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Abstract

[Objective] Cotton (Gossypium hirsutum L.) leaves have obvious lateral diurnal movement, which has
strong potential to regulate canopy light distribution, and the leaf movement tends to increase under proper
water deficit. In order to clarify the effect of cotton leaf movement on canopy light productivity, this paper
takes the difference of cotton leaf movement under different water deficit conditions as the entry point, and
studies the effect of cotton leaf movement on canopy light distribution, population photosynthesis and
yield by horizontal fixation of all leaves in a population as a control. In order to provide theoretical basis
and technical support for the cultivation of water-saving and high-yield cotton and the breeding of high-
light efficiency varieties in Xinjiang.1. Water deficit in cotton increased the ability of leaf movement to
regulate light energy capture.

[Methods] Xinluzao 45, the main upland cotton variety in northern Xinjiang, was selected as the test
material, and three water treatments were set up, namely control (CK), 70%-80% of field water capacity,
moderate water deficit (MOD), 50%-60% of field water capacity, and severe water deficit (SE), 30%-40%
of field water capacity. After cotton topping (July 5), six cotton groups with uniform growth of 1.5 m x 1
m were selected under different water treatments, and all the cotton leaves in three groups were fixed
horizontally, while the leaves in the other three groups were not fixed. The diurnal changes of cotton leaf
Angle, leaf light and temperature microenvironment, canopy light distribution and population
photosynthetic rate were measured under different treatments. From the perspective of canopy scale and
daily process, the effects of cotton leaf movement on canopy light productivity under water deficit were
studied.

[Results] (1) The incidence Angle cosine cos(i) of cotton leaves had significant positive correlation
with leaf surface light intensity and leaf temperature. There was no significant difference in Fv/Fm
between different water treatments after full dark adaptation at night, however, NPQ of leaves increased,
Y(II) and qP decreased as the degree of water deficit intensifies, indicating that leaves were subjected to
temporary light stress at noon. The moving leaves have higher NPQ and smaller cos(i) at noon, which
reduces the damage of the optical system of the leaves. Under different water deficit, the photosynthetic
rate of moving leaves at any time of day was greater than or equal to that of horizontal fixed leaves. (2) In
the canopy with the same leaf area index (LAI), the canopy light interception rate of the moving leaf
population was higher than that of the fixed leaf population during the morning (8:00-12:00) and afternoon
(16:00-18:00) periods, and the opposite was true during the noon period (12:00-16:00). With the increase
of water deficit, LAI of cotton canopy decreased, and the influence of leaf movement on canopy light



interception increased. Under different water deficit, the photosynthetic rate of the moving leaf population
was greater or equal to that of the horizontal fixed leaf population at any time of day, and the effect of leaf
movement on the increase of photosynthetic rate was more significant in the morning. (3) Under different
water deficit conditions, the cumulative light intercession of the moving leaf population in the morning and
afternoon was greater than that of the horizontally fixed leaf population, and the cumulative light
intercession of the moving leaf population at noon was smaller than that of the horizontally fixed leaf
population, while the population photosynthetic rate, canopy light use efficiency and radiation use
efficiency of the moving leaf population at different times of the day were greater than that of the
horizontally fixed leaf population. With the increase of water deficit, the biomass of moving leaves after 40
days of horizontal fixation was 11.8%, 33.9% and 30.9% higher than that of horizontal fixation. When the
leaves were fixed continuously until harvest, the seed cotton yield increased by 3.6%, 4.5% and 6.8%,
respectively.

[Conclusion] (1) Under the condition of proper water deficit, cotton enhanced its light-trapping
regulation ability through leaf movement. Under the condition of mild water deficit, cotton enhanced the
degree of leaf heliotropism and increased light energy capture by adjusting leaf movement in the morning
when cotton plant had better water state. However, the heliotropism of the blade is weakened at high noon
when the temperature and light are strong, and the damage of the optical system of the blade is avoided. (2)
Under water deficit condition, cotton optimized canopy light distribution through leaf movement and
increased population photosynthesis. Under different water deficit conditions, cotton increased the canopy
light interception rate in the morning and afternoon by adjusting the leaf movement, but decreased the
canopy light interception rate at noon, so as to maximize the population photosynthesis of one day. With
the increase of water deficit, the leaf area index of cotton decreased, which made the regulation effect of
leaf movement on canopy light environment and population photosynthesis more significant. (3) The
biomass and yield of cotton were improved by increasing the light energy use efficiency through leaf
movement under water deficit. Under different water deficit conditions, cotton optimized the population
photosynthetic period by adjusting leaf movement, increased canopy light energy use efficiency and
radiation use efficiency, and finally increased cotton plant biomass and yield. With the increase of water

deficit degree, cotton leaf movement played a greater role in maintaining yield.

Key words: Cotton; Leaf movement; Water deficit; Canopy light distribution; Population photosynthetic
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Fig. 1-1 Diagram for measurement of leaf orientation. (A) azimuth angle; (B) lamina (directional) angle;
(C) midrib angle
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Fig. 1-2 Schematic diagram of the relative position between blade orientation and solar ray direction
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