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Response of Profile Distribution of Maize Root System to Water Stress
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Abstract: The soil column experiment with 3 maize ( Zea Mays L.) genotypes (F1 hybrid HD4, * 803 and
a T4) was conducted to study the profile distribution of root system under water stress and sufficient wa2
ter supply conditions (40%~ 45% and 75%~ 80% of field capacity). The results showed that water stress
significantly decreased the total root weight, total root length and total root system surface area of 3 maize
genotypes except the total root weight of * . As to the profile distribution of root system, water stress
distinctively reduced the root weight and root surface area of both F1 and a in upper soil layers, greatly
declined the root length of F1 in upper soil layers and of * and a m lower soil layers. The results indica2
ted that F1 decreased the percent of root in upper soil layers and increased it in lower soil layers in response
to water stress. The percent of root in lower dry soil layers of F1 was higher than the parents, which led
to higher biomass accumulation and water use efficiency.

Key words: Maize root system; profile distribution; water stress; heterosis; water use efficiency

(stress-
, induced morphogenic response, SIMRS) 3
* 12008 1226
: (863 )(2006AA100202); (30571127);
(1981- ), , s N BEmail: liuxiaofang04@ hotmail. com

(1966- ), , s s s Bmail: sqzhang@ms. iswc. ac. cn



# 182 # 16
SIMRS , ,
b b b b 4
SIMRS (re2 1.
orientation), s 1. 3.1 =1 +
- ( - )]9
[122] )
( ) ,
1.3.2 ,
[3] s , PVC R
10 cm 5
[426] CI- 400
[29] 1.3.3
’ ,105¢ 30 min , 80e
[1ei2) ,
’ 1.3.4
b , /
| 2 GRS
’ 2.1
2.1.1
1 MRS T :
o b 803
( , F1) ’
803 (") (a) ,
1.2 ’
) , 60 cm
16 cm, 110 cm PVC
, PVC 20 om
s 10 cm 5 ’ 60 cm
mm )
25 mm, 60 cm
> , 20 cm
24 kg, 4. 324%, , 1
27.23%, ,
3 " )
L, ( S

CK,

40%~ 45%  75%~ 80%),



183 #

#

8000

%
uf

R o m o g
FATEEnrsel
PR

800
600

<t

WA

OCK
ES

v
?
<O

—— 8-S

%

1 1 1 1 J
S O o ©o o o
] F © © S &
-
W/ E
M
G
ot ot
1 1 1 1 1 J
S © © © © o
& F 8 2 S Q
RSTETE S
M N
O wn
L4
B R
1 1 1 1 1 J
o © © © © o

WO/F e EH T

803

/ cm

71.7 66.7

67.8 62.8 76.7 66.5

(0- 30)

(30- 60)
(60- 100)

18.9

16. 4

19.3

12.9

20. 8

18.9

14.4

11.9

15.2

10.4

16. 4

13.3
61

48.7 55.9 50.6 60. 3 53.3

.6

(0- 30)

(30- 60)
(60- 100)

24.9
21.

26.2 22.6 25.6 23.5
21

25.

23.5

17.2
73.

23.9

14.8

66.

71.9 61.4 72. 64.1

(0- 30)

(30- 60)
(60- 100)

16. 3 17.7

17.

14.6

18.2

16.3
11.

18.8 10. 6 16.2

13.3

20.4

8

2

2. 1.

60 cm

B

2.2

3

2. 1.

5),

4),



16

184 #

#

803

R A/m

60

R A/m

40

6),

R AK/m

100 150 200 250 300

120 150

60 80 100 30 90

20

0

0 50

—— 4-CK

—— 8-8

20F

401
80

s o o o

e &85
WO R EH T

M

¢

ot ot
1 1 1 1 1 J
(== = = —1
W R

M

¢ 7

E
S o 2 o 2 o
W R

EEJEEATE
500 1000 1500 2000 2500

WEE H/em’

R W H/em®

1000 2000 3000 4000 5000

0

800 1200 1600 2000

400

0

0

—— 3-CK

—— 8-S

1 1 1 1
o O o O
N <+ O o©

WO/ M E T

—— 2-CK

—— 2-8S

100 |

120 -

1 1 1 1
(= = =
N+ O ®

WO/ M T

—=— F1-CK
—— F1-S

100

120+

1 1 1 1
(= = -
N+ O

WO/ ME T

100}

120+

B A RIS
G OIN0R S,
bootate ettt ettt tete!

o S S S S S B
i e
R

[o2]

OcCK
BS

o ~t (o] o

(B« 3) /oo ff I &

[ oGO )
oo
RSN

P
IS

[
elsdiietelileletetel

F R
s
Procsaielataatonanalattad
S

80

F1

F1

[14]

)))

[1216]

[17]

[1819]

[13]



# 185 #

(1

[2]

[3]

[4]

[3]

(o]

[7]

[8]

[9]

Pasternak T, Rudas V, Potters G, et al. Morphogenic
effects of abiotic stress: reorientation of growth in A2
abidopsis thaliana seedlings [ J]. Environ Exp Bot,
2005:53,292314.

Potters G, Pasternak T P, Guisez Y, et al. Stress- induced
morphogenic responses: growing out of trouble [ J].

Trends in Plant Science, 2007, 12( 3): 98 105.

Hodge A. The plastic plant: root responses to heterd2

geneous supplies of nutrients [J]. New Phytol, 2004,
162:224.

Lynch J. Root architecture and plant productivity [J].
Plant Physiology, 1995, 109: 213.

McCully M E. Roots in soil: unearthing the complex2
ties of roots and their rhizospheres [J]. Annu Rev
Plant Physiol Mol Biol, 1999, 50: 6952718.

Malamy J E. Intrinsic and environmental response
pathways that regulate root system architecture [J].
Plant Cell Environ, 2005, 28:6277.

Liang B M, Sharp R E, Baskin T 1. Regulation of
Growth Anisotropy in Well- Watered and Water -
Stressed Maize Roots (1. Spatial Distribution of Long2
tudinal, Radial, and T angential Expansion Rates) [J].
Plant Physiol, 1997,115:1012111.

Asseng S, Ritchie J T, Smucker A J M, et al. Root growth
and water uptake during water deficit and recovering in
wheat [J]. Plant and Soil, 1998, 201:2652273.

s s >

7. , 2005, 25

[10]

(11

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(11):289522900.
s , . [M].
,2001.
Hochholdinger F, H oecker N. Towards the molecular ba2
sis of heterosis [ J]. Trends Plant Sci, 2007, 12: 4272432.
[1 . ,2008, 16(1): 4446.
DaviesW J, Wilkinson S, Loveys B. Stomatal control
by chemical signalling and the exploitation of this
mechanism to increase water use efficiency in agricul
ture [J]. New Phytologist, 2002, 153:4492460.
Eapen D,Barroso M L, Ponce G, et al. H ydrot ropism:
root growth responses to water [J]. Trends Plant Sci,
2005,10 (1) :44250.
Bruce W B, Edmeades G O, Barker T C. Molecular
and physiological approaches to maize improvement
for draught tolerance [ J]. J Exp Bot, 2002, 53 (366):
13225.
Chaves M M, Maroco J P, Pereira J S. Understanding
plant responses to drought-
plant [ J]. Functional Plant Biology, 2003, 30: 23922 64.
Passioura J B. Root and drought resistance [ J]. Agri
Water Manag, 1983, 7: 262280.
Turner N C. Water use efficiency of crop plants: p@2

from genes to the whole

tential for improvement [M]// Buxton D R, Shibles
R, Forsberg R A, et al. International Crop Science I.
WI, USA:Madison, 1993: 7282.

Jackson R B, Sperry J S, Dawson T E. Root water uptake
and transport: using physiological processes in global pre2
dictions [ J]. Trends Plant Sci, 2000, 5: 482488.

(
[11]

[12]

[13]

[14]

[15]

[16]

180 )

Chapagain A K, Hoekstra A Y. Water footprints of
nations[C] . Value of Water Research Report Series
(No. 16). IHE Delft,2004: 210.
FAO. Water Resources, Development and Manag&
ment Service: A climatic database for CROWAT
[DB/OL] . http://www. fao. org.
. 2006[M].

,2006.
EPA. List of drinking water contaminants: Ground
water and drinking water[S].US Environmental Pra2
tection Agency.2005.

[J1].

U SEP A. Best management practices for pollution pr@

,2003, 30(11) : 22225.

vention in the textile industry [ EB/OL], www. e-

textile. org.

(17

[18]

[19]

[20]

[21]

UNEP I E. Cleaner production in textile wet process2
ing: a workbook for trainers[ R], United Nations En2
vironment Programme: Industry and Environment,
Paris. 1996.
WB . Pollution prevention and abatement handbook
1998: Toward cleaner production[ S]. World Bank,
Washington D. C. 1999.
Chapagain A K, Hoekstra A Y, Savenije H H G, et
al. The water footprint of cotton consumption[ C]//
Value of Water Research Report Series ( No. 18),
IHE Delft, 2005. 1234.
# ,
[J]. , 1999, 16(2):

(7. ,2002,9(1): 30233.



