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Effects of ectomycorrhizal fungi (tinctorius ( Pers.) Coker & Couch )on the

biomass of masson pine ( Pinus massoniana) seedlings under simulated acid rain
CHEN Zhan' ,WANG Lin*, SHANG He'" "

1 Key Laboratory of Forest Ecology and Environment, State Forestry Administration, Institute of Forest Ecology, Environment and Protection, Chinese
Academy of Forestry, Beijing 100091, China
2 College of Enwironment and Planning, Henan University, Kaifeng 475001, China

Abstract; Tree growth is a result of multiple, interacting, physiological processes influenced by an inherited genetic
constitution and the ambient environment. The growth of coniferous trees is closely connected with the amount of nitrogen
and other nutrients available. Air pollutants that limit carbon gain or nutrient availability may suppress growth rate and total
biomass production, and thus affect the nutrient allocation pattern. An increase in the acidity of precipitation predisposes
tree seedlings to a number of environmental stresses; these are reflected in seedling germination, growth, and survival.
Decreased growth has been seen in response to sulfate —containing precipitation. However, considerable differences have
been reported in the responses of conifer species to acid rain.

Many tree species in forest ecosystems live in symbioses with ectomycorrhizal (ECM) fungi, which provide their hosts
with nutrients. Symbioses with ECM fungi are therefore very important. Soil acidification due to dry and/or wet deposition
can inhibit the uptake of minerals and water essential for plant growth, and increase the uptake of toxic metals, due to poor
differentiation by root meristems. However, colonization by ectomycorrhizal fungi can increase the uptake of essential

nutrients and water, and reduce the toxicity of metals such as Al* and Mn™".
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To evaluate the effects of ectomycorrhizal colonization on the growth of Pinus massoniana Lamb seedlings grown in
acidified soils, we grew masson pine seedlings with ectomycorrhizae for 210 days in acidified forest soil originating from
Chongging Municipality, Southwest China. There were two acid treatments; one at pH 3.5 and the control at about pH 5.5,
and two ectomycorrhizal treatments (inoculated, non-inoculated). Simulated acid rain in combination with pH 3.5 reduced
seedling biomass. Inoculation with ectomycorrhizal fungi was able to increase seedling biomass. Treatment time, acid
treatment, and ectomycorrhizae all had remarkable effects on biomass, and we observed interacting effects between
treatment time and acid treatment, and between acid treatment and ectomycorrhizae. Treatment time had significant effects
on root, stem, and leaf biomass allocation, and acid treatment and ectomycorrhizae had obvious effects on root and leaf
percentages. There were interactions between and among treatment time, acid treatment, and ectomycorrhizae. Under
simulated acid rain (pH 3.5), the root-shoot ratio initially decreased and then increased. Treatment time and acid treatment
had significant effects on the root-shoot ratio, while the ectomycorrhizae showed no effect. We observed interacting effects on
the root-shoot ratio between acid treatment and treatment time, treatment time and ectomycorrhizae, and among these three.
Compared with the control (pH 5.5), simulated acid rain (pH 3.5) initially increased leaf area, and then significantly
reduced leaf area. Treatment time, acid treatment, and ectomycorrhizae had obvious effects on specific hemi-surface area,
and there were also significant interactions among these factors. The effects of ectomycorrhizae on biomass allocation and leaf
area was opposite to the effects of acid rain. Inoculation with ectomycorrhizal fungi encouraged the growth of masson pine
seedlings, and increased specific hemi-surface area, enhancing photosynthesis and elevating biomass accumulation.
Ectomycorrhizal fungi were thus able to counteract the effects of simulated acid rain, and protect the growth of the masson
pine seedlings. It may be that ectomycorrhizal fungi can be used effectively to increase plant resistance to acid rain in places

such as Southwest China.

Key Words: ectomycorrhizae ; simulated acid rain; masson pine; biomass
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Fig. 1 The effect of acid rain and ectomycorrhizae
on biomass
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Table 1 The effects of acid rain and ectomycorrhizae on biomass allocation

Jib BR8] i ik 2 HME BAR TE /% 25/ % /%
Time Acid Treatment Ectomycorrhizal fungi Root Stem Leave
5 At CK RAzAh 41.53+1.50A 20.82+0.21DE 37.66+1.43C
HeAh 40.38+0.82A 21.37+0.65DFE 38.25+0.18C
pH3.5 E 31.04+0.25C 25.47+1.81C 43.49+1.56AB
HeRh 31.43x1.91C 26.02+0.39C 42.55+1.52BC
7 A CK RAzAh 32.20+0.52BC 19.78+0.86F 48.03+0.72A
e 32.35+0.52BC 24.13+0.36CD 43.52+0.89AB
pH3.5 ARAEAD 35.35+0.53BC 23.72+0.85CDE 40.93+0.75BC
Hefh 32.82+0.62BC 22.25+0.13CED 44.93+0.55AB
9 HHESL CK K AeFh 24.63+0.85D 53.77+1.02A 21.61+0.18D
R 37.14+0.91AB 48.89+0.52B 13.96+1.26F
pH3.5 ARAEAD 32.12+1.39C 45.23+0.42B 22.65+0.98D
Hefh 30.42+0.24D 48.80+0.84B 20.78+0.75D
Ab R ] % % % s ok o ok %
PR AL 38 S NS *
AP AR * NS * %
A BB ] < R Ab B w % w P £ ox %
Ab PR [F0) < B/ TR AR P * ok ok NS * %
FRAL 3 X S A= B AR TR P NS ® ok
A2 B i) > R b B A B AR P * ok ok ok ok o

#o ok AR 0.001 AP F2ZFBE; + # . 75 0.01 KFFERBE; =

171) G 4 25 PR 2 e, AR T) 7 Bk s A TR ) A 0 22 S

1E0.05 AP T 285 0355 NS: JCR 25 MR FHRnTeab B
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HAEH (P<0.001) , 7EAL B IR0 A R0 S A AR P 5 A 45l L I Sk R 1K 172 L 3R T AR, Ab 38 S0 D 4
AP A DA A GT2 LU 3R THTB AT R 5 198 R ) A B rh R A1 A TRAR TR B Sl BT e R TR {H pH {E 3.5 Ab 3
TN EEFP A PR B X 2P L T A AT R, U BH AN B AR TR 5 R A BE G2 b 3R TR A SC BRI (P <
0.001) , =& Z (8] A9 5 ELAF X LU AR 9 52 et 2 A G S 3579 (P<0. 001)
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