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1.1 REXE
AAR 7 KR RL A F 7T B /K SCK B 5 5 7K
FI TR X s = R HE 6 2 T R
(31°15'50"N, 120°57'43"E). R4 I )& IV i mg
WERAMEX, ZETHSEE 155 C, 2K
FVE 1097.1 mm, Z4EFH)78 K& 1365.9 mm, £4
P H RS A 2 085.9 h, ZETHTLHEN 234 d. 4
)R RE AR, LHEONMEE TR L, BHE 80N
g+, LAV E 21.88 g/kg, 4% & 1.08 g/kg,
LW 1.35 g/kg, 4% 20.86 g/kg, pH H 6.8, #f
2R R 1.24 glem®. i&X 0~20. 0~30 cm 5
0~40 cm ¥R B A AMAFR 5 7K 2 7331 9 50.0%-48.1%
5 45.9%.
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1.2 A5t

WIS E 2 AN, mHIER Gdh Cl,
Controlled irrigation) VIR HERE (id 4 FI, Flooding
irrigation), FEAMGEE 3 ANE R, Hit 2>8=6 NX .
FEASNX AR 0.39 m? (65 cm>60 cm), VR A 90
cm, /NXJEFRS MR . IR ] 2017 £ 7 A

3H—10 H 20 H-

TR HETE 5 2 ) R HH 1) /K 2 PR AR R 1.
% 2 Pt B E AR KRS RO RS RE 46, 2017
FTH 2 Hffidk, FANFRBLONX 4%, §UE 2~3
B, 10 /3 20 Hiie®]. BABAEHIE. H2. ik
FEEOREE —B0 B R RS

R 1 RAGRIB R BEE A F BB 1 K R R A AR
Table 1  Standing water depth thresholds for flooding irrigation

4y BEd PO A A I
EE SR Tillering stage Jointing and booting stages Heading and LA el
Growing stage Re-greening stage L L . Milk stage  Ripening stage
AT 4 i J5 R J& flowering stages
HAKE R/mm 50 50 30 30 50 50 50 30
Upper limit ‘
o HARTET
A R/mm 30 30 15 60%0k 30 30 30 15
Lower limit
T O AR MR AR B KR, O Dy 0~20 em IR FE T HEMLRI &K=
Note 6 is the soil saturated water content of root observation layer, 6s; is the soil saturated water content of 0~20 cm depth.
k2 KAGEHRBRE A FH N BARLE LB 5 4547
Table 2 Soil moisture thresholds in different stages for controlled irrigation
g g
53 BE) AT 7 HhETAE A
EHEM A Tillering stage Jointing and booting stages Heading and LA A
Growing stage Re-greening stage Milk stage  Ripening stage
A RO hw ww RM ey I flowering stages g¢ Ripeningstag
K _ERR/mm
L 25 100%60s1  100%6s1  100%6s1 100%06s, 100%06s; 100%06s3 100%6s3
Upper limit
KN B /mm
. 5 70%6s1 65%06s1 60%6s1 70%06s, 75%0s, 80%0s3 70%06s3 HAR7ET
Lower limit
HRJZ IR fom
0~20 0~20 0~20 0~30 0~30 0~40 0~40
Depth

IR HKZE A EEZKZRE (mm) . 65 AR R A2 IR FRAI &K E, ba. O Rl O 515124 0~20. 0~30 cm A1 0~40 cm % L IEHAI & /K%
Note The water layer of Re-greening stage is the field water depth. 6 is the soil saturated water content of root observation layer, s, 6s2, 053 is the soil

saturated water content of 0~20 cm, 0~30 cm & 0~40 cm depth respectively.
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RIGERCER HB /K E . # R Kb E 3hil
BREMAEBLCOPITRE (K 1. ZEBLCNXERR A
BEAEKE, EEKE T BN ) — i 5 U R
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Wi Y RS E R AT RAE IR A IO R S
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SO N 5 TIRAEYME R R R KA i AR AR AR AR

#2% (U30-NRC-000-10-S100-000, [H Onset), [
2 et DR ) T B /K Ze sh A A A BTG
IKEARASES S (BRI 75 75 ZERE K, R Trease
45 (6050X3, £[E SEC) T4k 08:00 MM /KAFR
R TIEKER, WIR AR A B P B 35
IR 1 E IR B SRR 8 IRITHEWEAS AR 08:00
T gt 18 FRUPE [ ) ) H e S /K R e KT
BB ORI, 7EIK 5% B A ER SR 1
B, JE RO K . R RIS b 2
() E BN WIS St (WS-STD1, FEED I PR .
I ZE B O K AR A B KA A% BEE (Odyssey,

Fa=2) WIANKFE KA AR AL, TFERE L /KRG
&, KOERSEZENERE 0.8 mm, ET AL
B B ¥ IS RS 0,04 mm o 1 U0 ARy JEE 0 /K &
BilneE. BFWE. KSR, it HIEKET
118 s RK G 28 & 78 M6 & (Evapotranspiration, ET).

mm— [ Precipitation

#E7K Trrigation  —e— CI4bFE Controlled irrigation

1.5 BRI S5

K H Microsoft Excel 2016 #HE A H EE, KR
K-H Microsoft Excel 2016 A1 Origin 2017 £, M
SPSS Statistics20 XA AT tAL 5, 235 147K 0.05,

2 ERESH

2.1 REFERHSXEEMTRIMETILZIE

2 1) VR AR 2 25 D A FH L T Kb 25 AR A i
T2 (B 2). CI ACHAE R 7K & 32 E /KA [ R
IS MERE T AN, 2% R A I R v 1
KPR — B BREER, FE LR KA BAE R KA
CRE/KERFERT) 1d B, RESLH Il 16 vig
H, ST, LMY EZ K s|
FEL FRY AL T 7K 45 VR L ) O AR e B vy T
R SIS IREAR . FIARERS A IR B HOKR, RS
KB4 Bt LHTHIZK . KNS A R &,
FEZETC ] 3 R KR I R R
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Fig.2 Capillary rise rates for different treatment paddy fields

WA EE 8 H 30 H—9 H 8 H OUKRB#
J&5 59~68 d), BEATHEWE K [ WY T | EE A FH b 7K
HNE BRI 4T 8 H 30 H—9 H 1 H TGHEAKFI%
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- BRI 25 R A FH 3 BRI 7K 4 o B34 R KRG
058 1.09. 1.09. 1.91mm, 9 H 2 HA MMM
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TR R RIS, 2 R T MR K
B M LB 2 KA 1 18] B 4 45 1
C7-181 77 2 J2 32 R B AN B ) (RO R
FEH R KAMAELE 9 A 3 H i BLIE(E 22.88 mm. 9
H 4 H—5 HIEHEK SRR, fEHHL R KA R
HIOKIE NP, 20908 1.42 mm #10.35 mm, 9 H 6 H
BN 6.1 mm, FERN/E 1d PHL I /AKAMG & EFHE 1.74
mm, Z JgHh FKERE ERGEFE A 0.07 mm.

7 o) FEE I A X 3 1 N R R 2 R KA R
Fh T /KAME SR (& 2), CIALFRAN FI L BEAE A

ZEih R KN B4 0N 253.98 mm il 9.33 mm, ClI
b FEFE L R AKANS B FI AR 1N 244.65
mm (p<0.05); Hb 7K KME 3 FE 418 43 514 2.31 mm/d
F1°0.08 mm/d, CI AbBEFE FHHL T 7K k5 58 FE 2 FI AL 2R
i 28.9 i,

60 r a
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05904797
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R R R/,
N
S e
4= & 11 Growing stage
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Fig.3 Capillary rise amount
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2.2 ARIERANFEHE TR ETHITTE

e o) VR R A 2 2 Y KRS % A B i BORE
TR R (B 3). KIEBERTI. B . 4
BESS I, BOTTRII. SRR FhAEE AR LA
TR Cl ALHEE L R /KANE R4 02 FI ALFRRY
64.5. 13.7. 27.2. 29.2. 55.9. 59.9. 23.9 11325 f%.
KRG 4 BE v 5 90 A G FELRN A 5 R 3 0 T el A T Al
3 FI AbFEAEH N KNG =A BT B, (HAE N T
Cl Ab¥FEH . b [F]N bR 7 B[R R s & Ak
PRITCEEMEZS (p>0.05),
2.3 {=HIE B AEE M T K AME X 7K FEFE 2K A STk

325 i) HE MR A HH Hb R KA G ROk 78 T K AR R K

(£ 3. BRRFHMFEAY, CI hHBEHERM T
IKAMA B L) HIKFEZ K ZE & (Evapotranspiration,
ET) 1 51.1%, i F/K¥MEE K | KFEZE K ZE BT
FHERIE. KRG BERTIARI AL ET b, Hh
NIKFNA B L) & ET [ 83.9%F!1 68.0%, i BLpY
G FH R 7K A B R AR R B8 W6 2 1% A B B BoK g A=
KR arBER . S5 R T AT SRS F R Kk
5 ET M5 L5 38.6%. 32.5%F1 27.7%, LR
BLIE R /KRS TR /K mged, H R /KNG o] LA K RE
IR RN 78 o R I SR L 20 RS M R /KR4 i
Y15 ET 1 100%, CZ4RE584H 2 /KRR /KEK,
IKFETC VAN AT HEBE o

& 3 T RAMNEEERGEARAEE

Table 3 Capillary rise and paddy evapotranspiration mm
SNBEHA Tilleri i inti i i # o
I 4y BEI Tillering stage RV Z R Jointing and booting stages AT TEIA 23 »
i Heading and . &1t Total
Growing stage L] G| Ja L] JE ) Milk stage
flowering stages
R KA R
3417 56.12 28.05 21.60 33.55 35.93 28.64 238.06
Capillary rise
40.73 145.50 86.44 77.85 33.55 52.85 28.64 465.56
Evapotranspiration
Ep L)
83.9 38.6 325 277 100.0 68.0 100.0 51.1
Percentage

2.4 EHFERFER M TKAMAXT HIRK A E 2
20

R KRR ST, R R KR hA 1 FH B 32
SR R JZ 3K 005 A AR AE (B 4). 7 H
28 H—8 H 3 H, CI Ab¥AEH7ERE KA E /EH

—e—0~10cm
—&— 20~30cm
—&— 40~50 cm
46 [ —e— 1 F7k#h i Capillary rise amount

THEE AR
Soil moisture content/%

T 2 YOESER BRI RE 7 T 28 HEK 39.7
mm {13 0~30 cm IR RIS /KAFIERIEM, Z 54
IKFER KRB N 2 N &% 7 H 30—31 Hf#
Y 9.2 mm, {43 0~30 cm IR L3R E/KEM A LT,
B8 i Bl N e SR PR B

—6—10~20cm
—8—30~40cm
—a— 50~60 cm

R KAMNA &
Capillary rise amount/mm
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Fig.4 Capillary rise amount and soil moisture during the typical dry-wet alternation in paddy field
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SO N 5 TIRAEYME R R R KA i AR AR AR AR

REEW 3Ky, [FIR R /K 2 35X 0~30
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HIEEKEBARR N A,
31t
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BN KM N Ah R A R K R 5
R LS A AE B R R K ANA IR, S ARG
) EE R FH 1 R KA B IR BN AL — 3. (H 2B
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The Impact of the Alternate Dry and Wet in Controlled
Irrigation on Capillary Rise in Paddy Fields

XIA Chaofan, HONG Dalin, HE Yupu", JI Renjing, RUI Xugian
(State Key Laboratory of Hydrology-water Resources and Hydraulic Engineering,

Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: [Objective] The purpose of this paper is to investigate experimentally the change in capillary rise and
groundwater recharge in response to alternate dry and wet associated with controlled irrigation in paddy fields.
[ Method] The experiment was conducted in lysimeters with the depth of groundwater table kept at 0.5 m. During
the experiment, we measured the change in groundwater recharge and soil moisture distribution, which was used to
calculate evapotranspiration and capillary rise. [Result] Groundwater recharge peaked one day after irrigation or
precipitation when soil moisture dropped to lowest level during a dry-wet cycle. The measured temporal change in
groundwater recharge had multiple peaks during the growth season. The overall recharge was 253.98 mm, increasing
by 244.65 mm compared the 9.33 mm recharge under flooding irrigation. About 51.1% of the evapotranspiration
under controlled irrigation was due to the capillary rise from the groundwater. The soil moisture in depth below
30cm remained almost constant during the experiment due to the capillary rise from the groundwater, while the soil
moisture in top 0~30 cm soil layer decreased as time elapsed. [ Conclusion] Controlled irrigation increased capillary
rise from groundwater in paddy field significantly, compared with flooding irrigation. More than half of the evapo-
transpiration under controlled irrigation originated from groundwater due to the increased capillary rise. The results
presented in this paper are helpful for optimizing water management in paddy fields.
Key words: water-saving irrigation; paddy field; capillary rise; dry-wet alternation
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