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Modeling Water Uptake by Cotton Roots with Drip Irrigation Under Mulch Film

HESYHES: S152.7, S275.6

WANG Yi-min, Hudan-Tumarbay, YI Peng-fei, ZHANG Jin-zhu, WU Zheng-guang
(School of Water Conservancy and Civil Engineering , Xinjiang Agricultural University , Urumqi , Xinjiang 830052, China)

Abstract: In the present study, the model for cotton-root water uptake with drip-irrigation under mulch film
was established based on field experiment. With the model, water dynamics and redistribution was addressed
under the condition of cultivation. The fundamental mechanisms of water uptake by cotton roots were
carefully discussed. Core samples were collected by drilling separately in wide rows and narrow rows of cot-
ton plants, and the root samples were then separated by water from the soil cores for measuring root lengths.
Based on the root lengths, a distribution model was developed regarding root length density of cotton. Based
on theoretic analysis and mathematical calculation, one-dimensional cotton root uptake model was built by
incorporating factors such as root length density, soil moisture content and plant evaporation. The model had
a simple structure with only a few parameters. The cotton root uptake model matched well with field obser-
vation and is readily to be applied.

Keywords: drip irrigation under mulch film; water uptake model; cotton; root length density

FEAT AR RS i 7 R 2 — Dk T RAF AR
L AR Z A 15 1 A BLAR TR 4007 S5 4 1
T Rt et 2 AR A A 22 18] % AR 28 AT A A i 5
BRI 25 2R o FIT AR S AR 2 3 ) A 2 6T B S5 TR 2R W 7 ) 45
SR BB T R S R S B S B R E Y KRR
RS & - BEAT Rk 3 e VK B AURE R AE L R T 245
T HEIRSE AR PRAR L AP K 2 RS, T AR
FEARZR T Z 0 A 3 SUR R ABT 5T L st B Y
IR SEAHRT IR AE . AT SR AR A0 R 28 1 0 2 B AR 2R 19
M 7K TR S 25 75 T 4 AL B R e AR AR i K R B O
4+ PRI 5 2 ST A AR AR 2R W KA 2R fil BB A% 17
D8 JE AR X AR AR WK B R A BIE S 4R T 20 T

B TR KR K 0K I3 B SRR LT 5T
AR U T R R o [ A1 DR 20 A8 2R R 2 A
Richard 75 7 (9 BE Al L 347 56 35 100 R0 H 5 15 9 A5 B 40
B AR B X B W A 2 2 8 S ] s DXCOAR 2R I K A A
BEAT TR Herp A A B AR AR WK B R A
TR A /N FE AR R WK SR B 22 1 A /N A2 AR B
MK AL Ko B B A N 1Y) Feddes BRI 45, AR
AEJE TRARAE Y AR (9 0 A 12 22 48 O3 A R 1 BT 52
JERCR . A AR ) AR AR R KA TR A (UL A TR R 2%
WL TR B2 o 3 PR A R 1) ) A A I A ) Bl UL A
U o AEL ) FRAR K K R AT AR 2R K B TROUL AL
PR R 0 T AR AR O K WL B T 5 L X LA E)

s B #:2010-04-28 &5 H#1:2010-07-13

BEBE : FHRARRAESTE T 2 X BT HERE KRS B SR AR ST (51069015) ; #Hrimde & /8 HIEX H AR5
4T H (200821172) 5 3 /K Al /K B T A2 T 45 2 BH S B T H (xj2dxk-2002-10-05)

EER N T —RA984—), B (B » Hlt & & 10 BB BF 584 598 7 0 1T K £ 8K h 2 B #i8 . E-mail: wym620524@sina. cn,

BEEE R - 0k DR (1961, 55 (WA B% S ) o7 406 7 4 13 D AR i Ao B o 0082 L B0 9 5 10 Oy 0 R UK MK 338 B 38 2 45 K

FEWE IS . E-mail: hudant@ hotmail. com,



138 7K P48 )

% 31 &

SEPRAE T s B BRE AR AR AR O — A B AR AT T
FIAME S MR A ORI R R A IR K
5% JEE S MR A MR 5 A S B 0 A AR AT A
TR o AR B 7R BT ST BT O 9 A A AR R K
ERY ) 57 SRIE 2y B R O 8 L A A ™ S B
T g TS i RE AR AR A A A 3 AL AT T T ) R
S AP IR A

1 REAR S 5 ik

1.1 It

T2 0 b 15 A T A 7 A A e A A\ e T
B X A 0] - R 22 BT 7KV R 5 3 . A 9T T b
Qb IR Ll AL R T B L o R JR b T R 2% T TP IR T R Bl
PET R AFRKM™E ARHMER, ZXZ
AESE YR R 207 mm, I ZE & 1 660 mm, K
il b A 44°19728"N, 85°59 47" E, #E4K 327 m, Hh
PrE A, A BT O TP L, - R R K
22.90% (EEAMH) , HHEAH 1.49 g/cm’,
.2 Wit

T 2009 4F 4—10 HAEA W F K7 T 5 X 4t
A AT L0 = AT IS XA 45 m X 10 m,
g 12 /K, B AR BT R 7 S R I 2
AT R SR F BT Rl 2 ] AR T Y B
B A L Sk RIEE SN 30 om, B FE Sk R E N
2.6 L/h, 765U K 0 [R) B B 7 it AL g it JE o
HMIRZE 30 kg/hm” , BB 480 15 kg/hm”, 7&K
KATJE I E CPN A " A4 7= 1) DR503. 9 i rf 4%
WD 3K 4y B RERT IO . A s Gl <4
S8, MAEATHEE 30 cm, #REE 10 cm., 7E 4 46K [R] A4 4=
BMGEM7THOH M7 H 21 H.2H 8 A 10
H. 29 H 25 H) MRS DAL FAR o BEF
F 10,20 em XA, 76 A9 5847 RIS 17 OIS, Bk
W3 BRAR AL, & B U Y, B BRI R
10 cm, B & M AEAE B 30 00 SE AT o BRORR TR B2 38 ) 1
BHOR MR R LR S R Lm s, PRI, 7
0. 5 mm i Hr i 6 IS L 16 AR AE AR &R L 5 B SE AR A
M P 5 A AR R ABEA L 7E 65 C AR TR BT
72 hJE AR 0,000 1 g (K F- PR E JF I 6 45 AR
FRE., HEZEGPR R TS MR R KA, f i)
AT B S £ RE A AR % R K B B AR
b AR R AR K R A AR B R AR A 5

2 w5

2.1 RKEESHRBWET
A N7 AR B2 23 A R IE A B8, AT RO K AR

(d<<2 mm) 43 i o A 18 BOE 200k 2R, T4
R AW AR AN EEES LT AR, 8RR
154 A2 8 W 09 AR 25 BE 43 A sREICAS [R) L ABLRR A & 16 4K
PRSI 2K AR SO 41 70 A A8 25 28 3 B ORE B 512 )
BERL B A BOW K AR FR 53 A1 eR AT 8 BUE Kok 0K
HAF G AR E & BB 00k .
L(z,0)=Ae 5%2%) (D
K L(zy)—FAHM K% E (10 ° em/em’ ) 5
A—BERSAEAE T W REG B— W RMAEF
WM S RZEG =/ Z—MMBE; Z—R
R TFHEBEREE (cm) 5 =— HHRE (em) .
DA AEES 1 0 ), 6 B AR T X (2)
L(z,t)=30.005e %*'%  (R*=0.846 9) (2)
WX OB R S 5 SCIE K, BR AT M
B LR AR 2 B A S PR AR K K A i Ol (UL 1), Bl
TR B 0 184 AR A % 2 28 W 0 /N A5 B VR AR RO,
Vi B S AR % B R B VT AT Y . ZE AR AL TS
AR R A B0k R RN R £, A
PRIECACBE . HE AR IR 2 01 )5 R W AR AR AR LT
KA Z 0K R AE R IE W WA . B R EAR
F AL B A3 R AR R Y 1 )2 AR &R 0 43 A5 3%
BN 5 0 2R 2 B9 AR AR AR A O AT AR BN R R AR KR
A HT A TR . TEARAE RN AR F LR RTE
- S Y o3 A B A AR R A AT AR Ak PR UG, ST
HRA 25 B2 43 A R ARV, 2% B AE AN [R] 1 A= 0 8 S AN TR
I RREL . TERBAEAS [ 0 A= 7 100 S AR v ) A R0
5 BN L 25 A2 B 0 A AR AR 2% B LA ) R O
=1,

g 200 o KufH

S — HislfE

< 16

E o

F‘IC> 12_

z:fpg 8 L(z+ ()=30.005¢ %5

8,0 R*=0.8469

b2 ]
02 03 04 05 06 07 08 09 10

A X IR
Bl WRETHRKEESR
Rl BESLEEFHRKZEUSREY

MERHK  E MW bl il Gl ES

A 30.0050  24.674 0 2.850 1 3.858 5
B 2.2010 3.111°7 0.219 8 2.456 4
R? 0.846 9 0.9511 0.6317 0.976 2

2.2 HMRKEESHEIMHBERRR KRR
R AEAE 0y BAR 2R AR AT LB AR K&



551 4]

o BRAE L JET I A AR AR R K A 2R ) g ST 139

Gy AR 2 B MAR  WOBOK 4 B R AR R AR R 4
e AR R 0 A A XK A SR B WO B
M) BB 6% fat fb I 7R B 25 b i 2 Ak G 28 % 4 e B TE K i
BRI AR SR & - A W B . R AR AR AR R
A KRR R 2R W KA AR L ok 4 A L I T R L it
KMFRE T A mEE L MR R WKW R
- HEAE 1 A K R | K B KR )k
FLVHMWRE LR R R0 SR R WoKRE TR
INEFEEEMLRS

AL ZE 1 & A AR FAO Fr#fE 7% 19 FAO-56-PM
ANRITE S BAEY R (En) . FAO-56-PM )5 2
PLO.12 m fE RS HAEY R0 & B, R4 A B 1 0L
M 2 mL LW A=2. 45 M]/kg. #s F BT
H 70 s/m, HIFRGTFE R 0. 23, IR AKXWT .

0. 408A(R, —G)+7 T9+02073U2 (e.—e))

A+y(1+0.34U,)
Kb Ep— A EW 2 EE (mm/d s R,—FE 2%
A IMI/(m” « DI G——+ e #4005 C(M]/m’
D)y T—2m HEMFHIRCC); Uy;—2m
R (m/s) s e e, T K 9 S B K
15JE (kPa) 3 A——KIEERRE (kPa/C) s y—F i
BB (kPa/C) .,

M T AR 5 3 5+ 25 K R AR AR 2R T K B
S 2 R0 Y L T T DL R RO SOk F R
R AEAR 2R K B AR5

S(z.0) =a  EqgL(z,1)% es"=0 4
Hfoe, e — IRV B A AR 0 — R HEREL S
K& (em®/em®) 3 S(z.0) —VEYIW R W ARK(/D),
BV ESF i) PR A AR R A 9 v T WSRO AR
L(zo0)— MR A6 AR K % B 40 A R 4 (10* em/cem?)
Ep— AL ZE B8 (cm/d) .

KR OPIBBTE. A Y=In(S(2.1)/Er].b
=1Ina +b1 =as sby =as » X, =In(L(z,0) 1, X, =0(z,0),
W) AT 2 (4D B A h

Y=b,+bX,+b,X, (5

KA 7TH 9O HMT7H 12 HMEHE, f SPSS
17. Ok AT Z e B A 43 7 AT AR 5 a1 s as s AR
by=—11.146,b, =1. 218,b, =19. 034, & F W% 7k
BRI G R ALK 2,

FEART B AT BHR R T IHIREAR, 5 b
FRAEAR 2R 00 5 K FLIR B LA 75 em, BB T A AE
TR K AR FR L LA A6 75 0 i SORE DU A5 04 508 T 1Y
W KA HY WL 20 (6)

ETO: (3)

x2 BREBPRAKERUSER

N ] g E]
a 1.445X10°°  3.903X10°°  6.6226X10 "
az 1.218 4.878 0. 861
as 19.034 11.325 16. 505
R? 0. 809 0.743 0.719

P T A6 R T 33 T L HE K 40 ) T 2% 2 0 R
Al LLZ AT,

K2 2R (5) 75 2 B 16 75 191 4R 2R IR K A2 7Y

S(z,0)=1.44X10 *EqL(z,0) 28500 (6)
2.3 HEEWIF

R 8 5 AR 2R IR K AR, FEAR AR RS 0T LA 7 A
9 HA 7 H 12 H B 45 ) 4 18 3 /K R 50 0 04 5 4
PUEFEAT X H 20 A, B ) AR R BURE IR O 40 em,
PR oy 6 A 70 7 AR 22 LR BB A0k AR AR 2 ZE I K
MR 2R 43 A5 76 3 LN ORE 31 40 em IR B AR R O A
LB A 60 cm, B 2 AT LIF H L 7E 50 em
DL AR A R g T I S DA B A R A — S B
B it 42 57 1) 9 A6 AR 2R TR /K A5 70 i 8 L SIC b iz ke £ 8
KA B AE AR, it — 2D E WA R Y B SRR R R SR T
FE 50 cm LA AEADUE 5 90 D08 f 25 38K, X2 i T
FE I DX I A AEAR R A AR D PR,

FERG AL IE AN IS A R A R K a8 55 L (AR
RTHBRREE., 7FE2MEL9 A 11 H 12 HiY
S AR B AR L B AR R A BUCRE VR N 75
em, B3 100 em N 1) 48K 4 (B 3) . 7EE
3 RS HUL(E 5 S IR R R A, (B A 25 BN, T
JUT S ST RS TR T L) A S K A 1 AR Ak L 16 B ST Y
PSR E A

3 i

(D) FEREAEF N AL R 128 1] 40 1 A
[Fi) o A SC T ST 0 55 R rh AR 8 I R R AR
W AT AR Ak AR A F W BAR 0 S ECB AN TR
17 i B o 1 B 4D AR 28 W K A D S ol O X
L(z.0)=Ae "% Gt hy v b S AR 28 20 A BLEE

(2) >R AR AE A5 AR T W0 0 Sl e k), g vr 1 Al AE
HR K25 B A A R, FH AR 85 3 | 398 3 /K R R A
WS ST AR AEAR R — 2 WK B B S(=.0) =
ar Eno L(xy0) e fig 05 1 g b S B AR 28 W 7K B K
JIN AT LS B A v ) A UL RS L o B LA R
14 S B 7 FH A48



140 7K P48 )

% 31 &

&K% /(em’ » cm”)
0.13 0.15 0.17 0.19 0.21 0.23

ﬁm#if(cm3 . cm"]

((]).II 0.135 0.16 0.185 0.21 0.235 0.26

10r
201
30
40¢
50}
60L

& /em

&K E/(ecm® » cm™)

0.11 0.135 0.16 0.185 0.21  0.235 0.26

60L ]

HK#F/(em’ + em™)
%.Il 0.135 0.16 0.185 0.21 0.235 0.26

10f ...
----------- PN
20
E ..
@ 30
T 7HOH ¥t
sol m 7HI2A S
THI12H E#l(E
60

B2 MEFTHRARKENESZNE

20}
40}

% FE/em

60}
80r

100t

%05 0.10 0.15 0.20 0.25

& /KZE/(em’ « cm™)
0.10 0.15 0.20 0.25 0.30

R E/em

100t

EIKFE/(em® + cm™)
%.10 0.15 0.20 0.25 0.30

20} NS

40}

R E/em

60}
----- 9H1 AW bH
80F  m 9H12A LW

9H12R =1 3
i1 A12A Bl b

3 REZPRABRKEMES KNE

) fE BRI RS SN EA K. R
FAO-56-PM 2237 W A TR N R B2 X il
JE KRR T B B PR AR s B 2.
YN VS S F X KA N TESR (N O | PN
AR R R A AR 52 P A% I e S R R I T AR el e T AR
TR ROCA 5% A AL - T AR T AR R L AT
B ELERAE D I Ty TR ST AR AR R I K A
PRI 7 2% FEA A i T A sl v T B A A 7R B L ]
A B T

AR SO A R I I E T ARAER R i 28 £
S K AR R R B ZE I ek ST A EH S R A A —
EAR AR KA R A T A — 5 P b B S A AEAR
Z MK B R T 3K iz Bl KA AEAR & 19 o0 A

e YRR (R L O Bk — 25 T BT T 0 AR AEAR AR
W 7K LA S 5 A N7 2 B = AR AR R KRR il A
AREADURS B2 ML FH A 8 5 i+ BERS 0 M 25 4 A AR AR 2R
ZKIHE K LA Sy 5T 3 98 1) 823t MR AE B 98 18R )
P ALHE B

L & % x & ]

[1] Bidel L P R, Pages L, Rivier L M, et al. MassFlowDyn
1. A carbon transport and partitioning model for root
system architecture[ J|. Annals of Botany, 2000,85;869-
886.

(2] FRAIE . XILEW], fBis 2. & /N R WORBBFZE LT ]
Pl K224 ,1992,20(2) . 5-12.

(T4 % 261 70)



551 4]

TR A6 i T A 285 T 3 A5 7R £ R ST v JRE L b A 2 AR 0 A BT AN BT 5 261

A R G 3 S A VE IR A A B 5T LUE
575 H v ST R o R IX A S R R AL

(e SR NS S AN &3 f2 SR T H R S & VA e
A8 3 1 T v i L e A 2 AR G BT A v L R
W ST R M DX 2R 3 R AR BRETEAN BAT AR S 2 5 0 (L
ST S0 DX R g A8 MR e 22 5 R XL
S ST v D L 3 DX A TS A I B R AR B A K A2 fil
W ST R A 2 2R 0 A AR 0 I i RREIR S R XAk B R
A1) i R S 1 AR R AL L

VT 38 A s X ] R A ik MR ks R A AL
T6 B e DXl e PR IR B AR R A AR TR
A B o A 25 R R AL A A 58 5 A S L U S8 R
P i ST R e D L M A 2 AR G Y A B L S U A ER
PRI TIN5 10 O 3 £ [

W ST e L i DX FRATT IR R R B kR S
F0 L DX N HB P JE €t Ty Ak B G A R 22 0F S AR AS
PRI OR AP [ Rg 2 4 i i 0T R v T DX AR S R A
B BT T 1A

(1]

(2]

(3]

(4]

(5]

(6]

L7]

(8]

[ % X # ]
AT IH & LR BT AN AR AE SR
Gufd HEVEAT LT ], MRS R 2008,27(4) 1 61-68.
FRBEEE A R HE. T PSR B ALY 22 M IR T 2R S R Gk
R BIEEL) ). 5 X B -5 B 45 2010, 24(3) - 35-40.
B AR, T AR AN R G e O 1 B H R
o). R 59, 2006,26(10) :1716-1721.
XA B AER P IIAE. B L R KN R A S AT R
SRR L) ] B AR BEIR 2 R ,2003,18(1) : 44-49.
TR T RN, A S REERITFN R T ES
L] TR X H5E,2003,20(4) :530-535.
TRVE R AT RS 0T, £ W0 . B T AR A R vk Y Bt XK
IR TR S AR D). T 5 X WF5E . 2009,26 (6) : 793~
798.
BETIN 22 e FUIR « BARHR , DT, B s T AR AR A R i
5 SR ] TR IR S PR 2009,23(6)
24-28.
Wackernagel M, Yount ] D. Footprint for sustainability:
the next step[J]. Environment, Development and Sus-

tainability, 2002(2):21-42.

(L#% 108 )
[12] Thompson K. Predicating the fate of temperate species
response to human disturbance and global change[ M ]
// Boyle T ] B,Boyle C E B eds. Biodiversity Temperate
Ecosystems,and Global Change. Heidelberg: Springer-
Verlag. , 1994.:61-76.
[13] Spellerberg I F, Sawyer ] W D. Standards for biodiver-
sity: A proposal based on biodiversity standards for
fore plantations [ J ]. Biodiversity and Conservation,

1996,5:447-459.
(147 WIARBE R 0 BB, 3+ o b XN AR R B4R 24

[15]

[16]

[17]

[18]

YIRS RAELT ] K PR F53E i, 2006, 26 (3) :41-45.

% T L X MU L 5 e L L 4L 9 - R R AR X bRt -
I RHAE I BF ST - 3K o3 A R B 5 R B 1 43
LI, PaAbAR = BE 2% 4, 2004,19(1) : 5-8.

Edm A PG O [F] N TR A ) AR 5 T B BIF 5
[T, A 24R . 1994 ,36(S) : 237-240,

Kok B AR E A= IM]. R AR AR K AR A
2001.

N R L B R K AT S ARHEY
FEVE DR ZRE MR T . LA SE BN BT ], 7K + (R F5 0T
2%,2005,12(1) ;4-6.

(E#% 140 7

[3] HBHAZE . 3CiA .22 1. ML AR 2 Wl 4 K 43 i B
BEARI[T]. 3244 . 1987, 24(4) 1 295-304.

[4] 2%, F5i, RRBHAT . S5 R RS 0 04 B Je) 5 56 96 R} 53 )L
A AR 2R W KA R A B AN S Rk (). K R 2 3R
2000,32(4) :73-80.

[5] Wk Wi, Bess i, 2 T8 A, 45, 3 S W AR 2R IR /K A5 R0 A 5T
[J]. FEWEHEK 23K . 2004, 23(6) : 67-70.

[6] FEAO « kTR AL MEYAR R oK R AR 1 L g i 52 [T .
FEWEHEK . 1999,18(4) :15-18.

(7] SRS, 8 BAL, 3K BT, 45 MR AR R AR K A () 4 A

(8]

[9]

(10]

(11]

FEAELT . A A 254 4. 2005, 29(2) 1 266-273.

PRl e, 2 22 40, T 46, 4 M) RARGE SR
RO PR AR RO OK BRI R [T]. KRR,
2004,32(5) :316-321.

Landsberg ] J, McMurtrie R. Water by isolated trees
[J1. Agric. Water Manage. , 1984(8):223-242.

Wl SC. VR AR R SR R R b B K o I Y R
[J70. 7K Fil 24 5 1989, 30(9) : 32-38.
RAEDE, PNV Eh U5 IR A AR AR 3R W AR AR A 3 36 A Y
L. 77K F1,2009,45(3) :45-47.



