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Abstract:  Objective In the past decades, the surface area of land covered by bamboo (Phyllostachys edulis) in China has
rapidly increased. Many studies on bamboo forests have highlighted that bamboo invasion is associated with an increase in the
soil pH. The objective of this study was to verify the mechanism by which bamboo invasion increased soil pH as well as to
explore the accompanying soil nutrients and microbial properties change trend. Method A meta-analysis was conducted to test
whether the invasions of bamboo into the adjacent forests lead to an increase in soil pH. The changes in soil nutrients and
microbial community after the bamboo invasion were also analyzed. In this meta-analysis, 101 sets of data from 42 studies were
collected. Besides data from references, 18 sets of data from 12 plots of bamboo invasion zones from experimental plots were also
used to analyze soil pH and nutrient change. Result Overall, the results showed that in all the data sets, 84.9% of the soil pH
increased by different amplitude after the bamboo invasion. The magnitude of soil pH increased with invasion time but decreased
with soil depth. Also, the increase of soil pH in a coniferous forest (CF) was higher than that in a broadleaf forest (BL). The
invasive pure bamboo forest (BB) decreased soil total nitrogen (—15.9%, P<0.05), nitrate nitrogen (-21.7%, P<0.05), total organic
carbon (-2.0%, P<0.05), but increased soil available phosphorus (+54.9%, P<0.05), ammonia nitrogen (+14.7%, P<0.05) and
alkali-hydrolyzable nitrogen (+8.2%, P<0.05)compared with the original forest. In addition, the bamboo invasion also changed
soil microbial community structure and the relative abundance of Actinomycetes was increased (+25.86%, P<0.05), while that of
Acidobacteria (-15.49%, P<0.05), planctomycetes (—26.66%, P<0.05) and Bacteroidetes (—22.58%, P<0.05) was decreased.
Based on the meta-analysis results, the ammonia nitrogen was increased while nitrate nitrogen decreased after the bamboo
invasion. It could be inferred that the process of ammonification (NH;+H' — NH} ) was improved while nitrification ( NH} +20,
- NO3 +H,0+2H") was suppressed. Therefore, the possible mechanism of soil pH increase was attributed to the reduction of the
accumulation of soil protons released during nitirifcation. Conclusion Bamboo invasion into adjacent forests increased soil pH,
altered soil chemical properties and microbial community. The effect of bamboo invasion on soil pH is a common phenomenon
and the possible mechanism for increasing pH may be related to changes in soil ammonia nitrogen and nitrate nitrogen
concentrations.

Key words: Meta-analysis; Bamboo invasion; Soil pH; Soil nutrients; Soil microbial community
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Table 1 Description of the data analysis object

L4326 5 B F A el diees i 20 Soedf|
Classification Object of classification Tab Control group Experimental group
AR E TRASR T RENHiM ) ORIG vs. BB JELAE AR B
Stages of invasion EEAE OB BURZE) ORIG vs. MIX J AR AR TRAHK
N2V Itk BL vs. BB I Pl EATHK
Different stands AR CF vs. BB [ARUR BT
BATAbRm] ] 0~20 4F- ORIG vs. BB J A= b BATHK
Times of bamboo 20~40 4F
it 40 4
TR 0~10 cm ORIG vs. BB JUAE AR SEXIRN
Soil depth 0~20 cm
20~40 cm
#3d 40 cm

IE: ORIG, J/Ealitk (L& M550 ); BB, BT MIX, B SEEMERMRCHK (WEBMESEA, B S5EMH

ALK

); BL, [@M#k; CF, Ak, TIH. Note: ORIG, original forest ( include broad-leaf forest and coniferous forest ); BB, bamboo

forest; MIX, mixed forest( include bamboo-coniferous mix forest and bamboo-broad-leaf mix forest ); BL, broad-leaf forest; CF, coniferous

forest. The same as below.
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Table 2 Soil chemistry properties of sample plots

Q=)

WRFCXE REE Mor AN/ NHj -N/ NO3 -N/ AP/ AK/
Sample pH
Area Location Stand (mgkg") (mgkg™") (mgkg™") (mgkg™) (mgkg")
amount
LRying 119.8°E BT 6 5.0240.09  49.19+4.22  10.76+1.41 1.78+0.23 2.54+0.66  63.83+3.43
I 22 X 30.23°N Jod] P A 6 4.62+0.15  39.59+4.64 8.61+0.84 3.39+1.19 2.23+0.46  61.83+8.98
Linan District,
Hangzhou
N T 119.4°E BT 3 4.73+0.17  67.448.35 29.80+6.67 0.5940.60 6.39+1.96  96.67+9.61
2 30.64°N  FIRZIRZE 3 4.94£0.04 68.64+15.68  35.47+7.06 0.45+0.08 321£0.67  98.33+4.51
Anji County, (XN 3 4.53£0.04  87.09+5.83 17.41£2.72  32.80+£10.27  6.65£0.90  147.312.01
Huzhou R 3 4.51£0.08  50.03+7.00 23.57+7.36 4.15+0.68 7.46£1.01  103.7+4.73
[i#] I AR 3 4.50£0.15  88.02+25.03  19.47£1.94  8.40£6.66  6.69+0.87 167.7+30.57
T 119.3°E EAH 3 4.97£0.13  66.99+19.08  12.45x0.94 2.22+0.69 3.41£1.02  86.00+14.11
Jer 28.99°N  EBRHAL 3 4.76+0.09  56.5+19.42 8.87+1.69 1.37£0.42 2.55+0.58  138.3+56.44
Longyou A 3 4.64£0.05 54.61+1.68 10.60+3.98 435+1.19 2.13£0.23 100.67+9.29
County, 119.3°E FEATH 3 5.09+0.03  114.6£13.79  2521+4.83 3.09+1.06 4.86+2.78  79.33+9.07
Quzhou 28.98°N LRk 3 4.81+0.18 59.19+16.03  11.37+434  7.19+1.91 2.09+0.58  181.3+20.50
i 119.0°E EATH 3 4.93+0.19 172.4+33.09  32.91+7.94 3.87+0.68 4.05£0.79  43.00£11.27
jEg g 29.23°N  EBAIRA 3 4.68+0.08 148.0+47.12  21.06+0.51 2.82+1.13 4.09£0.58  51.67+12.10
Jiande City, A 3 4.49+0.06 115.1£30.27  26.08+3.10 3.74£1.19 2.70+0.64  39.33+13.65
Hangzhou 119.0°E EAH 3 4.92+0.11 137.2+17.59  23.06£3.34  2.61£0.31 2.13£0.63  67.33+5.86
29.23°N Jod] P A 3 4.71£0.11  165.514.55  15.98+2.21 3.87+1.21 2.70£1.01  111.0+19.47
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Sample pH
Area Location Stand (mgkg™!) (mgkg!) (mgkg™) (mgkg™) (mgkg™")
amount
I 7K T 191.9°E BT 3 5.48+0.19 283.7+116.3  22.23+8.63  12.03+7.82 2.94£0.94  139.3£12.66
BEH 28.44°N Jie] b 3 4.89+0.18  199.2+17.21  11.01£5.66 5.75+1.88 3.10£0.62  161.8+44.12
Suichang
County, Lishui
7K T 118.9°E BT 3 4.87+0.09 155.2430.27  13.00+4.54 1.73+0.11 4.01£0.14  180.0+35.93
Rt 27.61°N TRATHK 3 4.67+0.05  81.78+13.75 6.05+0.22 1.90+0.42 3.48+0.38  90.67+15.89
Qingyuan Jod] P A 3 4.75£0.02  124.0+1.86 9.55+1.89 2.52+0.30 2.98+0.14  176.3+22.30
County, Lishui 118.9°E BT 3 5.124£0.03 161.4+5429  18.29+0.73 2.854+0.53 3.07£0.75  196.7+3.79
27.75°N HER N 3 4.94£0.07  136.4+26.68 8.84:+0.88 3.28+0.50 224040 126.7+10.69
Ji#] - A 3 5.13£0.07 150.7£11.65  11.34£2.29  4.37£1.89  2.82+0.33  169.3+25.03
119.0°E EAHR 3 5.04+0.14  174.9£22.17 9.55+2.50 1.920.70 4.60+0.43  74.33+16.07
27.51°N HER N 3 4.80+0.04  217.9£39.55 9.08+0.38 1.74+0.15 3.2740.58  113.0+8.54
[ I AR 3 4.71+0.16  274.4£52.77  13.41£2.81 2.76+0.30 2.07+0.50  192.3+2.52

I AN, Bf#AE; NH -N, #%&%; NO3-N, fS%A;

NHI -N, ammonium nitrogen; NOj-N, nitrate nitrogen; AP,

mEl 1, ETFARRBR RN, 5L
AL, BATAM A E pH 2 THIFE (10.5%) & T
TRAEH(5.5% ), M T35 E 5L M 7.8% ( P<0.05 ).
HETANBMA AR, SEAGMAAELL, BT
MNZE ARG 14 pH 4R THIFEE (+11.0% ) B
T AR AR (+1.2% ). FETBATAEMAT
[ AT 2B, BATSARES[R] 0~20 4R IX ], +-4%
pH B JFEAAIMRIET 6.0%, KT 20~40 4EHETFH
13.3% 3T R IREE M iR W], 5 R A siAa L,
EAEX 0~10 cm. 0~20 cm 12 3% pH 2T+
MR K (+8.2% . +11.3% ), KT 20~40 cm Y+
2 (+4.3%), #8140 cm + 2+l T SCHk B
BN, HARSPERK, BORGETS 2 W6 Y 2 w22 1
g
22 EMANEXRLTEFRSHFND

BT SCHRF ISR (3R 2) 1Y Meta 53 BT 4h
B, BTAREBEANGE LESR I AT BB
fbo LR BEA . WARMAUBEENRH
B AR DTSR (F2), KA It
W _E e N, B8, IR AREEA
FHON B E T (P<0.05), FH453 5 F % 15.9%F0

AP, AR, AK, HH. Note: AN, alkali-hydrolyzed nitrogen;

available P; AK, available K.

21.7%, BTS2 NRIE TR RO, Ho BT
564 NAZEF AR, - 82 J P FE ik 40%, MEAT
e AR RS HIERS S A NS 30.4%; BAT
AT 35 I B S AR 380 10 3 ( P<0.05 ) 3 m,
SIS BIERTE 14.7%F0 54.9%, 4 A4S Ty lE nt
RIS, B 2 SRR S804 - B2 43 )38 15. 7%
137.5%. +3EmfR A A e AR B . AR
RTINS RAE (B 2) s, LA
B bR AR AR B AR B B3 (P<0.05) T RE
(-10.6% ) Ak, FA RGBT + 0k 2 & i 3 3%
MM (P<0.05) FTt. BAT AR SAHI
WA B R 2%, (B AARMRAS N i bR 2
HOM 4.2%. BAT AR S 1 52 i i
A, BB B . ARG 3 A5 0T — i 43 A B
ToEAL, R, T AREB N RE, R’
MR A R S AR MR 2 TR R 23.6% (P<0.05)
(K 2).
23 EMANEHMEVEENZIE

BRI AT R, BT AR S A
Yk K A B AR (3. iR s kA He s Ak
MR 98 B AR FE BRI 13.55% ( P<0.05),
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Stages of invasion
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* RN Total (66)

¢

J Ak Mvs JRZEFRORIG vs. MIX (33)
JFAbRvs. BATARORIG vs. BB (33)

* JA5N Total (64) E o MY
Different stands

¢

EFrbvs. BATARCE vs. BB (31)[ i e
bt bvs. EATABL vs. BB (33) .
* BB Total (41)F e pra bkl
0—204£0—20 year (11)| (S — Times of bamboo
204042040 year (11)} — i
1T 404EMore than 40 year (19)f i —e—i
* AL Total (86) : LR
0~10 em+J20~10 em (23) ' - Soil depths
0~20 cmEJ20~20 cm (42)f »
20~40 cm+J7£20~40 em (15)F e
#1340 cm+JZMore than 40 cm (6) ; ' .

0 10 20
EM ARG £ HEpHAR fkPercentage change of soil pH/%

TE: PRI 0 . ARBIr B, MM . BATEARI ], 22 REE . *FRR XA B RAY N o AI* ELARBR AR S %
FCRYZES, MRG0 BN A SR vs BAT AR, §55 RECF SRR MIAEA SR o B B S AR N A 4 e, o (o)
FRZEREFEZL, =08 (o) #ARANEE., FHE. Note: The four parts are as follows: stages of invasion, different stands, times of
bamboo, and soil depths. Adding * means the effect of the sum of this subgroup. For the group without * and without marked stand contrast,

the default stand contrast is original forest vs. bamboo forest. The number in parentheses indicates the number of observed samples. ® means
a significant change in the value. o means no significant change in the value. The same as below.

K1 ARIYERE 3T BAT AR 1 HE pH 95200

Fig. 1 Effects of bamboo invasion on soil pH in a different dimension

HEMEEARERAMNG A EE (+523%); B BRSITZRERT, SEAMML, BHAREE
(NSl S LR NI T I FEfG (P<0.05) TiEREMAEY R (-23.6% ) F
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Fig. 2  Effects of different stages and different stands of bamboo invasion on soil nutrients
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Fig. 3 Effects of bamboo invasion on microbial indices ( a. Shannon index and Chaol index for fungi and bacteria, b. Relative abundances of

five dominant bacterial phyla, c¢. Microbial biomass carbon, microbial biomass nitrogen, microbial biomass phosphorus and PLFA )
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Fz 1 Meta DI ER R
Table 1 Meta-analysis literature inclusion table
Ay FE R N2 Vix PrMRAFAES 5] WFR 2R A5 R Y e A S5 30k
Year Sample The invasion of  Times of bamboo Soil depth Microbial data type References
the stand
2015 3 FARL RN 40—50 4E 0—10 cm / [52]
2020 1 fiE ik 20 4F 0—20cm MBC, MBN [53]
2017 8 LAl 0—20 4F 7 4; 0—20cm; / [54]
504F 141 20—40cm
2018 1 FARL RN 70 4F 0—10cm / [55]
2016 1 I Pt 60 4 0—20cm FLH Shannon F84( [56]
2017 1 fi] itk / 0—20cm / [27]
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2017 1 fi] ek 30 4F 0—20cm K.} Chaol #844; AMF Y PLFA. Chaol [46]
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LAl N 40 4
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2019 1 Btk 14 4 0—20cm  MBC, MBN; 4l Shannon #§%%. Chaol [63]
FRH; AT SRS T HIX £
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[52]

[ 54 ]

[ 55 ]

[ 56 ]

[ 57 ]

Umemura M , Takenaka C. Changes in chemical

hinoki

( Chamaecyparis obtusa ) forests induced by the invasion of

characteristics of surface soils in cypress
exotic moso bamboo ( Phyllostachys pubescens) in central
Japan[J]. Plant Species Biology, 2015, 30 (1): 72—79.

R, KM, K, & BATARE ST+
B A LB B Sh A [J]. AR, 2020, 39
(7): 2263—2272.

AR, BE, B S BATRME XS L AN R
WREVE 451 Je ZREPE RS (D], R A %4, 2017,
28 (11): 3740—3750.

BEREEE. I B AT Ik S Y R R T B
SLWAD].RE S e LV R, 2018.

R, RE, KR, BRI
TEFRHRAAL]. WA A4, 2016, 27 (2): 585—592.
TRPCIE, BRER, Rmih, 5. AR LIRS AR
XF BT AL B R AR B BT L [0]. W VLR AR #2240

[ 58]

[ 59 ]

[ 60 ]

[ 61 ]

2021, 38 (4): 703—711.

2, XIskk, EEI, & FIBATY IR AAELAE DT
W 18 N,O il CO, iERL A R[] L4224, 2019,
56 (1): 146—155.

Li Y, Li Y, Chang S X, et al. Bamboo invasion of
broadleaf forests altered soil fungal community closely
linked to changes in soil organic ¢ chemical composition
and mineral n production[J]. Plant and Soil, 2017, 418
(1-2): 507—521.

Bai SB, ConantRT, Zhou G M, et al. Effects of moso
bamboo encroachment into native, broad-leaved forests
on soil carbon and nitrogen pools[J]. Scientific Reports,
2016, 6: 31480.

Ikegami N, Satake T, Nagayama Y, et al. Changes in
silica in litterfall and available silica in the soil of forests
invaded by bamboo species( Phyllostachys pubescens and

P.bambusoides ) in western Japan[J]. Soil Science and

http://pedologica.issas.ac.cn



3

T AR T Meta TIPS BAT ARBCLIE pH $2T1 K% 03 R I RE R 25 )72 4k

877

[ 62 ]

[ 64 ]

[ 66 ]

[ 69 ]

[ 72 ]

Plant Nutrition, 2014, 60 (5): 731—739.

Wu C S, Mo Q F, Wang H K, et al. Moso bamboo
( Phyllostachys edulis ( carriere ) j. Houzeau ) invasion
affects soil phosphorus dynamics in adjacent coniferous
forests in subtropical China[J]. Annals of Forest Science,
2018, 75 (1): 11.

LiWC, ShengHY, LiuYY, etal Responses of soil
bacterial compositions to concentrations of nitrogen
forms in the process of moso bamboo invasion[J].
Ecological Research, 2019, 34 (6): 743—752.

Chen ZH, LiYC, ChangS X, etal. Linking enhanced
soil nitrogen mineralization to increased fungal
decomposition capacity with moso bamboo invasion of
broadleaf forests[J]. Science of the Total Environment,
2021, 771: 144779.

LinY T, Whitman W B, Coleman D C, et al. Cedar and
bamboo plantations alter structure and diversity of the
soil bacterial community from a hardwood forest in
subtropical mountain[J]. Applied Soil Ecology, 2017,
112: 28—33.

Lima R A F, Rother D C, Muler A E, et al. Bamboo
overabundance alters forest structure and dynamics in the
atlantic forest hotspot[J]. Biological Conservation, 2012,
147 (1): 32—39.

LiuCX, ZhouY, Qin H, etal. Moso bamboo invasion
has contrasting effects on soil bacterial and fungal
abundances , co-occurrence networks and their
associations with enzyme activities in three broadleaved
forests across subtropical China[J]. Forest Ecology and
Management, 2021, 498: 13.

WIEME. Wz W H ARG B AT M A2 ARG 5 bR 5y 1
Bt K PR W A R I [D]. AR M AR AR AR
2, 2018.

X, G, TOHR, 5. ARNRAEEIXT BT
A A HURR AN A NI B SE R [T]. S IR B A Y
#, 2021, 27 (1): 71—-80.

Zhang X, Song Z, McGrouther K, et al. The impact of
different forest types on phytolith-occluded carbon
accumulation in subtropical forest soils[J]. Journal of
Soils and Sediments, 2015, 16 (2): 461—466.

Wang X, Sasaki A, Toda M, et al. Changes in soil microbial
community and activity in warm temperate forests invaded
by moso bamboo ( phyllostachys pubescens ) [J]. Journal of
Forest Research, 2017, 21 (5): 235—243.

Tanaka S, Shbahai Y, ToRii A, et al. Comparison of
nutrient dynamics of throughfall and soil solution under
bamboo ( Phyllostachys pubescens ) and Japanese cypress
( Chamaecyparis obtusa ) stands[J]. Japanese Society of

Pedology, 2011, 55: 16—29.

—

73 ]

[ 84 ]

Fukushima K, Usui N, Ogawa R, et al. Impacts of moso
bamboo( Phyllostachys pubescens )invasion on dry matter
and carbon and nitrogen stocks in a broad-leaved
secondary forest located in Kyoto, western Japan[J].
Plant Species Biology, 2015, 30 (2): 81—95.

Wu J S, Jiang P K, Chang S X, et al. Dissolved soil
organic carbon and nitrogen were affected by
conversion of native forests to plantations in subtropical
china[J]. Canadian Journal of Soil Science, 2010, 90
(1): 27—36.

Cai X, Lin Z, Penttinen P, et al. Effects of conversion
from a natural evergreen broadleaf forest to a moso
bamboo plantation on the soil nutrient pools, microbial
biomass and enzyme activities in a subtropical area[J].
Forest Ecology and Management, 2018, 422: 161—171.
Tian X K, Wang M Y, Meng P, et al. Native bamboo
invasions into subtropical forests alter microbial
communities in litter and soil[J]. Forests, 2020, 11 (3):
14.

Liu X S, Siemann E, Cui C, et al. Moso bamboo
( Phyllostachys edulis ) invasion effects on litter, soil and
microbialPLFA characteristics depend on sites and
invaded forests[J]. Plant and Soil, 2019, 438 (1/2):
85—99.

Guo X P, Chen HY H, Meng M J, et al. Effects of land
use change on the composition of soil microbial
communities in a managed subtropical forest[J]. Forest
Ecology and Management, 2016, 373: 93—99.

X5, RO, MOBAH, AF. AT 4 FhbRosr 2Bl
St W A W e B RURFAE B 2R 1 AR AR 0], A A
#2, 2019, 30 (6): 1901—1910.

RS, TEAE, XU, S A O U AR R 5
Fh b X Y P LR B9 RS R [0 0 AR A I
2013, 24 (10): 2897—2904.

Yang C, Ni H, Zhong Z, et al. Changes in soil carbon
pools and components induced by replacing secondary
evergreen broadleaf forest with moso bamboo plantations
in subtropical China[J]. Catena, 2019, 180: 309—319.
Wang H Z, Zhang T X, Wei G, et al. Survival of
Escherichia coli O157: H7 in soils under different land
use types[J].
Research, 2014, 21 (1): 518—524.

Meng M, LinJ, Guo X, etal. Impacts of forest conversion

Environmental Science and Pollution

on soil bacterial community composition and diversity in
subtropical forests[J]. Catena, 2019, 175: 167—173.

Luan J, Li S, Dong W, et al. Litter decomposition
affected by bamboo expansion is modulated by litter -
Functional

mixing and microbial

Ecology, 2021, 35 (11): 2562—2574.

composition[J].

(RERE: HxAT)

http://pedologica.issas.ac.cn



