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Root morphology characteristics under alternate furrow irrigation
LI Caixia, SUN Jingsheng*, ZHOU Xinguo, QIU Xingiang, LIU Zugui, QIANG Xiaoman, GUO Dongdong

Ministry of Agriculture, & Farmland Irrigation Research Institute, Key Laboratory for Crop Water Requirement and Regulation, Chinese Academy of

Agricultural Sciences , Xinxiang 453003, China

Abstract: Alternate furrow irrigation is a biological water-saving technique and extensively applied to agricultural
production in the arid and semi-arid region. There are the irrigated and non-irrigated root-zones alternately under alternate
furrow irrigation. Because crop roots firstly sensed the variation of soil water and had a process of adaptation, their
morphology characteristics and structure distribution under alternate furrow irrigation were studied to reveal the adaptive
mechanism of roots system in the soil environment. Taking the roots both at ridge and slope as the research object, the
minirhizotrons was used to investigate the changes of root length (living roots/dead roots), diameter, volume density,
surface area, root tip number and diameter class as well as the correlations between each parameter of roots and soil
moisture, soil temperature, water use efficiency ( WUE). In the period of 52 — 78 day after the sowing of maize, the
experiment was not influenced by rainfall (total precipitation is 5 mm in two times) and this period was chosen for the
analysis of root morphology characteristics and structure distribution. Results showed maize roots were mainly distributed at
ridge at the early growing stage, and its root production rate was greater than that at slope. Meanwhile, root metabolism was

rapid with the higher root mortality rate. Alternate furrow irrigation had greater effect on the morphology indexes of maize
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roots at slope than at ridge, and after the re-watering in the non-irrigated root-zone at slope, the average root diameter was
decreased, while the daily average root production rate, the volume density per unit soil area, the root tip number and
surface area of the living roots were increased, and these indexes were gradually reduced with the decrease of soil moisture
in the irrigated root-zone. At ridge, the average root diameter of the living roots is similar to that at slope, and the change
trend of daily average root production rate, the volume density per unit soil area, the root tip number and surface area of the
living roots is also similar to those at slope, but the values of these indexes were lower than those at slope. After the re-
watering in non-irrigated root-zone at slope, the root mortality rate, root diameter, volume density, root tip number and
surface area of dead roots were decreased, and the root mortality rate and diameter were gradually reduced with the decrease
of soil moisture, while the root volume density, root tip number and surface area were gradually increased with the decrease
of soil moisture. Root system was divided into four diameter classes based on the root morphology, and root morphological
characteristics of different diameter classes were analyzed. In the distribution of root length and volume density, the roots
with diameter( 2.5 —4.5) x10™'mm accounted for the greatest proportion, while in the distribution of root tip number and
surface area, the roots with diameter (0 — 2. 5) x 10 mm accounted for greater proportion. Correlation analysis and
significant test showed that the living and dead root tips and root mortality rate were significantly correlated with soil
moisture, soil temperature and WUE. There are significant positive correlations between some morphological indexes of roots
(root production rate, volume density of living roots, et al. ) and soil moisture and soil temperature only at slope. Results

indicated that alternate furrow irrigation regulated root morphology more significantly at slope than at ridge.

Key Words: alternate furrow irrigation ;root morphology ; minirhizotrons ; diameter class ;soil moisture
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Fig. 2 Change of maize root morphology at different locations under alternate furrow irrigation
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Table 1 Correlation among indices of root morphology and soil water content, soil temperature and leaf water use efficiency ( WUE)
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ZE Ridge +if 0.55 0.64" 0.52 0.01 0.52 0.76"* 0.65" 0.87*" 0.48 0.37
3 Slope WUE 0.69" 0.58 0.72* 0.35 0.66 " 0.56 0.68" 0.63*" 0.75** 0.62"
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Fig. 4 Variation of root length and volume densities for different root diameters
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Fig. 5 Variation of root tip number and root surface area per area for different root diameters
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