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Effect of alternative irrigation between brackish water and
fresh water on root growth of processing tomato in Hetao

GUO Meng-ji', LIU Yu?, REN Shu-mei'”, YANG Pei-ling', ZHANGZHONG Li-li',
ZHANG Chong', XIA Yu-hong®
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China ;
2. East-to-West Water Diversion Engineering Construction Bureau of Liaoning Province, Shenyang 110000, China;

3. Water Science Research Institute of Bayannaoer, Bayannaoer 015000, China)

Abstract To study the effect of brackish water irrigation on root growth of processing tomato, experiment of alternate
irrigation between brackish water and fresh water was carried on a two-year (2013 — 2014) field in Hetao irrigation
district. Results showed that: 1) The amount of dry matter was mainly concentrated in O — 20 cm soil layer. The
treatment of brackish water throughout the flowering stage inhibited the root growth, while the root length density
decreased by 25% — 30% and the root surface area decreased by 20% . Throughout the fruiting stage. the treatment of
brackish water irrigation promoted the root development with the root length density increasing by 22% —24% and the
root surface area increasing by 20% — 30% . However, the total length of root,root length density and root surface area
was not affected by the treatment of brackish water throughout the whole growth stage;2) Main influence was reflected
on roots with the diameter of less than 2 mm;3) There was no significant effect on processing tomato’s root spatial
distribution under brackish water irrigation.

Keywords brackish water; drip irrigation; processing tomato; root growth

BEE PO GIRBL T 7 5 B H s R LT R BT R D R A R K B ROk A AT A AR
HEBR /K IR E R 25 [ g K B IR AE WL O B R) JF EL7E— S8 [ 5 A0 M IX L I & R T OsioK 2 28 180k

Wik F 4. 2015-03-16

FETUH . K HERL 45 ATl B T 22 9 1T [ (201301094)

B—fEH . B M54, E-mail. gmjj25@163. com

WHAEE . B, B2, 2R HE I HE K B 5 8 R BF 5T - E-mail : cauren@ cau. edu. cn



66

hoE kR R R R

2016 4 2 21 &

TR 2 MR K BRI AN B A R EZ — .

SIRK AR H L BOROK oK R nl R AR
YRR X+ eV W5 35 35T % L 15 AR W WK TR R
XA T BOF A fig B & sk 28 R &3 i H 5
VE W 00 1E 5 W K 7™ S A 2 ol 200 B I K e 4 L S B
gpstT-" . A, AR 2 R B R S IR R
A 5 2% (4 NaCl, Na, SO, %) i3 £ i, X Kk £ 5l
YRAEN. BWEL NaCl n & 40 i il 25 &
) Ca® 51 BESS & 1 Na' /Ca® HE I, B 45 k) i
WKL D AE L B AR L B 2 5 B4 M 0 A BT L B RN A AL
WERLANE . DR IRR X A TR A W 1 AT K HE BE A
5 AT K TE 58 0% 15 2 A T Y (A B £R R A 9 89 1E
WK,

R JEAE YR K 43 F 5% 4 B TG BR W) 2% B L 7
EWIRAE K & & A= &8 s b e 4 k& & 2 04
FAY o KRR AR K T T S O X B A 48
SR G e B R R R . AT R U
TR TR X VE P AR 2R 43 A1 1% il A B T el VR 9 A=
J5 ¥R RN AR A TE VIR R . AR R B JROK TR R A%
PN S R AR AR DX B0 B oA AR X R R 43 AR ¥ 50 41
RO T R B DXAR 28 X 7K 40 1 35 4 W i 2 0
b ARG R B XA 2R A% Wi s e 5 O A By A
2k 3 AR (2003—2005) 7E AL AL 2 1 e Ml DX f Vi E A%
T AS TR B 43 B2 AR K 6t 2 i M T 3 44 K R
M) AT T A5 45 TR 3 W AR0R0 K HE B X 7 73t AR AR
KRS A W B A, Pastemak 2 78 DL 5]
W+ FHEAT T ROKHE AT 5, e BAE = AR 1) iR
AN AT H 6.2 dS/m A Jal K E IE B m . L A% 0 AR
KAg b5 A 22 2 55, Papadopoulos 25
oI A 1 DS A 154 R (2B 15 e B | T
Cuartero % I 5T 48 H % i AR 28 B4 Tiid 56 15 1 1 K 24
HA~6 dS/m, [FE, AR RHES ST,
YEYIAR 2 R 2 LA B 1) 75 7K 22K e be 25 A 4

KR AN TAEMTER R A B AT %
K S TE RIS 25 SR 3 W 2 B i ) Ja oK T S AR
PEVEMIAR 2 K 32 2832 3 R 00 Wl 38 0% 52 i 5 g EL J
RECTE AT T AR AEAE AR R B0 A T A6 I8 i =k
40 cm [ P AR 52 20 4R 43 W3l 52

BT 1 A BRSPS T £ i X T 28 bt AT A
JROK IR OK 58 HE AL B L W 5% 3% 2% 5 T T 3 i AR AR
F AW R R AR T AR LA R AR R 23 A T
SEFEAR » LU A 3 [ o - 5 DU K T T 4
A HE T R A TR A BV AR A

1 #M#57FE
L1 R X#HR

AR F 2013—2014 4R 22 2 4F4E N 5 1 1]
EEVE DX P R T 7K R R 27 0F 5 T B Ol 1k 56 3 5
[T NI T T A S R B
6.8 °C, Z4 VMW &N 140 mm, 4F ¥k
3229.9 h, 56 /N X 48 BT M 32 2 Vb g 4 BEAE
VL EY 1,58 g/em’, H ] HF K & 0. 22,
MR KRE 1.8 m,

1.2 A&t

AR5 X0 T 7 o A [R) A B IR AT S0 K iR 7K
SRR AL B LB E T 3 b g B 4 VE R R R
TASX AR, 3L 4 KB /N IX (R D, A TRIER
i T B 2 G — PR K HEE L 7E B AN iE
ATHE K Ab 3R L DA A 5 52 R B KT 8 k% . i 3 T A
& WA R T VRS A K WK SR 3R BE | R B ph T 7
IR TR 1 T T 45 4 Y £ R B A e oAt
R O N A Nl o (A TS |1 N W 3 R |
FEWEWE 7 2 IR BT IR K O N 22 T T X O
R G0 T K (AR EE 1 g/ L) SRR R AR 4 N 5
TS HE Db R 7K B B4 A NaHCO, \KCL Al
NaCl it & ifi i B0 fL B 3 g/L.

R 1 2013—2014 £ 11 T HF B KR IE &b I8

Table 1 Treatments of brackish water on processing tomato in 2013-2014

4ib 7 i £ A1 Ji
Treatment Seeding stage Flowering stage Fruit stage Maturity stage

CK i % i -

RI1 % ik % -

RI2 R w JR —

RI3 % Ji &
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T Aol b Foh Ry 1 o TS SR B 28 BT R RN, 28
0.9m, 25 0.3m, 2K 20 m, B0 1.5 m, &N
ANX 3 22 FPRE AN 90 m*, 1 28 2 47, & L&
A7 0.4 m, ¥RIE 0.3 m, ARATHNIE 1 AR HEW & F
YR AR T B 3, E K % TAEW 8 1.2 L/h, K
ar A FEN 0.3 mo, F i F% v Al i A B 2 A HLIE
P T RN R AR AE O IS it AT &= i Dk
22.5.240 f1 150 kg/hm*, 2014 4F (it A — Jiie i
iR SRR . B S 20 m® IR K
YERMGE ¥ K. e S 1 0 90 A0 b 99 43 1 58 it PR R
45 kg/hm® 1 22. 5 kg/hm* , JEBMFE R 1 d,
AEI 0 E W E Bk 2 mm, B0 00 B E B R
3mm, H.2013 4EEH 29 d, R 43 d.BEKE
#ik 187 mm;2014 AEAEI 23 d, S 31 d, K E
% 149 mm.

TR0 R PN Sk e o b R A AR T AR
9% B AR T AR S B AR I kAR

D TEF AT AL 5 A R K, 730 78 4 A ab 3 v
& A BRI 3 R T A O AR wh gk 5 M BRI 9 o
HIEMZE 0.01 g,

2) TE T 0 A= B IR 43 0 A 4 A Ab B rp 45 B 1%
AACRMER B AL 1 AR HARE (N R 9 em, &
10 em, f&BL 635. 85 em®) BUAR » Ho o BURE 437 & 4 5]
FIKEJr R ES EAR 0.20.50 cm, PR E 435 R 0~
10,10~20,20~40 F1 40~60 cm,

3)H EPSON EXPRESSION 1680 78 45 # {3 %}

FRFESEAT 4 AL 5 BE 3 400dpi, FH
I Ay o5 AR R 114 40 R A 8 5% 5 AR AR A 8 T 1
e, A 3~5 mm KK, B T R T4
MR 1 IF ST HES

DA TIF SCHFEH WinRHIZO R & 434t
A AT AR 2R B R B L R
HEHE SRS EE. WinRHIZO E—£& &
WRASM RS RHIEG 22 %W &3 A X
HEHARARKES R T HNR RAFES
LAEIEN

5) MR F A O S Bl R SPSS17. 0 #4743 Bt
Ab

2 KEEREHH

VEPIAR X 4 38 5 85 38 53 09 A7 76 2 R AR A W
f 95 385 35, SO AR 28 WK TR X & 52 05 55 3 F) TR LA
FIAR R WA K IF 5] AR 2 DL Kl 1358 43 ik 1) LR
& FmAE . B TR ROSUK TR VE A R AR AR R
Mamma. A FmBREYAERKR LT NZ L
MLED
2.1 AEAEMNEFMREZTYWRENF I

WREYRERAKREBRE N EZER LK
AN AE AR B %t K 4y 0 W% W RE 7 RN B RE
2013 AEA G v A [ kb BE X 3 il AR 2R T 9 R AR
FES A AN S 0 R I 1 s (3% 2), Hodh 7
A6 1R FH IOsK HE R A B Y RT1 A RIS AR R T4

R2 FRLAEEHREFURRE

Table 2 The amount of tomato’s dry matter of different treatment g
A0y kB FEAE R ) A LR
Year Treatment The end of flowering stage The end of fruit stage
CK 6.12 a 10.9 be
RI1 4.18 b 10.2 ¢
2013
RI2 6.39 a 12.1 a
RI3 4.86 b 11.9 ab
CK 5.88 a 9.9b
RI1 3.96 b 10.1 b
2014
RI2 6.01 a 12.1 a
RI3 4.26 b 11.7 a
e« R B A A R 2 R R /R 78 0. 05 AKE L B2 5 .
Note: Values followed by the same letters in each column are not significantly different at 0. 05 level from

each other,
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Jo R FE AE 3 A I 43 ) A5 IR K Ak BRI 317 0 A
20. 6 00 5 7RI AT 22 B R Ak P 2 J5 L RI2 Ab AR
AERM AL AR R A 12.1 ¢, HIL A FH R
FHR K HEBEAL PR R 1. 2 g RI1 ALFEAR 2 T4
i e/ .ok 1002 g RIS AbHH 25 3 5 41 B 3R
ROKALFRES RT3 2% 7 .

2014 4F A [A] 4b BT F i AR R T4 o 6 1Y) 5 e
AL 2013 AF 2Rl (RS [ 2 BEAR 3R T o it 38/
T 2013 4% [ 19 i i (R AIK 520 ~10%0) , 35X 7] B
J2 A7 3 7 T A A RS2 (R 2D,

2.2 AEAENERISFESHNTI

MR AR 3R T B RN O 2 B AR 2 R AE L AR AR PR

PER E LR S 4. £ 3 24 2013—2014 4EAN[A] 4b

) R AR IE 2 K0 TT LS [] Ak B0 AR &R 7 2 B
TR AN 25 (H4% A A 8] A AR R L AR 3 T AR
B RE, Hh RIT AR FRAR CK b 3R K AR
27 % HRFREFREAR 2020, RI2 Ak HE 1 %% (4 S 4]
BRT CK AR H, HA AR K3 23 00, AR 3 i B
I 29% . RI3 Ab BT AR Z 88 AR 9 25 300 2 0¥ R
KHIEH BB Z [ 0 22 58 3 . 2014 4R
7] Ak P 2 i) ) 3 A B 5 2013 AR fEE i T 52
) TR A S L BRP 2 AR A L LA B AR 1Y 25
SHARA PTBEAR (K 3), 2014 FFMR R HERE
2013 AR JFB0A W3 Y AR X T BB h T 2014 4F
TR AL LE 2013 4E 7 E, AR R TR SR o A
RS LEFEL b A n Y 3

£3 FELGEERBESY

Table 3 Root characteristic parameters of different treatment

AR b B SR /em SRR/ em? FE AR/ mm
Year Treatment Root length Root surface area Average diameter

CK 2 150.51 451.63 0. 64

RI1 1 569. 21 363. 66 0.62
2013

RI2 2 626.95 581.09 0. 64

RI3 2 185.23 465.51 0.65

CK 1 835.14 425.98 0.61

RI1 1 360.71 347.04 0. 64
2014

RI2 2 404.03 516.51 0. 66

RI3 2 090. 15 451.05 0.62

i 1 A A SR I e KR R R B AR L A R Y
ARR A B DU 52 B 3 0 0 R 2 . i
6 45 2R W AE T A 0 BEA T SlUslK HE R ) 1 3 i AR
4 TE A I A A A 2R S0 MO R K B Lt T3
FMMAWEIER KT A FEOR A LT YR
REPRE/IN T 7 A SR 30 AT UK E R RE AT e 2 3
AR F A PR T RO R 7R A B R BB
301 0 2R S0 R AT Rl K T TBE Ak BT i R AR S A
P4 52 W AN S 25 3 26 T O 4 300 90 R Rl R Kk W AR AR AR R
7 A A S7CTRL R R T e A A SR 0D 44k 5 R SRR K
GEIEY

K1k 2013 4 AN [m] b A ] B AR 2 90 i AR
FRFMESH. KB 1) W LLE L 5 CK 43,

RI1.RI2 #1 RI3 fb# v A2 >1 mm B RARK 4
BIREAC 720, This 4% . Thim 120 A B2 18] 22 5 A i
%, MFTHEA<] mm AR ER, RID 40 BEAR K R AL
33%,RI2 Jh5 30% . RI3 Jh 5 13 %, 1% 45 J % W i
KA HE EE R T HA<] mm MRRKE,
MER>1 mm WRRZAKERA B ZF LA, N
P 1 () ] LA H R[] ik B 5| 5t 4R e i AR A 2 1k
FERIAE A B AR <2 mm IR R0 L3 A AP
HR T B o ) B AR 27 % L T 4220  FH i 19%,
>2 mm MR R LA 3 A 25 RN BE,
2014 47356 45 R R) FF 2 PR f0sE /K T TBE X 2 i AR R
B EELEBAEM /N (HAE<2 mm) R R I
(K2,
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Fig.1 Root characteristic parameters of different diameter classes in 2013
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Fig. 2 Root characteristic parameters of different diameter classes in 2014

2.3 AEAEMNRKZEEHZN
2.3.1 RKFERGEAS>H

FRAC % B 4 B A AR 0 v B AR, 2 Sk
R ZR 2 8] A2 A0 Y B 2500, A e AR ) K OE I i
RE M EEAE AR . K 3 A T 2013 4 i & A4
MR AR 5 B Bl A R A2 A oL . T RLE &
TR R EHRTE 0~60 cm 1 )2 . HLBEE AR %
P U . X 5 Bar-Yosef 205 I Oliveira® [
ZEICAHTE] . AN ) Ak 3 22 1) L 7 0 A AR 2 B 72 A i
AR K FLER B R RE DL 0~20 em 1Y+ )2
e HEAS T EMREE IS LA AR, 0~
10 em MY+ )ZH, CK Fl RI3 4b BEAR %% B 5 45 2 AR
B BRI L T 43 0 5400 5626, RIL Ak
A 7 B R R 63 %0 RI2 Ab IR Ky 46 %6, 1
J I T 2 S 1) D PR AT B T AR I AR AR R R LA
T AR K EIE . 2% )2 £ 3K 43 70 2 L AR R BE 4% TR I
AR Z A K s FROK HE W, — T TEUOK A AR
KR THRARMAER, ) — UK S T R)Z -
SR K e AR FR AR A K AR A5 M L MR R
] T AR R 2 K . B K L RI2 AR

AR A 5 B2 e K 150 W A 01 35 K 9 TR 2R 301 R K R B T
DAE AR FR oK. RI3 AL 35 CK Ab 38 22 5] A &
U0 B AL 3R SR 2 [R] I AT R HE X 7 AR &
TCF R, 2014 4R [A) 4b 3% R T B i ARG 2
JEAE RSP R o A A S 2013 AEZRBLAE 3(b))

Xof A HETR S A AR AR AR A OC R R AT (]
H 73BT > A5 20 7 SRR T 9 A% R T N 3 AR R AR
KB PEAE 0~80 em T 1Y - 498 v [ I 55 A2 £l 1 5 AL
(LZWHE=80 cm RYIE B N IEABA MR WK H
FERL 0 cm/em®) ;

r=Ax*+Bx +C

AP or MWK em/em’ 50 O HIHERE  cm; A,
B.C ABMZSH (L O, G4 RTUEL. &
A FR ARG 25 AR IR B 2 (B A AR AU B 1Y
2 WBRBOCFR . A 1 TR T B 1 7 i 1) AR %
JEE 328 W AT o ok AT R B 8 78 12 L 7E 80 e 1 2 b
MABEGILET 0, MKHELE 0~30 cm HTEN
TREHE R, 2y 1.2 FEREZY 0. 18 em/em’,
30~60 cm Y+ 2 N 2% AR L 2218, th 29 0. 18
M52y 0. 02 cm/cm?,
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Fig. 3 Distribution of root density along with the depth of different treatments
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Table 4 Parameters of plants root density model

RNy b 3 AU 28 Parameter
Year Treatment A B C R
CK 0.069 8 —0.706 5 1.767 0 0.993 5
RI1 0.080 2 —0.757 2 1.741 0 0.953 7
2013
RI2 0.053 2 —0.616 8 1. 800 0 0.998 6
RI3 0.075 0 —0.739 3 1. 800 0 0.986 2
CK 0.073 7 —0.718 5 1.74 9 0.983 4
RI1 0.072 2 —0.686 6 1.59 5 0.954 3
2014
RI2 0.055 9 —0.619 5 1.73 9 0.965 2
RI3 0.073 9 —0.725 2 1.74 2 0.976 2
2.3.2 RKFEGENE A
3 &

THHEAED) AR R BB h AR A A T AR
2013 4F 7 i MR K % B A b A b B o A A L (R 5D
WS & BRI E 25400 T 75 0 AR 2R 25 1) 43 A OF:
AR AZ BN AR R AT LR P K L 45 A P 22 ) 25 55O B
Fo.OEHN W ERARFEEEPE 0~20 cm R
+HE, AR R EAR KR 6020 ~80% , KF Ty
] AR R B R E B Sk 20 em RSN, AR
ZRMREKBREM S0%~90%., CAMIREY . i
TR TAEYI AR 40 A5 8 AR 56 )RR &
7E 80 cm YR AR B % 3k 50 om T A A MR 2R (A7
e R LA /NIAR R, 2014 ER K% 1
25 [E] 43 A5 6] 2013 4250, A 80 Y0 2247 I AR #R 46 v
fE0~20 ecm RZ LR KT ERAH
806 MM Z 4 P e HE B 3k 15 om &b Ay + 3
B mg)

3 8 Y A R XN T 7 5 OR K IR K e IR
WF5E T N TR A= 55 30 B s /K 8 TBE X 1 3 0 AR &R 1 5
Mo, A5 2 LR 4598 .

1) A 300 R0 2 490 ] B 2 47 A a7 T T8k Ah #4565 T
e AR R B2 AN B ER AR ) A R AT
A VEE TR Ak 3 GF 3 i AR AR AR R R A S S
A6 301 A7 0B K T TR A BB TR R A AR KL BRIk
JKHEBE, AR T TR AR Y 700, MR K B AR
25%~35% MR M BEMLL 2000 . FEHA AT sk
K HE W b B HE TR FR AR K BR K HEE AR T
JRE BNy 1020 AR BE RN 2200 ~24 00, MR
T ARG i 20 %6 ~30% .

2)) TR A i o 2 AR R ) R i) A B 7 A
IR AR (HEE<2 mm) I,
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Table 5 Root length density distributions of different treatments in the
late growing period of tomatoes in 2013
R AR 2 B2 43 A1 Lol / %%
b ¥R RE
k3 B/ em The proportion of root length density distribution
Treatment Depth
L=0 cm L=20 cm L=35cm L=50 cm

0~20 13 60 5 0
>20~40 10 6 1 1

CK
=>40~60 2 1 0 0
=>60~80 1 0 0 0
0~20 14 52 13 1
>20~40 9 2 1 1

RI1
=>40~60 2 4 0 0
=>60~80 1 0 0 0
0~20 11 43 2 1
>20~40 14 10 3 0

RI2
=>40~60 4 8 1 0
=>60~80 2 1 0 0
0~20 9 50 4 2
=>20~40 9 7 2 0

RI3
=>40~60 6 4 3 0
>60~80 2 1 1 0

TE L I A5 5k A K P B L om,

Note: L, the horizontal distance from emitter,cm.

3) BB TG HE 25 A T ai AR 2R 5 (8] 3 A R A2 2]
2R S e, R R R AR R A 7R R R Sk
20 cm Ab 0~20 em EZE B (HFE 60~80 cm
TRFNIE B5 % 3k 50 em Ab 1Y T S A LL B A /N
WA,

& % X #

[1] West D W, Hoffman G J, Fisher M J. Photosynthesis, leaf
conductance, and water relations of cowpea under saline
conditions[ ] . Irrigation Science ,1986,7(3):183-193

[2] B RA L, A B WA ] 37 5. B9 18 30R E X £ oK
HRZR 43 A R 0 5 e K HE A Ok 0as L] i [ Aol B 2
2000,33(6):26-32
Liang Z S, Kang S Z, Shi P Z,Pan Y H, He L J. Effect of
alternate furrow irrigation on maize production, root density

and water-saving benefit [ ] ]. Scientia Agricultura Sinica,

[3]

[4]

[6]

2000,33(6):26-32 (in Chinese)

Bates T R, Lynch J P. Stimulation of root hair elongation in
Arabidopsis thaliana by low phosphorus availability[J]. Plant
Cell and Environment ,1996,19(5):529-538

Flores P, Carvajal M, Cerda A, Martinez ACV. Salinity and
ammonium/nitrate interactions on tomato plant development,
nutrition, and metabolites [ J]. Journal of Plant Nutrition,
2001,24(10):1561-1573

T3 A5 E L BRERIE . FFE 0 L AR b 2 i DX RURE K I T X
T al A= KA e B IR (T ). All T AR 241, 2008, 24(8) :30-35
Wan S Q,Kang Y H,Wang D, Liu S P. Effect of saline water
on tomato growth and yield by drip irrigation in semi-humid
regions of north Chinal J. Transactions of the Chinese Society
of Agricultural Engineering ,2008.24(8) :30-35 (in Chinese)
Pasternak D,Malach Y D. Irrigation with brackish water under
desert conditions X. Irrigation management of tomatoes
(Lycopersicon esculentum Mills) on desert sand dunes[]].

Agricultural Water Management ,1995,28(2) :121-132



72

hoE kR R R R

2016 4 2 21 &

(7]

(8]

9]

[10]

[11]

[12]

[13]

Papadopoulos T, Rendig V V. Tomato plant response to soil
salinity[J]. Agronomy Journal ,1983,75(4) :696-700

Cuartero J, Fernandez-Munoz R. Tomato and salinity [ ] ].
Scientia Horticulturae ,1999,78(1) :83-125

Chauhan R P S, Singh S P, Ram S. Effect of saline water on
okra (Hibiscus esculentus) and potato (Solanum tuberosum)
and pro-perties of soil[J]. Indian Journal of Agricultural
Sciences1990,60(5) :350-353

KL K ZE, TIFA EIR0E 2 FH AN AT 35 54 flusk
K HEWEAR AL I 0 52 [0 ], Al TRE 244, 2002,18(4) :26-31
Zheng ] H,Feng,Y J,Yu K Q,Wang Z F, Yuan X J. Irrigation
with brackish water under straw mulching[J]. Transactions o f
the Chinese Society of Agricultural Engineering ., 2002, 18
(4):26-31 (in Chinese)

EAaI R 6 £k, EACT B . BUK S RUSORTE RO
THEWE T i DL WK . 2002, 21(4)  73-77

Wang Q J, Xu Y M, Wang J D, Wang Y P, Jiang Q H.
Application of saline and slight saline water for farmland
irrigation[ ] ]. Irrigation and Drainage ,2002,(21)4:73-74 (in
Chinese)

Phene C J, Davis K R, Hutmacher R B, Hutmacher, B, Bar-
yosef,Meek D W, Misaki J. Effect of high frequency surface
and subsurface drip irrigation on root distribution of sweet corn
[17. Irrigation Science »1990,(12) :135-140

AL, HEBR T . Wh M, UK B PhPR IR, B TS B R R
R 2 3 H1 05 i L) . &0l TR 2442, 2004,20(1) : 181-183.

[14]

[15]

[16]

[17]

[18]

Zheng C H,Kang Y H,Yao S M, Yan C Z,Sun Z Q. Method of
root analysis using GIS technology[J]. Transactions of the
Chinese Society of Agricultural Engineering . 2004, 20 (1)
181-183 (in Chinese)

B CUREE N O8 PS PR EY i e o 1 O 1 R
TEAR ZR A A LA BRI 5 LT ). Al Rk, 2008, 45 (1) : 15-20
Fang Z G,Ma F Y, Cui J,Zheng C,Feng S L, Wang J C. A
study on root system distribution of processing tomato under
film drip irrigation[ ] ]. Xinjiang Agricultural Sciences,2008,
45(1):15-20 (in Chinese)

Bar-Yoself B, Stammers C, Sagiv B. Growth of trickle-irrigated
tomato as related to rooting volume and uptake of N and water
[J]. Agronomy Journal ,1980,72(5) :815-822

Oliveira M R G,Calado A M. Tomato root distribution under-
drip irrigation [ J ]. Journal of The American Society for
Hortic ,1996,121(4) .644-648

Kadouri F, Gaihbe A, Abdel G G, Arslan A. The effects of
saline irrigation water management and salt tolerant tomato
varieties on sustainable production of tomato in Syria (1999-
2002) [J]. Agricultural Water Management , 2005, 78 (1-2) :
39-53

Flowers T J,Malash N, Arslan A, Cuartero J,Ragab R, Abdel
G G. Sustainable
Mediterranean: ALTMED [ ] 1.
Management ,2005,78(1) ;3-14

strategies for irrigation in salt-prone

Agricultural  Water

WAE S B A



