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Responses of root system of Lespedeza davurica L. to soil water change™

ZHAO Guojing?, XU Weizhou?, GUO Yali!, WU Aijiao!, CHEN Ji* & XU Bingcheng- 2™
State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling 712100, China
2nstitute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China

This study aimed to clarify the relationship between root morphological characteristics of Lespedeza davurica L.
under different soil water conditions. One pot experiment was conducted to investigate the root biomass, total root length, root
surface area, root average diameter, specific root length and specific root area under three soil water regimes, i.e. sufficient
water supply (HW, 80% FC), moderate water stress (MW, 60% FC) and severe water stress (LW, 40% FC). Besides, at the
three main growth periods (budding, flowering and grain filling stage), soil water contents were improved separately from
MW to HW, LW to HW and MW, respectively. Root biomass and morphological characteristics under different soil moisture
treatments at the end of growth period were measured and calculated. Results showed that root biomass and total root length
were significantly higher in the HW than other regimes (P < 0.05), and root surface area, specific root length and specific root
area significantly higher in the MW regime than others (P < 0.05). The root average diameter was 0.76-0.94 mm under different
water regimes. Positive linear relationships existed between total root length and root biomass as well as root surface area. In
summary, sufficient water supply is favorable to root biomass accumulation and morphology formation of L. davurica, and
their responses to soil water change are related to the degree of water condition improvement and its growing stage.
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Fig. 1 Scheme of soil water regime and periodical change.
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Total Root Length, TRL Root surface area,

RSA Root average diameter, RAD .

Specific root length, SRL Specific
root area, SRA
Root Biomass, RB SRL = TRL/RB

SRA = RSA/RB %,
15
Office Excel 2003
SPSS17.0
One-way ANOVA
Two-way ANOVA

P<0.05 .

2.1
HW MW LW

< 0.05 1 MHW-1
LMW-1 LHW-1 P <0.05 2
MHW-2 > LMW-2 > LHW-2
P <0.05 3 MHW-3
LMW-3 LHW-3 P<0.05 1.
3 Lw LMW-1 LMW-2 LMW-3
64.8% 38.2% 42.6%
LHW-1 LHW-2 LHW-3 68.3% 20.4% 48.9%.
MHW-1 ~ MHW-2 MHW-3
MW 34.5% 18.8%
14.4% 1.1% 1.

HW
MHW-2

2.2
HW MW LW
HW 99.06 £ 1.97 m
2166 +115m P <0.05 1. 1
MHW-1 < LHW-1 < LMW-1

LW

2

P <0.05 2 MHW-2 LHW-2
LMW-2 P < 0.05
3 LHW-3 > MHW-3 > LMW-3
P <0.05 1.3 LMW-1
LMW-2 LMW-3 Lw
41 38 27 LHW-1 LHW-2 LHW-3 Lw
37 34 41 MHW-1 MHW-2 MHW-3
MW P <0.05 1.
LHW-3 MW
HW 1.
P <0.001 2 .
1 +
N=3

Table 1 Root biomass, total root length and specific root length of
Lespedeza davurica under different water treatments (Mean + SD, N = 3)

(m/g) (1/m) (b/m g*)
Water treatment  Root biomass ~ Total root length ~ Specific root length
HW 8.18+0.21b 99.09+197a 1212 +0.53 b
MW 6.96+0.20ed 91.92+152b 13.22+054a
LW 505+0.619 21.66+1.15i 432+037¢g
MHW-1 6.53+0.20e 4478 +141h 6.86 +0.12 f
LHW-1 8.50+0.07 b 79.68 + 0.64 d 9.37£0.02d
LMW-1 8.32+0.05b 87.85+0.95¢ 10.56 £ 0.05 ¢
MHW-2 9.36+0.11a 74.35+094 e 7.95+012¢e
LHW-2 6.08+0.12 f 7451+137e 12.27+£0.22b
LMW-2 6.98 +0.19 ed 81.79+1.28d 11.73+0.49 b
MHW-3 8.27+0.16b 68.94 + 1.77 f 8.33+0.17e
LHW-3 752+0.13c 89.76 £ 3.06 cb 1194+041b
LMW-3 7.20 +0.05 dc 5791+1.27¢g 8.05+0.15¢e
P<0.05 .
Lowercase letters in the same column indicate significant differences at P <
0.05 level.
2.3
MW
1322 m/g £ 0.54 m/lg LW 4.32
m/g£0.37mlg P <0.05 1
LMW-1 MHW-1
P < 0.05 2 LHW-2 LMW-2
MHW-2 P <0.05
3 LHW-3 P < 0.05

Table 2 Analysis of variance for the effects of water regime and periodical change on root morphological characteristics of L. davurica

d Root biomass Total root length Root surface area Root average Specific root length  Specific root area
Factor f (m/g) (I/m) (A/m?) diameter (d/mm) (b/m g™) (b/m?g™)
F P F P F P F P F P F P
Water treatment 2 8.008 0.002 58.129 <0.001 38.012 <0.001 1.094 0.349 32734 <0.001 22.212 <0.001
(WT)
Water periodical 2 0.505 0.682 9.263 <0.001 7.055 0.001 0.078 0.971 8.473 <0.001 6.065 0.003
change (WP)
WT x WP 4 1.623 0.207 8.512 <0.001 4151 0.015 2.937 0.051 3.570 0.027 3.710 0.023
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+ N=3

Table 3 Root surface area and specific root area of Lespedeza davurica

under different water treatments (Mean + SD, N = 3)

MHW-3 LMW-3 1.
3 LMW-1 LMW-2 LMW-3
LW 24 25 1.8 LHW-
1 LHW-2 LHW-3 LW 22 28 27
MHW-1 MHW-2 MHW-3 MW
HW . LHW-2
LMW-2 LHW-3 HW
MW P < 0.05 1.
P <
0.05 2.
2.4
HW MW LW
0.026-0.044 m* MW
LW P < 0.05 1
LHW-1 LMW-1 MHW-1 65.4% P
< 0.05 2 LHW-2
LMW-2  MHW-2 P > 0.05 3
LHW-3 P<005 MHW-3
LMW-3 3. LMW-1
LMW-2 LMW-3 LW
33 28 23 LHW-1 LHW-2 LHW-3
33 28 34 MHW-1 MHW-2 MHW-3
MW P <0.05
LHW-3 P<
0.05 3.
P <0.05 2.
2.5
MW
LW P < 0.05 1
LHW-1 LMW-1 MHW-1
P < 0.05 2 LHW-2 > LMW-
2 > MHW-2 P < 0.05 3
LHW-3 MHW-3 LMW-3 P<0.05
3.3 LMW-1 LMW-2
LMW-3 LW
20 20 15 LHW-1 LHW-2 LHW-3 19 23
1.5 MHW-1 MHW-2 MHW-3
MW P<005 .
MW LW 3.
P <0.05 2.
2.6
MW
HW LW P < 0.05
1 MHW-1 P < 0.05
LHW-1 LMW-1 2 MHW-2
LMW-2 LHW-2
P < 0.05 3
0.76-0.94 mm MHW-1 LHW-2

Water treatment  Root surface area (A/m?)  Specific root area (b/m® g%
HW 0.0431 £ 0.0016 b 0.0052 +0.0001 ¢
MW 0.0498 £ 0.0028 a 0.0072 £ 0.0003 a
LW 0.0132 + 0.0036 f 0.0026 + 0.0004 e
MHW-1 0.0260 + 0.0010 e 0.0040 + 0.0001 d
LHW-1 0.0433 +0.0024 b 0.0051 +0.0003 ¢
LMW-1 0.0431 £ 0.0023 b 0.0052 + 0.0003 ¢
MHW-2 0.0371 £ 0.0026 ¢ 0.0040 + 0.0003 d
LHW-2 0.0370 £ 0.0020 ¢ 0.0052 + 0.0004 ¢
LMW-2 0.0366 + 0.0020 ¢ 0.0061 + 0.0003 b
MHW-3 0.0317 £ 0.0011 d 0.0040 + 0.0001d
LHW-3 0.0438 + 0.0014 b 0.0059 + 0.0001 b
LMW-3 0.0288 + 0.0024 ed 0.0040 + 0.0003 d
P <0.05 .
Lowercase letters in the same column indicate significant differences at P <
0.05 level.
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Fig. 2 Root average diameter of L. davurica under different water
treatments. Lowercase letters indicate significant differences among water
treatments (P <0.05).
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Fig. 3 Relationships of root biomass and root surface area with total root length of L. davurica.
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