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Effect of Simulated Acid Rain on Growth of Four Species
Seedlings in Guangxi

ZHOU Shunfu, LI Chunye

(Dali Branch, Yunnan Institute of Forest Inventory and Planning, Dali, Yunnan 671000, China)

Abstract: Based on a pot experiment, four different pH solutions ( pH3.0, pH4.0, pH5.0, pH5.6)
and a control (pH6.0) with five treatment methods were used to determine the changes in seedling
height, ground diameter, and biomass of four tree species, and analyze the effects of acid rain with differ-
ent pH values and treatment methods on the growth of fast—growing and precious tree species in Guangxi.
The results showed that with the decrease of acid rain pH, the relative growth of seedling height and ground
diameter of the four tree species were all decreased; the simulated acid rain in pH3.0, the above ground
biomass of E. grandis X E. urophylla No.9 was significantly higher than that in the control, in pHS5. 0, the
under ground biomass and total biomass were slightly higher than that in the control, in pHS5. 6, the root
shoot ratio was the highest; the simulated acid rain in pHS. 6, the relative growth yield and root shoot ratio

of Erythrophleum fordii Oliv were significantly higher than that in the control; the simulated acid rain in
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pHS. 0, the relative growth yield of Dalbergia odorifera T. Chen were significantly higher than that in the

control, and the root shoot ratio was the highest; in different concentrations of acid rain treatment, each

growth index of Aquilaria sinensis ( Lour. ) Gilg were significantly lower than that in the control.

Key words: simulated acid rain; seedling growth; acid rain concentration; pH value; root shoot ratio;

Guangxi

TR (acid rain) J& pH /NT 5.6 B RS FEK Y
SR, B RV RRYER I 55 (S R IE S R
T HE AR ARV (acid deposition ) PRGN D)
VRSN Tl Al S | T2 A B A5 R Ak (] 7
—H KA R R, TR E R 4RRK
W ACEZ 7R A BAY S = KRN A X, IR TR
DX 7 55 AR FR I AR Y 40% A2 AT R
SITERILLAR IR S SR PE I i X &S JF H
A b R 2N S b PR AR R X
i

IV AR, HoL A £ | 2R R IR,
R AR 1 A, B2 A 00 I R A R R AR AR R
o, KT QY B ) 4 22, S BOL IR F9 K 3 ™
HTPERY 11 AT 33 ASE () 2 AR 45
X, PG S0 BRI s dic Ay M 3583 R TR V5 A 44 kg ™ T
X 2z —U kB S k4 IR ( Myrtaceae ) 44 )8
( Eucalyptus ) I GERR , B T WK F S K ] Rl
B0, T = AR Tl (A M A7) 22—, A
2 EINE VLA 1/ N SR Y VA e B A EBZ Y P X S D SN N |
5 My (T2 A BT R0 BT b X)) 45 B R kR
H T, FEAAR A TARI E 15 300 2 J7hm?, fLR
TEPRERN VG, e B8 =7, BB AIET AR
PR AR AR B B R 3R
7R AR BT K L 1B R LA K H TR — e R
{ERVERESY R Sk W X 2 g e RES o/ = O S % iR S AN R
P, HEA AR MOBR S B RN AT 5
FEYNEF ARG R, S EHE VRN — 254 B A1k
AR W RARAR A A, Pt % ) PG Ll
B TP A TR 3 97 ATL i D7 T A ISR ARAT 0 WF SR
SEFEAT R ERE S0 T TP JLASA A ) A R S 4 44t
ISR

1 #B57E

1.1 SIS AnAr

AN 8 LN VA R I N e VT NG o =] g |
(22°51'20"N,108°17'14"E) , 12 H1 X J& 3 7 25 X
S5 AR 21. 6°C, B s e g il 40°C , = 10°C AR

R 7 200°C , AEHIREK & 1304, 2 mm, -S4 A0 XS
79% ,FEMm ZHEHTE5—9 A

RIS 4 DR E R 9 5 (E. grandis X
E. urophylla No.9) & K ( Erythrophleum fordii Oliv) |
R 08 ( Dalbergia odorifera T. Chen) | 17 (Aqg-
uilaria sinensis( Lour. ) Gilg) 2111 .

SLEHA E R 9 50 3 A4, HAhy
b2 AEAESAT L TR 2015 4E 2 AWIRE R 10
cm  FLA%E 8 em MY¥RHE Y R4 %e £ R O AN
WYPFE 1 1 JRA AL 158 (pH4. 90) HEAT AR KT
FEUGHEA TV R 22 B 011 38 R K Wit
1.2 Rt

REHDLR W+ BR V0 R W9 4627 43 SOT 5 NO;
BITWRELL 7 1 A, SR 95% ~ 98% A B IR I
65% ~ 68% e i PR P AR R L 4.8 + 1 i & W2 °N B
W, iK% 4 4~ /KF (pH4. 0, pH3. 0 .pH5. 0, pH5. 6) ,
— X (pH6. 0) , B4 12 A EE 3T 5 x4 x
12=240 MEAR (5 ANIKF- 4 Fi B, 24> 7K F- R
BiRh 12 #) . I T 201543 A 10 H—4 J1 20 H
TETVH R 27 0 I R A7 S A0L R R 194 5 304 >R ) W 25
5, WS 25 2R AN [R] pH A AR IDURR I, W% 176 4% 2%
SBER 7 d W1 R, WG 4 Yk, AR B R
WA B W% 3k B B) — M AE R F 41 00—6: 00 i#47
TRIR 2 A5 I A T8 A5
1.3 $ERRNE R *
1.3.1 11 pH EHE

K P AL 2 3 pH (., FRBGE 1T 2 mm
T FLAY KT HE 10 g F 50 mL BEFR 1, i A 25 mL
1. 0 mol/L S 1k 8 V45 W, FH 3¢ 35 M R 20 36 3 1~ 2
min, # B 30 min, 2K J5 K 3% 35 HARCRD H R HL B A
B2, H pH I 38 pH (H,
1.3.2 AKIBHRHNE

TES 0 d .40 d 43 3R A R i - RO 4% 4k
PR 5 PRET AR MDA A T A

B R A AR R TR AN

RGY, = (H, - H,)/ H, (1)
HARAR X AR BT A 50N
RGY,, = (D, = Dy)/ D, (2)



E5H

Blntg, % LT 4 SR ERE KB IEHR - 227 -

RIS S, R - YIAR AR L AT AR AE
HIE , T 105°C AT JG7E 80°C RYMLAE T 48 h Ht &
TEHE ARG PREAR 22 &R T8 R Ao R
Yrim it — R AR Y A ROAH C S 4K

1) o A =AY+ 2R Y

2) M N AR =R A YR

3) B = AR N AR

4) i AR H =3 B AR e

5) R A L =R AR R B R

6) MR 5 Lt = M AE i/ b b AR
1.4 HESH

RIGBAE K Excel SPSS 21. 0 258k (436474511
ST, 2250 I 2 R H Duncan B2 B 2215

2 ZBRESH

2.1 EEEMAAE TEEFER pH ETH

IRIRZE S, N R B 45 4k B3 T A9 pHL (i 2 Bifi
BB pH (ELAY T BT B, 25 %0 BRZH 8 5T pH i
(R 1),

R1 JRLEEFRH pH E

Tab.1 pH value of each treated matrix
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Tab.2 Effect of simulated acid rain on seeding relative

growth yield of four tree species seeding %

A3 ERIZIS A iy +UiFE
pH3.0 7.30+ 2.58+ 2.78+ 5.54+
0.03Ae 0. 04Dd 0. 09Cd 0. 05Be

pH4.0 7.71+ 3.35+ 3.33+ 7.17+
0. 03Ad 0. 05Cc 0. 12Cc 0. 03Bd

pH5.0 7. 84+ 3.76+ 4. 84+ 7.58+
0. 04Ac 0. 04Db 0. 05Ca 0. 05Bc¢

pH5.6 7.92+ 3.91+ 4.3% 9. 00+
0. 03Bb 0. 04Da 0. 04Ch 0. 10Ab

CK 8.43+ 3.81+ 4.2+ 9.72+
0. 04Ba 0. 03Db 0. 05Ch 0.05Aa

LEE BRI Y A [ M ot
pH3. 0 3.11 3.10 3.16 3.15
pH4. 0 4.19 4.22 4.23 4.16
pH5. 0 4.54 4.58 4.57 4.52
pH5. 6 4.78 4.82 4.80 4.87
CK 4.90 4.85 4.88 4.91
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Tab.3 Effect of simulated acid rain on ground diameter

relative growth yield of four tree species seeding %

4b 7 BRI S A [ i A ] iy
pH3.0 27. 69+ 5.19+ 11.53+ 16. 44+
0.43Ad 0. 04De 0.09Ce 0. 06Be
pH4.0 27. 50+ 7.32+ 12. 23+ 18. 06+
0. 46Ad 0.03Dd 0.09Cd 0.09Bd
pH5.0 31. 84+ 8.83+ 13. 14+ 21.43+
0. 09Ab 0. 05Dc 0. 08Cc 0. 39Bc
pHS. 6 30.93+ 9.59+ 15.41+ 23.05+
0. 83Ac 0. 09Db 0.23Cb 0. 13Bb
CK 36. 36+ 10. 13+ 16. 41+ 25. 14+
0. 13Aa 0. 11Da 0.08Ca 0. 17Ba
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Tab.4 Effect of simulated acid rain on above ground
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Tab.5 Effect of simulated acid rain on under ground

biomass of four tree species seeding g/ Mk

0B ERE#%9 5 AR e A T
pH3.0 3.70+ 2.93+ 5.48+ 0. 65+
0.40Ba 0.15Ca 0.419Ab 0. 02De

pH4.0 3.30+ 2.53+ 5. 60+ 0.71+
0. 03Bab 0.17Ca 0.49Ab 0.02Dd

pH5.0 3.54x 2.67+ 5.45+ 0. 84+
0.25Ba 0.37Ca 0. 18Ab 0. 03Dc

pH5.6 3.03+ 2.45+ 6.59+ 0.91+
0. 13Bb 0.29Ca 0.26Aa 0.01Db

CK 3.65+ 2. 89+ 6. 55+ 1. 08+
0. 14Ba 0.32Ca 0.46Aa 0.03Da

biomass of four tree species seeding o/ Tk

b3 EREMH9S A [ i A St
pH3.0 0.71x 0.74+ 3.31+ 0.25+
0.07Ba 0. 06Ba 0.29Ab 0.01Cbh

pH4.0 0.75+ 0.72+ 3.28+ 0.26+
0. 08Ba 0. 10Ba 0. 09Ab 0. 06Ch

pH5.0 0.92+ 0.61+ 3.71+ 0.26+
0.24Ba 0.05Ca 0. 09Aab 0. 04Db

pH5.6 0. 82+ 0.74x 3.80+ 0.29+
0. 04Ba 0. 12Ba 0. 14Aa 0. 06Ch

CK 0. 80+ 0. 86+ 3. 96+ 0.42+
0. 13Ba 0.13Ba 0.41Aa 0. 04Ba

[l — pH (BRI R XS 4 B L~ A= 9 1
S AR AR ], pH3. 0 R R AL B R 45 Wl i A= 9
R/ NBFIER R EE S AR>S ER#Z 9 5> +
JUF , pH4. 0 . pH5. 0 . pH5. 6 FRFH AL T 444 Fh i T
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pH4. 0> pHS. 6, 4% A . pH3. 0 > pH5. 0 > pH4. 0 > pH5. 6,
M, U H R A A — 3K, M. pHS. 6 >
pH5.0>pH4.0>pH3.0(% 6)
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Tab. 6 Effect of simulated acid rain on total biomass

S BAURRA T, £ 0E S A Y
ANTXF BRI T pH [EH S i, OB R 4k
R E A B I8, M AE AU R R pH {H 41K ( pH4. 0,
pH3. 0) I HASEIR B8N s B RAL 9 5 5% AR B
YR AEA R R FE R TR B AR AT
2.3.4 Rtk

AN pH MR AT, B RBAE 9 SR
K/NIE S pHS. 6 > pH5. 0 > pH4. 0 > pH3. 0, #5 A
pH5. 6 > pH4. 0> pH3. 0 > pH5. 0, &7 48 . pH5. 0>
pH3.0>pH4.0 > pH5. 6, £ VL7 . pH3. 0 > pH4. 0 >
pH5.0=pH5.6(£ 7).

Fx7 BEPEREXT 4 MRS ARSI
Tab.7 Effect of simulated acid rain on root shoot ratio

of four tree species seeding

of four tree species seeding o/ R
AbE ER#9S A Memwml  LUE
pH3.0 4.40+ 3.67+ 8. 79+ 0.90+
0.47Ba 0. 18Ca 0.21Ab 0.01Dd
pH4.0 4. 05+ 3.25+ 8. 88+ 0.97+
0. 06Ba 0.27Ca 0. 48Ab 0.07Dd
pH5.0 4. 46+ 3.27+ 9. 16+ 1. 10+
0. 49Ba 0.38Ca 0. 18Ab 0. 02Dc
pH5.6 3.85+ 3.19+ 10. 39+ 1.20+
0. 10Ba 0.33Ca 0.36Aa 0. 05Db
CK 4.45+ 3.76+ 10. 52+ 1.51+
0.26Ba 0.11Ba 0. 86Aa 0. 04Ca

b FERE#9 S AR [y B T
pH3.0 0. 19+ 0.25+ 0.61+ 0.38+
0.01Cb 0.02Ca 0. 10Aa 0. 03Ba
pH4.0 0.23+ 0.28+ 0.59+ 0.36+
0. 03Cab 0. 02BCa 0. 06Aa 0. 09Ba
pH5.0 0.26+ 0.23+ 0. 68+ 0.31+
0. 05Ba 0. 04Ba 0. 04Aa 0. 06Ba
pH5. 6 0.27+ 0.31+ 0. 58+ 0.31+
0. 02Ba 0. 06Ba 0.02Aa 0. 08Ba
CK 0.22+ 0.30+ 0. 60+ 0.38+
0. 03Cab 0. 08BCa 0.02Aa 0. 05Ba

[F]— pH B A FR R XT 4 ASBEFP ) A ) 2 152
M AH [], pH3. 0, pH4. 0, pH5. 0, pH5. 6 FR TR AL FE T
SRR Ay NI Y8 - B A > B A% 9
> AR > LU,

pH5. 0 B, B A% 9 5 S AW mik B m K, H
4. 46 g/t , 5% BE K H At Ak B ) ) 22 S 35O W
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Yy B/ s 6] — pH {E ABR TR T, B 5 AR R
A T AR, pHS. 6 B Y R AR ) A
X AR /N, (H 52 2 KT pHS. 0, pH4. 0, pH3. 0 FF [

[]— pH A ERTRXT 4 /A ol (4 M 5 L 1) 52 il
WA A, pH3. 0. pH4. 0 . pH5. 6 i F A B T 4544
PRI LU RN < B B0 > L T0R >R > B
JFERE 9 55 M pHS. 0 B2 R A3 T 45 A AR 5 L /)
Iy - R e > LU0 > ERIR 9 5 > MK,

pHS. 6 B, F A 9 SR i K, 0 0.27, Bk
Y5 pH3. O [AIFA7E i 3 22 5 A, 05 068 it R At b #4
i) (4 2 S 4 R W35 pHS. 6 IF, A% AR MR FE (0. 31)
BB, 5550 B R A A b B ) 25 S AN I B B e
w5 LA ARIE L 43 BI7E pHS. 0, pH3. 0 B ik
B K, BAERTHIARR WA [F) e BE AL PR R AR AN K,

347 8

PSR Rl T A AT AR, B R
ﬁﬁﬁt?@afﬁﬁ 6 i Del PR 119 52 1 A2 B, 1R R % ol
ARAE T A AT AN [ R B A 4 i V6 P, T2 T AR TR
JEE A, o DEL BRAF 490 F) 07 T BRI AT o A
YrEgr e BB Y S S ek
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PR TR 30 T AT RE 3 5 L EAE W) A ) i R BRI, AR &8 52
FRUE ARG, 4 AR AR A
TR AR AR X AR K BERERR R pH (YRR IR SR 2R
FEkadh, MW7 45 RAEAR Z2 W) Fh b A5 BE S,
I« 55 e A ( Elaeocarpus glabripetalus ) (10] . B
(Hibiscus rosasinensis L. ) | 1 % 46 ( Malus spectabilis
(Ait. ) Borkh. ) ZM#4 ( Ficus micorcarpa L. f.) JK
#] ( Fagraea ceilanica Thunb. ) fEEE 4% ( Carmona mi-
crophylla L. ) F1JUB T ( Murraya exotica L. )" | &

V1 ( Ligustrum lucidum) "',

W W 2 R I A e B RS, IR TR e A
U — b A5 2R A ek 22 R AR AR AR
Porse R A = g i 2 AR A 2 AR G R A5 R R T
HAWTIRE'™ . AW, B pH EAIFEAR, 3 1A=
Yook R AR AR Y R I R S TR
FEtE 9 SIS AR AR A pH (H320H , HE
WWERE A 9 S AN A pH HE W, HAEHA
pH {ELRERE T 2 B b 8] 2 55, 106 1T IR R F 40 14 A
Prim BRI R la] 257, S 4 v A iy i DA T
REE TR R ELHEA T I 1 i, 2 BB 200 6 o ol 45+ A
TEYI A UL RS, IR S R &
BOCAIERE ) TR s AR,

4 & it

4 AR08 P 1 PR A R R A A G A K
BEFR I pH (B BRI SRS 52 T F ka3 i AR 9 &
AR R . R 9 S AEBHURR TN pH3. 0 i, B
AR AR | AR AR A K 43 1) B X R A A
13.40% 23. 84% b A=W &k 3. 70 o/ B, B E R
TXRE pHS. 0 B, Holb N AE Y AV EIE KT
XTHE pHS. 6 B, HARIE L e K, B R AR 9 5 1 i A
AR AR A K ot A MR )
AR R A K AR AR e AN R R BE R T
AR, MEARTERIURR I pHS. 6 B, 1 = A X
AR T R, HARIEE g0 BER, HoH | A
Y MR AEY R SR AR W R AR
AN, BEF EMERIR Y pHS. 0 B, B i A X
A i 3 R O AR F R K (B TE R [FRR B T
HH AR T A i B ) SRR DN
Hiy 1A e A R R TR TR T R R AR R, B pH ALY
IR AR BN ARV E R AR R, 0T

A A A B AR A AR R b AR
W R AR R AU O N TR

AL BESUAS [R] 9 B2 1R W % L R A 9 5 Bedg R
AR R IR AN, AR BE R T N i m] fi i B R A 9
SLEY R AR R (RIS AR A SR A A, B
RIAGE L 5 R0 R SZ IR WK, FE R TR
RN A0 i 80 A 2 R

B 3Lk -
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