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Effects of soil moisture content on morphological and photosynthetic

characteristics of Leymus chinensis and Medicago sativa

YU Xiaona, ZHAO Jie, QI Yu, HUANG Yongmei~ , GONG Jirui
College of Resources Science and Technology, Beijing Normal University, Beijing 100875, China

Abstract: Leymus chinensis and Medicago sativa are the two most significant perennial artificial grasses of the farming-
pastoral ecotone of north China and are crucial for the development of animal husbandry in this area. In this region, water is
an important ecological factor that limits plant ecophysiology and the growth of L. chinensis and M. sativa. To maximize the
productivity of artificial grassland in this area, it is necessary to explore the mechanisms of the morphological and
photosynthetic response characteristics of L. chinensis and M. sativa to water stress. Response characteristics, including the
fluorescence characteristics, water use efficiency, biomass and biomass allocation to drought, are studied in this paper. This
was done in order to propose the optimum soil moisture content for the growth of, and high economic benefits from, L.
chinensis and M. sativa in the chestnut soil of the farming-pastoral ecotone of north China. Data on the morphological and
photosynthetic characteristics of L. chinensis and M. sativa were collected from a controlled field experiment in the Taipusi
Banner in Inner Mongolia. A water control experiment was applied from the 9" week to the 13" week of the field experiment
to evaluate leaf net photosynthetic rate ( Pn), actual photochemical efficiency of photosystem II complex in the light
(Dpsy ) » photochemical quenching ( ¢P), non-photochemical quenching (¢/N), water use efficiency ( WUE), plant
height, branch number and tiller number per plant, biomass and biomass allocation in modules of L. chinensis and M.

sativa. The experiment consisted of three soil moisture gradients of 12% , 16% and 20%. The results indicated that, within
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the soil moisture range of the experiment; (1) the responses of Pn to soil moisture content of L. chinensis and M. sativa
were different from each other, and the highest Pn depended on the highest @,;; and ¢P. The most suitable soil moisture
content for the growth of L. chinensis was 20% and with a decrease in soil moisture content, the Pn of L. chinensis also
decreased in a linear relationship; conversely, the optimum soil moisture content of M. sativa was 16%, and as soil
moisture decreased, the Pn of M. sativa showed a non-linear relationship with an obvious threshold value. To some extent,
the ecological amplitude of soil moisture of M. sativa was narrower than that of L. chinensis. (2) The appropriate soil
moisture content for plant growth was attributed to plant height, branching and tillering. (3) The adaptive strategies of L.
chinensis and M. sativa were similar, in that they adapt to environmental stress through increased root biomass when the soil
moisture content was below the appropriate range. Pn, @, , ¢P, ¢N, WUE, morphological characteristics, biomass and
biomass allocation in modules of L. chinensis and M. sativa would be changed with the changed soil moisture, which

indicates that an optimum soil moisture content should be created for maximizing the growth of M. sativa and L. chinensis

during production to obtain high economic benefits for the farming-pastoral ecotone of north China.

Key Words: net photosynthesis rate; chlorophyll fluorescence ; biomass; soil moisture conten
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Table 1 Effects of different soil moisture on actual photochemical efficiency ( ®@pgy ) of L. chinensis and M. sativa

YiFh AN[R] £ 38K 53 B6 B Different soil moisture gradient

Species T1

T2 T3

¥ L. chinensis 0.174+0.07 b
LALETE M. sativa 0.234+0.023 ab

0.182+0.021 ab 0.218+0.005 a
0.279+0.006 a 0.202+0.023 b

N 3 B - KR 2 52 5% (P<0.05)
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Table 2 Effects of different soil moisture on photochemical quenching (¢P) and non-photochemical quenching (¢N)

N NGRSy &y
28 D different soil moisture gradient
Parameters Species
T1 T2 T3
HeAb2EEK gP 2EEE L. chinensis 0.374+0.012 b 0.354+0.034 b 0.460+0.017 a
Photochemical quenching LEWHTE M. sativa 0.417+£0.036 b 0.519+0.013 a 0.366+0.032 ¢
AR N 2R [ chinensis 0.815+0.016 a 0.758+0.022 b 0.844+0.008 a

HEHHETE M. sativa

Non-photochemical quenching

0.473£0.021 ¢ 0.572+0.043 b 0.816+0.004 a
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Table 3 Effects of different soil moisture on water use efficiency ( WUE) on the leaf scale
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PyFf Species o
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2¥E L. chinensis 3.705+0.025 a
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Fig.2 Effects of water stress on growth of L. chinensis and M. sativa

2.3.2 BRSO AE BT A W i
NGRS 50 S oo E RIS F a7/ E =y )7
MR, AR 3 AN7KSF- (Y 2 B A5 4% B AR e
SRR 2E R B (P<0.05) , K T3>T2>T1 ; 3%
TKEX B AW RN E A, K
KT3I KFETFEEEESHELEWEMLAY R

BERT T1KF(P<0.05), T2 /K1) 2% B Y
SRS T K T2 57883 (P<0.05) ,
1Ml T2 F1 T3 7KF T BARA W it A i 2 e bl 2
(P<0.05) , Horr T3 /K FARAEY SRR, T2 KT
FR AR W d A {EL T2 T3 JKSF TR A 22 A4 4
SAEYREERSARE(P>0.05)(£4),

R4 TRTESKENFEMELEEEMENZN

Table 4 Effects of different soil moisture on biomass of L. chinensis and M. sativa
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Different soil moisture gradient (L. chinensis)

AW
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Different soil moisture gradient (M. sativa)

Biomass

T1 T2

T3 T1 T2 T3

JAEY Total biomass/ (g/m?)
A M1 Root biomass/ (g/m?)
MIZE/E M) Rhizome biomass/ (g/m?)
ZEE W4 Stem biomass/ (g/m?)

A4 Leaf biomass/ (g/m?)

60.16+5.85 ¢

371.31+24.54 ¢ 603.04+22.73 b 797.84+191.54 a 430.39+55.17b 711.03+41.07 a 736.02+118.84 a
199.42+11.03 ¢ 331.20+24.08 b 396.46+206.40 a 180.22+27.72 ¢ 276.94+27.48 b 309.01+35.29 a
83.88+28.59 b 150.09+22.73 a — — —
33.74+13.96 ¢ 64.94+0.90 b
77.99+£27.99 ¢ 123.03£17.33 b 164.25+16.66 a 111.41£13.62 ¢ 193.19+2.78 a

87.06+8.78 a  138.76+13.82b 240.90+71.32a 246.18+39.68 a

180.83+43.87 b
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