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FOTIAREERKERT2ALM Y 33.35%; @T2 AR et | R & b A F RBRE AILF AL
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1S Ak

1.1 LG TR
PRI T 2014 FEAER AL PEALA K &K O B AL B b I TRk X TR BBt B AL S50, (115°3'N, 40°63'E,
WK 642 m)HEAT M8 T B ORBEPE T AU, TR LR, REZ KK FE /K& 2 4 300~400 mm, H %
TKE I 70%~80%%5E 1 7E 6—9 H , 24 T K78 K 8 364.7 mm™. HIER B OMIE L, iZ KX HE+
(0~40 cm) TG MU & 70N 12.12 g/kg , Bl 50 38 X008 o R85 &2 43 3007 1o 43.46.18.24.130.17
mg/kg, 4B A A B0 B2 B0 19 0.52.0.62.28.86 glkg. 0~40 cm V-3 KA &Y 1.57 g/lem’.
2014 455K J 5 A4 B IR IR Hh B T o0 253 mm. &4 B IARE I E LG TH a0 T < #EFh 2 A P 103 mm,
Jri A 4 R 2R I PR T 40.7 mim, FE K 48 A P Y 109.6 mmo
1.2 Rt
BB PO 3 5, AL KR K O H R B FE . 2014455 H 16 H ¥R, 2014 49 H 23
HISGR . SR BENLIX 21 vt i R R B 2 AN b 28, /N X T AR 20 531 /N EEFH (T1D2 m X 5 m=10 m*, K
BE B (T2)6 m X 5 m=30 m?, B3 1 % & 9 225 000 #k/hm?, FFACHE 3 AN A . &% AbHH7E 2 50% ki B3k 1
R VB S S SRR AT K, AR K IR 3 B o6 H 20 H 7 H23 H8 A 16 H o 3 BRI, ¥ K
BEEREY , 2450 K KR AT BIE K 90% I 152 1K . HE/K & KR ™ %t .
BRI 3 TR R0 HTHE IS 7K 60 mm, % PR 3t £ 43 51l 9 160,230 kg/hm?® , FAh[R] 3 KU 3
1.3 MEMBSHE
1.3.1 EBEAHKE
I3 T RE R T AR R L RS Bt SR AT AR B A e UK M E 0~150 em 2K
55, B 10 em P2 1%, L0015 =
132 AMI4R
PR 57« FE K A2 A SR A FOEE A, A RO AR AR (1 230 R, B R T 4K
W 7K 3 75 5K 2% 28 SR A AN RE SR 0T, a0 B R/, S/ X B HLGE B2y 1 JE 3 v, FH WP4 B riK
S e it K AN 3 IRE
43 2 (SPAD 18 « 7E 5K 2% 25 Fh AU A HE % 3, B SPAD-502 Plus {5 #5 20 H- 43 230 5E 30 58 4 1 i i 1)
HEg R, AN IR 30 RT3, B3 AME .
MR G S KRB HER I, BB K B, A A R AL X 3 AR AE I , A L1-6400 {8455 0o & 0
SER TR TR (Pr) 28R (1) VAL T s tH B 8BS 0% tF A N Tn=Pn/Tr
H R M 7E S F G, AN FEBE A B TR 25 25 25 B 100 BRAXAS A 1, BY N RERRG - 25 57 Ja FR o sl o 5 45
A FRAR TR DL 3 K E R P T E AR R Z A HE SE PR &
133 #HH 7%
WUEsu )T AR
WUEw=BM/ET , (D
A WUEs NEEAR 7K 23 R F 20 (kg/Chm? - mm)) s BM N BTV AR B & (kg/hm®) ; ET AEEANEF 1
ZEHE (mm) .
WUE, BT A RN :
WUEy=Y/ET , 2)
A WUEy 7= 87K 0 R H 2% (kg/ (hm? - mm) ) 5 Y 477 & (kg/hm?®)
TEEFES KRR ARX:
w=(we-wy) /wsx100% , 3
o NIRRT KE (%) s wo N L E () swo T L E ().
TIRHKERTFE AN
Wi=p:xh*w; 4)
W=X W, , (5)
X woh i 2 K E (mm) s o B K A S K & (mm) s poN i 2 BTN & (g/em® s A A 12
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JERE (mm) ;0 N i 2 HIEFRE S KE (%),
FIFH 38K P 5 v A B K= iR AR
ET=P+I-R-D—AW , (6)
O ET N ZEBUE (mm) 5 PO B Y & (AT 38 i 0 S R 0037 B 82 3R19) (mm) 5 T 4 EE & (/KSR B8R
O (mm) s R NHEFEZRE (mm) ;D NIREZBRE (mm) s A WAN BN HIEZEFEKENE(mm). HTRE
HsK A2 75 A2 B HA A HE I 5 B T R A AR S O, HARES it b R 7K BER>S m, PRt SR AR AR =95 e AT
BT, WoK &P 7 FE T IE A S N
ET=P+1-AW . @)
1.4 BIESZIHS S
TG E s F SPSS 13.0 Al Excel A TS HT .

2 HERESR
2.1 FNEIREEMIGERIT KD BE BHEK . TIESNE /K D TR FEKBF G

R IATA, ST T AP RE /K = EE T2 AL PR/, T1 AL HE SORE /K & EE T2 A F#E IR /D 1 33.35%. [H)
—WEE FH RS AL BRAEAS R AR B R0 HE K B FEEY) A & B gk b . T1.T2 AFEAH R AR B A K &1 %

FARE . 2B RE R - TR K B, JFRE VR AFE K R IR o
A1 RRE @ ERKAS S L F KRS

. V7K & /mm FE/K & /mm
EE -
T1AbF T2 hb 3 T1 kb3 T2 kb3
R —h R 60.00b 107.83a 327.13a 371.26a
TR —E I 75.40a 80.73a 115.06a 147.03a
R — R 41.25b 76.48a 94.50a 134.22a
EETY 176.65b 265.05a 536.69b 652.51a
B FATARVNG 7 RERRAN [F) A B TR 22 5 12 2% (P<0.05) , T[]
TIEE AR % Ry
0 10 20 30 40 50 0 10 20 30 40
0 T T T T 1 0 T T T 1
20 L —a— T12R IR 58 o —a— TR HR
“ —e— T2jb BB —e— T2AMIEEAC N
40 L —x— TUMEHI Y 10 L —a— TR BRI
—a— T2Rh IR AT —o— T2AEBIWER
E 60 | § 60
i
H 100 + % 100 -
120 - 120
140 - 140 |
160 L 160 L
(a) 4&#+ A7 5 b AR 7 (b)E XI5k B

B 1 REAH#0~150 cm £33 @ Ko T ik
B 1) rI 5, 5K e 2 R, 2 AN Ak 3 338 % 51 i 338 5 /K 63 LU BB M T R R B (K . 20~60 cm
ZEKERRIN T ALBEST2 A HE, 70~120 cm - ZF /KR RIUN T2 A HME = T T1AAEE . I 1(b) A1,
FEHK T 0~120 cm 12 T1 AL EE & /K33 & T T2 A2 WK )5, T1 A3 40~90 em L )23 & T T2 b B . 24
Wb PR A E W 0~30 om 2 38 7K 3 bl v BRI SR I A WOR Ja > Sl AR > E SR 0 o e RS O /N s i
K&, B T AR K, K G 2 (HOG VR & 28 8 IHFE K B 52 M AN B 2, /N E % AR B R K 40 B R
Uo 23 2R, 4 /NI D AR BE A B0 E K B

22 TR EIHER S S R M B RO K2 RRSERERA LS AT
22 2 T 401, R e TR AL TR T 2 MR EE g Phiiem PR ke )
L S 3 A . : TIREL  T24bE T1 4k 81 T2 jb 8L
SRR 2 AN VSO T AR A B T2 A i 1is00a 11980 4559.40a 5032.35a
S A4 DN S W R LA, R 16375 156.86b 827168 10165.28a
B - - 15 204.08a 16 157.35a

TERERM T2 AEYEILTIANHEEE RS T
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22.89%, M AESHARIIA A T T2 AL AV R Z R AR E . RIER AT, ASFEmE: HE B A B A K
SOMEL E AN]SR, /)N AR L DD E I K RIS RAIE TR A KO B R ik B0 61 T ek 2.

2.3 AEREAMAERH H KB FEE00E 0 %3 RFeEE At B Koot 55
B 3 A0, T1.T2 AbEE 2 Fi: FHRUAS 2544, A 7K #/MPa SPAD

R R 2 A R e Aok T nes nwm mem nas

RARE. 2MEEM R REDRIEXINEE S wan -1.95a -1.76a 56.12a 57.18a

THhAEHA . T1.T2 AbEEM KA s Rl ey -2.01b -1.83a 58.34b 59.90a

R AREE. R, T2 AHE T1 A FE M K 3
BT T 9.0%, H 4R R E L T1 AN FE B Z 45 1 2.67%. B A A1, 5K 2425 A  JE 2 0 /K A AN
B, e R B AEAN A B AR . ORI R AL B K 7 S AR A i OREF T R AF BIK 73 IR A o
2.4 FEEEAMISERILESHNE M

R 4T H, T2 A BEDE G MR A B EE AL SRS, Sfbr ol T A B E 525 1 26.44%.
33.0%-40%. 1] T2 Kb P 7 1 RCR B T1 AL FRPEAK 4.52% , 1H 2 AN AL FRA] 22 AN S8 o /NIEE FH A B & 380K |

ZE I R AR BRI, {H 5 2 RN 28 W T 2 P R e B0, A 0 vy O I 2 I 2005
k4 REB TR W ERLSAHK
osil Ho AR/ (umol -m?-s™) Z& % R /(mmol - m?-s™) KFLEE/ (mol-m?-s™) I 281 3405%/ (umol - mmol ™)
TI 11.840.89b 2.97+0.22b 0.100.01b 3.98+0.01a
T2 14.97+0.85a 3.95+0.34a 0.14+0.01a 3.80+0.12a

SIS E/ING FAERIRAN [FI AL ) 22 57 88 25 (P<0.05) , R I
2.5 A[EIRE AR XS = 2 8200
M1 5 TR, T1ARER 5K A28 2580 L FRPRAR o A L S T AR WL B B S5 A 50 PR 18 T2 AL BRI
PREpprlin e S T2 02 R BN, HRBERARE .. T2 M B T A" 855 T 4.59%, (H 2 74
BF . T1ARFRSGRIR RS T2 A H &, (H RIS 3 2 2 MK
A5 RELS TR vk w2 AKX R T Hh

Ab3 ZHl/em HRH = /g HHU/10°FH +hm?) TR R/ g PR & /(kg - hm™) LAEIRiE

Tl 0.82a 27.74b 3.38a 1.695a 7278.47a 0.48a

T2 0.83a 29.75a 3.43a 1.703a 7612.62a 0.47a
k6 T Flok | A KA K 5 WUE S 7R 2.6 AEIBEEMAEER XK S FIAMEWUE) K%

AR LK 43R FERIK AR R R !
i (kg-hm*mm™) (kg-hm™?-mm™) o) K% 53410

- o o 3 6 7T 1L B 4 2 K 43 R PR RO R Bk T /K
™ 24.17b 1139 a3 R R AE T1 AR 3R I B = 7K, B3 5]

FE T2 Ab P B B3R T 17.05%.19.67%. 45 L0,

A [ W FEL AR A VHE VR 2 M 7K 23 R P 2838 o /D LA VB VR Ak 38 A ) B 7K 0 R ) R AR 7= R 7K 43 ) P 38
i ALY T OREREBL K, HARSE T 5K X K 7 BRI, f2 il e o e pe ik as b 2
3% iR
3.1 AEBEEMAEIT &4 B HER R FEKE 0T

HEACHIX, KGR B =, E R FE ) 1L B — N TE 5~6 m, K 10 m 2 45, (HHE /K &3 KRIL R ADAFZAE 5 1M
/N AR B TH A0 S mX T m BEKBOINE, 55 BN B« ik, it 7 T RA B AR DL TA) 1Y) 2 e
FH AR BEATHT AL, TIALFE : 2 m X 5 m=10 m?, T2 4b# : 6 m X 5 m=30 m*. HF 783 W, B FH K /NG E K M /R )
FEAK o 2Rt BE S UIPE 0] BEEVEE L R VEAN 0T S AR Y, B BRI O K E A KR 2 BE KR 235 m T E
FH JE 7K 72 473 i EEBEE K 80 120 m IR FH 22 E 7K 288.75.486.15 m*/hm’. 22454 T T EAEY) , 25 T Ak093E
o B T T K W R A RO R OK BE 7T, FEAS AT HEMR ) 2 A R 9K A4 315,910 S FE/K & 1E 330~
365 mm /& A7, B A T 5 4R R R 1 P R KR 32 R m K U R (B IR AR 98 B B FE
Ko FTWEFEH AR, R — M ALK, KRS &, BT FROKEIR & AT TR I, i RS B O, #EK
B AEYIFRE K EIE N, 1X 5 ET NGRS as R — 2. oAb, X bl ] i RS A B 5K A A AN [R) AR B I B 1
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KERI, & NMEEHEKEEZERBER, REEAEFEHAER 8 2R BRI 0~30 cm -2+
158 57K A BB A HAA (B RE K S /D, I & A48 B JHR Z 1438 57K 28 AR BE /K 1) 52 i A B I8, G D [
FIRESE T T I AR O T B R G T e 438 5 ST, 33 17 5 M) /K O 7 B FH PRI AR 7K 2 NVB T 6

BIE R, 2 Fh AL I SOIR 5 438 K SR A AR R I s, ELVE R L B TR AR R K A3 B TE FE IR T
Fefi—Fei R, 50 B S B Tk 45 0K 2 B 5 SRS A AR E SR BAVE R K 7y HER S R AR A (AT R f5
HRE R BE I SR IR R VSR AVE K 5 15 B AR B BAVEE T R, B TR A A SRR — P AL
32 AEEEEMGERTERKEAESHNEIT

VETRIEE R/ AR RO B S BCH 520 . Dong 28 BIE AR W], IR SR AE T, B BOK M, LB 14
WL . R2MEH T T2 Bk R A Y 22 5 B3, AR A 2 J A B3, R R 2k A5 ik
WMBIT K, T AR FE K E /DT T2 A2, RbiE i 2 N EAE Y B 22 S B . TR, BAR T AL FE
VEK I T2 AR BRI/ 46.06% , (I B A) 5K 2 75 5% 7K 43 55 Sk B B9800, B T4 & IR K IR 2, T1 Ab 21 5 1A
RAMEAE K IRARIA T T2 b HE E F AR .

K R BEAEYK o R AR E I bR . R AR A8 L o RERIVE A, & 5 s &1
M E TR RS Bk, e 2N DL S ALIS B Bl A SR B AR AL i g T i WUE KSE T
WUE 52 B /K WUE 36" LU "B 748 5K 43 3 71 5 ST IHK 4 5 8 R BOG & 1 2 4 0 F B
27.9%.37.6%. FiF BUWIRAER], 5AREIEATEAT L, 138K 2 S 1 10 78 IR AL B 5K 28 48 3 5 K 34 4R
15 0.16 MPa, i | GGl 2 28 i T RS E i 2885 R0 23 0 42 151 10.87%1.8.5%1,.0.009 2 mol/(m’+s)
13.8% ARG A, AN [F] B FE R AS FE /K 2 M G A2 23 E /K 38 4R R B O B i R 5S40, X 5 a0 AN Fu 46
B3, B T2 A B AN KA O SRR R SO A R AR RILSEYE T T A, X5 T2 48
KD FAFAE SN E B I E T T A 5. HT2 A M A WUE 3R B2 T, R T A A BT~
Bé, 158 B 406 /DN FH TR AR B PE — 8 F2 A AR TR 6 & B8 77 (H O & o 28 5 78 s 26 119 Wi 3 5 K e
AEFRECERAR, AEHE TR S KRR R
3.3 AEIEEFE AT oK A0 7= 8 KK 73 FI B R 520

B EH RIS DR /NG i = S K o R AR o s 22 5P Fi 48 e, B R 3K 30, & /N 22 P2 e Rp g
AR WUE %6 T = 1R ai B A% . Bt 706 Y, BE A E /K e A K, & /N2 7= 2l 1, (H WUE BRI
ZENEEPI SR B, A RIEBE T AL ERAS F WUE (EAN A P N AR BRI 6], SF K AE AR 772 8 ) WUE
R Ak 2 e sl . dEERSE B AR AN 7 i S K R SRR A AN R B /N X A 3R B — B, B 2/
430 mX3 m>50 mX2m>30 mX5m>50 mX3m. ARIEFFH], T1. T2 AHE KRR AR & 22 7 0%,
FALT TR FRRAR TR R 2 AN 35 . T2 b EDFFRL P & B L T1 AR BEIE N 4.6% , {H A Ik 1) 2 35 7K~ , 1t B
T2 AL FR AN HE K BT B P B INVE AN & . T1 AN WUEsw WUEy H T2 b3 23 551 & 5 32 55 17.05%
19.67%, HLVEBE A /K 3 T2 A BET 2 1 33.35% . 255 3R BH , 7 St /)N R FE W ) B A U B2 v sk A 4 5 /K
(117K 53 R 2%, B8 e /D A BEE R B P /K B R TR 3%

4 5 i

/N P AT DR A 38 24 E VR 7K 33.35% 0 /NI FH E B Ak B e WUE 50K I FE BT BT O v B
PRAN = B K TV WUE 28BN R T e PRI, 5K 45 28 5 S0 47 o T /K BB IR, ¢ B E 5 09 2 m L E G
295 m, BIVSE it /N B JEEBE L — O T A Bl TR e A 1K R R 3 U5 T S I 24 K i A L
BT B
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Effect of Different Border Dimensions Irrigation on Growth,
Yield and Water Use of Hybrid Millet

ZHAO Huan"’, DONG Baodi', QIAO Yunzhou', ZHANG Mingming"’, LIU Mengyu', YANG Hong"’*, ZHENG Xin'*
(1.Center for Agricultural Research, Institute of Genetics and Development Biology, Chinese Academy of Sciences/
Hebei Key Laboratory of Water Saving Agriculture/Key Laboratory of Agriculture Water Resources, Chinese Academy of Sciences,
Shijiazhuang 050022, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: With the hybrid millet cultivar zhang 3 as the test material, field experiment was conducted to examine
the effects of different border irrigation treatments on physiological, yield and water use efficiency of hybrid mil-
let. Two field border irrigation treatments were designed as T1: 2 m X 5 m, T2: 6 m X 5 m during 2014 growing
season. The result showed that, (Compared with T2 treatment, total irrigation amount of T1 treatment reduced
by 33.35%. In addition, the water consumption in major growing periods had no significant difference between
T1 and T2 treatments.@ The leaf water potential, leaf chlorophyll content, photosynthetic rate, transpiration rate
and stomatal conductance of T2 treatment increased by 9.0%, 2.67%, 26.44%, 33.0% and 40% respectively, com-
pared with T1 treatment. However, transpiration efficiency of T2 treatment decreased by 4.52%, while there was
no difference between the two treatments.(®Biomass of T2 treatment had no significant difference with T1 treat-
ment. Compared with T1 treatment, yield of T2 treatment increased by 4.59%, but the difference was not signifi-
cant. Water use efficiencies at grain yield level and group level of T1 treatment were 17.05%, 19.67% dramatical-
ly higher than T2 treatment, respectively. Comprehensive analysis, small border irrigation is better to improve wa-
ter use efficiency and is the most direc way to save irrigation water when surface irrigation at hybrid millet grow-
Ing stage.

Key words: irrigation; border dimensions; yield; water use efficiency
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