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Abstract: Roots are very important part of plant substance metabolism and information exchange system. The development
situation and vitality of root system effects greatly crop shoot growth and yield. While soil moisture decrease, roots will
detect firstly soil moisture changes and respond actively to water regulation, which is beneficial to drought resistance and
good yield. Therefore, root system research has become the highlight in crops drought-tolerance and water saving researches
in recent years. In order to understand the dynamics of maize root water uptake under controlled root-divided alternative
irrigation ( CRDAL), a field experiments was carried out in 2010 and 2011 seasons to investigate root distribution and
dynamics of maize root water uptake at different sites (furrow bottom, slope and top ridge) under CRDAI. Results indicated
that spatial distribution of root length density ( RLD) was influenced obviously by alternative wetting and drying in maize
root zone. The maximum RLD at vertical direction occurred at soil layer of 10—20 cm, and then RLD decreased gradually
as depth increased. The roots at top ridge site had maximum penetration depth. Root senescence started at early grain filling
stage , and senescence rate of roots at furrow bottom was greater than that at top ridge. Maize roots distributed asymmetrically
on both ridge sides under CRDAI. RLD at horizontal direction declined generally in order; top ridge, slope, and furrow

bottom. The RLD distribution models at different soil layers and growth stages were quite different. There were no
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regularities to fit RLD distribution at soil layer of 20—50 c¢m, because of the obvious influences of frequently soil moisture
changes. Maize root water uptake under CRDAI was mainly determined by soil moisture and RLD distribution. At same soil
depth, the main contribution to total root water uptake may attributed to roots at top ridge, and minimum contribution come
from roots at furrow bottom. The maximum contribution to root water uptake come from soil layer of 10—30 cm during
vegetative growth stage. The root water uptake in soil layer of 20—70 cm contributed a main part of the total water
absorption during reproductive growth stage, because of higher RLD value and water uptake rate in the soil layers. The
percentage of root water uptake in soil layer of 20—70 c¢m to total root water uptake increased from 33.34% in vegetative
growth stage to 55.48% in reproductive growth stage. Soil moisture content in the main water absorption layer was very
crucial to meet crop water requirement. After grain filling started, the roots in top soil layer senesced gradually, while RLD
in deep soil layer increased slightly. Therefore, water update from roots in soil layer below 70 ¢m depth was very important
to good grain filling. The distribution of RLD and soil moisture in soil profile was very important to crop root water uptake
and crop viability under water stress. The dynamics of the interaction among root water uptake, soil moisture and RLD
distribution under CRDAI were investigated and analyzed in this paper, which is helpful for understanding crop water

regulation mechanism under controlled alterative irrigation.

Key Words: controlled root-divided alternative irrigation ( CRDAI) ; maize; root length density ( RLD); root water

uptake ; soil moisture
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Table 1 Irrigation and precipitation during the experimental period

H K% Season . {E{E}E H . ?1"%'?7J<E%ﬁi . (%(BEE'E F%Fﬁi
Irrigation date(m-d) Irrigation norm/mm Irrigation amount/mm Precipitation/mm

2010 04-30; 05-03; 05-22;06-01 18 189 289.2
06-12; 06-17; 06-28 27
07-14 36

2011 04-20 27 174 230.3
06-01 18
06- 14 24
06-21;07-02 30
07-17 45
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TUET oy g, B IE 1) Newman IR IAR K 715
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Fig.1 Ground surface structure and wetting method
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Table 2 Soil physical properties and hydraulic parameters of the experimental site

LIRES ) . E | &
A 7S A % { % E F Q <
R Particle size distribution/% +ﬁi TIALBRE Unsaturated hydraulic FHORIPHHAE 2
Depth/ o = Bulk density/  Soil porosity/ onductivits/ Water retention
cm kL ﬁl\ﬁ L (g/em®) % condue “,H Y curve/cm
Sand Silt Clay (em/min)

0—40 34 43 23 1.38 40.58 K(0)= 1257x0'>%% pF =-0.4607>%
40—60 28 42 30 1.44 39.93
60—120 28 42 30 1.44 39.93 K(6)=189¢>™ pF =-0.817%%
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Fig.2 Root length density( RLD) distribution at different growing stages in 2011
F3 AEMULELARELERABAKTEKE
Table 3 Percentage of roots in different depth to the total water absorption in different sites
H Date 6 4 5H June 5 6 7 19 H June 19 7HS5H Julys 7H 16 H July 16
1)z Layer/cm 0—20 20—70  70—120 0—20 20—70  70—120 0—20 20—70  70—120 0—20 20—70 70—120
14 Furrow 4.45 11.45 5.71 4.23 12.60 6.11 4.63 13.85 5.82 6.87 15.50 7.10
I Slope 16.84 11.29 8.25 12.87 15.86 7.75 9.72 17.08 7.09 10.54 19.55 8.88
7E Ridge 23.59 10.59 7.82 23.95 14.75 8.77 16.11 19.26 8.80 15.66 20.43 9.58

[Lfi| Percentage/ % 44.88 33.34 21.79 41.06 43.21 22.63 30.46 50.19 21.72 33.07 55.48 25.56

FAREWI(6 A5 H) B LJZ(0—20) R AR G S IKE 1Y 44.88% , T )2 FR (5 SR K 5T A9 LA BT/ ) 5
6 H19H7HS5HMTH 16 H,20—70 cm T EE IR R WK BT #k R B HHE K, 0 FERXWAKZ, A
RLD 3 ARG LA , 2807 0—20 em +J2 RLD 8K, K& F4E K B AKGH R BB K, X — 2R
T %ot T K IR AR R TR ZR KA B B MR RR X, 20—70 em )2 MR R A X 38, HA R AR &
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Fig.3 Distribution of root water uptake rate in the soil profile ( Xinxiang, 2010)
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