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Effects of subsurface drip irrigation on water consumption,
yield and water productivity of alfalfa

CAO Xue-song', LI He-ping', ZHENG He-xiang', FENG Ya-yang®, ZHANG Song’
(1. Institute of Water Resources Science of Pasturing Area of the Ministry of Water Resources, Huhhot , Inner Mongolia 010020, China;
2. Inner Mongolia Agricultural University , Huhhot , Inner Mongolia 010018, China)

Abstract: In order to explore the best irrigation volume and buried depth of drip irrigation tape of alfalfa using sub-
surface drip irrigation, in this paper, a field experiment was conducted to investigate the effects of irrigation amount,
buried depth of drip irrigation tape on alfalfa water consumption, yield and water productivity using subsurface drip irriga-
tion. Three irrigation amount (volumes) (15.0 mm, 22.5 mm, 30.0 mm) and three buried depth of drip irrigation tape
(10 e¢m, 20 em, 30 cm) were considered in this experiment. The results showed that alfalfa water consumption, yield
and water productivity using buried drip irrigation increased significantly ( P < 0.01) with the increase of irrigation
amount, but first increased significantly ( P < 0.01) and then decreased ( P <0.05) with the increase of the drip irriga-
tion depth. Furthermore, during the whole growing period of alfalfa, the total water consumption was 400 to 500 mm, to-
tal yield (output) was 7 500 to 12 000 kg*hm =2, and water productivity was 1.80 to 2.50 kg*m~>. Hence an irrigation
quota (amount) of 22.5 to 30.0 mm, irrigation cycle of 5 to 7 days using buried drip irrigation of alfalfa with the depth
of 20 em was recommended for subsurface drip irrigation of alfalfa.

Keywords: subsurface drip irrigation; alfalfa; water consumption; water productivity; irrigation system
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MY BT B4 15 M v I AR A L, b S8 3
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FIUBIRFTE T P 52 TS X LA 2 46 1 7 Sy LI 4¢
TP AT R HE A R I, 2008 4F B 4
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AR TEEARK TN E W, A RS R
X E A A A R I 5 e 1) 25 5 DE R 25 R Oy - R 30
em > S 20 em > HIE 10 em, 2014 @%K?@%DSJ
FSE 7 AR T] I Tt T 79 V25 A 1 A 1 o KRR
R E T, PTG T R I i X 2R AR
EAEFEZK 7 5 S BT (RS2 R, 48 3 Bl 5 K AR BE i o
0 EAEEAE 7 AR, FRK b, 7K 53 R AL
FREE . LIRS HE R M ) S — Ty T
HEAT TAESE, T0T M 3 P R /K o R T A LR DA
KCEIEE S FEIK 7 s FUK A A 7= R =2 REE 0
30 , ELEETE SRR 22 17 1l DX Hb 30 0 25 A8 A
) VR TR A1) B AR WLARE , 25T 1, AR SCR FH HH R e %o
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1.1 #RXHER

RIG T 2015 4RAE N 581t 50 R 2 107 17 SR 4E 5 i
T B R AR T VL A ] LA JR 4 K S P
170 SMEFERTENL T NS BIG X SRR Z Wi Pu R
B, B RVDHUIE RS, M NS BEVE T SRR
FAb 2R 48 106°307 ~ 10830, AL 47 37°38" ~ 38°45", ifi
4 1 300 ~ 1 400 m, J& H il iy 2 5 KRBl pE A0, 45
SRR 7.9°C, K 261 mm, 78 % & 2 498 mm,
K 2.6 mes~ 1, HBEATEL 2 958 h, JTLFRI 171 d, 5
KGFZHRIE 1.54 mo RIEX 40 em JRHIESEA N
bt , AEH N 1.62 grem ™3,
1.2 RIwigit
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FR2Z KA AL B (W, 2 15.0 mm) KA B FE (W, 2
22.5 mm) FE KA (W5:30.0 mm) 5 B4 7K K
PR 3 P A R R AT R 3 5 10 em
(Dy) .20 em(D,) F1 30 em(Dy) ; i35 3t 9 AL HE, &
AEER 3 R E A, ST 27 MK /N X, BRI AL
KR 20.0 m, FEEEH 5.0 m, HIFA 100 n?,
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i) 542 Z [AIAHEE 1 me 356/ N AT E LA 1,

WiD, Wi D, WiDs WaD, D> WaDs Wa Dy WD WiDs
i ”
2 i
i #

WD, WiD; WD, = WD D, WiD;| £ WD, WD, WiD:
g £

wiD, W D, WD, WD, D, WiD5 W; Dy WD WiD;

[H 1] /s 2% Farm road

Ve > AR L B SR AR OR KT 1

Note: = Represents the drip irrigation belt,where the arrows indicate the direction of flow.
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Fig.1 Experimental plot layout
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TR 4 R FH G R R Y T AT RE IR 0.4
mm, 5k R 2.0 Loh ' iR AR R 0.3 m; 54
HAEFMEATIEA 15 om, BEAATHBEN 6 4 175006 H
T8 THVE [ BE 60 emo 45 12056 Ab PRI 4 A B R
HEEILE 2, B HEFEK H I ARTE K R KR ]
HEIK A S ~ 7 d, BRETRITAE . JEZK H BIARPE W,D,
AR BRI B KT BRI R, BRI HE K R
ki,

PERAERT FHANHE K E Y, 26— . =R AR A
AEFR I3 HEK 4 U6 YA 3 UK, i S5 4K H A 451
IR0 BRIE K F A K RE B3R 2.
1.3 MEERSTE

AR EEZOWM s XA A R e
ARG R X R R R R
I 55 BER AT T

T KL < A FER T AE I X BURUR £, AT

” s 2 = N = 3 N N 3 T
AR AERFANNASREREILE 10 A 7 HERKEENNGE , JF5 R I E 2551 087
X # Manifold
i 3k ) B30 em
Dripper spacing 30 cm % g
Zee
A H 461 Alfalfa 1 ; f;‘g >
S AL H A2 Alfalfa2 o &
§if 7 1 Drip irrigation tape 1 = - '
248 1 3 Alfalfa 3 i Dripper =2
S &g
8:s8
AL A4 Alfalfa 4 253
= © g
AL HAHS Alfalfa 5 5
=
B AL 156 Alfalfa 6
§i% ¥t 472 Drip irrigation tape 2 =
AL A7 Alfalfa 7
AL 48 Alfalfa 8
T’ Dry pipe
B2 BEFHETEE
Fig.2  Schematic description of the dripline lateral installation
x1 EUREBREERFTANEUERE/mm
Table 1  Effective rainfall of alfalfa in the whole growing season
H | Date(M-d)
ait
O4- 05— 05— 05— 06— 06— 06— 07— 07— 07— 08— 08— 08— 09— 09— 09— 09— 09— g
18 01 10 21 03 24 28 06 16 20 03 08 11 03 08 10 17 27
11.6 5.8 6.4 6.9 5.6 2.7 3.7 3.2 4.1 12.4 13.3 11.5 89 11.3 19.5 4.1 13.8 20.8 165.6
F2 OMUBHEELEE SRR EKHAMEKER
Table 2 Irrigation time and irrigation quota of subsurface drip irrigation of alfalfa under different treatments
Pg Sl H L Yo
(l%]‘(’é.rrﬁjl@_{* TEK R Trrigation quota/mm THE R S 5
Qb3 Drip irrigation Total
Treatments tape depth ©
Jem 04-24 05-06 05-15 05-27 06-08 06—-13 06-18 06-25 07-01 07-13 08 -17 08 —24 09 -23 /mm
W, D, 10 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 195.0
WD, 20 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 195.0
W,D; 30 5.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 195.0
W, D, 10 22.5 22,5 225 22,5 225 225 22,5 225 225 22,5 22,5 225 22.5 292.5
W,D, 20 22.5 22,5 225 22,5 225 225 22,5 225 225 22,5 22,5 225 225 292.5
W,D; 30 22.5 22,5 2.5 225 22,5 225 225 225 225 225 225 225 22.5 292.5
WD, 10 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 390.0
W;D, 20 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 390.0
W3D;4 30 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 390.0
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T EE B AE TR X 0 ~ 40 em + 2 1 ]33 7K B
22.86% . >k HOBO #b /KA B sl 4% (3£ )
D 00 DXl T K KA A8 Ak, B 1 DXl T /K
WAE1.2~2.0 m,

TS KR AR AL B B e A A
FETE, SR80 2 R4S 2 W Ay R
HEKFR Ml A HEAR T s A
R HH2 8 TDR -+ 387K 431 72 X, 4R TDR 4
T3 K, AR/ X T3 5K

BWHGE TR B EF M BN
IRT O RN B WA AR, E AR A6 I e
ATRED, BRAE X E 3 24 SR AR 5 il 1777 i
FEF AR 1 omx 1 m, K5 FREAE E 78 6 5
IR I B i BRI AHEAR | 105°C T TR 30 min J5
ME 65°C HIR A T HE 48 h, ¥ 515 BUH AR T
Ipigiies
1.4 HUELE

FIF Microsoft Excel 2013 #4742 31 | frj B 45
AT RIZE I, F ] IBM SPSS Statistics 22.0 #4177
2200 W HERL S SR FH LSD #1 Duncan 3433547 7
T2 E AL,

2 BIEETERKENITE S5
2.1 FKE

SAEE T AR K R I TR FH K & P 5 FR

A

ET, = P+1—-AW-Q (1)
K, ET, J45 0F B A FE7K it (mm) 5 P oA AR B B B
IR 5 7K B (mm) 5 Tk FH O I B Y 1 8 K
(mm) ; AW S AH B B Y 38 I K 28 Ak i (mm)
Q SAAH R BE N Y 2 K 43 i (mm) o
2.2 TEFKTULE

SR F W KA b AR AR IR AL 3
S KR, AR
W X Y x h (2)
Ko, 0, AR BEwl s B3 EIKR (%) 5 0,,, N
NI B AR S KR (%) 7y I EFE (end® -
g™V s h AT RVEIEZE R E (mm) .

2.3 THRKkHEE

SEAEE G T 1 5K 43 38 R AR S Y +
BRI TSR B RN E B RN A T
o RN 2 R B KA R A RS T
R e A S TR A A A R e i o e (v
A ALE:

AW =

05 = k(M) )
h1+h2

:—Eﬁq:‘,Az:zz—zl,fL: ) S By by 535N
URIAT 2, = AL A, AT AT 5 1, % o,
Ik Be N FRL TN AR b i i R EK R Q(2,,) , [F]
FEH Q(z,_,) SRIHE—WTHIRE Q(2):
0() = 0z +] 70 )z - 0z, s
(4)

2.4 IKRGEFR

I3 P FAEAE W) TH FE BT K Y 7 Y, A
ETVEY ) i SR R K & Z LUE R K 43 2
PR R 58

WP = Y

Prl—AW-0Q
K, WP KR (kg « m™) 5 Y HIEY) ™ &
(kg « hm™2); g A5 F) I

3 HPR5

3.1 EKREWNEEERE~ENZM

KA BN B P E AR H A P R EEA R,
[ IS 0 A e S AR E AR K A A P R R R . A
() (b B2 i S O S AR TR R LA 3,
TPl 3 FIHL, = FE S840 B A T2 )™ i B A K 1Y
HEhmRG N, T FE T WaD, AR A 11 349
kg-hm ™2, W,D; Zb 3 AR 7 527 kg hm ™2, fie # 5
AR, P B4R 50.78% , /K& WD, kbFH
W hn3) woD, ALFE (B W,D, AEEEREINF] WD, b3,
SAEEE TR o Bl I 37.76% 1 7. 06% ;
K WD, AbBEIE N E] W,D, AbBE L W,D, &b
FEIEINE] WD, A0 BRI E A T 58 1 B
JI135.90% F1 5.30% ; 3 /K 7 B W, Dy 40 B3 Ji 5]
W,D; AbHE i W,D; AL BRI N E] WiD; AbBE, RAE
i 15 R B4 S 35.68% 1 5. 84% , 1] UL A
[Fi 4 VT R B 7Kt R AIRK 3 Ab 2 (15,0 mm) 3
INZE KA AR FE (22,5 mm) B3 7= 1E A S 00 13
KR K 4 AR B (22,5 mm) 300 2 5 K 43 b 3
(30.0 mm) (B = VE o HEKEEXTSAE E S T 5
I FEIK SR A AL BRI LR 3, AR B
SyHTRTAL, HEIK SN S AR B A T i ARK R K A A
FERE RN N B35 (P <0.01), N7 K i 7 H
K EVCR A 22.5 mm ATEZK S 805 DI P 10 B
K, FEBCR T 30.0 mm B E B

x 0.1 (5)
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Fig.3  Alfalfa yield of subsurface drip irrigation
under different treatment conditions
*3 BEAENELEETEFE.FEKE
Bk G EFERIR 0
Table 3 Effect of irrigation amount on hay yield,
water consumption and WP of alfalfa
TH FEK KA
QbR . . .
Treatment Hay yield ~ Water consumption Water productivity
reatmen
catments /(kg'hmd) /mm /(kg'm’3)
2l s
RS 11226.5Aa 462.75Aa 2.4260Aa
High moisture
yi
EFVK)% . 10585.5Bb 444 .47Bb 2.3815Bb
Medium moisture
4
ok sy 7759.0Ce 405.35Cc 1.9140Cc

Low moisture
AR EFRRR R Z B P<0.01 KPEREE, /D
LR R Z AL P<0.05 K FEFBE, FH.

Note: The capital letter in the table is significant differences between

variables at P <0.01 level, while the small letter is significant differences at

P <0.05 level, the same below.

3.2 BETERNEEERSFENTME

H I 3 R A R K SR A5 N, RS L B 7
TR A AR B R ) 3 S RS e K
15.0 mm 203 e =8 7 930.5 kg hm ™2, Fe il
7527 kg-hm ™2, Fe i S ERARAH L, P PR 5.36%;
7K 22.5 mm A3 E SO 10 777.5 kgehm ™2,
AN 10 369.5 kg hm =2, Fe i S E KA L, 7= w42
1 3.93% ;HE7K 30.0 mm ALBEP= i O 11 349 kg
~hm ™2, F Al 11 101.5 kg-hm =2, fe i 5 S ARAH L
PR 2.23% o M HETR WDy AL B i E]
WD, Zb 3 By WD, AEFENE] WDy 4B, A0
T P= 2y BN 5.36% F1 — 1.40% ; T 1 1 I
i WoDy AFESE AN E] WD, A0 BE |t WoD, 2 FI
2 W,Dy Kb P, S0 09 P B BB 3.93% Al
- 1.56% ;i HEHFH R th W3Dy AL BRBE 2] WiD, 4b
B W3D, A0 BN E] WiD, AbHE, AL H TE e
H N 2.23% 1 - 1.06% T HEA HRE XS 448

BfE TR i FB7K R MoK a3 R 72 3R e 0L 3R 4,
AT LSRG S A s FE K i R AR A
FRERBEZITE P <0.05 7K T B2, 1 20 em 5
TR 30 cm X 58 A6 H M #B/K B P B AR I3 A2 7 R
ISZIETE P <0.01 7K A B2, d BURHEH A H
HRBRIR , R K I3 A Gy WAL, 75 5 7 A= TR
JZB U, B BCR 20 em AT AT IR B
F4 BETERWNEREETESE.
FKRERIKG EF-EH
Table 4  Effect of buried depth of drip irrigation tape on

hay yield, water consumption and WP of alfalfa

TH FEK & IKGF A AR
LB Hay Water Water
Treatments yield consumption productivity
/(kg'hm’z) /mm /(kg'm’3)
HEP 10 em ) ) .
Buried depth 10 cm 9666 .0Cc 434 .78Cc 2.2089Cc
HIVR 20 em
.0A: 39. : . :
Buried depth 20 cm 10019.0Aa 439.81Aa 2.2662Aa
A 30 om 9886.0ABb  437.77ABb  2.2462ABb

Buried depth 30 cm

3.3 HBHEENEBENRKERKSETE
B T R BV E R R E R A R A
PR AREAK i SR o A = 2R s R 43 ) LR 4 A
5o SPMTEEA, R H T R T W NFE KR TE
132.40 ~ 147.96 mm Z [A] , /K43 P2 35RAE 1,77 ~ 2. 44
kgem ™ Z ) 58 OHERAE E E AR B W AEK
139.02 ~ 166.36 mm Z [i], /K532 F= 23R 1E 2.07 ~ 2.48
kgrm P25 SR AT NIRRT
130.01 ~ 150.91 mm Z[0] , 7K A3 P2 R AE 1,77 ~2.43
ke m ™32 [H], BEEE AR E, WD, W D, W, D5 4k
FRAGFEK B350 139.02,140.58.,139.37 mm, /K43
HEFERHI N 2.07,.2.13,2. 12 kg m~*; W,D; .
W,D, W, D5 4b R FE 7K 18 43 01l o 158.93.161. 32,
160.20 mm, 7K 730 42 7= Z 53 5 hy 2.41.2.45.2. 43
kg m™3; W3D;, . W3D, . W3D; &b F (1) € /K & 43 51 Ky
163.87.166.36.165.28 mm, K /3E 72343 5 42 .43 |
2.48.2.46 kg-m™?, A] UL E 7K A R 2R 46 1 A5 R
IKIEAHZEAN K, 7K 43 A 7 23 D0 i 8 e 1L T TR )
SN SEYE KG9  AE NI FE AN | SR B v A
BRI FEAR K 4342 77 38 BCR T 20 em AR
TP URBE o T 7 ML AL VR B R B 46 98 | 75 #E
TR IR A3 A 7 S W RE K B BB AT RG R . s
T WDy WoD, L WD, b BEOR U, FE K B i R
140.58.161.32.166.36 mm, /K734 77 %5351 2 13
2.45.2.48 kg-m™ 3, Bl VE K & BN, FEAK & 43
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B 14, 75% F 3. 12% , 7K 43 A 7 43 G 4 Ok
14.95%F1 1.21% , 55—%E 5 =R H fEFEKE
FAK A3 PR 550 — A ME A AR L R .
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Fig.4  Alfalfa water consumption of subsurface drip irrigation

under different treatment conditions
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Fig.5 Alfalfa water productivity of subsurface drip irrigation
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Bl 4 & S o Br B, B B K EAEK
HTE 401.43 ~ 463.45 mm Z[8], K342 72 R AE 1.88
~2.45 kg*m ™ 2Z (8] A R HE AT HLER SRR R AEK
SRR G0 7= SR B 2 U K 1 BN K K
B WD, ZbEEEE N3] W,D, AbEE B W,D, AbFHiE
JNE] W,D, Ab3, 536 E 1E AR K 73018 9. 90 %
M 4.79% , K530 H 7= 250 IS K 25.35% F1 2.16% 5
K WD, AbFEIE N E] W,D, AbFE |t W,D, 4b
HEHE I E) WD, AbFR, 2278 B 75 (0 FE K & 430 3% in
9.65% Fl1 3.52% , /K 43 A= 7= 2R 43 36 K 23.949% Al
1.72% ;K 5 W, Ds A0 FEEENE] W,D; 403 | iy
W, D, AbFEIEINE] WiD; AbHE, 2516 H T M AE K 2
BN 9. 40% T 4. 04% , 7K o3 A= 77 40 i 18 K
24.02% 1 1.73% . W3 3 L nl LIA Hi i K 5 Xt
FEK I SR o A 7= R A Al B35 (P < 0.01),
AHIRE K B 451, i E A U B W, Dy A BRI

2| WD, Zb3  H WD, AP NE] W, D; ZbHE, 254
H 1S BFEAK R4 0 1.719% Al — 0.48% , K53
FRER AN IR 3.59% Fl — 0. 92% ; i #E A 3
W,D, ZEFEIE HNE] WoD, ZEFH B W,D, Ab 31 i 3]
WoDs Ab 3, 5878 5 A& W FE K 543 71 385 1. 48 % Al
- 0.71% , KA =R 53 HIE R 2.42% F1 - 0.86% ;
TAVE HF PV B WDy Ak B fin 2] WiD, 4b BE L
WD, ZbFEHEINE] WiD, 403, 578 H A AR K i 4
A 0.24% F1 — 0.21% , 7K 43 A2 77 2843 Bl 43k
1.98%F1 - 0.85% . MK 4 AT HIETR 20 cm 53
TR 30 cm XJAE/K S0 52 (P <0.05) , 3% 20 cm
TR 10 em X FEK MR 2 (P <0.01) ;
R S AE A K o3 A2 7 R RS A A S 2 (P <
0.01) , 37 20 cm HHIYE 30 em X 7K 53 A 7 5
BEP <0.05), FHICA]AT, IE B 1 E K & A
TR R AT ARG K o3 AE 7 38 (E I N L
R, 5 W25 5 38 R 28 U , AR TAEIRTK 51
WA AT REAR AR 432 77 2

4 PhHeHE5HE

I ARSI A AR B0 B I S A E AR R
MAEA , i B H I PRI IR 4 R T, 5 AR
PR IR 43 B 0 A A, HE TR R SR AR B AE 1
ARG R G R 2GR HE T, B X AR ST F0 T HE Al
IR 2 A, BIFGEAS R 7K 7K ST R 3 7 R Ak
MRS AR =g oL, 45 R 3R
g

1) M3 S5 A0 A DB K R 7 oK A
77 B2 KRR VAT TR A 2 R R R A S
M A E G FEK i 7 B K 3 A 7 S Bl K
BRI B (P < 0.01), BETEHEH BRI
BERSEHR (P <0.01) 50/ P <0.05);

2) K 8 A ] Hsf I T8 i SR X 2R AR A FE K
B E MK AR ERERE (P <
0.05) , H. 347 i i 2 4 390 15 R B85 1 385 m % 384 K ik
AN AR BN BEAN R, BEBUCR T 20 em ()3 VEE A 1L
REE;
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