AR S BE 5 em) , EE I E SR ARE R IC SR T A R . ST
300 g e A7 A fif FERE S AT [ SE 56 2, 78 105 “CHERT A8 30 min J& 55 A 65 CHUA Mt F R & . AREIF AL
B, FEARXWTR
TR = R (1 — FKR) (1)
1.4.2 EIFRMFEME KK (crude ash, Ash) R FH TR AL E 5 KR 5 7 i (ether extract, EE) R H £ i
IO E 5 R 11 (crude protein, CP) SR F L EG 2 &0k (N X6, 25) W " 5 4% % & (total phosphorus, TP) >R
FHAR 86470 Eb fo i @ 5 B9 2 B & & (soluble sugar content, SSC ) 2% F &R e (236 00 2 5 R 1 1k 74 47 4k (acid
detergent fiber, ADF ) Fll 1 4 1 ¥ £F 4 (neutral detergent fiber, NDF) 3% i Van Soest ¥l % ; #2 §& NDF #il ADF
T 50 X 1A M (relative feeding value ,RFV),
RFV =120/NDF X[(88.9—0.779 X ADF)/1. 29] (2)
1.5 HKFERITHH
K I Microsoft Excel 2016 #F 47 ¥ 4 ¥ 45 11 , iz Fl SPSS 20. 0 4 i1 5k 148 2 47 B 19 U & 7 22 43 Hr #i
Duncan £ # I3 5 R H Origin 2021 #0F 3647 3 55343 B AL R B 23 1 (6] B 58 1 2R 38 ( Pearson ) A DG ¥ 43 #r f#
Fr&EE TR RS R Z LR,
K SR RBOE LA VP AL A LR (1 HLAR D7 LA T MR A i A R S TR R R R
AAOG, SR S R B R A 2R
UX = (X X))/ ( XX o) (3)
RLIR 43 H P 0k Uk 27 e & o R P VR A 27 A 3 i 5 1 7 i 2 BROAH O, LSl R R T 5 A 30k
Ux. ,=1—UX., (4)
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X F X 73590 0 585 1 A4 1 F5 R AE R /IMEL

2 HREAM

2.1 FH#EF%

A A5 R 7% AR i ol R T 8 50 AR P 3 % S A A 7 A AR S R R (P<20. 01,38 2) o 4% il Bl Y
O 2E S 0 R R By A VA R T v ek Ol P A AR AR ARV R T T R R F (A (P 1) . AR
IR T A A AL 3N B B B 3 T A B (P<0.05) o AR 8 B2 26 1 T, A il Bl i T 5
7 8 R AL 34 ah Rl BLAE RIS ROR AR T IS B R L O 6244 kg-hm o R A i i 3 7 R AN R 1 4R
JEETR) JC dit 35 22 52 5 (P> 0. 05) , JoAly 34~ B e HL 2 P T 19 5077 B 34 g 35 KT H, \HL(P<<0..05)

K2 EUEERMN EBRSEMZRATFHMBATESN

Table 2 Variance analysis of alfalfa variety and altitude on each factor

CcvV CP NDF ADF RFV SSC TP EE Ash HY
F P F P F P F P F P F P F P F P F P
A 22.91 *x o 86. 21 *x 105.75 *x293.02 ** - 505.25 ok 248.92 12,38 *#% 7.95 154,11 o
H 5.23 * 7.79  *x  40.86 oK 34.68 *k  219.05 #k - 103. 10 *k11.09 =k 3.86 ns 35.04 oK

AXH 1.701 ns  2.062 ns 0.360 ns 0.581 ns 0.990 ns 6.850 ** 0.220 ns 0.280 ns 8.280  **

I o R R 35 (P<<0.01) , *3R AR B (P<<0.05) ,ns RAR B EZ . ARRELERE M. HERER L. CV: 4L 5 ZEL Coefficient of
variation, CP:#1# 1 Crude protein, NDF : i 4 8 i £F 2 Neutral detergent fibero ADF : iR 1 ¥ I £F 4k Acid detergent fibero RFV : A % 15 M 7 {5
Relative feeding value. SSC:AJ # ¥l ¥ & Soluble sugar content, TP: 4> Total phosphorus. EE:HLA§ i Ether extract. Ash:#l K 4> Crude ash.
HY : T /77 i Hay yield, T [d,

Note: ** means extremely significant (P<C0.01), * means significant (P<C0.05), ns means no significant difference. A represents alfalfa variety and H

represents altitude. The same below.

2.2 #KFESALEAML

TEARCRD Rl R R X S AL S 1Y CP & i BT 3
o (P<<0.05,3 2) o MI[E RS0 5L H 18 1
CP 5 1 B 4 5 B2 (9 B AR 52 B 45 fin i i 34 . Horp
AH AR PR A CP & it fie i, o 19. 700, A R Y CP
TR SRR T R R T Il Rl (P
0.05) o 5 AH, 2 AH I, AH, T AH B CP % 43
SR T 8. 8% M 1L. 700 (I 2) o JEE KN b ol PR 2R %)
RFV NDF 1 ADF 7 & HA ) 2 2% 5 i (P<<0.01) T
(42) . TG4 5 JE 2 1 F L A, B i NDF ,ADF <
i R E G T H A SRR (P<€0.05) o T A, 5 FlAY 1 FESBEETEEEESMYTEEE
RFV {E LA % KT —,H: ﬁ{l in A (P<<0.05) , H %’ i A Fig. 1 Hay yield of alfalfa variety at different altitudes
REV (B 7% M 3k 46 1 F 35 3 4 o qi TR Ak 2R [ — it A [ T 4R e B2 ) 2 5 36 (P<C0.05) , /NE 7 B
M R (P<<0.01) (2 2) . Bl 3 =5 1Y) R AR #. TR, Capital letters indicate significant differences among different
LW EEMAShHIEE S EE2Z A S BB (A 3) . altitudes of the same variety (P<C0.05) , lowercase letters indicate
AL ol 26 P 2% 0 ol 26 46 15 785 9 TP o Bk B v 352 significant differences among varieties at the same altitude (P<C0.05).

L 1 v s . o et s N A,: Algonquin; A,: Magnum VI ; A;: WL363HQ; A,: Xinmu 4; H;:
(=N GECNe N Ba| k 3 S
SL ) F%{EEI = ﬁﬁ H j]l] s % o SAEH A Y SSC 4 High altitude; H,: Medium altitude; H,: Low altitude. The same below.
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Fig. 3 Crude ash, ether extract, total phosphorus and soluble sugar content of alfalfa variety at different altitudes

R VAR R T R R MR . 5 A, AR PR L, AL R AL G T A (0 SSC R BRI T
12,106 F127. 1% o IR = BE A5 PF T L A @ Bl TP A SSC 4 1 35 5 T HoAb i F (P<<0. 05) ¢
2.3 TEZELHER&AMX NS
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0.01);NDF 5 RFV . TP.SSC & & F i #1 6 (P<C0.05) , 5 ADF S #% & # 1E A ¢ (P<<0.01) ; ADF 5 RFV .EE.,
TP S & A6 (P<<0.01);RFV 5 TP .SSC & & F IEM & (P<<0.01) (K 4),
2.4 TEEZHERSAGELSEFN

AT RS A B R [V AR SRR R SR AR E TR R RS SR R R AT SR A RN (R 5) B SRR L5 1 B
A3 %t BT 22 BTk R IK 62. 33%, Hoh REV st ik Kk, Ash & B stk /b o 45 2 a4 o7 22 5k Rk 22. 20 %,
Hrp CPNDF \ADF Ml EE & 2 5T #ik 8 K HY .SSC I TP & & stk 4 o F e 1A 385 2 B3t 5t ik 354 2

T4 H Hay yield 0.69 -0.87 -0.90 0.90 0.58-031 0.94 0.46

FHEH Crude protein -0.81-0.90 0.83 0.70-0.43 0.74 0.61

R R ¢ 2T 4 Neutral detergent fiber 0.88 -0.99 -0:46 0.32 -0:87 -0.64

TR PEBER 2T 4 Acid detergent fiber 20.91 -0.75 0.40 -0.86 -0.50

A AN E Relative feeding value 0.48-0.30 0.89 0.62

ML Ether extract 2057 049 024
ML 53 Crude ash -0.27 -0:30
47§ Total phosphorus 0.43
T RS Soluble sugar
EH2 O §8 €5 W8 8% KRy #3 &E
B H5 #5238 £ CI-
S Iz s 28 3 3
5 By Fe e
s < =
z &

erowxzy T = O
Pearson’sr  -1.0 -0.8 -0.6 -0.4-02 0 0.2 0.4 0.6 0.8 1.0

B4 FARBERZFGTELREERMNTESESERRRMEXESNT
Fig. 4 Correlation analysis of hay yield and nutritional quality of alfalfa at different altitudes
*: FORTE 0.05 7K L B E A, 0 FRIRTE 0.01 /K L B E AR, *: Significant correlation at the 0.05 level, **: Significant correlation at the 0.01 level.
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22+ ® i
=9 AH, <o
& . W O R
d},l( X H ' Principal component 1+Principal component 2
H l 2 F E= E 41 Principal component 1
A & i 432 Principal component 2
-4 L L I 1 1 1 1 1 1 1 I I 1 1 1
-4 -2 0 2 4 = T - - - - )
& 771 Principal component 1 (62.33%) < < < < < < < < << < <
4ii 5 Number

BS5 TRBERFHTEREERMZITERNERNSIOTREERFES

Fig. 5 Principal component analysis and comprehensive scores of various alfalfa varieties under different altitude conditions
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84.53% , M AT IR R ERAL E A TR /= B RS =M A4 KB G 8 . ANFEAEFET 51 380 58 0k k&
AH, AH, AH AH, AH, AH, AH, AH AH AH, AH AH;%2 ¥l 5 5 KKEAH AH,,
AH, AH, AH AH, AH, AH, AH AH, AH, AH, Z4& 3851520 J0A B RS T T 55
B BRS 4y B R AGHL, HR 4 R ALH > AHL > ALH > ALH > ALH> A, > ALH, > ALH, > A H >
AH,>A H,.
2.5 TREFELHTRARAGERIHSH

SEAE A Al R A R IR B R A [ R A5 T Y SR B[R], SRy O SR AN [ 9 A e AR A T i
TR (%) S5 A6 T 1 S b SR AR B T T R i MR A TV RN L DR R AT A TR R R AR AT 4 i A X
T WA (B AR 43 HELRE 7 3 i BT O A H8 bR AT SR 8RR B BT L 25 B AN S5 SRR W, 3 I ge v Ak AR T AL HE
TES— i (£ 3).

K3 FRBREFHTEREERMNEERORERLS T

Table 3 Membership function analysis of various indexes of alfalfa cultivars at different altitudes

95 Ash TP SsC HY CcP EE NDF ADF RFV T ME Her
Number Mean Sort
AH, 0. 000 0. 000 0. 330 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0.037 12
AH, 0.386 0.055 0.150 0. 259 0.029 0.420 0.112 0.262 0.122 0.199 11
AH, 0.184 0.480 0. 000 0. 600 0.057 0.599 0.116 0. 346 0.150 0. 281 10
AH, 0.192 0.172 0.725 0.170 0.487 0.388 0.099 0. 281 0.121 0.293 9
ALH, 0.918 0.070 0.596 0.247 0.495 0.788 0.394 0. 389 0.316 0.468 7
ALH, 0.375 0.378 0.457 0. 486 0.682 0. 866 0.457 0.594 0.417 0.524 6
AH, 0. 849 0.907 1.000 0.955 0.702 0.665 0. 949 0.734 0. 850 0. 846 2
A H, 0.026 0.696 0.845 0.963 0.791 0.725 0.985 0.955 0.967 0.773 3
A H, 0.812 1. 000 0. 680 1.000 1.000 0.771 1.000 1.000 1.000 0.918 1
AH, 0.771 0.187 0.763 0.536 0.248 0.720 0.171 0.438 0.202 0. 449 8
AH, 0. 356 0.490 0. 559 0. 544 0. 666 0.983 0.343 0.663 0. 365 0.552 5
AH, 1.000 0.514 0.395 0.619 0.813 1.000 0.411 0.820 0.455 0.670 4

3 g

31 HRHANERE R TESENYH

SAEE G 1 T P R VT A SR IE R AR PR RE R AR AR AR AR BRIk AR 44
SACTE A S AN A T i B WS I R R R BE O RE (] B v A e B Y eRIE AR OG5 AN [ R R B
A3 I P O AT DG o IR AR A v ) T e R BOER AR B AE T R AR, X AT R TIOR3 BOE AR A
A A% B DL RS, S0 R RO A S R A S A s T O AR ST BR ) TS A E A
AR AR T ARBEIE R R R T R AT T X R K R R G I ) R e i FE 4 T R I S AT 3 1o 3
SEACETE AR = o BCEOR AT SR S G T FE R AR AR T R AR E TE I T R B A R D I
] 22 5, AT BE 5 2040 B 18 S A B AR AN [ A 56 o DR 5 3 T, vl 8 K B 78 0 = K IR 78 it o g 1 2 7 k5 0 T A
TRk IR 7R R K I R ) 5 A DRI AN TRV A e T AR PR B R A S R R R DA S B R S R N M Y B
S
3.2 BEGAMNELBBEERR AU "

RELER 113 B2 PP A S8 16 1 7 8 9% O Y T B A8 b, S5 A6 T RRELER 1 B AR A G R ) 22 0 BFSR
T AR X R PR E A SRS T eI X" 8% K (Hordeum vulgare) R 5T £ W , K&

iy
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TP 110 KL B P 5 6 Bl 5 V6 A0 00 B8 1 38 n S K T T RRR B AR IR A VB A R B 1 AN T A O 23R B A
T A [ 7K et 2% T U /D T 56 A6 T A R B T e DU A G R B WIS R A R T R b R AR SRR
PR HL AR Kot A v 32 BRI 22 TR RS I 25 K R BE R 52 ) S Mkl S RHICEOL R (R AL R R
15 18 R P 08 T4 T 4 R IR A O AR T 0 O DT R VR 0 T AR R 1 T B S R AR AN [V A X (1 e 27
(Arena sativa) 5 #; % Wi 5. (Vicia sativa ) IR RIS & I, 155 1 B b DX TR 476 A0 5 1) mb M 6 1A% &8 20 R R P Wk 4% 2F 4
St TR AR DX A S 2 S S AR — B SRR A I I D A T A R R M o A T A U A e
R AR S B W 0 i R B, i PR VR IR AT 2 SR M VR IR AT A B i A L B R — S H AT BE R IEAH SR R R
WY, V9 Sy ARV 4 v B T v T Ofe ) 30 58 W30 36 ok 1 i o B D) 5% v £ A ORI F A R R R SR AR ) I AL B
HIRE J1, VRTS8 T 27 o S R R

ABIF 5 e B B T A v T T v S OSSR AE B A B OMLIR S FURLAE U7 5 e X8 B AR T T 9 i D 4 A
e, WFFTF I, PV MR 2 AR ) 20 MO BT FE R ) W 2B R 1T ) T AR A 3 S g3 0 T S P OB Ok 2 O A i B B
JE 8/ DK TR 8, AT G0 AR 3R X 400 B 0 45 T IR R A L SR AR A R P MR K Ak A A i B RROIR S G
18 2 2 38 eI 4 R B, L AT M B K AR A W B R R, U B O R R P SE RE bR Y .
WL363HQ i Flt (1 1T 35 MM & & o FR/R X & FE AR 7 5 AP, X 5 HAR & 9 RIR R A oG . B R R MW A K
b TR EFROUER W Z AR IHE R ALY A A BLRE AR BRAEE T 0 S mE S Y R B R R R
i A ARG v K v A P 2 O REURE [R) 1S 0 SE S T A A 6 A VR T B B TRD S 28 S0 S = 2 T R
TR T SO AR S A AT W R G B LA R, (8 S T AN Il S R L TR R A L R SR
0 EH ) A8 B AP 25 PR 2R A 52 0, AN ) it Aol ) 55 06 A AR T R B R SR T AR 2 S

4 it

AP AL VSR [ 4R 5 B (), AR ) 2 4 A 7 0 5 R A T B 7 R 3 A E 5 S (P<20..05) .
TR (500~700 m) A F T4 46 1 45 T 557 B A 55 5 T . 4848 B 45 5 Bl WL363HQ 1 T 85 7= ik i 5 35
T TE 3 AN 8 4 2 B L 2 I 4 A AP T S A A

28]
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