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B ENTHRFALEELEERA BTN L EABRA REN LK —EREFENT W,
KRR AR, EE 4 ANAEERDHE(TL H 600 m® - hm™2.T2 5 900 m*® - hm™ . T3 4 1 200 m® - hm?, DA
1500m® - hm™% CK) , FEMTHEFRAAAEELRNZ RS, SR LN . R LEARAAREN I EARARAY
W ZE SRR, ARG T A CK=T3<T2<T1, % 73k 6.6.12 d #1 18 d, R & 8 Jj it 4 CK<T3<T2<T1, 4 5%
51.61.63d 067 d, M KEN AR AMAER R EHER HaM AR EN T EK HR SR, 5
AL FEH B B CK>T3=T2>T1, M £ 1~4d A, L CK W3 ASHE R R, AEHERLAHN, L0
~100 cm + B FIER K HHEEMAE RN TR A0, T AR H 53.70 m® - hm™, T2 % 102.95 m* - hm™,T3 %
301.5/hm*,CK % 469.16 m*> « hm™, ELPL 40~60 cm + E A E & 5 ;60~100 cm + B ER K EHZR AR -, T1
FT2 W AKEH A EHAEEE M TR, 3R CKEKETH, ARMAEES nEEE A, EHERTHE
K, A 0~100 cm + FHHE AR E HHERA, LLEE IO m® - hmH T2 HIEW A HE N R & H,1£212.87
m' chm?, AR B EEFEHNSAREEEMAXR, —AOHBALBERAZRARE, UHEMRASE —&
PR F—HETE MANTMRTHRKEN R, RAXEE R EGELEHATESTIN, ELEXEDHT
HE KN T2>T3STI>CK, A 7 B X 8 78 3 B 34 T 3 9 A (b AT VE K2 00 T2 438 (900 m* « hm ™), F| T 48
BAEEBAFAREMEEEERL EFTRI,

K U T HE AR, AR, PERAE R
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Optimum winter irrigation amount of subsurface
drip irrigation in alfalfa grassland

DU Jianmin, WANG Zhanjun, YU Honggian, JI Bo

(Institute of Desertification Control, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan, Ningxia 750002, China)

Abstract: In order to study the effects of different winter irrigation amounts on soil water content and tempera-
ture of over-winter and spring green-upstage , growth and hay yield of first stubble alfalfa ( medicago sativa) were an-
alyzed. Different winter irrigation single factor tests were carried out by a randomized block design including four
water treatments (600 m® « hm2as T1,900 m® - hm *as T2,1 200 m® - hm™* as T3, 1 500 m® - hm™* as T4) of
winter irrigation amounts were set up. The results showed that the effects of different winter irrigation amounts on
soil water content and temperature were obvious and the duration of freezing-thawing ranked as CK=T3<T2<T1,re-
spectively, up to 6 d,6 d,12 d, and 18 d; freezing period was as CK<T3<T2<T1, respectively, up to 51 d,61 d,
63 d, and 67 d. With the increase in winter irrigation amount, the duration of freezing-thawing and freezing period
became shorter and delayed, the melting period was prolonged and gradually advanced 1 to 4 days; the duration of
each treatment was as CK>T3=T2>T1, and the end of March 5 was the earliest. During the overwinter period, the
soil water storage gradually decreased with the increase of winter irrigation amount in 0~ 100 cm layer, and the soil

water consumption of T1, T2, T3 and CK were 53.70,102.95,301.5, and 469.16 m® - hm™*, respectively. The 40
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~60 cm layer was the highest, the change of soil water storage was different in 60~ 100 e¢m layer, T1 and T2 water
storage increased and it was inversely proportional to winter irrigation, T3 and CK water storage decreased with the
increase of winter irrigation. During the period of green-up stage, the soil water storage was consumed in 0~ 100 ecm
layer, and the highest value 212.87 m® « hm™ storage was with 900 m® + hm™ of T2. Overwinter rate and first stub-
ble hay yield of alfalfa were positively correlated with winter irrigation, butthere was no significant difference in the
number of primary branches among treatments. Taking the overwintering rate, the number of primary branches, the
yield of the first stubble, the water consumption during the overwintering, and greening stages of medicago sativa as
the indexes,the subordinate function method was used to comprehensively evaluate each treatment. It indicated that
the average value of subordinate function of each treatment was in the order of T2>T3>T1>CK. It was concluded
that the optimal winter irrigation amount was 900 m> + hm™ of T2 for subsurface drip irrigation for alfalfa field in
Ningxia area, which was conducive to the water use efficiency of winter irrigation and the overwintering and green-up
stage of alfalfa.

Keywords; alfalfa; subsurface drip irrigation; winter irrigation amount; soil water storage; soil water con-

sumption ; freezing-thawing alternation
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J&  HARRE 2= LR TR B 2% L v R R I b B A
' 38°30' ~38°39'N, 105°32' ~ 106°9'E, 41 108 ~
1 405 m, 7RG PES R, T 500, H AR,
B 8.5°C A48 H JEETEL 3 000 h, 24 F-HRE
H 150~202 mm, TCFEM 150 d 245107 5 b
TR IR IKES £ ,0~20 em +)2 3 T E AL
PEIR A pH8. 73, &2 88 1.25 ¢ - kg™, AHLIT 12.81 ¢
c kg™, &M 0.36 g - kg, 2A 0.61 g - ke, BRH
A 22.44 mg - kg, HALWE 49.45 mg - kg, B AET
80.18 mg - kg™, 1 m -+ )2 4 3 [ ] £5 /K & 25.83%
(ERER) 1l m HE LR 1.47 ¢ - om™ il
o T 7KK 2.8 m, — AR VR 2R EETE 60 cm
ik H R EREAE] 88 em P HLAGHEIR ST
1.2 Rmeigit

IR T 2017 4 5 15 A HERT T R B PR 2 bl
MLIX T, % 4 A REREKAL I, 53531 600 m®
« hm 2 (AL FE T1) 900 m® - hm > (AL FE T2) .1 200
m’ « hm?(Ab3 T3)  DMEGEHEAE R 1 500 m” -
hm X (CK) 3 RERE, BHAEE N RT3 a
A=, 2015 AEHLIR 2545 , 45 A 35 7E Tl AR 115 58 8 b T
TR R A5 15, SR FH AR R O A (AR 16
mm, BEJE 0.6 mm, Ji% K [E]HE 30 cm, FiE i E 1.6 L
<7 FE TAEIE ST 0.1 MPa) | % 45 A i R E 60
em, IR 15 em, /DX AL 6 mx10 m=60 m”, £ /)MX.
PURIRE | m SEP@ES AT H B 1.6 m BRBTB I, 45/
XARIK RIS, T 2017 4 11 7 14
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em ) BF 7E /I8 DX T A st PR ) e BT 7 T AR AR
AR T R L

MR (%) = IR TG FE 7 TR bR B AR B
FETT PRI FE £ 100
132 E3EAKEMNEAEKTIHE T 2017 4F
11 A 20 HARESHE 2 d(11 22 H) H12018 4F
HZ IR (0~ 100 em T2+ H IR =00C)
JFM3HA9OH3AI9H 3AH29 HM4 A8 HH
TR AL 0~100 em (LA 20 em H 1 )2) HJ2H
BERME T £ K R A o S &, JF R
TS+ E IR,

W, =Wy X p, Xk, x 150 x 0.667
Ko, W, WE i R KE (m - hm ) s W MR
(RIS KE (%) ;p, N R TR E YA
W 1;h, B4 i JZL)ZEEE (m) , 550 X T /K3
W28 m LN, % MR E it 50 AL 3w SL13 -
2015)" " 4 F KRR T 2.5 m B R KRN AT
ZWEATT,
£l REHETELERSE (g cm”)
Table 1  Soil bulk density of different layers

H L2 Soil depth/cm

Item 0~20 20~40 40~60 60~80 80~100 0~100

I
Soil bulk 1.42 1.61 1.50 1.39 1.44 1.47

density

133 ABAEEBEMNZ RIS IERA
Adcon-Ws HI’'S vk % 2 m A 31T
W BRI K 30 min, B H B(E #7400
IR EMSO Bl R AR S8 82 STE (&% it
17 B shila , B E A K 30 min, STE &84 T
2017 4F 11 H A RERTH % T 45 4b # 1-3 10.30.,50,
70 cm F190 em + 24k, B4 £ J2 4% B[] 05 o i 7
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FIH SPSS 17.0 F1 Microsoft Excel 2007 #E7ix
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MeJa BT RR, B 11 H 22 HAESH G BA W
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(F1.22), 811 A22 HEESHRZE11 A2 H,
ZANIE) HE K R 45 A B P 4 3 U T R R S
], FLBE K e o mA 11 A 27 HIF
F, BT K S 25 Ak ST 257 b IR B AR /N DL CK
YR T R B R 2218 K Ay T1 AL FEF
Py R R 45 12 A 12 H T1 43 0~ 100 c¢m
T2 2 MR - 0.41°C, % SE HE A R, T
T2 T3 K& CK #F A 5k fill S0 B ) AS [ A% B A B 4858
TEAR I A TERE K B 55, 45 A B VR Rl 0 17 st it
KB B3 4, Horh T3 A CK 45 6 d,fi%
TH B, ARSI, 45 A0 B 34 M i 22 5
/N, BERE K B B9800 0 ~ 100 em - JZ -2 Hb iR s
ATt B A HE I BG I0 R 45 3 D s 4 e AR UL
76 d(2 A5 B) Ja, 52T i i 52 e 45 b BT 3
MR ZHE N, 2 2 H 26 H CK URZ5IIZ5 A, JJi it
51.d,3 72 H T2 F1 T3 AbFRIREE AL R, 43 51 s ief
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B iR 2 m A KIERELIE 0~100 cm L EMIRIEW (2017-11-22—2018-04-08)
Fig.1 Change of average soil temperature in 0~ 100 ¢m underground and air temperature at 2 m
*2 BEEHBLZHELEO0~100 cm TRERKR

Table 2 Freeze-thawing status of 0~ 100 ¢m soil layer in medicago sativa field during overwintering

R (m-d)

Y (m-d) AL (m=-d)

Lb 3 NEE Freezing-thawing period Freezing period Melting period
Trrigation date
Treatment (m-d) i & Pt /d ] EN Pt /d i ES Pt/ d
Start End Days Start End Days Start End Days

T1 11-22 12-12 12-29 18 12-30 03-06 67 03-07 03-09 3
T2 11-22 12-18 12-29 12 12-30 03-02 63 03-03 03-08 6
T3 11-22 12-26 12-31 6 01-01 03-02 61 03-03 03-08 6
CK 11-22 12-31 01-05 6 01-06 02-26 51 02-27 03-05 7

63 d f161 d,T1 7£3 H 6 HURZSIAZS R, it 67 d, 32
3 AOPIR TR, iR b T, 45 Ab PR A
ARG TR Al DT S AR BRI AR T

HABRFTM( HIH—4 H 8 H), &K
IR T1 4L 0~ 100 em 4 2 H IR E B sh K F
He b2 AHE i 210 CK ZbFE 0~ 100 em +
)2 b UV A ECZE AH [R] 5 [R] s 32908 T T2 1 T3 bR
T2 F1 T3 AbEE[A] 3R & LT EHA .
22 AELSEENEEEHELHMNESHLE

Tk £ H RN

H R 3 0, L, A3 0~ 100 em 1 )3
Py I K B 5 FE AT AH E, T 34 580.94 m? -
hm™, T2 #4111 855.97 m® - hm™, T3 /i 1 144.23
m® - hm™>,CK 341 1 498.68 m’ - hm™>, 735 5 H A
HE 96.82% 95.11% ,95.35% F1 99.91% , 45 kb B
ZHEIK SR R B B A VE S 3G i i A0 B (H 4R
5] 100 em LITF )2,

HEEH AL EREEZE3 H 9 HAHEHN
Al 2E SR AR A N, 45 A0 B A7 1 AR B AS [R] 17
SR IRRI R 5 IR Rl g g 22 S RE 1
IR 7R R R 2 T 5K i B[], S 30K b 31 Fifi
AR BB 0~ 100 em T2 N TR KIS FE 2 7
AN, o T1 22 LB B 9 FE /K 5 R 53.70 m® -
hm™,T2 4 102.95 m® « hm™,T3 4 301.5 m® + hm™

’

CK 4 469.16 m® + hm™, 433 i H A 600,900,
1200 m® « hm™A11 500 m® - hm™ 1 8.95% .11.44% .
25.13%H131.28% ; [A] It 76 5 7 50 HH A 0N, &4k
B 0~60 em +JZ N BRI T ERIRES, H DL 40
~60 em +ZFE/KE s, MAE 60~100 em + 2
IR KA R FAR— | T1 F T2 K38, {H 4
Wk it 2 4R 1 I R, T3 R CK Pk R R R, HL
i A% JHE 14 TN R R R
E3 9 H AWM RE4 A8 HIH T
RN, TL 16 0~100 em + 2P Ik & 2%
TR ETRE R AE3 A 29 HikHfK(E 1 606.12 m’
- hm™ 1} T2 T3 1 CK 7£ 0~ 100 cm 4 JZ Py 1"
KR TR LT FRER) 3 Bea Atk #2763 A
29 H 0~100 cm 12N 3807 /K &850 55 2 E 15 R
AN 8 LB 0~ 20 em T )2 T3k &
R =k N IR o N el ) A P u
1M 20~100 em + )2 HIEW K EBR—, BiEK
A, AR EWHAR,0~100 cm H)ZHN 1
SRR B R FERA, o T1 FEAK I 212.87
m’ - hm™>,T2 5 248.55 m’ - hm™>,T3 2}y 186.78 m’
- hm™,CK 4 145.60 m® « hm™, 2351 5 HLAHE R 1)
35.48% 27.62% . 15.57% F1 9.71% , 1£ 1% T W1 45 K
f, £ Ab B 0~ 100 em + )2 N B K i Bl 4
I INTh:C N
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Table 3 Soil water storage in 0~ 100 c¢m from winter irrigation to green-up stage of alfalfa

Kb A + 30K & Soil water storage/(m> - hm™2)
Treatment ~ Date(m—d) 0~20 cm 20~40 cm 40~60 cm 60~80 cm 80~ 100 cm 0~100 cm
ZWEHT
Before winter 11-13 262.55 336.06 283.04 231.13 227.06 1339.84
irrigation
11-22 468.95 531.61 461.63 231.41 227.18 1920.78
03-09 419.27 526.87 386.31 268.13 266.51 1867.08
Tl 03-19 335.88 486.62 380.15 256.05 262.53 1721.22
03-29 371.79 473.05 348.95 195.42 216.91 1606.12
04-08 328.75 415.85 322.22 284.81 302.59 1654.22
11-22 478.09 583.61 539.07 367.98 227.06 2195.81
03-09 414.02 553.33 446.92 384.39 294.20 2092.86
T2 03-19 357.19 513.96 429.32 341.64 305.66 1947.77
03-29 397.63 565.56 416.74 364.55 271.33 2015.81
04-08 330.74 477.03 382.39 327.09 327.04 1844.30
11-22 499.24 592.22 610.51 454.20 327.91 2484.07
03-09 429.18 551.67 481.74 395.24 324.74 2182.57
T3 03-19 388.28 518.00 404.68 361.33 269.81 1942.10
03-29 436.41 541.63 419.10 373.73 260.88 2031.74
04-08 329.81 484.80 413.01 409.14 359.03 1995.79
11-22 520.85 668.81 678.64 543.48 426.74 2838.52
03-09 429.62 572.80 545.07 462.55 359.32 2369.35
CK 03-19 389.07 598.59 465.76 285.59 307.67 2046.67
03-29 442.51 606.22 500.57 386.06 304.57 2239.93
04-08 350.92 539.24 496.15 437.79 399.66 2223.75
TE T A o FH 2 45 o 28 5 1 Ik 7 1Y R D[] il
BeN, #4030~ 100 em - JZ2 007K dk £ AH ] B[R] 45 931 y=2,045484.95
SRR LK 5 P ol

ACVE SR B R i, Horb T1 #EOK i 266.56 m?
«hm™,T2 }351.51 m’ - hm™,T3 & 488.28 m” -
hm™2,CK 2} 614.77 m® « hm™, 43 71l |5 H &3 = 1
44.43% 39.06% .40.69% 1 40.98%
23 ARLEELENEEERERE—ETEF"

EM T

HI 4 J1, & AL B A8 R4 0 CK>T3>T2 >
T1,Lh CK A9 93.3% +3.1% A fd, SHE 440
FZFIR T FE K, VL T1 AFRAY 87.3% +3.0% J F A%
H,T1 5 T2 AbFRE] 22 AN 5, 4540 PRl A 11
B E T AR A RN H R S EAH G, e ml )= 77
N y=2.04x+84.95  JIE FEL R =0.984, 111K 2 Fw,

5 Ab P — G A K I A 1 1 T 2 S 8
Ja FRERIEaE ULEE 4,00 T2 ZbHEAY 7.62+0.28 4> -
PR BB, CK AR B 7.28£0.76 4~ - RN
AR, {H 25 Ak 3 1] 43 B8 22 S5k AN 3] i 3 K F-
ANTR) A HE G T A 5 — T ™ s AR i g
S — TR =R/ R CK>T3>T2>T1, LA
CK 19 9061.65+187.5 kg - hm™> R i i fl, 5 T3 4k
FRAYF=H 8 741.254146.7 kg - hm[A] 22 A B 3%,
fH5 T2 F1T1 Kb B (A) 7 6 25 53k W 2 K DL Tl
AbHEAY 7 303.35+153.15 kg + hm AR, H5H

91t

90

891

881

i & R Overwintering rate/%

87+t

86

Tl T2 T3 CK
fib ¥ Treatment
B2 BZ2R5ZESHNHEIEDN
Fig.2 Relativity between overwintering rate and
winter irrigation amount
x4 FRZEEMEERERE—EETENZN
Table 4 Effects of different winter irrigation amounts

on hay yield of first stubble

D A

il £ % R VAN S T A Y
Qb 0%§1§({:17j1 ?&Ij)}ﬁgﬂvi : :}k ) Hay yield of
Treatment ’ me rimaty branc first stubble
rate number per plant / (kg - hm™?)
Tl 87.3+2.4¢ 7.51+0.59a 7303.35+153.15¢
T2 88.6+£2.9¢ 7.62+0.28a 8498.40+156.75b
T3 91.0+2.7b 7.45+0.36a 8741.25+146.70ab
CK 93.3+3.1a 7.28+0.76a 9061.65+187.50a

T A F TR R A AL BT 0.05 KPR 2R,
Note; Different letters indicate significant difference among different

treatments at 0.05 level.
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9500 1

»=—0.002x"+6.940x+4065
9000 R'=0.97

8500 [ *

8000

7500

-7 7 B Hay yield of first stubble/(kg * hm )

CH

7000 * . *
Tl T2 T3 CK
4b 3 Treatment
3 REEEE—HETEFE@ASK
Fig.3 Regression analysis relativity between hay yields
of first stubble and winter irrigation amount

B 22 508 W E K, XA R 55—
T AT A AT R R y = 0,002+
+6.94x+4065 , P R R*=0.97, WLIE 3, £ 7EIR
SR EUE T P Bl AV B A BN S —2E T R R A
ARG e BT BRI, AE AR 1 735 m® - hm
I 55— 25 T B HS 7 B A B R (B 10 085.45 kg
« hm™,
24 AAZEEKENEEERERE—FEES

EImMEEER

W 5 iR, £ b BESR IS R A5 24 (5 HE I3
. T2>T3>T1>CK, LA T2 1Y 0.756 A e, il &
FEHEKEE 900 m® - hm ™ g AL B, A7 A T 78
FH B A TR T A G, B8 e AV T TR /KR AR

il

K5 TRZEELEEEHLZ BEERE-—HEEERKKRARERHE

Table 5 Subordinate function values of over wintering, turn green stage and growth of the first

stubble alfalfa in different treatments in different treatments

— R B

b i 4R
AL AR Primary branch

Treatment Overwintering rate

A SYIFE K i

Overwintering

RTFIFEK A

Green stage

S —FER T W Y
Hay yield of first stubble Mean  Order

number consumption consumption
T1 0.000 0.622 1.000 0.794 0.000 0.483 3
T2 0.217 1.000 0.882 1.000 0.680 0.756 1
T3 0.617 0.459 0.402 0.639 0.818 0.587 2
Ck 1.000 0.000 0.000 0.000 1.000 0.400 4
3 B B BRI AR R B B B AE AR T AWz & ) T

AE AL T 257 M VR e DX T AR
MEfMAES R HERKEE N EERIEZ
— . TEAJE G R 1 K s B A R R R
IR AR IR AR TS R A K PR
Zoa T I, A2 AR MR R R RS ), A5 A B
FHEIR BTN M, TR A R T
S K E WA FE IR T RS RAS I B
P ) R 7K e P B T BRAR H 35 0) Aa  f
WFoE S5 A 76 7 AR L5 15 , vk Ay 00 4 g
SIAE NI AL 0~100 em + R IR
WP 70K R B B T T T s, Sl ot K ) 88 R
W4 HE K R AL SR S5 B TR 51 d, HERE K
IR RIS I 4606 16 d, X 5 E P 50N
Shy - Sk I K T B N AE R 25 B BT R LR
S5 04 T A A5 VR AH — B T T il SO0 B 8 K 1
IR RN LR X 5 X0 T 45 Y ST A e A
— 30, {ELH Pl SO0 235 BRI () BV 7K 3 i B

FE K A28 A T T, ASHIE S IA Sk A A
K i B A T A ) 3 0 I BG I, A A E IS
BURRIRI ,0~100 em + )2 HEFEEEE =0C, +

P, A T R 1 TIN5 Ak B - R R T A % i ol
PRSI BGRB8 0~ 100 em 1)2 H 3K
THAE R [ AHE i B OE LG I AVRSSIS , SRR ZE
K55, LKA BAREBUAR /DN, 3 5 00 0 45 B 5%
SEIS A — 2 PEATH B, R R 0 T R
WIFLE R A Y S K B R E A OG, £
B R, K B A AR WA, R B Ky Az
A 2 B T BA AR VR 2 A R T L O Bl
MR K 4 it 28 R R AR, B
THFEI P ACE LS TG I, AEREAS AT, &5
AEFRAE 0 ~60cm + )2 N IR K A TH RN, H
PL0~20 em HEFEKERE . EHEREN L
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