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ft—EZ%,
1 K5 FE
1.1 X IE X5

PRI T 2015 4F 12016 4 1E 22 U4 KRB 20T Be B S M AR OK 25 G il Bl E AT, a2l A7 T b P i
R (117°22'E, 33°09'N, {4 19.7 m), % X J& T 98 I S% , 2 4P /K E N 917 mm, BEKZ EH T
6—9 1, 4 2T REKER 60%, 2 LLEEN L RV , FEK 3 A A A2 T AR E 505 R 29 PR
HE15.0 Co REG X H 3 AL 5 S0 7 (b BB A, 3R RR T B 1.36 g/em’, )2 390 0~50 cm fib ki
JiR 5 R 12.4% FE KL B BN 19.1%.  FH AT SR 7K 3608 38.1% , I8 25 i 2 5 /K 3808 12.2% , i3l
WA B Ru, i35 H ARG, 2015 481 2016 SR E R WK 1.

&1 2015F 422016 F T % # A4+

L S B 1R SRR A
Fhr H o Ui H H o Ui H H foem Ui H H o Ui H
PEME/C It )/ A C I /b PEME/C I i1l/h SEIHIC I 5/
2015 30.9 303 322 71.8 315 89.7 28.9 2249
2016 342 82.6 334 103.8 32.6 154.4 307 177.2

1.2 iR¥ig it
BHA R PO R 135, @R L8k B T30 K H 0~20 em L2, W i L R Ak 5 a8, &
BT kg, BRI k. A RTAEKKE RN 44 F BRI 00 B 20 5 5 L T8 5% BN S8R Rl 24
1,2 a K &4 F W Boke 1k H &I [ a2 2 Frs
&2 20155422016 F & & K 2 & £ F M BAe .k B 298 0 )

i Wi pasai! 1 R

H it B[] /d H it B El/d H 1 B [E]/d H 1 I 1A]/d
2015 0704—0714 11 0715—0803 20 0804—0820 17 0821—0920 31
2016 0716—0727 12 0728—0810 14 0811—0831 21 0901—0926 26

DA & A [F) 338K 23 il R 3R, 76K S T . 0 B B AR S 0 B iR 70 il B B R R R 2 Fh
B Pa KT, A A FAC R (CKO , L 9 AN K oAb 38 o 6 R 1) 398 5 7K 30 (CRIB B Kk 3 | FH )R /K 22
9 23 EED TR R 43 9918 75%55%-35% , L BR N 90%" 2, RN b EE S IRE R . AR RHR LI H %28 cm, T
JREAE 20 cm, W5 27 cm, B T EHEh B RN+, B3-SR R e 4 N THH], BRI R IE 3. AR
ANFIK G AR AL, FAh S B 5 358 4 — 3, AR ERIE K G IEH KRS WA R HRE R .
k3 RBiH A%
S M B A K T R Y%

L5 W R T SRR s
Tl 55 75 75 75 TR
T2 35 75 75 75 T S
T3 75 55 75 75 SRR R
T4 75 35 75 75 S R
T5 75 75 55 75 TR 5
T6 75 75 35 75 AE Y 5
T7 75 75 75 55 SRR R
T8 75 75 75 35 BTN e
CK 75 75 75 75 AR

1.3 BNETE & 7375

DEIEKE . K E ARS8 R ARG T A5 21, A = R 1gs 55 eR
DRI 1 IR A57 R R B Rk i e B ) - 3 2 K S m B 2 R B/ BT 503 8, 24 R 5% MR PR b i e 33K
RAENHRAKREEKE.

DWEAT . F5 MR F B0 R I KA T2 3 R R A B ) A 5 S0 S Kk o R R
DU 2 5 07: 00 K 4 PR R ORI L0 (-4 A ik 31 K 32 90%.

DAEPFOK R . ARITIT I E 3 KRR SRR R SR

ET.~10pH(W,= Wi H+PHK+C (D
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o : BTN § R K T SEBRFE K & (mm) 5 W N 78R § R I A6 38 5 KR W N R | R IR R 13
FKF y NIRRT B (glem®) s HA 38 EE (em) 5 oA K E 2548058 § RIEKE (mm) 5 P I B I BE 7K
& (mm) ; K MBI T /KA MA & (mm)D s C AR B A BIHEZK & (mm) s K5 PLK L CEIH 0,

IR FIHBE(WUE) (g/mm) =BG K TR 8/ 1288 A4 5 B FKE

5) % F Microsoft Excel 2007 3K {4347 204 v S AME K], H SPSS 22.0 Gi it 70 M 8 4 i3k A7 Bl 22 = 2 3%

2 BERE D

2.1 FEEEHTEMEREEX K EFHEKENF T

2015 F A1 2016 FF 2 K GAFAEF T FibiE MR KENE 1@ . HE 1@, KE&4EF
A F 2R FFKEMAZRR, CKAF B FKERK, RUGERE 403, & 2R K E K
/o LL2015 S04, 5 CKAR L, R 5 A 70 A3 30 L A6 35 A N S b ol 20 2 52 Adh BHRRE 7K 2 29 70 2> 35.60%
34.89%-35.39%+38.35% ; T F AL FEFE /K & 43 Ak 2D 62.01%+69.19%57.83%+83.50%. FHILAT UL, %28 & 3
T B i 238 O AR B SR K B>, BT TR R R e AR OK T 5 I 2 AR A N R AR R
BB A TEERAEMFEAC R AL R 8. 2aHFAAEBEN KRS FKEFEES, W2016
T CK AL HAFE K B EL 2015 2K 23.82%, 01X 5 2 a K EHEA H H A & AN R AV 22 55 5%

600 nek ok mER 18 - OCK Di2E nEER -
500 ~ 16 M -
=51 © 14+
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() FEK (b) HFE/KRE

B 1 20155422016 F K 2 RE A H T F M8 F 4K E A B4 KBEEL

REAFAEGIT R Wb~ HFKEEDE 1R, BB, %42 F A RT i T HiE
KR AP R 22 57, CK HAREAK B B e K, HUOR R R, RN, X5 &4 B AR T 2 hia TFKER
BV AFEAEE B —F R PE T HFKR B WAFEZ 5 CK AR 5B R AR & 1 H /K5 B 341
TN > Fobr A > A 0 > T, 01X 5 748 05 SR L 45 A — B, BLCKORMBI, 2015 FE 2R
KEANET W H Y FEKIREE D508 I8 7.10 mm/d, 234 8104 13.72 mm/d, 7835 814 16.11 mm/d, BkE
BRI 14.94 mm/d. 2016 4F 2R K 5 4 A F W H BHFEK & 53 700 8« 8 28 9.06 mm/d, 73 F 3 0 12.33
mm/d, £ 17.12 mm/d, SR N 13.83 mm/d. KRS &4EF W H KSR E RN & H i E Kk
B, KGR AR, R FE K &/ H DA R3O s R R G A T8 IR AR KOG, K 25
NEBTF 4 I FE K BB BN R R K G AE KR B BRI B, KA TEFFAE KA
K IR, R V4 28 B i 55K, 75 B2 KR (107K 20 308 I A ) 26 1 1 PR 3R AT 18 3 A% 8 5 Bk R B K
b T AR B AR AT J, W G 5 2 A R T VR 2 R P RN, R K A B 7 SR AR o

EH AL SR A H R K R /N, 1X 5 CKOR R AL R AFAE 22 5 S0 ol A 2 R b B
FEAR I Py A B ORI AL FR R AT AR 3 VA , O JEER AT SRR T, R BRL A I B R 3K o R K
PEHT RN, 2l K ERE K R i — D
22 FEEEHTFEREMEREEXMNKEFEMFNT

2015 FFEFN2016 4E 9 NMLEER = B UE 4 Fin. HFEA4TH,2 ars 5y CK B, 16231 5 5 (T6 kb )
5/, 2016 477 B 2015 4 77 BB RAK, X 5 2 a BEAFFRRK KRR E D FAEIE N NKGIE
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HAEKAER B IR K E 7L X, K AN i AR, 35 R 0 & B AR 2 ) = E AR . 2016
FERGAETHH B SR THME 32 C, 2015 F 52 C ;2016 £ K5 44 H W H IS 34 518 h,
EE 2015 22 19.5% , [A) B MR 56 35 0K FH b 1 K &2 7 B B IS T A5 B 56 0E , 1X 5 R L0 S5 AL 45 18 AH —
B B4 T W2 AR A EDS 8 RS2 A [, - 5 R i e RO, HANRI A R T
R K P B R AN A, 2015 SE B A 2 B A6 S RN Bk 2R i S AR B 7 A b CK 2 Sl i b
10.36%-12.98%24.35%-35.05% , B 7 Ab F 7= 5 73 ) 92> 18.04%+28.53%81.90%65.18% 5 2016 7F- 17 #A . 73
KA A6 I SR B 5 5 A0 B B A b CK 23 i 2) 20.95%.22.10%+39.33% . 27.85% , B R AL P ™ &
I3 I 32.65%38.51%-73.07%52.49% . FH ML TT %0, 5 3 A0 3 A% 1 52 08 7 /b, 3 LI BRA R 40 b
AL TRARIA, A& S R a N, R TN 735 B 58 KR 17K 5, FR JR 2 n) SEER A A 7K 1 i 7
ZEAH HAWAR K IE , XA B 5 1 3E S F25, v] 52 5 H 5 BAPT R 6 77, 11 K 5 AR 3 HA AN SR s AN 18
X RIE 2 R H AU B RO T G BA AN 2 3, 1 BA K AR 3 A AN B B K T R T R 9K
g5 K, SR AR PG Bl R 7R 2 PRAIEAE 2 AT SOk i I B K 7 (B o 455 2 a il ok s  m R
KEAFAE T W52 T 9807 458 < B R I AL I A > SR AR > 70 1 30 > 1 1, X 5 ehbe il S50 Fe 45 10

HAYE

%4 2015542016 F AR AT M TFFMATREHLKER %

FE/K B /mm
Gy g e — __ Y
Hi R T3 SRR 2 B WIRFEK £

T1 50.31+1.81¢ 233.73+29.04° 237.78+14.02° 434.82+10.36° 956.65+61.94> 66.5242.76°
T2 29.68+1.06" 234.78+15.55" 252.54+16.86° 457.85+6.26" 974.85+23.62" 60.82+0.88°
T3 77.62+2.71° 178.7+38.08° 212.9448.54¢ 435.76+15.57° 905.03+52.27¢ 64.57+1.95"
T4 76.02+4.32¢ 84.56+5.71¢ 196.69+1.68° 448.654+23.07" 805.92+29.19° 53.04+1.65¢

2015 T5 69.50+8.13° 256.63+£17.69" 206.97+£8.67¢ 430.69+8.70° 963.79+23.58™ 56.14+3.16°
T6 73.514+3.69™ 252.54+16.99® 165.5+18.03¢ 190.51+£14.59¢ 682.07£18.71°¢ 13.434+3.60°
T7 69.51+8.27° 241.45+11.90° 255.07+9.84™ 285.58+11.14° 851.61+£12.01°¢ 48.194+2.93¢
T8 73.64+4.41™ 257.71+16.59® 251.46+16.49° 76.41+10.34¢ 659.23+33.88° 25.84+1.61¢
CK 78.13+£7.6* 274.46+27.77° 273.88+20.12* 463.21+13.17° 1089.68+56.13° 74.242 35°
T1 65.92+10.36° 136.65+14.61° 299.75+18.13™ 321.77+£21.46° 824.09+57.75° 48.43+3.12°
T2 37.9245.91¢ 134.93+17.43° 274.53+14.43¢ 311.03+10.08° 758.42+32.83° 42.5442 91°¢
T3 113.87+8.02* 139.05+3.69° 276.85+£15.72°¢ 314.58+18.60° 844.35+£19.47° 49.21+4.75"
T4 115.814£8.32° 81.28+32.79° 214.93+39.46° 353.74+28.06™ 765.76+£31.10° 38.85+0.64¢

2016 T5 112.27+4.98® 161.77+12.82° 209.17+7.95¢ 275.05+12.39¢ 758.25+£32.01° 38.3342.10°
T6 104.1£11.06® 166.16+18.81° 103.59+14.74¢ 159.65+47.74¢ 527.50+46.38° 17.01+3.99°
T7 110.97+7.60® 165.87+18.36° 322.27+12.87° 208.87+29.03¢ 817.98+30.46° 45.5842.77¢
T8 102.6749.38" 166.07£17.11° 330.45+£19.16™® 73.234+7.23"° 658.42+42 .66° 30.02+3.85¢
CK 108.78+4.41® 172.66+£15.57* 359.56+25.94° 359.54+25.06° 1000.49+33.02° 63.17+£3.55%

R EAE T B £ ARAERE s A SR R S SR TR ROR P<0.05 KT 2 5 0

23 FEEEHTEMEREEXNXE KD FI AR

2 a KEAFZ S a3 i) wUE @B 2 . BB 2 40 B al 5, &4 6 B R — 52 Wha F2 52 N i A0
53 B W I WUE B A 3 81 R0 E0RE R 200 i, 2015 4F 7 BRI 73 B 8942 52 (T1 40 38R0 T3 4 #E) WUE G CK 1
1.87%H11 4.48% , M ££ 2016 4 A Hy HLAH [F 15 50, 3X ] B85 2 a (1S5 5 F8Ff  TR) AN [5) A 56, B i 706 1 5
BREM TS WUE MAFAA 50 A AR R UHE RS WUEFEE 7, T R EBE, WUE &
i, 2015 4= 1 31 FH 2 4b 2R WUE g 2 A0 37N 10.36% , 70 B3/ 7.90% , 48 3 HA 7N 66.21% 5 55081 8 243 /)N
30.73%;:2016 4F 7 {1 5 S AL FE WUE b AR FE /N 4.74% , 43 A 0175 13.01%, £ 3 /17N 35.90% , 5001 R AT/
18.46%. HIM AT WL, K S WA 20 B 1 52 5 B AN T WUE 22 5)%80/0N , T 46 SEBA AN Sk A i 52 5 i 2
AR WUE ZE 5 W &, 78 SEBRAE F23g sl b, 7EARIE = AT T, 7T RV M H & 2 2 .

BEAE s P 2 HO BT, A6 S 1 8 52 (T6 AR WUE S, T BARN 04 4% R A0 2 WUE 5 CK A FEF,
T A8 JE RN SR A T R AL WUE 5 CK 22 57 B 82, 2015 2548 I 3R SR Rl A A 3 2 A 3 WUE B CK 4y
HI 68.86% 1 42.53% , 2016 =44 JE A AR R 2 5 7 403 WUE Lt CK 73 3K 49.49%F129.30% . 45 Lt
R, KA S AR EORL s T 5 1 38 0T 7K 43 1) FH 28036 1 s i L T R 2 SO, G G A 3 5 b B
UM f K 5 A6 JE B B R 38K o 1R S B AR
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B2 2015422016 4F Kk 2B A& F M -F FWia T a9 K oA B 2%
34 g

DR e 445 45 F BIFEK R I8/b , B 572 55 R = sl Bl ER oK, DL 2015 48 9, 4 bt CK, K 52 1 4
53K B A S B AN SR Rl A 2 5 A BERE K 5 4 S B2 35.60%34.89%35.39%+38.35% » HL R AL HFE K F 43
D 62.01%+69.19%57.83%83.50% . #%4E B HHAN P A1 T AR~ HFE/K 38 B2 3 R A AETE I > sk
B > 3 R > T . AR T E AN BN ok R H RE K B B /N, AN [F) AR B H RE K R B A AR
RAETE A > 43 B > T A > Bkl LA .

D) E A E T R A K G R R S AN [, DL 2015 550, T 20 5 A 46 € HA RN SRl 24
B AL PR A A B CK 2 B 10.36% 12.98%24.35%35.05% , B 52 A0 FE 7= 8 i /D 18.04%.28.53%
81.90%65.18% , 1t B 7 AN 73 A5 A 556 772 i () 52 M 2 /0N 17 A6 38 JR R B30t 1 S AN 10 0 52 o 52 A B 6T
K= S0 B 2 KT AN 23 5, e o) A6 S A P B 2R e oK, 7 S B AR 7= v B 235 U103 s e 3 B 7K
I3 B, R A e AN SR ST R .

3) &AL E AT S E X WUE B2 AR, B BAF 2 K A 52 /0N IR, 78 SR b AR = 3G 3l v, 7EARIE ™~
EETEE N, AR W BRI 0 G B 52 2. AR E AL ER 52 0 5 K, WUE 541K, 2015 4 4% 3 B A Bk A%
I E 2 AL WUE H CK %3 K 68.86%F1 42.53% , 2016 4 4¢ 32 HA AN S0k i 243 5 2 4L 3 WUE B CK 4> 5
1£49.49%129.30%. PRIt , 72 K A KR B IR 48 S 3 8 & 0kt e 1 2 5 il .

KEAENF T 254 N AR B R 4, A SCHRBET 7 AR E 3T Sl T XK= = E K
SRR, A G R B 2 A B BHES T R AA A T 3T IS A 36 IE AR, 75 B35 b K G AT
W32 5B R IRV I iE NI R
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Impact of Water Stress Occurring at Different Growth Stages on Water
Consumption and Water Use Efficiency of Summer Soybean

HOU Zhiqiang"?, JIANG Shangming’, JIN Juliang"*, YUAN Hongwei’
(1. School of Civil Engineering, Hefei University of Technology, Hefei 230009, China; 2. Institute of Water Resources and
Environmental Systems Engineering, Hefei University of Technology, Hefei 230009, China;
3. Key Laboratory of Water Conservancy and Water Resources of Anhui Province, Water Resources Research
Institute of Anhui Province and Huaihe River Commission, Ministry of Water Resources, Bengbu 233000, China)

Abstract: [Objective] The purpose of this paper is to examine water consumption and water use efficiency of
summer soybean in response to water stress occurring at different growth stages in attempts to provide guidance
to ameliorate yield reduction caused by drought. [Method] Pot experiments were conducted in 2015 and 2016 by
adjusting soil moisture content at different growth stages. We considered nine water treatments: slight and severe
water stress occurring at flowering-podding stage, pod-filling stage, branching stage and seedling stage respec-
tively; and the control was no water stress (CK). For each treatment, we measured and calculated the water con-
sumption and water use efficiency (WUE). [Result] Water stress reduced water consumption, and the reduction
increased with the stress level. Taking the experiment in 2015 as an example. Compared with the CK, a slight wa-
ter stress at seedling stage, branch stage, flower-podding stage and pod-filling stage reduced water consumption
by 35.60%, 34.89%, 35.39%, 38.35% respectively; while a severe water stress occurring at these stages resulted
in a reduction in water consumption by 62.01%, 69.19%, 57.83% and 83.50% respectively. In all treatments, in-
cluding CK, the water consumption changed with growth stage in the order flowering- podding stage>pod-filling
stage>branching stage >seedling stage, and the daily water consumption at pod-filling stage was the lowest under
severe drought. The average yield loss caused by drought occurring at the four stages was in the order flower-pod-
ding stage>pod-filling stage>branching stage>seedling stage. Taking the experiment in 2016 as an example; the
WUE under a severe drought happening at seedling stage, branching stage, flower-podding stage and pod-filling
stage reduced by 4.74%, 13.01%, 35.90%, and 18.46% respectively, compared to those under a slight drought, in-
dicating that the WUE decreased with increasing water stress level. It was also found that the impact of drought
on WUE depended on the stage during which the drought occurred, and the impact of drought at seedling and
branching stages was less significant than drought occurring at flowering-podding stage. [Conclusion] The effect
of water stress occurring at different growth stages has noticeable impact on water consumption and WUE of the
summer soybean. Flower-podding and pod-filling stages are critical stages in terms of water demand, and keeping
sufficient water supply at these two stages is thus essential to ensure yield. Meanwhile, imposing an appropriate
water stress at seedling and branching stages do not give rise to yield reduction and can be used as water-saving
technique.

Key words: water consumption; yield; water use efficiency; drought stress; summer soybean; Huaibei plain
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