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Effects of light and water on alfalfa growth and water use

MENG Fanying, JIN Naixuan, WANG Zikui
(College of Pastoral Agriculture Science and Technology, Lanzhou University / State Key Laboratory of Grassland Agro-Ecosystem /
National Demonstration Center for Experimental Grassland Science Education, Lanzhou 730020, Gansu, China)
Abstract: Water affects forage growth and production, and light energy drives forage water use and production of
aboveground biomass, all of which are important factors limiting the development of livestock farming on the Loess Plateau.
In this study, we combined the characteristics of long light hours and water shortage on the Loess Plateau to elucidate the
effects of water and light intensity on the growth of alfalfa (Medicago sativa) to provide a basis for optimizing the planting
pattern and cultivation management of alfalfa. We used pot experiments to study two water supply levels (high water:
70%~100% of field water holding capacity, low water: 50%~70% of field water holding capacity) and two light intensities
(high light: total radiation received = approximately 20.7 MJ -(mz-d)fl, equivalent to solar radiation on a sunny day, and low
light: total radiation received = approximately 14.8 MJ ~(mz~d)71, equivalent to solar radiation on a semi-shady or semi-cloudy
day), to elucidate the effects of light intensity and water on the growth dynamics, aboveground biomass, and water use of

alfalfa. The results showed that the number of leaves, leaf area, and aboveground biomass of alfalfa were the highest (15.97
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g'plantfl) under high water and low light treatments. Under both light intensities, aboveground biomass, water consumption,
and water use efficiency increased by 158.1%, 68.8%, and 65.5% on average, respectively, in alfalfa in the high water
treatment compared with the low water treatment. Under both water conditions, aboveground biomass, water consumption,
and water use efficiency increased by 89.8%, decreased by 9.5%, and increased by 60.0% on average, respectively, under

low light treatment compared with the high light treatment. Therefore, reducing light intensity could improve aboveground

biomass and water use efficiency of alfalfa.

Keywords: alfalfa; biomass; water use efficiency; root-shoot radio; leaf area; leaf number; light intensity
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Figure 1 Changes in alfalfa leaf number under different
light intensities and water levels
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Figure 2 Changes in alfalfa leaf area under different light
intensities and water levels
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Figure 3 Aboveground biomass of alfalfa under different
light intensities and water levels
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Different lowercase letters indicate significant differences among
different treatments at the 0.05 level. “**” indicates significant differences
among light intensity or water level at the 0.001 level, “*” indicates
significant differences among light intensity or water level at the 0.05
level. This is applicable for the following figures as well.
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Figure 4 Root biomass of alfalfa under different light
intensities and water levels
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Figure 5 Root to shoot ratio of alfalfa under different light
intensities and water levels

NS %75 o B 5 B R /K 49 28 LG i 2 2 i
NS indicates no significant difference between light intensity and water

levels.

T A 75 K 4 R 8RB, 4 I AR KA
e b B L K R e AL B L A K Ok Ak FE B
21.2%- 68.8% F1 629.8% (& 7).
3 Wi

e IR 5 KA R B S AL AR KR I R
R T, Houk S [ 5 K R f e R S s LA IR K
FE S P SRR AT O A1 1 B A R 2
AR R R, B SO
O 2B K T % R, T T SRR A A L G i xt
ZEITH AR 43 T 0 TR B R B 58 e FR a1,
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Table1 Water consumption of alfalfa during different growth periods under different light intensities and water levels

mm
Hfla HFl 5 Hehha Hfla HFl e Hfha
Ab 7 0~29d 29~40d 40~50d 50~60d 60~70d 70~82d
Treatment 0~29 days 29~40 days 40~50 days 50~60 days 60~70 days 70~82 days
after sowing after sowing after sowing after sowing after sowing after sowing
[N
High water low light 16.14 + 0.48c 43.18 £3.76b 51.80 +2.00b 67.27 +4.97b 74.64 +3.33b 63.22 +1.08b
Kt 22.03 £0.38a 59.09 +4.12a 69.78 £3.71a 82.45+ 1.74a 91.81 +2.05a 76.93 +£0.79a
High water high light ’ ’ : ’ ) ’ ’ ’ ) ) : ’
(NP
Low water high light 16.06 + 0.55¢ 32.64+091c 36.77 £ 3.18¢ 46.94 £ 0.73¢c 47.67+£0.10c 4723 +0.28¢
KTt 20.78 £0.18b 30.36 £2.01c 41.12 +5.20¢ 39.05 + 8.36¢ 38.24 £ 7.59%¢ 28.74 +0.36d

Low water low light

R ZAN TR AN - BER R AN R AL B ) 72 57 . 25 (P < 0.05).

Different lowercase letters within the same row indicate significant difference between different treatments at the 0.05 level.
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Figure 6 Water consumption during the whole growth
period of alfalfa under different light
intensities and water levels
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Figure 7 Water-use efficiency of alfalfa under different light
intensities and water levels
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