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ZIRANWE I, oAb, AR XA AR R G5 G
R S 42 A HE 7 B X P T 2803 U SR 4% ) i ) v 7 58 40
EAFRAIRS

KRR KR, RO/ A R 51 R X, A
FEATG 5 R0 78— 5 FROVE I /KORA AL ARRB B KSR . AR R,
B KRS KT AR N, — T K 5 E——T
WA B HE AL /K RE I T IZ S EA AT, R a5
BRI RE T B R T VA RV UL, TR
A2 RE R R W] ORAIE ZKORE 7 88 SO 2 T ot o R 3 1 s A AT
FEE VT P A B VR B N P 3 - DI A ) R BR DAAE
R KA T T 20~25 cm AH. fEREZRAE
DX, DA A /N 22 PR T EOR AR S E 5 9 A I 1R
IKFRGE . FEKFEERT, TTHUNHE KAV T B 7K 1 B
JEEIE BT AR B K S SR R, BEAIR T R I8 K AN R 7K B
FFI 2. BRIk, W] RLAESE 24 B I Bt s HE KA
B, FRARA HHEK 58, B & . AR B K
20 22 70 A 75 RR 56 55 1 R 74T B A H HER A
B, FLED R HE K R SRR o i e AR B B T R
SE P B I F TE K 2 o A DX R K o s
TR L » 42 il HE K Ul 2> 3R AT O RO R0OR 2 AR BLAE X LA
b 25 B T 1A UK R B D U 05 68 KR b A X sk
HERCR S 0 X SR B AN B i A R A




11

ARGRIRAE s FEHFS I it 5 AV A 50 /K R RE DX HEZK K R SR 3 AT 99

fit— B0t 5.

— BN, BEALIE BRI R T AR AR
BRI S s (E R XA R [ R P V88 i f1) 2 5 B AL Bk R e R 11
AR F 2 RR A FH HE /KO R K B 2k ) 2 2 R A
MERR E3E, A AT R HE K I RE R AT & PR
AT LA SR A R U2 BRI M ) S A %
FIERZAMAR . LI RIE O, AR
At R KRR M E TN, SRR
R R4 )42 485 B 1) £ P2 BIPR ). Hansen 2501
BT, R OB T A 2 5 ABUG A, F
AR HLACRAE s A S, AR HE K AT 5 3
S kb BRI 7 M BB I B AT e KRR HE X KA
B MR ARV R, AT DORHHEK T TS B AT
BEff o ADBTFUEIR I, — € AR M AR L AT SN AR
PR IA G B, [RR. RHEULMES %
FAFIER, MR FEM XIS — g KB B s T &
£ 95t T A1 DR i S0 KRR DX LA (¥ 7 I
RGN T AR5 BRI RE 70 5 A HE KRR 55 &
LR VERC AR B TS AN BT B -

DN T 8 71 P )8 42 1 9 I P9 DR K 75 e R
JRIBRAE S IR 7R T X HE K K 42 il (R AT 1k A 22
P, ASCHE R H RN E FE B R Al E R P B ) K SRS
AT T ER] bt 2 A R S AR K ) X
IKFIE RN, FRD 1 AR /NRISORE B SRBLK s
T Jr 7 L DL TRE A A B M T AR . BAR IS N A HE: D
BEXIURTEOL T, AR AR B S R/t N HEK B o
bC, BN E AN TS HE KR, AR KRR /05
2) MR HEZK P S T PR FH 1] 8l 18 e 0 HIR 28O e PR
MR 3) FHHKGETE b vE R 2R SRS 44
T 77, DL SIEELRE X /NIt ek v B PN HE 7K R K A )
7] 7 ) i e R Ak 38R0 3 P DT C T AR

1 MREEE

1.1 WHREXER

HF 72 XA T VL 750 48 42 M T T A0 X 5B K ] 420 )
WHZHEIX (119°30'E, 32°33'N) , J& Tdb W5 2= i
HAEX; XAMBPE, HIEZ s, FREN
21 020 mm, HA5—9 ARKE 5 SFELRER 70%
Fedis AR 15.6°C, FZEKE 1 009.6 mm. WA
X PN 3 3 S AT K AR5 A /NSRRI FE, AR FHEK LB VA
NE, WHIE 60 cm, [AEE 100 m.

1.2 HIBZKIK BRSNS 7%

N1 ERLHAK ORISR, Wl 1 PR,
AKILT 2018 4F 6 H —2021 4 2 ATEILI3 A M i LAF X
A KR RER R s R I (& 1) R JEL TR T W T
FUs EARIH AT E T RIS LK 2 HIREASER
HR KSR B . KA B R 22 3% HOBO KAz it
(U20-001-04 Onset) , LA 15 min I 8] F&ic /KA A8 1L
BRLH KT B HE 4 DMARNRE (5108 304 60,
90 1120 cm) MYHEIF, HUFE A BB 1 Fros. 7K
MFEFFEFEHEER (NO;-N) MIZ A (NH;-N) &, Hi,

HA BRI, AR RT3
FEVERI . WEWIIT E] Y 2018 —2019 4F, T Jg/KFEEK
Z=, Bl 6—11 H; HUFFEFE AR 2 F—k. R, 728
IKARVAH DAL E T IR, DAMELEA T H K 36 5

Pl Legend
© KU A

Surface water
monitoring point
& KRR R
Ground water
monitoring point
AV RE R
Field ditch monitoring
points
STV U R
Delivery ditch
monitoring point
i ZRAE I A
Water table depth
monitoring point
e {4 Delivery ditch
e < 74 Field ditch
e /%Y Pond
= IR T 1)
Water direction

B 1 AR KRS RHKA RN 5 E

Fig.1 Layout of the experimental fields, drainage ditches and
ponds, and monitoring points in the study area

AR L 37 U AR R, B AR R T AR A
5.61 hm’, YIEGTHAY 0.82 hm? BRIKRIH, VAHES
AR LA 12.8% . VA 2 G270 A (PRI 0L 5 ILSC
WR[20]. MRHEHEK HRE S X AL, BE T IX HK I IE R 48
FIBLREU AR SO ATBYE 3 ik, RS
T2 1. B asE R G A B AR XA B R )
E, HB o HEKVAR R E SR . 1A, BT KA T
RE S B SRR, HEKBRERAN TR o B /KT 18 9 =
FREHKIN,  HEZKIE K SE PRI o

x1 HREHKEESTHERER
Table 1 Number and area of different types of ditches and ponds
in the study area

257 Types $r & Number T Area/hm?
A4 Field ditch 10 0.10
¥4 Delivery ditch 6 0.49
3% Pond 2 0.23
/it Subtotal 18 0.82

1.3 DRAINMOD [RIE R I NS

T R AN ) ) E HE R o T HE KOS R R B R
H 2, AR SO A ] 7K SCBE——DRAINMOD 434
TRFIREHEE B W AR . DRAINMOD AL 2 3%
Bl M3 E AR SR AR SR HEFZ (1 — > FH R K SC T 2
DRI 7 FH f 4 YRR v PR A et P R N AR 212
RAHRY, BARIERMA NS R HEAHK RS RIS S
HoZ H BB R PR AN HEK VA /A ) S K P
BIENE. BRAEBE. WRER. HFHKEMRZES
Te5E . BRI AT TN R A JRE R SR F T, B K DA R 4
FIHE KB T A mi R R RRE .

AT 58 XK H s 734t DRAINMOD  #5
RE . BTSRRI R BRI AHEK RSt
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LS HOEL MRS . RS HE B R SR
BAGAR S Kas . HERE. MR EREN EE. |
WA % B 56 FH PG 100 m 4b 22 B i) PC 400 H 5
K%l (Campbell Scientific) #i7idF. HIESHI @
A0 35 H [A] AN (7] - J2 R B ) 3K A R e i 26 . DA R, 4%
A ) RO ) RN T K 6 o 43 2 BN L SR v T R VA 1
BDHL (CR2IN M, HA) 5E H K 4R ERI 2 5
Gh, A A AR IR AR (0415SB B, M%) £E [ Al
FL, SRAEAGEI E 7T mf S KR, KRGS H
TR 5 X S prAB i sE . R E S R TR, X
B HEAK AR VIR EE /N, N 60 cm, ZE2KIAIFE A 50 m.
A SCAE S AN G 7K 28 A0 8K A0 B AE 2R S L
X TSI ) - HE SRR K ETHE R REKE
REE . HEKIBEL, thRTUERES ST R el S,

ERIERRLE IR, SRAKF IR S8
(1955—2020 4F) BLALL A [F)HEBEHE K 28 il Fe it T A< I
T MM R RE DU K B AR . KR IR R
T EAS SRR S B 0 B AT I8 N = g v
(75 58 241, L& 119°27'E, 32°48'N, #Fk 5.4 m) 1955
—2020 FRIBEHASEHE, OFH RS RICE. K
M. H MR B, MR E RN 2% . 32 A FAOS6
Penman-Monteith 2 #1150 & H # 7E ZZ Uk (Potential
Evapotranspiration, PET) J&, A2 Bt A% A\ g X015
A DRAINMOD ##!,

1.4 IR BHEPZK S R 6L A0 E EERHT S e R
RSN RAR S E

Bl 2 SR AE A/ Py ) Ak FHHEK B R
F14) FE T S 42 o) 3 e DA B S b 4 380088 1 04 A0 T VR
Bl o AR ST SCR AR M /N e 382 48 DU J) ph i 2 6 ] 1
Mp KX, B R AR [RGB T R
SN A3 A TR R DX, HEAK B SR HE S RN KR AR
BRI v R R BRI KA o AR /NI 3 A AR HE KK S
T, A SOB R 43 A ELFE AR FH I HE U R R 1 1 ) RE HE
P LD FRGURT H B HE 7K V8 3 4 b 4 )34 b Ak
H (D R4 (2 o &7 Bis, ASCRECKH
S IURIASE BRSO 45 & 1) F BT R A G 2. b, H
E] 056 15 7E 3R AT A< I HEZK R 2803 R DA B R [R] 7K S 3R
W, N PR AL IR HE s Bl S, B AU A
A KT IIG KM, AREREGR (E5 X
A FHHEZK U2 HH RIS
1.4.1 B RF AT 1556

T R F T A2 o e it et HE /K K B KO 15
Wi, A SCOKs FH TA) 3 ) 48 e 2 R D P8 2 oo D e i A
HeK AT R, 4 s e HEZK BB KR A8 4k :

1) FEME: IUAT 1) ER AR 2 HE B v R 1 5, R
e 1) H W S, R % B PR M M. X AMY
SECRBEHKER N, HiER T WAKEERMRSE. N
I, ASCRIA DRAINMOD FER H ( E B 4 T+
TS B I 4 i AR =B AT R s AR A b R K
PrER S IR B R AW 5 7 B, DAk G i

KWL FBIEREX TIEZ AW IE L, AR E
FE 1] 7K A7 B 45 FETTET AR 25 em B P3R4 7R, 401388 10 mm
DAF PR U 4R FEE . [R1 U, DRAINMOD AR UL (1) /2
— PN AR SE R GER (Climate smart) JEEE .

2) HeKum: B FTHE X A HE K AR YA A AL TR AT AR
A, FEUKBAKEEHK. ik, wrEak il HEK
B A 7 S B B AR HE K 5, BDZERG AR HHSAT 1%
HlHEAK . RO AR, AR IVAHEK B DR AR KRG 2
60 cm PR EF] 20 cm, LUBAHEK IR E. £ 7 H SR
FE AN 10 H JRHSOHR S 2R ARG 380 J5 SR 0 R FEE

s

Ak /Nt Agricultural small watershed AReceivin% waters

RINRS Gl | BHRS Gt |
~ Field system (onsite) " | Wetland system (offsite)
HEBE i lrigation end HE/K¥iiDrainage end
I

Irrigation
—

Fﬁ Fﬁﬁ %HWKSurface drainage

F il e K AL LT
Controlled drainage level PR
FEG ARl Receivingiver

taditional drainage level

|
|
MU Hi b R
etland outflo

Wetland inflow
B2 Rk RRAT L B AR i A2 T
Fig.2 Sketch of drainage water management process within
research scope of a small agricultural watershed
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2) BEAEHAIE I Py, AR S A HE 7K 3 70 59 R H
ENGIEERy ARy e ROk

COWE B, 3 0 DUAT 10 RE R A1) E 50 et S b R AR T
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@HEK I AE AT ZEHEK BB Be el L HE KB B0
PR, DRI TR HE K 5 5

(O 7E 3 HE 2 1 5 Tt P A P 3t AR Kt
HEKHI RO

3) BEHIK CEFREAM N HKD R R,
LA L% ) 388 1k 2 o1 185 it 11 9 260 3% A H 00 8RN ) 29 T
=, Wi

O/ [ 42 A 435 Tt 0o 3t 3 R R 7K b R
RACR 5

(@3 i FH ) R ) 1 it DR S R AN SR R

WA 2 Prosi Bk, 258 RARAHK TR
Sr&ILAE, R LAA A AR B A KR (Q, em) K
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REWRE (¢, mg/L) :

0=0,+0s (D
c _aQ +e, Oy (2)
0

Kb O A THAR BN HEPKE, em; O, NERALITA
HRHEKE, om; ¢y NHLTFHEKHPRRIKRE, mg/L; c
R AK PR IR, mg/L.
& SUHL R HEK S R HEK R E L £, 040, WRIE
Lk k.4 caley, M (2) ATRAEAL N
1+k k

c=c¢,—* (3
Sk,

(3D RWIHPKTG R R T R HE KRR
HEAAUER 73 E B 5 B FE ) 22501 o
2 HiEERmAHK G RIS RIS R

Table 2 Simulation scenarios for different control measures at the
irrigation and drainage ends of the field level

ety o
ok =L b
ScLTliios Control I\%)gs
measures
TCHEWE

Noirieation TERLEN 0 HHHADK: TRIEH 0.6 m (AT TIFHARAE
o irrigation

i1 WA ol KR A HE K U 2

Scenario 1 WK o KRR (07-20-07-30) LAl
fif5t 2 WL i)
Scenario 2 ¥ HEK R

553 PERER WL 4218 960 mm B 9 600 m¥/hm?
Scenario 3 HMHEK 3T

e o, PRIV AR RS M LA 25 om 770
sk a - AERLIRE e e BUKRA, R BLHE KRR T A

Scenario 4 FEHIK 30 PRI F 237 mm
142 RADARBTEE N HRKAKR AL S ARG

RIEfRER

WK 2 s, HEARMAR e N HEZK VA RT3 28 B 1)
Wi R, HA s f 53— e BRI, A%
SEE AR M /NI K B A bR, TR UL — € 1R
T AR X BV S HAE A — DN RAR RS, 15T
P i R FH — B OB 7 R AR 7 o AR AL /NI B PR 7K Joi 428
B bra B HEK 75 Je ik BE 2 ¢, 7E AR FRIE M 75 22 1)
KIVEBEETE (4, b A

ti=In(c/co)/r (4)

KA o, NHIRRIE, mg/L; co NPILHIREE, mg/L; r {5
P I A HE

FHARLFIT 5 A FEIE HL A TR (A,,, hm?) A

A, =0t/h (5)

AP 7 AIREHUKIE, mo

Fr s AL BEVR M 5 R FH I T AR L (o) A
O /h  Hyt,
O/H, h
b 4 RETER, hm’s H AHEKCFS R BT L
HI7KIR, me

2 HER55H

2.1 RBERFMEIFER
AXFHFFRIX 2018 4E 6 H 5 H—201946 A 4 H

e=A,/4, = (6

[ R /KA HEGE AT DRAINMOD BRI, FIF 2019
6 H5 H—2021 452 H 28 H It F/RK AL AT HERLEAE
SERNE 3 . AEARALEGEI, AR H R 7K AL B Y AT
FEWERS N e sh, APME R IE AR AR . 1E
B 6—10 /KRR, FERFIER BB, BIE
IS R KA FRFEIE R s 7E 7 KRG H A KIEE, H
ARG BT R B 11 H —IREE 5 A& NRAEKSE,
W FCIX SEAAGERE, N KALABRTRA, 523 (] &) B R
SO, MR KA RSB A SR (R SR . BT &
BRI S E T, SRR A3, R
BURSHME S5 WIME LR, AR RECN 0.94, G 2 E
(Nash-Sutcliffe efficiency coefficient, NSE) 4 0.84, 1/71R
7% (Root Mean Squared Error, RMSE) 4 15.62 cm. %
WERAPN, AAYRHME S UME LR, MO RECN 0.89, 44
R RECN 0.61, ¥ITTHRZEN 18.62 cm. HRHE Skaggs
SRR, 4T DRAINMOD EAUEIES H, 244 R K
FLRZEAE 20 em PAN . A9H R REOKT 0.6 I AL
FEAAEF I . Al L, DRAINMOD A FEMEIR I Hh
FEALAH 7T X FE 2 R AE AR LS KA ARAE Dl . 8RR R
€ MBGAIE 5 3R S Em MBS T35 3.

e [ R — M
Precipitation and irrigation ~ Observed WTD

- === B

Simulated WTD

=1
g =
21607 gy e e ven Ll LU U T L o 3
E -110} | ‘ \5 \> D N el N 5 2
K2 60p & YT T YT T WV e
Bt O QM o N N N £ 5
2% -10 M P P f s ES
=3 40 | E§
=2 9% ; N N
5 140 ) ‘ 5 2
S 90l i HiCalibration BiiF ] Validation ‘g
= 30 3
A~

B 3 DRAINMOD A 5 & SAe i iE 4 & 3b T /KA IZIRAR
WAt Ae S MME
Fig.3 Measured and DRAINMOD simulated field water table
depth during the model calibration and validation periods

2.2 DRAINMOD & RUIEILE R 43 47
2.2.1 IMREHAEXTERHKERLSF
RIEHEFCX 1955—2020 EKFHILH0E, EH
DRAINMOD #5 B AEH ) FH 1] 7K B~ i 25 SR ] 4 s
BN T (B 4a) , Hh B R EK
N 293 mm, BHE 119 mm FIHERAEKA 174 mm i
NHEK . AHECT N TREBEIE O, AR SORAY o Y 3 i
HKEN AR EKE. B 4b (R 1D BRIURE
BN O EERE+3 UHEAO FOHEK S R L B
SHPKEN 1162 mm, LR S W& 59%,
Forp i N A R HEK BT, /0N 567 mm (49%) Al
595 mm (51%) , Hu FFAEKEHERAZKAILE k) A
0.95. VEMERAECN, bk 5 el B i i) A rT i K &
(293 mm) H HFSHKE (1162 mm) ) 25%, Hdih
FHAK PRGN 20%, HFHEKA AT A
31%. A UL, ARSCIRIE IIHY IS HE X 2 /T FH /K A77E K 51 K HE
WK, TEWHEEMTKENRRT, EERDERKE,
AT A R b9 D HE K
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#& 3 DRAINMOD BREFZEMASH
Table 3 Main input parameters for DRAINMOD simulations

el EEA ZHE
Parameter category Parameter names Parameter values
b KA 12 A7k k/em 0 102 468 1023 5012 10 000
Soil water characteristic curve R IR (cm®-em™) 0.444 0.43 0.409 0.354 0.298 0.233 0.204
Hb R KA IR R /em 0 20 40 60 90 150
58 HE ¢ A )
. i_tggﬁbkh t - LA HE AR em 0 0.037 0.416 1.476 3.127 6.529 18.1
Soil drainage characteristics
WK EFHEE/ (cmh™) 0.5 0.5 0.095 5 0.0229 0.008 6 0.002 4 0.000 3
HEZK Vg A] FE/em 5000
HEK IR /cm 60
PN
HKARG BT RiB K E T fem 160
Drainage system design
HEAK I/ (cm-d™) 2.5
BRYEIK 71248 /cm 1.5
A FH & KR FE /em 5
HiZ£119 mm 145595 mm #5476 mm 126871 mm %752 mm
Sk Sk A
293 mm 1162 mm 1161 mm
174 mm 1R 567 mm 44393 mm 1 F290 mm A 116 mm

a. JCHEWL, ATk

a. No irrigation, uncontrollable drainage

12182 mm 463 mm

PSSl

519 mm

Hh F337 mm

Af$#163 mm

d. 1503 IR+ LK
d. Scenario 3: Controlled irrigation+Conventional drainage

O bTEERL: L K A
b. Scenario 1: Conventional irrigation+Conventional drainage

o T 5R2: R R I HEK
¢. Scenario 2: Conventional irrigation+Controlled drainage

H1£8242 mm #5123 mm
RAEK
435 mm

193 mm 19 mm

e [ 5k4: Pl a2 K

e. Scenario 4: Controlled irrigation+Controlled drainage

B4 RFE WA HEEE ST RS HKE RS F I
Fig.4 Field drainage and its partitions under different irrigation and drainage control measures

2.2.2 EHER AT HKE R HEK S E Y Fom

B 4 1% 5 2~4 TR T AN H ) EEHESS 3 4L A 1
TEXTHEAK SRR REI . SN T BEAFHhEb A, R 4 FIH T A
AL RARRFEUR (5 12 % HEK+5 AR 1
HKEHIRE . LR REIR, R 2~4 MiEHiE
T, LREHAKER TR, I IE A FERE A HE K P i
BEATEH . HRTE X R w v, R, AR o S
Jite 4D 42 S e X K B P R B O B o TR R R
EI P 92 1) 435 e v R A 5 AN 960 mm B #] 320 mm,
SR ESREE 1/3; HKSENMNIUIRE 1162 mm FF
IKF) 519 mm, HIVERFIE 55%. EEE BLali R B i it il
IHEK AN AT F K BRI N, 4K E 5> A 869 mm
R E] 226 mm (HIEEER A 74%) , s R HEK 2 M
393 mm FEEE] 163 mm (HIEE N 59%) , HuH 5
M 476 mm FFEEE] 63 mm (HIEE AN 87%) o Al W, HET
VEE DX TE VB W ity S HDCA o) e e A 1 sk HE K A7 AR AR K 11 7
71, LI KR A B E. TERENZ,
DRAINMOD A5 BRI F 4% i) E R R, FE WA E R 7 H ) 7K
PP BT IR T (A0S A E 70 R 5 3 A
HHETH AT 25 cm) HMH B R ZE W (&2 KT 10 mm)
MIZAE N A SR EWE o T DAASE R T 1) A — o K T
TG M R AR A A R RE R AL HE AR 20, BARIXAE H
AT IEAE CASEIL,  (ELFil 25 8 X 8 ORI R & S AL A HoR

FIN ), ASRBERR R R B P e iz A A

BAN S5 R o, F2 ] HE K A 92D bR HE K ()
I, 3Ehn 7 HERRERA, g 7R ARRE . X
HRRE L IR H KRR T, o BTG ) HE K B
ANRTEEER 7y AR, B AN R EEHE S 3 HE KR &
L ForEINE DL

4c CIEF 2) PRIBUG RER, Ak
R el 250 SR T e WA 1 3 AR 3 R K E A9 AR AR
X KON AE W B 260 1, MER R GE D 2 B E 1,
{EW) 781 7% )k 7 (Evapotranspiration, ET) 7£ % A HE/K
Az HEK A T B RE RS 45 B 2, SHEK B A Z L
(1161 mm) , {H 2 HF A N HEK 0 He Bl & AR A
i, R E K ) R AR N 49%, HLERARIR N
51%; TEHIHKE, HR D3] 25% G EHEKD |
Mo WG I F] 75% Chadlik) o R SHK &L,
R PRI HE K RO R HEAR K B AELE ZE 0], X 208 22 X605
gt b e g IR

4d (153D PRIBILG R EoR, 1R 6B S
BT FH TR 0 A B AR A, K S & BE % 519 mm,
IR SR A i HE K T K S &k — P 2 435 mm
(F 4e) , HIEEN 16%. ShtfEhlFERRE T, HoKkE
Ty BRI AR R 2 P HE K AR 3N HE 7K 2 PRI
T 43%, MiHBERE WM T 33%. AL, HEKEEAHE
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IKAE IR

&, H

AR

F4 BEXMTIHR ER 1 FEHEEEHHEHE R HKER
ElIYES

Table 4 Reduction rate of drainage discharge under different field

irrigation and drainage control measures as compared to the current

DEIER A T AR BARIEHIHE KA TR HEK
S M FRAR A PN, X0 HEAK K BT 2277 A — 5

situation (Scenario 1) %
P 175 5 P8 HF R

Control scenarios Total Underground Surface

1# %t 2 Scenario 2 0 49 47

1# 5 3 Scenario 3 55 41 69

1# 5% 4 Scenario 4 63 66 59
2.2.3 ) Hpdm AR K R S 09 BOR A 4
B%

IKFEHE X HEZK 1 2 B 2 PP K R BT i = 1 — A
HEEFRbR. WIEPIFX 2018 —2019 4K H &) Wi IEHE ,
T FH D R HEK PR BRSP4 1.80 mg/L, iR HEK P&
RIRIZ TN 2.85 mg/L; X Eegh 5L 5 [F) 5 A Eaa> =Y,
SAETIIEE, AFE R HEK PR R IR E R
WA S U424 TR, T TN R R 8 it 2 R
R AT SR T, 208 1 A RS oo HE K 2= a8 )
oM. BT H R HEK P R IR L T HEK R 58%, AH
o7 0 2 S g o 9 B v T L HE K B R e . sk S B,
TETE = 1 BREMEEEHES T, DRAINMOD HEH) FF
X ZAET B N HEK SR HK I EL B R 49:51, &R
I ELNY 38:62. fEMEHRT 3 LIRS H I+ FUHEK
LR, REEA R TR R, MR K S R HE
KELBIINE T 65:35, R A thflH HE
54:46; IXFPZE R S T R HEK EL B 2 RIS R
AL

6 HH T AREHESIFEE T, HKaEMR
R AR T EUIR R 5 1 8 O+ A 1
IR . 7R 5 2 LI IR B R R+ i HE K & 1 T
HK S EREAR T, BEMERRMEINT 46%, S5
A BN 1%, 7515 5t 3 0L 2 ) 8 0k 4% 1
T, BHHACKE HEK EE B EE T 8 NE s HE
IK BRI 55%I N ZE 63%) 5 {H W AE & R %
b, BHIHEAA IR IR m T 3 AN E A CHITRER M
59%IEMNE 62%) 5 X2 H T HHK &AM F bR E
It LB 388 i T Y

ANFEEHEE R N, HKE R, EEMH R &
B RING B 6. ALV, EH REHES 1
T (5D, HKEEME R SRR = Tk
Gu—PEHI AT T (S 4O MoK . TERHIZ,
HAr i 7 X FE1E R MK P &R FHRE s T
2 mg/L, BIH AT E R AOK bR e R VISKIERR. b
oM e REIR, SREGEGIHEOK AT, HHbRERE
IR, HEZK S 1 Z R B = T U EE s (R,
AR HE K S RN IR 2 BT AT — e AR EE . R TH

K 70 A HE DX EUAT B HEZK PR I M 28 e 0] HEZK K5 4446
TEH

*®5 ATREHAEEAHTSIER T T SitRAkE R
EEtiho =4t
Table 5 The ratio of subsurface to surface drainage and ammonia
nitrogen loss under different field irrigation and drainage control
measures

R bR
T SRR M T SHEHK st )
bl 1 L H#EHE Percentage ratio of
Subsurface to Subsurfaceto  ammonia nitrogen
surface drainage  surface drainage losses with
percentage ratio  percentage ratio  subsurface and
surface drainage

Control scenario

%55 1 Scenario 1 49:51 0.95 38:62
%5t 2 Scenario 2 2575 0.33 17:83
1#% %t 3 Scenario 3 65:35 1.85 54:46
1#% 5t 4 Scenario 4 44:56 0.79 34:66

&6 AEMEEHER THKZEURERLE5HEIRE
Table 6 Total drainage, total ammonia nitrogen and its reduction
rates under different irrigation and drainage control measures

FRECT 8 HOREHEIUIR
(D
Hk R REER  EEIWKE  Compared to the current
i To;l;i ) Total Ammonia __situation (scenario 1)
Contrql drainage/ arpmonia nitroger} HoKE  SEYIEZ
scenario mm nitrogen/ concentration/ ¥jf#%  Ammonia
2 -1
(kg'hm™)  (mg'l)  Drainage  nitrogen
reduction  reduction
rate/% rate/%
e 5
sJeHn?ml) | 1162 27.152 2.34
,ld»;E 2
s‘::nj}ioz 1161 30.038 2.59 0 -11
‘r‘«h ISSN 3
SC:n?ﬁo 3 519 11.259 2.17 55 59
‘r‘«h ISSN 4
SC:n?ﬁo 4 435 10.373 2.38 63 62

e AR,

Note: Negative means increase.

2.3 JAEEHXT RERIKMNEUBRRRKRIEREE
EC AT AR

iR pra R EoR, EHANEARE TR, B
DX A% HEZK A 2 2R T I SR b R K R B o v )
VK (2 mg/L) ESR, AR THE9 KR4 SR
TRd. ik, ] SRR ) S A B i, PR AR K75 e
B o TR ST A A AT X /NI IS R Y B TRV S Hh R
at, S HTHEKE I R G B E AR DL % 52 ()
EHERE IR .

W e IS, HF 0 IX AR b /N ST P B T AR Y B
Ab, BUAT BV AN SR AR LEA 12.7%. X E
BRI A E BRI S f s (R e
FHORH T 45 HE X — 8 B AR Z 1R K, BB 0.1/d /2
HETL g 0.3~0.5/dB34, 3 B AR A IX 15 i &
GUIARI/N . KRB, BRI R, KRB T
B % %5 0.2/d o ARIEA T 1.4.2 FiATR VL LR 6
FIHE K S R R AP YR A, AR AN K
RS E AR R AR S R A (o) , 4
T 5. Hor, i B AR s A HEK R E E IR E
B 28 rp [E MR AR T FRHER T V 2K (2 mg/L) TV 2
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K (1.5mg/L) FIIZK (1 mg/L) A,

Kl 5 Son, EIURIE EHERM T, BTHoKE
IRK, RIS AVIEIKOK B sl H bR, @K & E R
T AR Bz R TR 98 X I SR AR G, e DASEI.
M2 T, RAEEGIERSME T, BFFCX 7 5
AREE BV IR E bR, BIERT W, W5 XTI
SR HCS i FEE R ) T BOR HIRCHE K B 5 Qe th &

TEFERE, BAREHEBAG T, WHKm
HeK AR s B T K, (H BT 5 K
ARWEEAL CHEIHAK N 217 mg/L; #=HIHEK S
238 mg/L) , HFBEMBHITI AR TE/N . X2 F A
SV IR KO 2 AR A 2 TS e iRk B, 1T HLE A
T b D AR R ORI I BRI o FE AR HE K+ A
TEAE LR, A 90 DXCHE K 5 2028 31V 28 KK B AR HE Bl 75 1 4k
HURIEAR LN 14%, X 570X B0 [V E R K8
FH o A S 3 B A B b TR AR EL = T A SOk R 3
P XEEENIN 1%~2%"), 8RN 5%~
7%, i K — IR ) — A B DR R AR SO A K
FERE DX AR FHHEZK Hh i) 2 B FE 3

wn [=3
(=} =1
T d

o HuZ/KITZK Surface water class 111
O {2 /KIV, Surface water class IV

°
o4
g
Hg3
=]
=g 3001 & b F /K V& Surface water class V
=
m s
{ié g 250
=5 200t O B R TR
=8 o Current ditch wetland/farmland area ratio
ET 1501
b © o
XE100p a
T
Sz S0t & 0 c
= P A
z 0 . i x
3 fir1 2 ) 57
Scenario 1 Scenario 2 Scenario 3 Scenario 4

WEHEFs H1]#% itiTrrigation and drainage control measures

B 5 @ s KR B AR-A SR AR 6 IR B X F
Fig.5 Relationship between irrigation and drainage control
measures, water quality goals and the matching ditches an pond
wetland area

T HIH T A SO AT X R B K ST FE b
Horpa] WP E KK m T Ar 5, 18 B 2 Hi g 1) 2
BE. & 8 HIH T —LIUA WS RE X KRR
WRE, HRATAAEMTERER K. Hrpih ~ KB TRK R
A{EAN 15.15 mg/L, #/MEN 0.2 mg/L; HR/K/HTH K
M =E A 72.01 mg/L, fH/MEA 0.17 mg/L. Z8A 71T
XS EAE, R KABIRAKCEEIME Y 2.36 mg/L, HiK
JH K215 A 4.05 mg/L. BT W, 240 b B KRS
DX AN [R] K A o B8 2R P R e v, AR SCHUARL IS Sy D /D
TESAL X, 2 5552 o M 0 2] 1) 75 e i B A 5 AR TR
FMEZ SRR, aTLLEE xR (4) i ¢ Ak (6)
W o, EATIBIE .

Ueah, 7EE 2 BRI HT TR, ARSCE A ARTER
AN [RIE0AE (VA S AR R 2B RS, TS B VA 3 1 0 A e 1
X1 5 G i) 25 B e 1A BORFE N . DR AT IR 7
RINPO, A QTR B K BR A R 0 OUR 24 T R 5 i AR

AR AL FIB IR 70%~90% . [Kith, HLAR S R[] 5 T AR S
AL PR, T N4 HA VA S b TR R AT R N R
BRARAL .

®7 MRRREHKDERRESNES T

Table 7 Statistics of observed ammonia nitrogen concentration in

field drainage in the study area mg-L"!
T
Hibs Indexes Suirmfj:e{ﬂrllboff Subsff‘f;EfZJ;inage

“FII{E Average 2.85 1.80
T2 4 Median 0.75 0.99

fix KAH Maximum 9.27 7.55
F/ME Minimum 0.12 0.04
Fr#fERZ Standard error 2.08 1.91

F 8 XEhEERMTRERIRES T
Table 8 Statistics of ammonia nitrogen concentration in paddy
field drainage reported in literature mg-L"!

VIR P Y PRIRE GRETIIRE SRR
Concentration Average Overall average Literature
range concentration  concentration  source
0.22~15.15 2.97 [36]
R 0.2~0.9 0.54 [37]
ZIRA c ' 236
Groundwater/ 0.9~12 3.47 [23]
percolation
2.49 [38]
0.23~72.01 7.58 [39]
1.21~14.3 5.12 23
s3ek/ (231
HH i 7K 0.17~2.58 0.99 4.05 [40]
Surface water/ . by '
: W -
ponding water 0.323-6.665 3.49 241
PR 504
0.242~5.841 )

3 & i

A SRR A7 M I 32 B X HE 7K 57K 53 K e i
iz ] DRAINMOD #ABIHIF 5T 1 AR /NI TE Bl A 38
Vi) JEE 47 ) 8 it DA % ) 3 Vg b 5 b Ak BB 1 7 9 sk HE 7K
MAEFH AR, HHEELEE BT

1) EHLRE HERE (960 mm) A KR T,
WX 2P R Ha K ESA 1162 mm, 5 2B
HS5EWEZN 59%. Hi, 51%AtELmE, 25%
A& PR R AT 3 . R, G AN HE K
A it 1 98 FH TR)HE K 38 7 AR K

2) BT X K7 AR S ER ) DRAINMOD 5 4!
Lt IR IR, SR R AR i h B RS e (4F
PIRERE RN 320 mm) W] LR 25 PR HEK E A Z A H
BT A SO 98 X HEK V303 SR s il HE K it it 2= 5 380
MR RGN, IR TS R .

3) W X EAE IR B A KR LT g,
EREHKED K, WEEAERAR. AR R
Bon, G EEREE R E K E S, FIHBE
VA IE F250 T LA HEZK iR 22 280k 42 i 7E 1B 5K b R /K BR
B EARE V ZROKIERIA .

AT 4 FPREEHEE S5 T 2 AR B AT K FEHE X
AR SR i, 25 AR ECRSE s 7ESEBR TAE 1,
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Simulating the effects of irrigation and drainage control combined with
ditch-pond wetlands on drainage water quality improvement in a rice
irrigation area

Zou Jiarong', Luo Wan'*, Li Lin?, Jia Zhonghua', Ding Shihong?, Zhang Zhixiu?
(1.College of Hydraulic Science and Engineering,Yangzhou University, Yangzhou 225009, China,
2. Administrative Office of Yanyun Irrigated Area in Jiangdu District, Yangzhou 225261, China)

Abstract: Nitrogen loss with the farmland drainage from the rice irrigation areas has been a great threat to the aquatic
environment of the receiving water in southern China. In this present study, a systematic investigation was made to clarify the
effect of different irrigation and drainage control strategies at the field level on ammonia nitrogen (NH;-N) reduction. The
potential of pollutant reduction with the ditches and ponds was also proposed to meet the requirements of water quality in
small agricultural watersheds. A case study was set in the Yanyun Irrigation Area along the Grand Canal in Yangzhou City,
Jiangsu Province, China. A field experiment was performed on rice irrigation and drainage in two rice growing seasons. Some
parameters were measured, including the soil properties, groundwater depth, and nitrogen concentrations of drainage flow in
the field. The field hydrological model-DRAINMOD was used to simulate the different water management scenarios. A
conceptual model was developed to predict the nitrogen reduction in the ditches and ponds under different irrigation and
drainage management scenarios. The results showed that the annual drainage depth was as high as 1 162 mm, accounting for
59% of the total irrigation and rainfall depth under the current irrigation and drainage practice. The surface runoff depth
accounted for 51% of the total drainage, including a 20% uncontrollable portion caused by storm events. A controlled
irrigation strategy (or irrigating only when the field water level drops to -25 cm and no significant rainfall was forecasted) was
significantly adopted to reduce the drainage and nitrogen losses: 55% reduction in the drainage and 59% reduction in the
NHs-N, compared with the conventional practice. However, the controlled drainage presented a relatively low effect on
drainage reduction and surface runoff. The total drainage remained nearly constant for the controlled drainage with the fixed
irrigation volume under the current irrigation practice, indicating an increase in the surface runoff from 51% to 75%. The total
drainage was reduced from 519 mm to 435 mm (16% reduction), whereas, the surface runoff increased from 35% to 56%
under the controlled irrigation practice. The NH;3-N concentration in the surface runoff (2.85 mg/L) was higher than that in the
subsurface drainage (1.80 mg/L), indicating the significant increase of NH;-N losses with the increased surface runoff.
Therefore, there were much higher volumes of irrigation and drainage water in the nitrogen reduction, in terms of the ditches
and ponds distribution in the small agricultural watershed of the study area. Only when the drainage volume was significantly
reduced using the controlled irrigation and drainage practice, the current ditches and ponds (15% of the farmland area) can be
expected to gain lower ammonia nitrogen concentration level for the national water quality standards of Class V for surface
water. Nevertheless, there is also an adverse impact on the NH3-N for the shallow depth (60 cm) of the drainage ditches, due to
the increase in the surface runoff in the study area. In conclusion, the controlled irrigation of paddy fields can be more effective
to reduce drainage and nitrogen losses. Consequently, the reduced amount of drainage water and the integrated management or
optimization of the existing wetlands of ditches and ponds can greatly contribute to the water quality of rice irrigation areas in
small agricultural watersheds
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