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PR U 2T 4 5 B (1. 06 % ~2. 9890 Al v P 6 ¥4 27 4 & B (1. 97 %o ~4. 42%0) s ) J T i FHLEE (120, 33%) JHL
WA (8.22%) TRMEVE T 4 (22. 48 %) v P Wk T £ 4 (39. 96 % ) FIAH X 7 M2 AN B (168, 7T5) ik i fi (. T T 5
30T i 3 7K A T K R P R R R (2. T3 kg m ) o MR K 5 SR 30 B R M AR Al TS e
H T B O B AR K 43 AR RO%

5 SRR O T A 5 PRI AR A R I AACOR IR R R B
HE S ES:S816 X ERARIRAS : A X E S :1007-0435(2026)03-1128-09

Effects of Surface Water and Groundwater Irrigation on Water Use Efficiency
and Production Characteristics of Alfalfa

YANG He-yu', HAO Jun-feng', WANG Zhi-jun', JIA Yu-shan', FAN Mei-chao’, GE Gen-tu"
(1. Key Laboratory of Forage Cultivation, Processing and Efficient Utilization, Ministry of Agriculture and Rural Affairs, Hohhot, Inner

Mongolia 010019, China; 2. Bayannur Animal Husbandry Service Center, Bayannur, Inner Mongolia 015000, China)

Abstract: In this study, alfalfa(Medicago sativa L. )was used as the experimental material. Through field con-
trol experiments and randomized block design, the effects of irrigation water temperature (surface water and
groundwater) and irrigation amount (65%-75% field capacity, 55%-65% field capacity, 45%-55% field
capacity) on yield, quality and irrigation water use efficiency of alfalfa were studied. Hay yield, irrigation water
use efficiency, crude protein, ash, acid detergent fiber content and relative feeding value of alfalfa were ana-
lyzed, and the irrigation methods with high yield, high quality and high water efficiency of alfalfa were deter-
mined, in order to provide theoretical basis and practical guidance for optimizing irrigation management and effi-
cient production of alfalfa. The main results are as follows, compared with groundwater irrigation, surface
water irrigation significantly increased hay yield (17.36%-21.72%), crude protein content (4. 98%-7.07%),
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crude ash content (0.47%-1.25%) and relative feeding value (3.61%-5.53%), and decreased acid detergent
fiber content (1.06%-2.98%) and neutral detergent fiber content (1.97%-4.42%). Under mild drought
stress, crude protein (20.33%), crude ash (8.22%), acid detergent fiber (22.48% ), neutral detergent fiber
(39.96%) and relative feeding value (168.75) reached the optimal value. The irrigation water use efficiency of

surface water treatment was the highest (2. 73 kg-m™*) under severe drought stress. Groundwater and severe
drought stress synergistically inhibited root physiological activity, aggravated the decrease of yield and quality,

and reduced water use efficiency.

Key words: Irrigation water temperature; Irrigation amount; Hay yield; Irrigation water use efficiency; Nutri-

tional quality of alfalfa
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KRR AR A KL (E EAENDFEKEY
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AW G RIS 1A T ST A IR DR R Ry
AR HS /R B ,40°20' N, 111°49 " E, Bl 1L/ 7 , 4b T
A BRI J5L 8 AR LS Al | 4R FE 1050~1100 m 22
B, XA, 8CAEAT , LR 135~145 K, 4F
R 7K B 380~420 mm, 70% (l B K £ 78 6—8 A .
AEZE R 1900~2100 mm., 88 M o RP 8+, pH
{E1E 7. 8~8. 3 [0 , HHLF A it i 12. 3~15. 6 g-kg ',
2R 0.65~0.82 g-kg !, M AU (Olsen-P) 5
it 8.5~12. 3 mg-kg ', MR (NH,OAc-K) & it Hy
135~168 mg-kg ', i+ W2 i JZ (0~60 com) F- 34 £+
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G L 7K SR SR B ot BE I S BOR Ak R T
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(Crude protein, CP) , BRI 510y B4 5 T L4
R AR B R h A S AR O
2 2 53 B AT SE TP PR R % 4T 4E (Neutral detergent
fiber, NDF) Fl iR ¥4 1 ¥ £F 4 (Acid detergent fiber,
ADFE) o F i fim A rb PEE #R), 100°C 3 86 60 min
JE L AR Y, VRV ST AR E L TS NDF F it %
NDF 5% 8 ¥ e AR Bk ¥ 571 , 100°C Bk 60 min J5
o8 VR VHE T AR E L T ADE 5 g 5l i bR AR
T8 1 5E LK 43 (Crude ash, Ash) , FRECT B RE i B
T O 550°CH B8 4~6 h e 2 KAk, B H G
PR, THEK 55 L o A A R AR (Relative feed
value, RFV) il i+ ADF Fl NDF 9 % M 45 LA F 2
KAt

120
DMI=——— (2)
NDF
DDM = 88.9 — 0.779 X ADF (3)
ADF X NDF
RsziN D)
1.29

K REV A4 FH A (8 s DM R 49 o1 4%
A, DDM R iH bt T4 & & .
WK R AR AWUE)D
$$F§(kg-hm72>

IWUE (kem ®)= 5
(kg ) SR B (mm) < 10 )

1.4 EBRBER
AP BRI TR L 1,
x1 EBEAKER

Table 1 Irrigation water situation

4b ¥ Treatment W, W, W, W, W, W,
T 261 261 209 209 157 157
Irrigation norm/mm
P HIHE K R 8 9 18 9 18 9

Average irrigation water
temperature/C
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1.5 HIEHH

BOPE K A SPSS 26. 0 ¥E A7 BRI &K 5 2 4 bt
(One-way ANOVA) , 41 [i] 2= 553 i Tukey K 5 i
12 &\ W . B A BCE ¥ LU B (E £ br e 2
(Mean=£SD) 5 , ik # P /KF-15 hy P<<0. 05,
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2.1 EBKEMERENERE=ENZ I

LG S T R R TR AN [R) E TR AL B ) A A B
25 (P<<0.05) . W& 200 , W a0l /b 35
TR a 57 B R K T T S
K EE T RR B AR MR OK AL, Wy
(5072. 67 kg-hm ) # W, (5753. 33 kg-hm ) F &
11.83%, W, (4291.01 kg-hm » # W, T K&
25.42% . HbF K Ab BE AL R OBL A AR R B, W,
(4167. 33 kg-hm » % W, (4902.42 kg-hm 2 T &
14.99% ,W,(3451. 67 kg-hm ) W, F[#29.59% .

0 VR T M () 2 A A B Y R R 5
BT MR OKAE ., AR T W B W, &
17.36% %2 B T 5 W8~ W B W, 5 21.72% , &
T B W W 24.32% . X IR B K
TR R e E T R TR KGR
oy VE RN /N, 2R BN Bl K 4 5 By i el i
Wi

x2 ARERLETHEREETETE
Table 2 Hay yield of alfalfa under different irrigation treat-

ments
R F Treatment T #% & Hay yield/(kg+hm ™ ?)
W, 5753.33+433.86"
w, 4902.424-340.41"
W, 5072.67 4 354.00
W, 4017.33+240.53°
W 4291.01+294.60°
W, 3451.674169.25¢

T W PR R /INE S0 7R 4% Ak 31 1) 22 57 12 35 (P < 0. 05) , N A

Note: Different lowercase letters in the same column indicate sig-
nificant differences between treatments (P<C0.05) , the same as
below

2.2 EBKEBEMEBRENEEEBTRERNZM
2.2.1 #MEkG EAHERE A S &7 [E R
A B E) AEAE 5B 35 25 5 (P<<0.05) . 3 3w , Bk
A BE S L 0 S B RS
B AR R MR A ZE L R OK R E T2 F e, T
KEE TR IR, HERKAE T, W,(20.33%)

B W, (18.13%) Ml & A & & 2 J+ 12.13%, W,
(16.36% )% W, A 19. 53% . ML T 7K &b B 20 52 91
) e, W, (19.11%) 8 W, (17.27%) # F+
10.65% , W, (15. 28 %) %8 W, [ AIX 20. 04 % , 4 3£
Y3 B2 (K g3 5 kAR TR R ML EE B L XTI
R RREET T M A 5005 IE 2= 90k R
IKEBR TR AKEM; EE T2 T  BEIRERIN
bR KR B R T b 3R K HE TR

204 R M ) P b R I A T A ML R A
i T KA EE . W W, R 4.98%, WL B W,
B 6.38% , Wo B Wi 7.07% . xif Fe & B - /K iR %t
AR ST ENEWAERE T2 M RKGERE T 5
T AR/ R Bl K 3 R0 T3 5
2.2.2 BBk ERIEHAIERMEVEIRA 4D
e E AN [V b B IR) AE A B 22 S (P<<0.05),
F 3FTN T A v D S 2 R R M VR A AT Ak
BRSNS TR R R OK R E T
BF AR, M OKE TR R e o MR K b B
LWL (22.48%0) 88 W, (24, 73%) P& K 9. 14% , W,
(25.06%) % W, It & 11.52% ; Hi F 7k 4b 38 b W,
(23.14%) #% W, (25.00%) K& ik 7.44%, W,
(25.84 V) W, Fh i 11.67% . Z5 R F£ M, & =W
KAy T B B T AR R e A 4 . X &
B TR E R BR M Uk A LF 4 a0 R I R
PR Ay M K R R T R K E I T R W aE
T 3 2R A b R K /N T R K R

F TR) S5 R R, iR K A B AY R T PR I AT 4
o T R OK AL B, W B WL 1. 06%0, Wy
WAL 2.85% , W WAk 2. 98% . XJ L & B : K
T X TR e VA AT M B ) RS AE T R R ok,
1 30 53 HE R T Fe /0N, 38 9 Sk Bl o K 43 5 o Ja g
a6
2.2.3 Pk gE LB EPHTRKSAES
i AE A (7] R Ak B ) AF AR 3 25 S (P<C0.05) . N
F 3TN, T A ek /D S 2 R v M VR VAR A A
iR R R R RRARUSE TR R A R OK R T
BF AR, M N OKE TR R e o MR K ab PR
o, W, (39.96 %) 88 W, (42,26 %) B AR 5.44% , W,
(43.66%) % W, I} 55 10.95% ; # F 7K 4b 3 th W,
(41.06%) # W, (43.11%) K& ik 4.76%, W,
(45.68%) 8 W, ThE 11.25% . 45 B £, & 510
P S F (A RE R Y S A R D O a8
BB T R, v R DRI AT A Y R e R
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By b 3 K TR K T R K R T R A
T 8 i 2 B b 3R K /N T R KT

T [F) 25 R, MR K Ak B A op o vk Uk 4T 4
P T RO AL B . W B WL 1. 97 %0, W
BWAK2.68% , W& WAk 4.42% . X L & B . K
T X MR VR AR A S R A AR T R T
e K6 04T HEWE T e/ B A K 43 5 i o R i
B,
2.2.4 AAAACRMAL TESN RV, KA EHE
AH X 1] DR AE N [) VG Ak B R) AE A B 2 R
(P<<0.05), W3k 3o, T IR o ek 20> Wb =& 5 i) AH X6
o) AN A, AR 5 S T S R AR A B b R K R
JET R T, N KEE T2 TR, Rk
Eod W, (168.75) % W, (155.22) & 8.72%, W
(147.81) % W, K 12.41%; 1 F /K &b 3 W,
(160.59) % W,(149. 81) 15 7. 20% , W, (143. 49) %
W AR 12.78% o & (7K 73 5 A Rl THE = b E
T AR X T A (B . X e R B R TR T A
o) WEL A7 AL F1% 348 e 3 B A b 2 K M T K T b R K
E ;5B T 52T, A G 1) PR 17 B 2 B R M
KV /N T 3 K HE TR

214 VEE YO o A ) R i K Ak B A AR X ] R A1
W3 T N K AR EE . W B WL, 3.61%, WL
W, 5 5.08% , W4 W, 5.53% . Xt kb & 8t - K i
Xof T ) AN L 1 5% ) 7E B T R R R T AR
HEWE T S /)y, BEAE 7K 5375 e 1 n Ja iy 34 5i
2.2.5 ALK SAETEAE LK 4 AR W) HE I
b PR R AEAE B 25 % (P<<0.05), W3 3 s, R
e D B R WA R K oy B i R R R S T R BT
Mk L RK B TR T hem P KEE T2
B I . Hb R K b B P, W, (8.22%0) W,
(8. 13%) 1. 11% , W (8. 11 Y)W, R 1. 34% ;
R oK Ab B R W, (8.14%) & W, (8.07%) &
0.87% ,W(8.02% )4 W, F R 1. 47% , Ui W& &1
KAy A R TR K o & i R R IR R
TR R 43 8 Y 1 R R I MR OK R T b R
KGR TN, BEIR R H 3R K/ T 1l R K.

204 T R R R ) B b R I A T A R K 43
i T N K AR B . W B WL 0.47%, WL B W,
7 0.98% , W8 Wi 1.25% . R Fb & B« /K I %
FELIR 43 0 Sk 1) 5% W) A 5 BE T S8 R oK TE AR A
VEWE T /0N, BE B 7K 4375 LT 1 5

®3 FAEAEBLETHEREEERRR

Table 3 Nutritional quality of alfalfa under different irrigation treatments

fib # HEN 2 P e 1 2F 4 v Y U 4 4 X WA MR 53
Treatment Crude protein/ % Acid detergent fiber/ % Neutral detergent fiber/ % Relative feed value Crude ash/ %
W, 18.134-0.45° 24.7440.80° 41.7340.15 155.224-1.89° 8.13+0.10"
w 17.2740.43° 25.0040.85" 43.1140.17° 149.8141.99" 8.0740.10™
W, 20.334-0.12° 22.484-0.78" 39.354-0.08" 168.754-1.69" 8.2240.06"
W, 19.1140.49" 23.1440.78" 41.064+0.16° 160.5941.98" 8.14+0.07"
W. 16.3640.31° 25.07+0.88" 43.6640.15" 147.8141.91 8.0940.05"
W, 15.280.40" 25.844-0.88" 45.6840.18" 143.4941.97° 7.9940.13"

23 AEAEBALENEEEERAFAARLEN
A

SE A6 A RE W K A FH R AE A (6] HE g Ak 3 1]
AR 3% 25 5 (P<<0.05), N A Fron ik = 0d />
A8 3 5 R KR AR AR I K 435 B n
JEL T 3 K. HERE TS 38 T I K R R AR G F)
Hem . HRKGHE D, W,(2.42 kg-m DKW,
(2.20 kg-m 5 10.00% , W5(2. 73 kg'm I W,
15 22.97% s MR K Ab R WL, (1. 92 kgem DEW,
(1.87 kg*m )& 2.67%, W(2.19 kg-m )4 W,
171106, 5 R R BIK o 7 oA R TR m R AR
T VEWE K R R 0% o % b & B« W K R 5 o A
A i 52 it 2 R T 7K T 1) R T AR AT

204 T R M ) B b 2 I b T ) 4 S K A %
AL S TR OKAA R, W B W, 17.65%, W,
AW, 26.04% , W48 W, 24.66% . & B .
7Kl 6T T TWE K I A3 0 5 I R R A AR R T S
W R AT T /N, R K
BRI K 1K F WA R SR U R B

3 it

3.1 EMAKEBSERENEEEETENEN
AW 5T 45 5L R B A R E R S5 R, bR OK

b BRI 7R R T M R K b L, R E I A ok

R EFEEY K. X — A AR IR TR IR
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Table 4 TIrrigation water use efficiency of different irrigation

treatments
4k TR K A T R
Treatment Trrigation water use efficiency/(kg+m ™)

W, 2.20+£0.17¢

W, 1.8740.13°

W, 2.4240.17"

W, 1.9240.11¢

W, 2.73£0.19°

W, 2.19+0.11°

7K XS - MU B R AR AR AR BTG S A X R . E
A BT, AR IR 2 R AR 0~25 em )2 R
JEH AR AR IR R AR T B DA W I8
SRBCTT T e AR A B AR AR B N 30°C IR
2 15CHE & s AR 250, HARIR S BOLE ™
PoAe it R B BELAT A e AR SRR A5 R
FAAT o MR /K Ak BRI 0T 8 8 Ao AR - S i 1 Cn
JRE I T R Tl T T D 52 W) AR 2R R 2 WAL, o — 25 T
K AT AR e A

JRE TR S 0 Dk /> T e 4 BR A K ot B
TR, HoH R K Ak B Y G T X 5 A
P H A 2 AR T ) K 28 6006 B, 5
AN S AR LR R 258 — B0 R T R
30T KR RO R AT RE SR W BT AR AR AR G B 5t
A K A R BV AR OR AR L T 5 R SOD AN
CATT I M dk 35T 0, T AU L9 38K T Rt — 20 4 ol
it 1% 4, S SO R R B IR R L A A . X AL
il 15 2 BREL B W5 A5 B T AR E , LR Bk A 22
AR B 38 5 BORUAE ABA 5 O, Bt Rk
F G AE V- T 1) 1Y 3l 25 7 B B R L e Ak, B A
A5 45 H 30CHE W 7K ] $1 i AW 4 't ot AR R IR 5
ity SO, TS A9F 5 P 3t e K Ak B AT R 3 o A R R
SR R T 30 T AO (2 HEAR A3 7, AT 2% fifk 7K
G 30 X 5 A A A A AL R AR

3.2 EBKEMEBRENEXEERRNZMN
S H AE R AR 5O K A B R R A MK
Tk B4 U O 2 S S A A8 R o A A R FE R T
b 2R 7K Ab B R R 1 o e T R OK b3, B
ZRERETEME TRA, X—HEL5 Simo #2
HH R KR 3 S R e R AR AR R IR RE ) S AR
it 06 M o0 A R AR RCR AW &Y. B E RS
BIARIR (6. 15C~13.35°C)O I T A EBET
B 5%0~10% , i — A 4 0 1 6% 38 7 T X 0AR i Y

TR I RN 15 Wt A S RN
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