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Abstract; The results of a three-year field experiment of water application control for winter wheat,
starting in 1999, conducted at the Yucheng Comprehensive Experimental Station (YES), Chinese
Academy of Sciences (CAS), Yucheng County, Shandong Province, China, were analyzed. In this field
trial the water control experiment was carried out with different soil depths and water contents. In order
to know relative root growth, rate of biomass increase and grain yield, the experiment was originally
designed with 12 treatments in which soil water contents was kept at 80% +5% ,65% +5% and 50% +5%
of the field capacity by applying irrigation at depths of Ocm, 30cm, 50cm. and 100cm. Root samples were
collected with root auger and total lengths of roots were measured by a laser root-sampling instrument and
then the density of roots was estimated. The radii of roots were measured by water drainage method.,
water contents in soil were measured by neutron probe method and other characteristics such as plant
height, LAI, and yield were also measured. During 2000~2001 a supplementary experiment was carried
out.

The results showed that the distribution of roots was closely related to irrigation types: under surface
irrigation the density of roots declined exponentially downward and over half of them were located within 0
~ 10cm top layers. The peak value of root density, under surface irrigation, appeared when the water
content of soil was kept at 80% of field capacity. the next showed up when that at 65% of field capacity,
and the lowest one when that at 50% of filed capacity. In the treatment where irrigation was done at the

depth of 30cm and that at 50cm, two peak values for the root distributions appeared: first one appeared at
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depth of 15cm because of less water content in the top layer; and second one occurred with double peak
pattern, which generally had little influence on the effect of water uptake by roots and is favorable for
improving yields through water-saving method.

The roots were mainly centralized in the topsoil layer. The roots within 0~ 60cm zone accounted for
68% ~ 77% of the total, implying that water uptake of roots proceed mostly in the top 60cm layer.
However, during the late developmental stages for winter wheat, with the decline of roots in the top
layer, the roots below 60cm still grow to a certain extent, which implies that in the late growth period
water uptake below 60cm is of importance to grain filling of winter wheat.

Water consumption by winter wheat decreased with depth. Compared with surface irrigation, water
consumption with the irrigation application at a depth of 30cm was 82. 7 to 156. 2mm lower and at a depth
of 50cm 135 to 226. 7mm lower. Since large part of water was consumed by soil evaporation under surface
irrigation and with increase of the irrigation depth, the roots became fewer and thinner; the resistance to
water uptake trended to be high and the yield was lowered. The highest yield appeared in the plots in
which water content was kept at 65% ~80% of field capacity by irrigation at 30cm.

Differences in soil water content affected not only the root distribution but also the radius of root.
When soil is dry the radius of root becomes smaller and resistance to root penetration is higher. The radius
of root tends to be higher at 30cm and 50cm where the water was irrigated at.

There is positive correlation between water consumption and amounts of roots in winter wheat. Large
amounts of roots can increase the area of leaves and increase the water consumption. Water consumption is
related to economical yield through a binomial (parabola) function in which the water consumption for the
maximal yield is around 310mm, which is about 80~ 100mm less than maximal water consumption. By
controlling water supply appropriately and controlling the growth of roots we can make one part of roots
grow in a dry circumstance and other parts grow in a humid environment. Such way of control of water
supply does not reduce yield but can increase it to some extent.

Key words: water control; root distribution; water requirement; yield; winter wheat
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Table 1 Amount of water (mm) in soil at the beginning and end of the experiment, irrigation application (mm) and

water consumption (mm) during the experimental period

30cm 50cm 100cm
Depth at irrigating Surface irrigation Irrigation at 30cm Irrigation at 50cm Irrigation at 100cm
50 5 0 50 5 0 50 5 0 50 5 0
Field capacity (%) 5 65 8 5 65 8 5 65 8 5 65 8
L (8/21) 382 380 389 396 389 406 391 388 399 429 391 419
Initial water amount
6/4) . . a0 . . . P .
. 242 249 387 283 322 370 230 289 374 233 218 237
Residual water amount
Wp—)— (W) 140 131 2 113 67 36 161 99 25 196 173 182

. L 248 261 403 119 200 288 0 118 246 0 0 19
Irrigation application (I)

Water consumed (W) 388 392 405 232 267 324 161 217 271 196 173 201

2 10cm (mm)
Table 2 The daily mean irrigation at 10 cm soil layer
Depth of . _
. . L 0~30 30~50 50~100 100~140
irrigation application (cm)
Field capacity (%) 80 65 50 80 65 50 80 65 50 80 65 50
o e 1.67  0.95 0.35 0.85 0.43 0. 46
Jointing-booting
- ~5
. (4/17 5/2) 2. 64 1.92 1.84 2.34 1.77  0.52  2.03 1.18
Booting-blooming
. (b/3N§/1.> 1.07 1.03  0.71 1. 08 0.82 0.68 0.91 Os 513 0.12
Blooming- waxy ripping
3 s , 402. 3mm,
80% 4mm , 65% 50% 11.9mm  14.1mm,
b o
3 (3/21~6/4) (mm)
Table 3 Potential evapotranspiration of winter wheat during the experimental period (21 March~4 June)
Month 3 4 5 6
A period of ten days 1~4
Pero@ oL TEm G (91~31) (1~10) (11~20) (21~30) (1~10) (11~20) (21~31) Total
Potential
L 42. 4 47.7 53.1 58.4 59. 6 60. 9 62.2 18.0 402. 3
evapotranspiration (mm)
3.3
3.3.1 ) . 3
’ ’ O’\“loCma ’
80% Y = 127.59 * R* = 0.9632 (€D
50% Yoo, = 164. 76e "% R* = 0. 9849 €]

Y (cm), X (ecm/cm?®),



1685

10 -
4 80% .
. .30cm 50cm # K #E Root length density (cm/om®™)
00 1 2 3 4
s (0~10 cm) s
. E 20 e =127.59e° 1%
R 15cm , Z 40 R=0.9632
1 , 2 , E_ &0 ymzlﬂ.?ée-].ﬁﬂlx
R-0.9849
° , , & 80
.00l ® o W Ficld capacitysoss
. 4 - —m— M #F Ficld capacityB0%
120
80% ,
(%) , 0~ 30cm
3 “ 9 )
599% ,30cm 50cm
Fig. 3  Distribution of roots under surface irrigation
51%  47%, o .
application (9 April)
30cm 50cm 22%  17%.,
4 (%,04-14)
Root ; 3
ﬂ;ﬁ,&ﬁl 00 qul%g den;ngro(cm{‘ua:o) Table 4 Percentage (% )of root length at different layers
— 07 T T T - . .
5 20 in the total (April 14)
§ 40 o MiiTEA 30cm 50 cm
50 Surface imigation Depth (em) Surface Irrigation Irrigation
o t
E 80 T_rr?::;oniaﬁocm epth fem irrigation at 30cm at 50cm
100 —>— S0cm MK 0~30 59 51 47
120 Irrigation at S0cm
30~60 18 22 21
60~90 13 14 17
1 80% 5 4 ) 90~120 11 13 15
Fig. 4 Distribution of root length density at different
soil layer with the water content at 80% of field
capacity (4 May)
#£& Root radius ¢em)
3.3.2 ’ 0.00 0ol 0.02 a.03
0[ T T 1
’ ° 20t
’ ’ o 5 E ﬂﬂ‘}
65% » . S sol X e mmEN
a 1 Surface itrigation
: (1) 5 %BO;L —3— om MK
- [rrigation al 30cm
(2)30cm  50cm , 1o —e— 50cm Mz
120 [rrigation at 5(cm
10cm
, 0~15cm 5 ( 65%6)
Fig. 5 Root radius different at different depth (field
capacity of 65%)
o ’ N N
4
s o 5
) : ( ) s s s
»30cm »50cm 100cm s 50cm s
s 30cm s o s N



1686 22

N s s o s 65 %
,30 cm 65% 80% ,50cm 100 cm 80% .
80% s , s
s 5 o
5

Table 5 Analysis of yield factors and ecological index

Blooming stage

. () (G (G .
Field L. Length  1000-grain-
Water K Numbers of Numbers of Grain ! A
capacity . . of spike weight Leaf area of
control . sterile fertile numbers Height
9% . . (em) (g) single stem
spikelet spikelet (cm)
(cm?)
50 3.4 17.1 38.6 8.5 39. 6 61.8 79. 4
Surface
L 65 2.8 17.3 43.0 9.2 43.2 65. 2 86. 7
irrigation
30cm 80 2.9 17.2 41. 4 9.6 37.7 65.9 104. 7
Irrigation at 50 3.7 16. 0 34.7 8.8 45.8 58.6 68. 0
30cm 65 3.1 16.5 40. 0 8.6 45.7 62.9 70.3
50cm 80 2.6 18.7 47. 6 9.0 44. 4 60. 1 73.0
Irrigation at 50 4.3 15.3 32.3 8.2 38.0 47.5 64. 8
50cm 65 3.0 15.7 35.0 8.0 44.6 53.3 65.9
100cm 80 2.7 16. 4 42.9 8.9 44.9 56.2 65.2
Irrigation at 50 3.2 17.3 38.3 8.9 41. 6 54.3 64. 9
100cm 65 2.8 16.6 37.5 8.8 41.3 53.6 65. 2
80 3.3 16.9 40. 2 9.0 42.0 52.3 65.5
6 40 , (g/m*) 3 21 ~6 4 )
b 9 ., b
9 .
y=—0.013x" + 8.1096x — 485.85 R* = 0.6857 (5)
T (mm),y (g), (5) , y=0,
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’ ’ Fig. 6 The relationship between yield and water
80%6 ’ 65% ’ 50% ° consumption for winter wheat
30cm 50cm s 1

15 cm s s ;2



10 - 1687
5.2 s ,0~60 cm 68%~T77%,
60cm s , s
’ ,60cm o
5.3 s , 30cm 82.7~
156. 2mm, 50cm 135~226. Tmm,
. 30cm 65% 80% . 65%  50cm 80%
’ ) ’ ) 100 cm
5.4 . s s ; (
) s 310mm s 80~100 mm R

(1]

(2]

[8]

(9]

Moran C J, Pierret A and Stevenson A W. X-ray absorption and phase contrast imaging to study the interplay
between plant roots and soil structure. Plant and Soil, 2000, 223: 99~115.
Kage H. Kochler M and Stutzel H. Root growth of cauliflower (Brassica oleracea 1.. botrytis) under unstressed

conditions : Measurement and modelling. Plant and Soil, 2000,223:131~145.

Federico Sau, Lnes Minguez M. Adaptation of indeterminate faba beans to weather and manarement under a
Mediterranean climate. Field Crops Research, 2000,66:81~99.

Manske G G B, Ortiz-Monasterio J I, Van Ginkel M. Traits associated with improved P-uptake efficiency in
CIMMYT’s semidwarf spring bread wheat grown on an acid Andisol in Mexico. Plant and Soil, 2000,221:189~
204.

Wang C Y ( )sMa Y X( ). Ecological and physioiogical effects on root systems of wheat under
different soil water conditions. Acta Agricultural Boreali-Sinica(in Chinese) ( )+1992, 7(4): 1~8.
Miao G Y ( ),Zhang Y T( ), Yin J( )set al. A Study on the development of root system in winter
wheat under unirrigated conditions in semi-arid Loess Plateau. Acta Agronomica Sinica (in Chinese) ( )
1989,15(2):104~115.

Shao M A ( ). Yang W Z( )L,LiY S( ) sMathematical model of soil moisture absorption by plant

roots. Acta Pedologica Sinica(in Chinese) ( ), 1987,24(4): 295~305.

Chen De-Xing and Lieth J] H. Two-dimensional model of water transport in the root zone and plant for container-
grown chrysanthemum. Agricultural and Forest Meteorology. 1992,59:129~148.

LiF M ( )Y X( ),G A H( Jed. A discussion on the non-hudraulic root-sourced signals and life

history strategy of wheat crops. Acta Ecologica Sinica(in Chinese) ( ). 2000,20 (3):510~514.



