EEHERARANTERERKHRSETE

b I oORER S, g b

CLALFE MO KA P 5 A A e, Jb5T 100083 2. [ERN R 5T, dbat 10093)

W OE A RRBERES AL TS ARG Yh, AWK A P TR, EET
3o F i (SDI) Fvir i (SI)2 A X, 252 A8 0~ 100 cm £ 2 K, SDI 85 L HARARAKE R 5
SDI 49 B etk d . SH BB LM T EHLES TSI, ML L Z 2T SI; SDI HAM G EE =%
2 %) 4815.87 kg hm> 7 4300.41 kg hm?, 4842 SI,SDI F 4 2 #4053 B H B/~ FHARE T 14.92%
F 23.60%; SDI ¥ B 45 #9 K 55 F) 2 540 31 A 2.66 kg m™ ## 2.50 kg m™, 484% SI, SDI F 5 2 &A=
F3EEBAIARAXESAREGT 21.46%F 34.41%, 5 SI A8, SDI BEARIRZEAH 75 A K AL A)
T ARy A AR RS,

KHEIR) HiE; BB X; AK; KoyA AR

Rational Irrigation Methods Improving Growth and Yield of
Alfalfa

TAO Xue', SU Derong'®, KOU Dan?
(1. Center for Grassland Resources and Ecology Research, Beijing Forestry University, Beijing 100083, China, 2. Institute of

Botany, Chinese Academy of Sciences, Beijing 100093, China)

Abstract: In order to explore the effects of different irrigation methods on alfalfa (Medicago sativa)
growth, a field experiment was carried out to study the change of alfalfa growth under two different irrigation
methods, including subsurface drip irrigation (SDI) and sprinkler irrigation (SI). Results showed that different
irrigation methods had different effects on soil water content, and SDI treatment had the highest soil water
content during the experimental stage. Plant height, primary shoot number, dry-fresh ratio and weight of each
plant of SDI treatment increased significantly compared with that of SI treatment(P<0.05), but stem-leaf ratio
of SDI treatment decreased significantly compared with that of SI treatment(P<0.05). In addition,
this study presented that different irrigation treatments had different effects on alfalfa yield and water use
efficiency. Yield of the second cutting and the third cutting alfalfa of SDI treatment ware 4815.87 kg hm™ Fll
4300.41 kg hm™, respectively. Compared with SI treatment, yield of two cuttings alfalfa of SDI increased by
14.92% and 23.60%, respectively (P<0.05). Water use efficiency of the second cutting and the third cutting
alfalfa of SDI treatment ware 2.66 kg m™ and 2.50 kg m™, respectively. Compared with SI treatment, water
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use efficiency of two cuttings of SDI increased by 21.46% and 34.41%, respectively (P<0.05). Therefore,
considering growth, yield and water use efficiency of alfalfa, the subsurface drip irrigation was the most
suitable irrigation method in arid northwest China.

Keywords: Alfalfa; Irrigation methods; Growth; Water use efficiency

A E Ao R PG G R DR R X, KT B B PRI LA B ) 1 AR AR R R,
IR A IR E PY AL T AR, KR D (AT R KE N 164.4 mm), ZRK R ZVB RG22 K (%
FPRZE KR 1200 mm)!Y, A EE G SE R, KRBT S BARA TR, EIRRAA,
EEEAE TR A BRI EEREEY, HAEFHK, —F2HNE, FKER K
KRR BRI, R4 AT A B 7 R AL, A ZE FE 5 /K (B U7 5 3 T IR/
—RTOK IR BOR, BATOK 8E7 R R R s AL A, RO EE AR DU AR
PRBRfaT, AR B K ZR AR, R T AR RCR B AR 2P, B EIe R, fERIX
o R RE KA RECSCE B R AL IO, R, ICRE RS s E A AR M RCR
(1, T AE AL KR LR 28 A AR ™ B, AR TR MR, FOKERDR, 1 UK BRI
TR0 [RIG, RIFFTHE T TV A TR B AR R BRI, X A SRR REOR R AR M B A
HEF

[ A AR CA S5 T AR TS ORI 0 28 ROk ED- 810 8 95 i ), s 3 PR g4 10 T A g S 1
SEJTI, ETXPERACEAE FEBL SR T YRR T, R R IEIERE . WO, R R SOR T AR
U2 51,4 Ayarst! UEEROBIE TGS 7 3 FREME A Al B Tk SRAEEfE LRIRIH], 25 000 os T e
AR TRV R, T HAR R KRR . IR, A WRE S DR KBRS 25 R M e A8 P
IR, T REAIR T 7K 20 R TR UST . AR ST o 8 WG b S DX R A 2 1, AT 1 1 3 E AN
WETEE 2 iR U 3 A K 20 A RGN 7 RCR o LR, SRR S A E A5 K 2 A RCR &
TR R T30 DOy 3RE PG b 5 X0 I s SR AL B RS A A 06 35 e 20T AR g 33
FARIAR T -

1 ST

1.1 XI R

RIET 2014 FEAEH B KA 2Rl 5 A ST KR (N 3752, E10251) #47,
ZIS AL T H N A BB BN X AR 2 E e ZEn, B SR N B BRI . 4R 1581 m, 24
BIfE K 164.4 mm, FEERE 7—8 Hir, FAKE 1131.5~1508.7 mm, HHEEE 3000 h P L,
JoREIA 150 d P L, 8RR 8°C, LFUNMEL, AR EE TS, 0~100 cm L)Z A K IR
AN 148 g em?, HEEKEN 26.6%.

1.2 XIEHA

PLAL 550 55 IR BME AR T e A O R E I E R AR 255 (Medicago sativa ‘Phabulous’) N3G A1k},
T 2012 4 4 A 30 H4ER, AT, #5530 kg hm?, #E 2 cm, 4780 22.5 cmo WEEER KL KIS
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AL RY 2 A SR A ) EU 2wk, Wi RY 50 kv8, I 0.66 m® bty 5 S 75 mm, W4T 270 em.
H R R EEADRE: SR H R K B KA BR A A B AL ) 55 BE AU T, NAE 16 mm, EEJE 0.4 mm, ik H]
PE 30 cm, WHSkIE 3.0L hls

1.3 K&t

RIS T HE (SDD FIWTE (SD 2 Pt B, AP 3 ANEE, L6 NI, HUF
THE. NXHAA 6.0 m>x2.7 m, WHE/NX RN 2.7 m>x2.7 m. il G e e FE 7K Ot 1§ 988 VA % A
G RGRE, BEHE /N XA BAEHD T NX S, SNXIEE Im SER R, JF A R R Bk
BS 1 me MR REAL RGBS N XAT R 3 25T ET, JEIETTATEE 90 cm, HEIR 30 cm, 1 ZRTETTER
AATHETE, WHERREA /N AT B 2 M T XA RImESk o 2 Pl /K A3 ) /K B () R BE B A ), BT
IKEE AR S BRI, BERE N BRI 1A B 2 B HE b T T A [R] A2 7 A 13 5 /K e B A 1 A
KRR, J75% L e 1S R A DL AT o4 ST W s, BIZEsh R e 3 D EE/NX
0~100 cm LA b2 1)~1F35 IR FR 5 /K Sk 2 H R R /K & 1) 55%~65% I AR HEK, BHRFEK &I
N 40 mm. EWE S 1 EET YRR R SMER R, Bl —ELER L, EEFES 1wt
KIS /N X R3S /K R O e B TR, BERAEKE T ES/KEA THEER TR, EX%
TEHE S 1 AR RN K. R 1 755 ), i TR R S fabr e — 8, ZER AR .
DAL b AR SR B A 2 B B RS AR KGR 2 EANER 3 A . RIS AT A, PR, RHERA.
JIES 55 FH ) A PER % Kb R R — B

1.3 @bk

TIEE AR E: HMEHE LK LA (Diviner2000, Sentek Pty Ltd, Australia) #ll--3% 1 m
WK &8, B 10em 1 )2, 5~7 d W 1k, BEREEBRTT S FIRERY /S . &4/ XA 2 ARIE,

SR AN 22.5 eme 2 AR LI A K R R S P IEARR DX I IR EIKE . R HK &P
THESEAEE TS £ 5 kK E:
Q=P+1+K—R-D—-AW (1)

Hrb 0 NEFEABWFKE (mm): PAFMMENE (mm): [ NEKE (mm): K i FKHh
E (mm); R NHIERFRE (mmd); D NARZBKE (mm); aW ATHEE/KEFZME (mm).
WG H L T KA, A F] 30~40 m %, ARG, H/ANX PR EZE, Sl e 3K 20 R B 100
cm AR ABUN, HIbERTE (R, KA E (K FEZBRE (D) BWEIEART, B
BB 0.

AKFERRINGE : FEETE RO, BRI A EEATY, FADNXBEYUER 10 %k, HER
WAkE Cemds FIU#AR R ROE 224 (mm)s oAk E 2K M0 B, I—BrBEG ol ed]
RZERI B, B JERRE, TFEZEMLL: BANXBENER 100g /24 R, B ERE, HH
i Lt

FRRER PRI SR AR R DN E - AN/ N IXBEATLEEL 5 #k, HEFI SR E s WIAE X I
BN MBS /NX A, B 500g 72 A ) L TRR A, THEDERE S KA, ARYE S SR N E
THE BT S B =i, PR T2 = EAFE K&
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4
WE = — 2
0 2

1.4 FIEAE
FIF Excel 2010 SHATHR B, iR GiiT oA FIZ2 B, R SPSS 17.0 HEAT 75 Z /A AR 25 VEAS
5, HTEMITZERECRAH LSD LT (P<0.05).

2 RS54

2.1 RREBRG XAFLESKFEH R

B 1 AT, AR T 20 R 13 0~100 cm + 2 AR EKEARF . 55 1 FEACEE ) IR 5K %
ZERAE, Ho AR E/KE a0 R B2 R R, E28 2. 5 3 7E IR, SDI f-higs
IKZ G, LA 20 2B 3 HERERAE AR 18.02%F1 22.24%, AR & T SI. 150 R) £5 Ak 3
TS KE B BB AT, PR ARBE N AR HBLE /KRR /N E g, B3 3 78 & b H ) g
TKEEEE 2 #E i, HIEShEOK, R T M RERE 2 5 LI Bk A,

24
...... DI ST
12 Ly
0
=
£ om
16
-
14
12 B 4 EoR o —— g
The 1= cutting " The 2= cutting The 3 cutting
10 i L i L
42 417 2 517 &1 G146 Tl T8 731 13

BHHA ¥onth/ day

& 1 AEREB A X IR D Eh7SHI 0

22 FRVEBRZ XA YR A KBRS SO0

R a5 RS R A FE T N B E BB A (K . SDI MkkEfK, HiiE 2 #Hik
KAEATIE 104.12 em, 25 3 FE0]15 97.67 cm. 40K, PizEiREed, SDI R SI Utk 2w AR Ji
A, FACHERES 2 AN 3 AE Mk R BMRAK K SDI>SI, SDI [tk i i 3% i TSIy B stk
552 AEMEE 3 YIRS RSP W — 8, 56 2 7EFIEE 3 HEYIEH SDI k= b SI 43 Hil$2 5 8.66%
F116.43%.

BRI AL FE IR ) 2R BN AR K B ZE 7 B2 AN K, T 1 AR
BN, 3 3 75 12 S A0 2 (A1 4R I SDI W35 KT ST, HL&- A0 EE 2 5 i 2SRE0E 3 75 K (K 2D,

3 EoR, 4K, SDI A SI i E R AR, AW, B SDI AE MR gL T
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SI; ¥IfedH, EfEWcEIRy, DL SDI AH R ki i, 56 2 i AIEE 3 A alik 14.2 1 15.6 £, #LL
SI, % 2 # SDI AbFR) /B e 5 T 8.98%, 6 3 #4217 15.56%. % ERmid, AHEL SI, SDI A%
T

fern 7 EAE RO R . A, SDI A AT EE AR KR 45 2HE .
*1 TRIERARMEBHRS N cm

TEIX b3 sl Bl HIEH
Cuttings Treatments Branching period Squaring period Pre-flowering period

9 T SDI 53.13a 79.58a 104.15a

The 2™ cutting i SI 50.77a 69.24b 95.85b

B T SDI 50.60A 77.33A 97.67A

The 3™ cutting Mgt SI 46.07A 65.35B 83.89B

M FSIARNG FREORE R Z AR P<0.05 /KTZERRE: FSIAFKEFREORZR’ZAE P<0.05 KT
ZSrEE; T

Note: Different small letters in same line indicate significant difference among treatment groups with irrigation treatment
at 0.05 level; Different big letters in same line indicate significant difference among treatment groups with irrigation treatment

at 0.05 level; the same below.

*2 ARIERAANEBEEHENFI mm
IR A3 IR Bl KIAEH
Cuttings Treatments Branching period Squaring period Pre-flowering period
A 3N #E SDI 3.06a 3.28a 3.34a
The 2™ cutting IBTE SI 2.77b 3.21b 3.23a
=T Hb T SDI 2.45A 2.70A 3.38A
The 3" cutting W e SI 2.12B 2.30B 2.67B

®3 FEERARINIEE RS REHIF

IR b3 SR W W16
Cuttings Treatments Branching period Squaring period Pre-flowering period
o Mo R HE SDI 5.47a 10.47a 14.20a
The 2" cutting e ST 5.17a 9.80b 13.03b
=3 Mo R HE SDI 7.13A 11.10A 15.60A
The 3" cutting e SI 6.27A 9.40C 13.53B

2.3 REVEBRG XA H I £ b Frhag e

R E] S T A 2 AR B E R, HAWHE M EREA—F (£ 4. Ly
B, SDI ffZEnt L KT ST (P<0.05), AHEL SI, %5 2 #£ SDI 25T LL A BIFRAK T 8.33%, 1A%
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BEZEFKF (P<0.05), %53 7 SDI 5 SI 2t 2 AR, BB, AL SI, 28 2 % SDI =X
B T 4.12%, 55 3 ZEFFIK T 6.98%, ZRIEZE (P<0.05); WI{cH, HEL SI, SDI [1=2m LulF
KT 4.96%, ZRWKIREZE, SDIE 3 7 =M LR EKT ST AH.

F4 FAREBRAAMEBBTEZHERNZN

TEIX AbEE B Bl HIEH
Cuttings Treatments Branching period Squaring period Pre-flowering period
9 T SDI 0.99b L.15¢ 1.34b
The 2™ cutting i SI 1.08a 1.20b 1.41a
B T SDI 1.01B 1.20B 1.39B
The 3™ cutting Mgt SI 1.04AB 1.29A 1.57A

TR0 I ) 45 A B (Y £ T LU BB B 3 A B A KR PR e 34 (R 5). SDI AREEEETLL R K,
BAESBUAMYIEI, 2 2 % SDI 4 ¥ SI ZRARE, B =8B EHNEET L R AR
(P>0.05); BLFERA, AL SI, 25 2 # SDI T LLigm 1 15.06%, 5 3 #HEE 7 9.92%, BF|BE
KF (P<0.05); HIE], AHLL ST, 28 3 7 SDI EET-ELiE @ 1 16.24%, AF|REKF (P<0.05).

x5 TEERAXMEBH T

FEIR S PatsEl i ] e
Cuttings Treatments Branching period Squaring period Pre-flowering period
B R #E SDI 7.78a 6.19a 5.01a
The 2" cutting Wi SI 7.93a 5.38b 4.59a
=78 T SDI 7.29A 6.54A 4.58A
The 3% cutting W5 SI 7.35A 5.95B 3.94BC

24 FRRVEBG XY 55 =2 Fek oA AR Fa

ARG RGN, AR NEIEHBE N 2K P SRR EER, SO
PR, PR AR R R W AR, T KR R E#e i (2 6). AHEL SI, 28 2 3£ E4g SDI
AEK B> T 5.52%, 55 3 #I> 1 8.18%. P EI 48 SR+ BH1™ BEAR Ykl 1) I Fe /2 SDI >SI,
Horb SDI %5 2 ZE RIS 3 M ARRE 058 2.51 F1 2.24g. SAbFE(A], SDI AP Bfm, 952 HN
4815.87 kg hm?2, % 3 # A 4300.41 kg hm2, AL SI, %5 2 % SDI (/=i 7 14.92%, 5 3 #HiRE
T 23.60%, HIEEIEEKF (P<0.05); 5 SIHLL, 28 2 7 SDI /KR MCRIEE T 21.46%, 3
R T 34.41%. SR LB AT 2 HRIFEE AR R RCR KT 58 3 %
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*o6 AEERARAMEBERRE. TESE. FKEMKDFHYRNF NN

FEIR Cuttings b5 Indexes Hh T 4 SDI W5 SI
Bk Dry weight of each plant/g 2.51a 2.28b

e F-H 7= & Hay yield/kg hm? 4815.87a 4190.33b

The 2™ cutting #7K B Water consumption/ mm 181.20b 190.99a
KA FIH 2% WUE/kg m 2.66b 2.19¢
PR T Dry weight of each plant/g 2.24a 1.99b

BN FH & Hay yield/kg hm?2 4300.41a 3479.77b

The 3% cutting #E/K & Water consumption/ mm 171.71b 187.02a
KAFIHFE WUE/Kg m™ 2.50a 1.86b

E: FATARNG FRERR R R Z AL P<0.05 KVFZEREE.

Note: Different small letters in same row indicate significant difference among treatment groups with
irrigation treatment at 0.05 level.

3 it

FET-S2HX, BERR TN UK > & B N R RO Gl AN R R 2UT 35 K K
FORBL, N KIS, MR B PR DU, FEEE RS, K K BERAR R IR,
BEAR 1 3z A s WOE VR /K RO i AL E /KIS B ST 1 K 70 2 N BB R, (R 28 R M BOEE
TR 3 B R K TR RS S 28 R AURANE /NI, P ARHE b B (0 35 /K B ] S8 L N iR (IR, IR 5 32 R
ST R B MR REA A TR S K, BIR K A

FEEHK I BRI ERE LN, Y RO R ARSI EIRRE, AR T AN, K7
R, BT AMAF SR LA KRS, BT NMEHE R LS KRR, GRS A R
7K, JEHAMBRE R C 2R AE RS, ML TR, SOELCH I ERE L KA R
SRR, AT B R AR T T E A AL R E ], R AL BRI A B 2E S AR R
8 BT

ZEM BT LR A B A U SRR E R . RUEEEEARSEENEE, EOSE
A 21% UL L, ML E A R E . B, P R SR A R P o R B SR R AR
FEARGRZOEER R, N, R RLEBiE, ERMTS R, O b5t
BRAF, PSR AR, PR, BRI A E A SO E R AR AL, % A2 A
% LUK A REEE A, BRE 2 LU AR RRAR, UM T R A 2R bR, R A
T BRARZE L, femEigmt e, St RIBE R E 5B E], B RS MR 21
M, SEFHOlE, EARKSEBS, &R, EE s EE A R AR B A a3
SAEYREKRREVIRG, HEEWRERSG I, YR RS 6T L AR (k2 1R AR
>,
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KRS F RN, EETEEE IR, Ko WERe SEERE R T, X SRR E S T
SRR, TEREKE MR ERE AN R RS, A ERWERE, MR RRE B/ R R 58 2 54 4
T 21.46%, 25 3 AR T 34.41%; R ERESS 2 FEFIEE 3 FAIFE RS B 4815.87 kg hm™ I 4300.41
kg hm?, FHLUWEE, TR &8 2 0 0m T 14.92%, 55 3 #0a5te T 23.60%, ¥ikE)
REKF (P<0.05), RUIFHEEERE, th NEERA SR EKSRIHME, HEFERAEERE TR, &
R 5 Grimes!" J i 2= R P& [0 7 45 R — 50

4 Eig

FERE VLT R, LW, N REA M TR LIREKE, BRI AR, REKDF
A, RAETOKMCR . £ERELEFY, M RMEAH T EEARK, A& T ERERE. 8T LT,
IR R T, AR T EE R, e T R R AP R AHEUDOE, T
TR F S s T ERER R RN ERRAER . PR IOKD MR MRS, MRS IET
S X f vl B T e ARG HT T T AN EREB T SO0 SRAE BT AR 7 ORI TR 15
Wi, P ANRIVEBE 77 U AL B AR A AT RGE L BUE A 1 TRE— B0 5L, DMEON IR AL FIX AL
EE M A P e R R GE S B BORTIAT M BOR SR BB 18 e B AR o

SEHEk (B%)
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