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Water Flow and Salt Transport in Cotton Field of
Mulched Drip-Irrigation Using Dye Tracer

WANG Zai-min', JIN Meng-gui'* , HE Yu-jiang?, WANG Bing-guo'

1. State Key Laboratory of Biogeology and Environmental Geology , China University of Geosciences s Wuhan 430074, China
2. Institute o f Hydrogeology and Environmental Geology , Chinese Academy of Geological Sciences, ShiJiazhuang 050803, China

Abstract; Brilliant Blue FCF was used to trace water flow in cotton field of mulched drip-irrigation using brackish water. 13
cross sections were dug before irrigation, during irrigation and after irrigation, respectively. for observation of the movement of
wetting front. The soil moistures were in-situ measured at 3 120 points by using MP406 moisture probe and 1 430 soil samples
were sampled to analyze soil salinity by extracting soil water with 1.5 of soil to water, while cross sections were divided as each
grid 10 em>}X10 ecm. The meteorology data were measured by WATCHDOG. The results show that the dye tracer can trace soil
water flow and salinity transport obviously. There are two infiltrating states for soil water and salinity transport characters in
field under film mulched drip-irrigation: point source infiltrating in the direction vertical to drip irrigation pipe and approximate
line source infiltrating along with drip irrigation pipe. The velocity of soil wetting front movement was 8cm/h under the present
irrigation. The soil salinity near the dripper was leached by irrigation water; however, the salt accumulated in the surface soil
without film mulch. The wetting front extended with the irrigation time, and the spreading distance was similar to that with no
plants. For efficient use of soil water, the reasonable irrigation quota for the present planting pattern of one film, one irrigation
pipe and four row cottons was 29. 4—69. 8 mm in the study area.

Key words: mulched drip-irrigation; soil moisture; dye tracer; brilliant blue FCF; hydrogeology; environmental engineering.
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Fig. 1 Bird view of the experimental area
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Fig. 2 Sketch of section planes (a) and sampling points (b)
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Fig. 4 Pictures of wetting front along the drip-irrigation pipe
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Fig. 5 Isolines of soil moisture in profile at different times
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Fig. 6 Soil moisture versus depths at different times
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Table 1 The soil total salts contents in root zone

KR WOKGRG  F—WEKm kR R
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
2.97 2.25 2.28 0.72 0.03

AR ] 4 90 78 ki, S E W A T k&
(ET,). WTEE R EIHE AN

ET,=K.+FET,, (D
KL ET, WS EEYIE K& Ko HHEEAVEY R4
(Dehghanisanij et al. , 2004).

T AR X S AR I S i R T
HEME T RRAEA R AE B R AN EY) 280 % AEY)
i K ET, 3RoRHe— 8B 0. 12 m, HE FH T K
70 s/m, JUFEN 0. 23 PERARVE Y BEHE IS ., R
i FAO 71 FAO-56-PM AT RS HEY 5 K&
#(ET,). FAO-56-PM 2L 0. 12 m fE S HAEY)
PR RE S SCGORIE B A W I 125 R 2 mu, ZE R I A=
2. 45 MJ/kg, {iZBHHT N 70 s/m, i AN 0. 23
(Doorenbos and Pruitt,1975), $TE/AFLATTF .

ETO —

0. 408A(R, —G) + v ngmUz (e. —e)

A+ y(140. 34U,) ’ 2)
KL, ET, A7k mm/day; R, A AH 8% 2 R 57
M]/m*/day;G A+ PE s M) /m” « d 5T R
2m & R, CiU, 28 2 moE BE R K,
m/sze. Fl e, 3 5 A AR R K 95 AN S BR K IR
kPas A Jy KR 86 BE  kPa/ 'C sy o 1 3k 5 2,
kPa/ C. ¥R K35 WATCHDOG Wil i) < 4 %
FIMAEH ET,.
FRAEFEANEY) 22 500% B8 FAO (KA FE R & Ak
W HBO R ke - ET, % Hil 8L ET, NikfE—
JE B S (] 0 A7 2. R ) VR 3k 6 A oY R T
ET, “FH(E5 580 EEAH G, 3R i 2L v A5 1
oA AW Y R 808 A & (Allen
etal., 1998). PRItk , iR 4f 1 Hu A A6 2E B I RF o, $5 HR
B T I0) AR ORI 253 B A AR ARV R
FAO %5 7€ 1 2 50% To 56 5510 09 6 T A
L VF 2 77 0T A G A 9 (Battikhi and Hill,
1988) « F T A IR A5 A AR 75 K b A
YA ZBCEARN TR B AL A K R T AR 28
TR/ N o 7 RS AV A 52 Ml A, 228 3 sk /) o PRt K
R T T AN AT . 2 RRRR (] BT o A T AR 1
Fe AR Ke Wi FAO 19 27 %, EE RS IE K

*2 BEBEEFHEXEVRHE
Table 2 Crop coefficients of cotton with film mulch for dif-

ferent growth season

. e,
%)JIJ - A 0
Hi Y] W RN 21 40]
JIET T 0.1 0.7 0.8 0.6
FAOCTfiE) 0. 35 1. 15 1.2 0.6

AW FAO B9 60% . E45 81 FAO ) 66 %,
25 FAO [AHTE (32 2).

FR A G2 ol W I 5 - 4 R AR Ty i A )
ARYORESREEII (7 DN HFH s &R 5. 7 mm.
2.3.2 AEEXKEFTHHNEEEE Wik
i RE AN IR AR T s 18 K 0 7 T I 30 T 3 ) 5 e
U FIE 4347 i = 87K 4 3138 19 e K 98 B, AR
7] 7 VAR5 R E 25 1 25 A0 N Ak 8253 i Sk i it
2.2 L/h, BAyRHEK 4.5.6.8.9 F1 14 h fyszim 45 5,
RN 3. KPR RABHREEREE KRG LT
R ABUREE. 25 Lol A1, BT 4 (— i —
HEPUAT) 3R Ak LA R Ry vty 1) SR 4
P4 AN AL U) 2 B4 A 5 R i) 8 R B R e K S
5 i A VRE 7K R T 4

kiR 2.2 L/h F72E0EK . 9 h i K B
iKF] 80 cm, 14 h 5 ZAE B IRIZB IR, K1
BRI K 14 h JR K M 2L R GO, 45 Rk 4
JE7R. H TG IX R KA 4 vy (A 3 K (o 3
W 147~160 cm) s IR K AERIZ BTN, IR K
KAEKE R /NT 69. 8 mm.

2.3.3 AEESMTHWEEY BES

R ) 4 e s AR e SN - 18K 43 T 4 A JE K
i e R A 6B L TE BN 0~60 em TREE RIS
KEIA AR . 2R, ENMEZRNELEK
FEAE RS, 2 3 BoR AEY &I FHEK 4 h, &
Ji H 3K A A G . P REEES R 28 em, B /N T4
R G T TEAE Y 4 B RS A1 30 em. JE R IR 5

®3 FREKEHKSNELEH

Table 3 The infiltration characters of different irrigation quotas

HEIK i 19.9  24.5 29.4 37.5 43.5 69.8
(mm)
HEKEFTR] =
(h) ! 0 ‘ ’ ’ "
SEL BN/
TR VR B max 45 48 58 65 80 150 Aty
(cm)
1 =i
PRI B max 28 37 16 62 73 RFT5
(cm)
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F4 EE69.8 mmKEHE(FE 0~160 cm)
Table 4 Water balance for irrigation quota of 69. 8 mm (0—160 cm)

L STON YT ] 5 H T K B A REK
(mm) (mm) 7K i (mm) 7k i (mm) AR AL (mm) (mm) E4SIEZD)
69. 8 5.7 420 460 40 24.1 65. 5

W BEZIB IR BE (20~40 c) AR R R - ZE B 1E
B, TR 3 G E K IS TR , 7] 8 AR, A 1)
PR HE BBk A ] 47 i 3R W 4 TCAE /N X
(8 em/h). HEK 69. 8 mm FH T I & K F
75 e, IXRETE WG VE Y A IS (R R B AK 43 38 ol
[ £ 7K 2 T 7

HEACGEBAR T 24, 5 mm QYR YRR B K
F 35 em Gt A2 AT HAAETE KD o B 1) 97 Ji B 25 17 i
SEAMTHRAE (45 cm) 75 KR 5 PRI, A - 387K & 28
I A7 B 2% 1 3 I F 98 X R A T bR A 2 (— i
PUAT) R BT D + A LK A B RE K B N AE 29, 4~
69. 8 mm Z [A]. X K TR A W B A
GRS [ A= B WA AR 3 & B RR AR FIORH o7 e 3 A<
A FE T A5 AR A B AT A B30 A5 NG 4
B 7 5.

3 i EHEIYL

(D) YLt /R ERRE B RAE + HOKERZ R a9k,
SRR RIS T (A A7) 38
T AR LAV SRy by, ) 0 47 8 A R0 2
FEAAR, 3 BRIV T 1) S0 ) T 00 T S R TR AR
JEA AT RUES 7 ) 38 50 TR BRI A2
JEAS. FEK AT T2 R AT 7 ) - R K s #8
TR IR ABRE LA Sk s R 3 8o
B HEAK G K AT ER A K IIE S MU
T S AN P B . 7E IRA T R AR SR G Sk [R) R
30 cm, JiE ki 2. 2 L/h) SR FTRD 1 IR I A a) i
%202k 8 cm/h.

(2) BT TR VB X Sk Ak - A PR ER R s (HAR T
5 DX b - A HH IR 2 SRR, S0 % I O A 7
T A AE R X B PR A 7 e 2 SRR G |
PR ST  AIE D s AR AE & B K IR X8R K
WAL HE I — IR e A R e £

(3) AN [m] o 201 4 7K 3k 3 2 P« R K I T L 1
T BB , 8 ) ) e P ARG 2 I A P Dk 55 » A )
PR R W T TCAEY /X (8 em/h) 5 DA 338K
A BRI A0 B2 1 Tl R I DX A T AR AR 5 (—

—5 DU A7) I RS A B YR S B K 51 N AE
29. 4~69. 8 mm 4.
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