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Effects of Endomycorrhizal Glormus Inoculation on Drought
Resistance and Physiological Changes of Lespedeza cyriobotrya
Seedlings Exposed to Water Stress
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ABSTRACT

The objectives of this study were to understand the tolerance mechanism of woody plants to water
stress and tolerance changes in relation to mycorrhizal formation.

Lespedeza cyrtobotrya Miq. commonly used for erosion control in slopes were raised from seeds
and transplanted to 120 plastic pots. Sixty pots received the top soil of a Fraxinus americana forest,
while remaining 60 pots received the autoclaved top soil. The forest soil contained 1,200 spores per
100g of arbuscular endomycorrhizal fungus, mostly Glomus sp. The plants were raised outside with
regular supply of water and mineral nutrients. Two kinds of water deficit treatment and a control were
started at the middle of July : cyclic water deficit treatment with 3 cycles of sequential water stress
at the point of xylem water potential of about -0.6, -0.6, and -1.7 MPa and recovery, and non-cyclic
water deficit treatment with single water stress at about -1.5 MPa. The non-stressed plants received
plenty of water throughout the period. In late August the plants were harvested for measurements of
dry weight, N, P, carbohydrate contents, net photosynthesis and superoxide dismutase(SOD) activities.

Both cyclic and non-cyclic water deficit treatments reduced dry weight by 60% and 40%,
respectively, and reduced nitrogen absorption, while increased SOD activities. Water-stressed plants
also showed increased carbohydrate contents in the leaves and lowered stomatal conductance.
Mycorrhizal inoculation resulted in an average of 40% infection of roots and 2-3 times increase in
P absorption in water-stressed as well as non-stressed plants. Mycorrhizal formation also increased
shoot-root ratio. The results that SOD activities of water-stressed plants with mycorrhizal infection
were significantly lower than those of non-mycorrhizal plants suggest the possibility of improvement
of water-stressed condition by mycorrhizal formation. It was concluded that endomycorrhizal formation

increased tolerance of Lespedeza cyrtobotrya seedlings to water stress.

Key words : water deficit stress, endomycorrhiza, water potential, photosynthesis, carbohydrates, SOD,

nitrogen, phosphorous
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Table 1. Daily growth(cm/day+standard deviation) of Lespedeza cyrtobotrya seedlings during water deficit
treatment from second recovery to final water deficit period. Means with the same letter are not
significantly different at 5% level by Duncan’s multiple range test. Each number is average of 10

observations.
Mycorrhiza Water deficit Recoveryl Stress2 Recovery2 Stress3
Non Control 0.6+0.20" 0.8+0.38" 0.5+0.34" 0.2£0.20°
. Cycle 0.5%0.17° 0.4%0.17° 0.2+0.18* 0.1£0.12°
mycorrhizal abe b be b
Noncycle 0.60.23 0.7£0.43 0.5+0.44 0.1£0.12
End Control 0.6£0.19™ 1.1£0.23" 0.9+0.31° 0.30.24°
o Cycle 0.5+0.19" 0.4+0.24° 0.3+0.25% 0.2£0.10°
mycorrhizal a a b b
Noncycle 0.7+0.22 1.0£0.25 0.7+0.30 0.2+0.13




Glomus WAFME HEfEo] K7y 2Ed e gitg Ixel ol ittt 2 Ay gl mxe g 57

A a7 W' vF71H AT SR AT HellA d2d HF wE Aole §l

&o] izt F714 AeTEg S7H Ao oy, By AixdFLS FEFF AE

= Bl A g dxTAN FETI 15%2 M

AEFlAE F2RS AN Fole QY 2 FAS BYG WIS 34 HBe 4F
Z =

i, ST E ARt Zol7h Aok v o) Aa FF vHE

AETY SRES HEFVE 07302 7BF W 1994). B AFolA Hele] AAFEe SR
kar HIF71H AT SREO] 144E 7HE EHAE Q| A A 2R 42 Aew &
=3t dutHor FRAEHAE wod B gEAnt Qo AagFe FERAEHRE
o] Aol Frlete Aew Buda gon & A" Aow yewgt 53 HEEFT
(Landis et al., 1989; Fotelli et al., 2000), < 7+ FN A 8 2EF A Ay FAA AT
A= d2do] e UeE ST A skl AR dFE WIS A=

7]
A A deE ARAAN ngaER

O FERE SN O B £EE FE 5

A = 9FFHKothari et al., 1990).
3. AIEA A ol

=
2 238 Zolth. 49 AxFFe FREF

T, F714, vF71H SR
o FE @& Ao|rt
AR F714 AT HF T4 210ppm,
H QA Z T A 85ppm e &2 HE A7 vrebh
I HF71H AT E HST7F 253ppm,
HHET7E 119ppme 2 HFaF7 e

3.5 P 3.0 =
3.0 25 — a
5 25 5 >
o o —
ERP ! £ 20 5
2 < bc bc 2 b — b
= Lo < =15 7
2 1.5 C Qb b
S 10 1.0
05 | 05
0.0 0.0
Control Cycle Noncycle Control Cycle Noncycle
O Endomycorrhizal B Non-mycorrhizal [[] Endomycorrhizal B Non—mycorrhizal
A. Leaf + Stem B. Root
C. Total D. S/R ratio
7.0 1.8
a a
6.0 1.6 a a
1.4 . 77—
;m 5.0 b . 12 al
g 40— 77 $1.0
2 be =
2 3.0 — —= 08
[a]
20 0.6
1o | 0.4 —
’ 0.2
0.0 P : 0.0
Control Cycle Noncycle Control Cycle Noncycle

[[] Endomycorrhizal B Non-mycorrhizal ]

[[] Endomycorrhizal E1 Non—-mycorrhizal ]

Fig. 1. Dry weight of shoot(A), root(B), total(C) and S/R ratio(D) of Lespedeza cyrtobotrya seedlings inoculated
with Glomus sp. mycorrhizal fungus and exposed to water deficit treatment. Means with the same letter
are not significantly different at 5% level by Duncan’s multiple range test.
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Table 2. Nitrogen and Phosphorous concentration in leaves and roots of Lespedeza cyrtobotrya seedlings
inoculated with Glomus sp. mycorrhizal fungus and exposed to water deficit treatment. Means with
the same letter are not significantly different at 5% level by Duncan’s multiple range test.

N(% P(ppm
Mycorrhiza Water deficit (%) (pprm)
Leaf Root Leaf Root
N Control 2.540.42% 1.240.17° 137+67.5™ 78+48.3%
n_
° Cycle 2.1+0.39° 1.3£0.14® 85+35.7° 50+27.9°
myCOlThZal ab ab bc ab
Noncycle 2.510.39 1.3£0.17 119+68.0 148+164.9
End Control 2.8+0.30° 1.5+0.17* 191£52.7° 168+82.5"
o-
. Cycle 2.340.34" 1.3£0.10™ 209+90.5" 183+83.6°
mycorrhizal be ab A a
Noncycle 2.3+0.35 1.3+0.16 253+169.7 190£174.3
mele] o) YAE F714 ATlN HEL 4 BEE
183ppm, HIHZ=T7} 50ppmo &2 HEAIHI} 5 Table 32 F9¥ ©@F3lE =& JEW
glo] Yebstt Aolth. 19| glucose FEE FEFF AT
A9 FE Fhe FEARE Fao) Aol el Z2@ WF WE o7t fglo,
=R 3PS GRAAN FRY BES Pel9 guose FEE 718 FEPE o7
A&31A s|FETHHarvey and van den Driessche, oA #2d HEEAI AR HFF ol

1997). WATZL 71Eo dg 71F4E9 A AMe F718 AT glucose FE7F 0.21mg/g
FeE S7MTIEE, AL ARV Ve 2R TP EokTh 919 sucrose wEE TR
A Qe FFE SR LEN o]Fo  F AT WA dd JF ©E Aolrt
o 53] EF 8 o] s o B2 giou, B sucrose FEE F71H FE
AQiro] Fike]l 53] FAaFES o olggt @ FEF AFYFAA #2T HEEHAE UAATH
Ao FEHAA  YeEbdthSubramanian and  FET WolMde F713 28T sucrose T
Charest, 1997). 7} 0.86mg/go 2 717 =gt U9 starch %

Table 3. Glucose, sucrose, starch, TSS(total soluble sugar), TNC(total nonstructural carbohydrates) concentration
in leaves and roots of Lespedeza cyrtobotrya seedlings inoculated with Glomus sp. mycorrhizal fungus
and exposed to water deficit treatment. Means with the same letter are not significantly different at 5%

level by Duncan’s multiple range test.

(Unit * mg/g)

Part | Mycorrhiza Water deficit Glucose Sucrose Starch TSS TNC
Non Control 0.03£0.070" | 0.19£0.175" | 0.71+0.647"* | 0.23£0.155" | 0.95%0.583"
mycorthizal Cycle 0.09+0.089" | 0.19+0.323" | 0.74+0.642" | 0.28+0.303" | 1.02+0.765"
Leat Noncycle 0.11+0.088" | 0.110.172° 0.35i0.387az 0.22+0.124* | 0.57+0.445°
Endo. Control 0.09£0.116" | 0.11£0.096" | 0.55£0.530" | 0.19£0.095" | 0.74%0.544"
mycorrhizal Cycle 0.06£0.050° | 0.45£0.649" | 0.17+0.098" | 0.51£0.675" | 0.68+0.744"
Noncycle 0.10+0.119* | 0.18+0.188" | 0.37£0.451" | 0.28+0.140" | 0.65+0.449"
Non. Control 0.01ir0.0122 0.11i0.116:‘ 1.39i0.138'; 0.1210.119: 1.5110.128:
mycorthizal Cycle 0.06+0.068" | 0.30+0.375™ | 1.40£0.196° | 0.36+0.388™ | 1.76+0.352™
Roof Noncycle 0.10+0.114" | 0.35+0.385™ | 1.44£0.293" | 0.45+0.365™ 1.90i0.436“"f
Endo. Control 0.01£0.022° | 0.34£0.293" 1.70i0.1952 0.34+0.313™ | 2.05+0.413"°
mycorthizal Cycle 0.21+0.198" | 0.86+0.906" | 1.33+0.316" | 1.06+0.878" | 2.40+1.011°
Noncycle 0.11£0.143" | 0.64+0.516"™ | 1.52£0.334™ | 0.74+0.540" | 2.26+0.581%
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Fig. 2. Xylem water potential of Lespedeza cyrtobotrya
seedlings for water deficit treatment and
mycorrhizal inoculation after final water
deficit period. Means with the same letter are
not significantly different at 5% level by
Duncan’s multiple range test.
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Fig. 3. Net photosynthesis(A), stomatal conductance(B) and transpiration rate(C) of Lespedeza cyrtobotrya
seedlings inoculated with Glomus sp. mycorrhizal fungus and exposed to water deficit treatment. Means
with the same letter are not significantly different at 5% level by Duncan’s multiple range test.
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Fig. 4. Superoxide dismutase activity in leaf of
Lespedeza cyrtobotrya seedlings for water
deficit treatment and Glomus sp. mycorrhizal
inoculation harvested after water deficit treat-
ment. Means with the same letter are not
significantly different at 5% level by Duncan’s
multiple range test.
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