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Structural characteristics and soil properties changes of Pinus massoniana forest

in the suburbs of Chongqing under the background of weakened acid deposition
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Abstract: Acid rain is a global environmental problem and Chongqing is one of cities where acid rain occurred earliest in
China. The acid deposition in the suburbs of Chongqing was extremely serious and exerted a significant threat to forest
ecosystem and soil acidification. Pinus massoniana is a common afforestation species in southern China and one of the most
dominant vegetation types in this region, but it is extremely sensitive to the hazard of acid deposition. Under the long-term
influence of acid rain, Pinus massoniana has undergone significant disturbance. However, in recent years, acid rain has
been greatly alleviated in southern China. Under this background, it is necessary to scientifically understand and accurately
comprehend the changes and the responses of forest structure and soil properties in acid rain region, and will provide a
scientific basis for the assessment of forest adaptability in the later stage of acid rain impact and forest sustainable

management. However, previous studies have mainly focused on the short-term effect of acid deposition on structure and

ELTB . T A RRLARE 40 LI H (CSTB2023NSCQ-MSX0741) ; H IR 1T U F 2 it &8} & H AR 7T T H ( KIQN202000502 ) 5 BRI vl A2
FE4: 75 H (20XLB00S ) 5 & P K2 A B AL I 2Rl 35 H (5202210637032)

Y75 B #8:2024-01-10; ) £& Hi AR B #A :2024-09-02

# W IHAE#H Corresponding author. E-mail ; wyih515@ 163.com

http ://www.ecologica.cn



10746 xR 44 %

function of Pinus massoniana forests. A long-term study of Pinus massoniana forests in response to the gradual control of
acid rain has not been so far. Over the past decade, we monitored the changes of structural characteristics, soil hydro-
physical properties, soil nutrients and acidification characteristics of Pinus massoniana forest in the suburbs of Chongqing.
The results showed that the density, average tree height and average diameter at breast height (DBH) of Pinus massoniana
forest decreased after ten years, but species diversity index increased. Importance value, biomass and its proportion of
coniferous species including Pinus massoniana and Cuninhama lanceolata decreased, with Pinus massoniana declining the
most ( P<0.05) ; by contrast, the broadleaf species increased, with more young trees and medium to large diameter-trees
added. Soil bulk density of each soil layer decreased, while soil non-capillary porosity increased. Total porosity and capillary
porosity of the top soil layer also increased, but the bottom layer decreased. Soil pH decreased in all layers (P<0.05) , but
soil exchangeable saline base ion content increased ( P<0.05) , and humus layer and surface soil organic matter content also
increased. Overall, under the background of weakened acid deposition, structure of Pinus massoniana forest in the acid rain
region was effectively improved over the past decade. Soil hydro-physical properties were somewhat improved and showed a
trend of recovering from acid rain impact, but compared with the control of acid rain, soil acidification improvement has an

obvious lagging effect and its process is longer and more complex.

Key Words: stand structure; soil acidification; suburban forest; time variation; recovery
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ARSCAE R R T 7 B AL O B DR 2 nl - il i 22— B R LU 3RS, DL 5 AR MO TSRS R, X L 20 A
2011 4F 2021 43 4R 7] — 3 s 1 S R ARARES A RFAE | SOKSCH R 7 |+ 85R 00 5 IR AL Rk S HL AR
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1 HAREXWREARTE

1.1 W IXHEN

WFE X o0 T 3 el VAL IX 4% L FE AR 3% (29°38' N, 106°41'E) | J& W A HE VT 18 S A, 22 4F - 1 [ /K 4
1100mm , SF SR 18°C . 1R VU ZEAR AT 2 M5, V4K 78 5531 BRI A 242—584m , ¢ i AR fKAE 5°—30°,
TR A A E LM 3, + R R — AR AR 50—80em ., BIFFE X FRUTKE ™ 5, I 5 A ARAMFIAK P
WK pH {EF-25°4 4.06 F13.20, L 3ERALIT & FRAREZR 20 tHA0 FA TR RIRARZ B IR 5 F 4R 055
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TE ) AR AE MR MR 53 2R B i, 12 LS AN A 3 IR PR A D i 75 % ( Cinnamomum camphora)
A ( Phoebe zhennan) , Forb T AN SZ R UTIE MG AR ME B 5, Y5 M R ZAE 8 40%—50% ; FARZE F5 N
ARAF ( Schima superba ) . ¥ W ( Aidia cochinchinensis ) . ¥ R ( Cuninhama lanceolata ) . T % K ( Schoepfia
jasminodora ) 5% ; KA 2 VAR TS H ( Dicranopteris linearis) A 3,
1.2 Bk
1.2.1 AR E

2011 4F 5 H  FEgRILEFARIZ AR e /N BE LA P b A, 15 & A% Ty 30x30m 1Y H R FA MR L B A
M3 A A - PRSI (R 1) .

R1 DEMWEIIREARER

Table 1 The basic situation of sample plots

RG> TR e 552 W Welir Y 1)
Plot number Soil depth/em Soil type Altitude/m Slope gradient/ ( °) Slope position Slope aspect
1 80 L Hb B 547 10 i3 i)}
2 80 IR e 570 10 Tk (il
3 80 L B 570 5 g It

1.2.2  HEHCRHER A 5HE

A3 F 2011 4F 2021 4E09 5 7 A5 X By R AN MRS FE M i 4B B RRAE E AT TR AR R A S FE R R B2 bR 25
JE HBIAE HEAR)ZIEE AR 255 A AR = Sem WG SR AT REAKE R, IC SRR A4 BR B R MDA
G5, SRIG AT BRI AR (51 BE  MAZ 0T I A T A AR A T 48408 43, Hor DL Sm iR EE, 1143 5 AR R
BT 2 (1m<H<5m) I % (5m<H<10m) M% (10m<H<15m) IV (15m<H<20m) .V % (20m<H <
25m) ; LA Sem MR R, KR 6 ARG, B T 2% (Sem<DBH<10em) | 11 £ (10cm<DBH < 15¢m) | Il 2%
(15cm<DBH <20cm) | IV4% (20cm<DBH<25c¢m) , V % (25cm<DBH <30cm) , VIZ% (DBH>30cm) , T £AF
WP AT Margalef =F 5 BEFE 40 (R) \Shannon-Wiener ZFEPEFEEC(H) | Simpson ZHEMEFEEL(D) (Pielou ¥
SIS (E) MR R BB (1V, %) 0 i A58 (1) ((2) .(3) .(4) (5) HE g,

(S-1)
k= InNV (D
H=- i(PilnPi) (2)
D=1- i I (3)
H
E:ﬁ (4)
IV=(Rf+Rd + Pr)/3 (5)

P, S AR ANE s N BT R B8 N SR @ BRSPS R RSB AR Rl R R )
(%0) s Rf JIAIXS BUE , RIVAE: iy o A0 b (8 A8 oty e AR Ao 01 138 2 T8 1 90 (%0 ) 5 Rd SR AR 32, RIVEEE
HREAN IR ) S B 7 R o PR R 3 B (9% ) 5 Pr A S5 82, VAR i A o 4 g A 1 A
AR B B v I T AR A 0 L (%) o
PEARA R A Py i o B B b A Wi Sl A RO TS SR B AR OB T3 A . DB RT3

SERAT A bR ERGRR R T R — 3 DX [ — R ) S A RO R, R B RS ASOR R Ak E R Aep A

RS KR B TR AR SRE S Shuai Ouyang &1 BFFERCR | SR 5 X REHBAS A A A= 4y 4
PEATSRAN 152 o RSB T AR R AR Wi
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Mg & 2R F R F RSO B a4t H B R U8 se - R 2 s . 2021 4F 5 T, SR A TRIARE 5 a6f
I RRANMRAS B M A T A R A8 R BRI S
1.2.4 HdEabsg

fdi 1 SPSS 25.0 #AFHEATE R AT, Hodh SR STARAR T K507 v e 450 5 S R ARES MRS 1E £
HEPRAE BT A9 22 S 5 SR FH B 2 5 220 M1 (one-way ANOVA ) J7 K56 [7] — 4R A 6] + )2 T3 #AL P B i) (8
FA% IR Origin 2022 B PHAERE

2 #R

2.1 ERAAMRE A AR S A

2011 4F L AN MRS E N 785 A8/hm® SFHIRE 5 4 14.52m, 2021 4E 00 23 514 633 #/hm® 11, 14m, # Lt
2011 450 HIREAR 19.36% 23.28%, H1&l 1 ATAT, 20112021 4F- S RAMARRY m 2 B0 7E 1T IV 9, ol i
T BAS 51355 35.38% .38.94% , ML 2011 4F,2021 47 Ih A AR &5 11— V A A 034 B /b | (3
BT TR, RRFIE 2021 45444 8 S0 B AN A EE 2011 AR08/ AR Ao T T 20042 ARt

HH S el /L Rl S 53 3] 38 63.64% ,38.46% 5 [ia] AR A I i v i T 0 A B Sk 2> (e 8 22.229% ) A, A AR 25 9%
AR A5 JA R )RR R i, UG TR s T VR, B, 2021 47 5 AN MR =i 52 1S40 A, Homy
20114 [ 202148
B REAR OREM
60
60
40 - 40
®
E 20 20
s
S 0 0
5 1 11 1T v Y 1 11 I v Vv
£
§ BA 60 - BEI A
8] 30
&
<'_ 40
20
ok 20 H
0 L L ' 0 L n—_:—l_:a
I 11 1T I\% \' 1 11 I v Vv
W E 2k Tree hight class

1 SEMKRREARMHHENESE
Fig.1 Tree height distribution of Pinus massoniana forest and its component species
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4 15—20ecm BHAZ AT WA, H 5—10cm 12 FAZ A A B 8 9d /D, W ik 75% , #H I, Bk 20—25em 2,
2021 AFFE R (L HE IR  PEA T B2 R4 ) IO & R G AR AH B 2011 4R35 B 8, G LB T 20—
25cm LA Ke>30em (KA A, 3k B0 Bl 5 S5 FEAM AR [ SRR, A2 RFEMOR Tl 1] 5 4 v i 2 b 1 45 34, i
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Fig.2 Diameter at breast height distribution of Pinus massoniana forest and its component species

2.2 HERIAMRIRNZE S R

F 3 2 AT, 2011 AR BAMAR 3 BRI b — A R 12 Bh 212 #1117 2021 4F—284 14 B0 171 B, 44
Lt 2011 4F,2021 45 H AR ARFEA B, 5558 7 A8k (LR A R 4 FhiRERp (HIE R T oM
ML BRR T XD 2 AT SRS A2 AR T 52 .25 BR ISR EZE 50% , PEAR T AR T 43 003 T 26
9 #R, [AIINF, 2021 4F L5 B2 A AR A0 B i 2 18 A B8 A 1950 & A8 Al I o L A8 28 AR AR 0.88%—34.51% Z [8], Tii
2011 FFA WA AELTE 0.47%—52.36% Z [8], Horb Ty R AR T o L4935 5] 52.36%, 1T UL, 14 19 8] B B A A
FRLE S5 o0 A0 2R T I AR Ak, E BRI H A AR SE S iR B A B | 7 LA 2 B R R TP A A
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R2 DEMMMFHEMREZL
Table 2 Species composition change of Pinus massoniana forest
2011 4 2021 4

Tl AL FAETE O AL FAER O
Tree species Individual ol Existing Individual Kol Existing
number/ Percentage/% situation number/Ff Percentage/% situation
LM Pinus massoniana 111 52.36 A 59 34.51 A
K2R Cuninhama lanceolata 46 21.70 B 21 12.39 A
PEWS Aidia cochinchinensis 3 1.42 H 29 16.81 H
F##K Loropetalum chinensis 8 3.77 f 17 9.73 B
T E2 R Schoepfia jasminodora 15 7.08 f 14 7.96 H
B Mallotus barbatus 9 4.25 A 8 4.42 H
I Cinnamomum camphora 8 3.77 H 1 0.88 H
Btk Lithocarpus glabra — — — 8 4.42 f
B Anacardiaceae 4 1.89 A 5 2.65 A
I I HERR Trema laevigata 3 1.42 H — — —
TR Phoebe zhenna 3 1.42 B 3 1.77 H
114§ Camellia japonica — — — 3 1.77 f
Hohl Syzygium buxifolium — — — 1 0.88 B
ARZETF Litsea pungens — — — 1 0.88 f
FEAR Alnus cremastogyne 1 0.47 f 1 0.88 s}
X Cyclobalanopsis glauca 1 0.47 H — — —
£ Total 212 12 171 14

A& 3 A1, 2011—2021 4F 1A 18] 2 B2 45 bR 1)
B AF P78 B H2 T, B0 Margalel 4 5 Ji 5 4. s 0
Shannon-Wiener Z2 #1458 %4 . Simpson 8 %1, Pielou 7]
FEFEHUH 2011 4E1Y 1,76 .1.37.0.63 ,0.65 43 )4 fin 5]
2021 44 1.97 .1.52.,0.75 .,0.70 , B g 43 5135 2] 12.33% |
10.68% . 19.68% .8.21% , H:H Simpson 15 3 fin i 3 ' "

' N
2.3 HREAARY B A 0

Margalef Shannon-wiener Simpson Pielou

2011—2021 47317 25 R AN AR A5 21 A b i) 2 224 K05 RS, Tree species diversity index
KAEBRAB(FE3), ML 2011 4F,2021 FER DR X -
IR R SR IR e TR S SRR e
(P<0.05) I AE EEREAR T 5.06, BMAHEF W 2011 | o e et iy s R 3 = 2 35 b A
AESE 2 IREARE] 2021 4E5 3 A0 R R RD (R P e (p<0.05)
R FTHEA ) () A Y e, Hrh b R A T T
11.27(P<0.05) , BAAHEF H1 2011 4E55 5 A7 7Hi 2 2021 4E45 2 i,
24 LEMHEARZAEYE

M2 4 0], 2011 4E 5 BAMRTR A2 A Y08 M 162.78 t/hm? , Horpr T B AAE Wi ik 150.40 v/hm?, (578K
JZAEYIREY 92.40% , T AR ) A P i — 2 7 7.60%, 2021 4F B AT R )Z A i 125.55 ¢/hm?,
FHEL 2011 498070 T 37.23 v/hm? 3 0] B8 32 22 48 0] 5 R AA 1) K RE iR AU T T 8, IE ANk 4 fiow, 2021
AE I RN EAE E 2011 AR08 T 44,120 hm?  JRRIR 29.34% , (5 TRARZ AR P 1 L B RRAIR R 84.65%
T4 Th RS ARSI, 4% R W b 4 2 A 29386 0 , 368 18.36 t/hm? | 5 TR A JZ AR i (1 He 388 A 2] 14.62%

[\S]

ns

#{ Numerical value
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*3 DEMKIZANNMEZETN
Table 3 Importance values of main tree species in Pinus massoniana forest

Y R/ N
R Importance value/% P Degree Egaia
Tree species Difference

2011 4 2021 4 2011 4 2021 4F

LA Pinus massoniana 65.31 49.89 0.045" 1 1 0
A Cuninhama lanceolata 13.63 8.56 0.569 2 3 -1
B A Schoepfia jasminodora 5.37 6.53 0.504 3 4 -1
PEW Aidia cochinchinensis 1.61 12.58 0.048 * 5 2 +3
SLi- %N Loropetalum chinensis 2.10 5.26 0.561 4 5 -1

* F7n P<0.05

R4 DEMMIEHAMMMENETL

Table 4 Biomasses of main tree species in Pinus massoniana forest

2011 2021 24K, Difference

n R EeR e A6E
Iree species Biomass/ Percentage/ % Biomass/ Biomass/ Percentage/ % Biomass/

(t/hm?) (t/hm?) (t/hm?) (t/hm?)
LA Pinus massoniana Lamb 150.40 92.40 106.28 84.65 -44.12* -7.74
K Cuninhama lanceolata 1.64 1.01 0.91 0.73 -0.73 -0.28
HHAR Loropetalum chinensis 0.69 0.42 2.08 1.66 1.39 1.24
A Schoepfia jasminodora 2.59 1.59 4.71 3.75 2.12 2.16
PER Aidia cochinchinensis 0.13 0.08 1.47 1.13 1.34 1.09
HAbBFh Other species 7.33 4.51 10.10 8.05 2.77 3.54
B3t Total 162.78 125.55 -37.23

2.5 HEAMR AT BT

H % 5 Al ,2011 2021 4 5 BEANAR 3K SCHy B it bl 4 2 3 B A8 A e AN [R], R B0 2011 45 B AL
MR- g2 B 2 IR G R, I B A LRSS Rl 2 RN (P<0.05) , oAt - 87K SO B A B 1 )2
TR el /N5 1S K 52021 4F By FRAABR 4= 33875 o ) i+ 22 g i3 K, H3RJ2 (0—20em) I & W KT
JI$)Z (40—60cm) (P<0.05) , FoAth 4= 87K SCp B T34 bl 2 IR i i/ )N , b B 45 FLIR RE G (i 25 A8 b o, Hofth
WREREBERTIKE(P<0.05), BEEE 2011 2021 4E D BAAAK HIEZS T FLER B AR K B 25K Sc s
PEFTI DL R B Fehf , RN T e d de/ N T LR B K fe k.

x5 DEMMHTEAIHEEREL

Table 5 Hydro physical properties changes of Pinus massoniana forest
e e B N £ N 11 e 5 At e 2L A ek Sl L
A R i%ﬁ@ LB JE“E fL[%"\E FEE a%ljﬁﬁfﬁ Lﬁ‘ﬂl%ﬁkg :E‘E ?j?ki m'lﬂ%?kg
Ay Soil Soil bulk Total N Capillary Non-capillary Saturated Capillary Field water
Years o density/ ot porosty porosity porosity water content water content capacity
depth/em 3
(g/em”) /%
2011 4F 0—20 1.45+0.13a 43.99+3.79a 35.07+3.02a 8.92+1.05a 31.77+6.26a 25.13+4.82a 24.28+4.62a
20—40 1.60+£0.07a 39.24+3.27a 34.66+2.79a 4.58+0.85bc  24.66+3.07a 21.77+2.68a 21.18+2.65a
40—60 1.61+0.04a 40.54x1.77a 36.79+1.61a 3.75+0.61c¢ 25.30+1.66a 22.95+1.46a 22.20+1.33a
0—60 1.55+0.07a 41.26+2.35a 35.51+2.27a 5.75+0.14b 27.24+2.94a 23.28+2.61a 22.56+2.55a
2021 ¢ 0—20 1.25+0.11b 45.06+3.90a 35.50+2.19a 9.56+2.14a 36.83+6.57a 28.92+4.16a 22.65+3.24a
20—40 1.50+0.07a 39.00+2.72ab  32.25+3.17a 6.75+1.25ab  26.24+2.62b 21.62+2.55b 16.74+2.24b
40—60 1.59+0.05a 37.70+2.35b 33.08+1.99a 4.63+0.78b 23.78+2.25b 20.85+1.92b 16.18+1.75b
0—60 1.45+0.06a 40.59+2.49ab  33.61+2.06a 6.98+0.68ab  28.95+3.18ab  23.80+2.50ab  18.53+2.03ab

I G NG TR R ] — 4y AN R 2 7 22 57 .35 ( P<0.05)

FHLEE 2011 45,2021 45 5 R AARAS 12 32 R )R K B 4 WA, AR B4 FLBR B 2 T vy, T Ho At 1 2
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IKSCHIPIPE B AE 4% )2 B AL A — 3, A 0—20em + )2 T HEAFLIREE BT MWAHEKE Y
FK BT E 0 20—40 40—60cm +JZ M9 HERFLBRE  BE LB | BEROKEIEMIK, SRk E, T4
$O910) 5 RS AR K SC BRI B BTk, b DIRJZE (0—20em ) 3B A RS SO fcds , {HBR 40—60cm +
JZ 9 H IR K AR A A1 (P<0.05) |, Hofth + 2 (1945 K SO Bk AR L 4R 18 3% (P>0.05)

H &l 4 AP0, 2011 2021 4F E FEAA AR 35 pH (B 5 0 22 {6 3.64—4.03 3.33—3.77 Z[H], ¥ @ iR Mk +
5, HIGBE - EmBmE R, AHEE 2011 4 B RRAART-24 118 pH {H 1 2011 4F 3.9 T FEF] 2021 4F 3.6, H4&
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Fig.4 Soil pH, organic matter, total nitrogen and total phosphorus changes of Pinus massoniana forest
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