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Effects of simulated acid rain on growth and bleeding sap amount of root in

Quercus mongolica
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Abstract; Acid rain pollution is one of the serious environmental problems in China. It is also one of the reasons behind the
aggravated pollution situation in the northern regions of the country. Large areas suffering from the continued occurrence of
strong acid rains are at risk for serious threats to the health of terrestrial ecosystems. Plants above and below the ground are
seriously affected by acid rain, because they are the main receptors of acid pollution. The impacts of acid rain on plants
specifically affect their growth and root systems. Therefore, studies on growth and bleeding sap amount of root of typical tree
species in reaction to acid rains in northern China have important theoretical and practical values. These can help us
understand the effects of acid rain on forest community and vegetation restoration. Quercus mongolica Fisch. ex Ledeb. is
one of the main species of deciduous broad-leaved forests in northern China, and is the main associated tree species of pines
in temperate coniferous forests. Thus, in the present work, we chose one-year-old (. mongolica seedlings to study the
effects of simulated acid rain on plant growth, biomass, and bleeding sap amount of root. From June to September 2011,
Q. mongolica seedlings were exposed to 12 simulated acid rain treatments of 4 different acidities ( severe, moderate, slight

and control) that are delivered by 3 types of rainfalls (natural rainfall in summer, and increased or decreased amounts by
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30% , respectively). Simulated acid rains were applied to the seedlings on a weekly basis. The results demonstrate that an
increase of 30% acid rain rainfall significantly raised the biomass and leaf numbers, promoted height growth, and increased
bleeding sap amount of root of Q. mongolica seedlings. However, growth and biomass accumulation of Q. mongolica
seedlings were slightly influenced by acid rain acidity, such that when acidity increased the bleeding sap amount of root
became significantly lower. Furthermore, the root systems of the Q). mongolica seedlings were damaged by the high acidity
of simulated acid rain. Compared with other treatments, in the treatment with an increase of 30% in severe acid rain
rainfall, Q. mongolica seedlings exhibited significantly higher height levels, grew more leaf numbers, and accumulated
more biomass. Based on our estimations, the stimulation of seedling growth and the acceleration of biomass accumulation
were caused by the increased concentration of soil N, which came from the added NO; in acid rain. The acid rain also
served as a fertilizer, thereby promoting the growth of Q. mongolica seedlings. Relative to acidity, acid rain rainfall had
greater impact on (). mongolica seedlings, however, no interaction between two factors was found. In conclusion, Q.
mongolica showed resistance and adaptability to acid rain. Thus, they can be considered as pioneer and constructive plant

species for use in the recovery of regions suffering from acid rain.

Key Words:; simulated acid rain ; Quercus mongolica seedlings ; growth indices ;biomass ; bleeding sap amount of root
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x1 AEBEWBREMEWELENFHEHSEEVERESE ARKEFRNMRAGRELS NN F &
Table 1 F value of two-way ANOVA of the effects of different pH value and rainfall of simulated acid rain on biomass, biomass allocation,

growth and bleeding sap amount of root of Quercus mongolica seedings

T2 R 7 T2 R Y8 T T2 I T 38 < o i
fibs pH value Rainfall pH value % rainfall
Indices MS F MS F MS F
Ho_E B Aboveground biomass 4.308 1.060 24.473 6.022*" 7.392 1.819
1 AE Y Belowground biomass 9.254 2.184 15.493 3.657* 2.789 0.658
S EYIR Total biomass 23.068 1.680 74.042 5.392** 17.262 1.257
M- A=) 48 L Aboveground mass ratio 0. 006 1.335 0.016 3.350" 0.006 1.191
T A9 & H Below ground mass ratio 0. 006 1.337 0.016 3.350 " 0. 006 1.191
M5 Root to shoot ratio 0.246 1.410 0.429 2.460 0.214 1.224
Bk Height 67.024 1.493 293.257 6.532"" 57.672 1.285
M % Leaf number 57.000 1.555 171.431 4.678 " 46.264 1.262
H Z i i Bleeding sap amount of root 0.079 3.485 " 0. 166 7.308 ** 0.030 1.309

w FORTTEMER N BEMIER (P<0.05); = = FoRITEMVGE R AW BEMEIES (P < 0.01) ; BRI W2 B -2 R G e 13
R T EFEBRAY E R BE 3500 3,2 16
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Fig.1 Effects of different pH value and rainfall of simulated acid rain on biomass and biomass allocation of Quercus mongolica seedlings
(mean + SE)
AR AL R ) RN R R FA A .35 22 5 (P< 0.05)
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Fig.2 Effects of different pH value and rainfall of simulated acid rain on growth of Quercus mongolica seedlings ( mean + SE)

AF B FREAF RS FEE R EZF (P < 0.05)
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WA R AR R IR Z — AN B R AR R A BES Sh 4R b, HOR/N B A R 5 R )
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Table 2 Effects of different pH value and rainfall of simulated acid rain on bleeding sap amount of root of Quercus mongolica seedlings ( mean +

SE)

- R PP EE R TR R ERR T Xt B (CK)
Wik Tl dak S S . O
Rainfall Severe acid rain Moderate acid rain Slight acid rain Control
it (pH 2.5) (pH 3.5) (pH 4.5) (pH 5.6)
HRA i f UL A FL(R-) 0.1412+0. 04544 0.245520.0551 cd 0.201120.0294cd 0.2568=0.0377bed
Bleeding sap amount H AR AL HE(R) 0.2770+0.0440bed ~ 0.2782+0.0827bed 0.3498+0. 1164bed 0.6082x0. 1172a
of root/g HIT AL (R+) 0.3016+0.0305bed ~ 0.3575+0.0945bcd 0.4988+0.0888ab 0.4246+0. 0835abc

¢ Ducan 2 1 LA, A [RIAL B ) B ) FeoR 22 5wtk .35 (P < 0..05)

3 itig
Ko 2 BRI AR A R 8 2 2R R 12— R AR A vl A MAAS [ RUE 52 e e 0y A B S A 25 o e, 08
KGRI RIS 257200 AR S0 e PRAS LR I Ak 0 R L, A9 AN T3] 14 R e R 7K P X 558 ol R 4l v A R 11y
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