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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 (NHs+H' - NHj ) was improved while nitrification ( NH} +20, —
NO; +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

50532 15 DL A S RS Xt B Seg 2
Classification Object of classification Tab Control group Experimental group
N 3= TRAR EREATEM) ORIG vs. BB JELE AR EELURIN
Stages of invasion EAENR B RURZEM) ORIG vs. MIX Ji A AR HEA N
UNFZiVix Al BL vs. BB Wi etk EELURIN
Different stands AR CF vs. BB B Ak SEUIRIN
BAT AR 8] 0~20 4F ORIG vs. BB Ji A Ak BATHR
Times of bamboo 20~40 4
it 40 4F
TR 0~10 cm ORIG vs. BB JAE AR BT
Soil depth 0~20 cm
20~40 cm
L 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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1.3 B#HEER
2021 4F 10 A, fE#TAdL. . B3 A FEHL

W TR AU CBAT-IR MRS AT AR A
AAATIMBI AR, HHBITARIT 0L 5

B R 8 3 REHL (10 mx10 m ), FLi% 12 M

http://pedologica.issas.ac.cn



866 + b1

T 61%

Hbu o TE AR b AR s BORE VSR 4 0~20 om %
AR, RAERFRABHEEELRE, NTHET
2 mm G bR 2 FE S A e S AR IR, fE A B8
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2 PR,
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2.1 EMANEITLIE pH BT
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Table 2 Soil chemistry properties of sample plots

WFFE X5, EZE2 0 Y N | i AN/ NH} -N/ NO; -N/ AP/ AK/
Sample pH
Area Location Stand (mgkg") (mgkg') (mgkg')
amount (mgkg') (mgkg!)
B 119.8°E BT 6 5.02£0.09  49.19+4.22  10.76x1.41 1.78+0.23 2.54+£0.66  63.83+3.43
Il 2 [X. 30.23°N Il it 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
W T 119.4°E BT 3 4.73£0.17  67.4+8.35 29.80+6.67 0.59+0.60 6.39+1.96  96.67+9.61
B 30.64°N MR AE 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, AR 3 4.53£0.04  87.09+5.83 17.414£2.72  32.80£10.27  6.65£0.90 147.312.01
Huzhou L) Y NN 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
fi#] I A 3 4.50£0.15  88.02+25.03  19.47x1.94  8.40+6.66  6.69+0.87 167.7+30.57
(Eiin 119.3°E EATH 3 4.97£0.13  66.99+19.08  12.45+0.94 2.2240.69 3.41£1.02  86.00+14.11
Je Ui 28.99°N  EBIZIRAK 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 FZAMR 3 4.64+£0.05 54.61+1.68 10.60+3.98 4.35+1.19 2.13£0.23 100.67+9.29
County, 119.3°E BT 3 5.09+0.03  114.6+13.79  25.21+4.83 3.09+1.06 4.86£2.78  79.33£9.07
Quzhou 28.98°N LA 3 4.81£0.18 59.19+16.03  11.37+4.34  7.19+1.91 2.09+0.58  181.3+20.50
s 119.0°E EATHR 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
AT 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, FZAM 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 EATH 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 fi#] it Ak 3 4.71£0.11  165.5+14.55  15.98+2.21 3.87+1.21 2.70£1.01  111.0£19.47
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WL X I EZc) S ) 31 AN/ NHj -N/ NO3 -N/ AP/ AK/
Sample pH
Area Location Stand (mgkg™) (mgkg') (mgkg!)
amount (mgkg') (mgkg")
i 7K 7 191.9°E EATH 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
#FEH 28.44°N (LN 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+0.09 155.2+30.27  13.00+4.54 1.73+0.11 4.01£0.14  180.0+35.93
Rt 27.61°N TR ATHK 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 Il it Ak 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, 118.9°E BT 3 5.12£0.03  161.4£54.29  18.29+0.73 2.85+0.53 3.07+0.75 196.7+3.79
Lishui, 27.75°N TR B 3 4.94£0.07 136.4+26.68  8.84+0.88  3.28+0.50  2.24+0.40 126.7+10.69
fi#] I A 3 5.13£0.07 150.7+11.65  11.34£229  4.37+1.89  2.82+0.33  169.3+25.03
119.0°E EATH 3 5.04+0.14  174.9+22.17 9.55+2.50 1.92+0.70 4.60+0.43  74.33+16.07
27.51°N TR B 3 4.80£0.04 217.9£39.55  9.08+0.38 1.74+0.15  3.27+£0.58  113.0+8.54
fi#] I Ak 3 471£0.16  274.4+52.77  13.41£2.81 276030  2.07+0.50 192.3+2.52

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

NHX -N, ammonium nitrogen; NOj3-N, nitrate nitrogen; AP,

mEl 1, ETFARRBRSTRN, 5L
MA L, BATA A E pH 2 THIFEE (10.5%) =T
TRAEH(5.5% ), M#-F-3 5 E 5L M 7.8% ( P<0.05 ).
HETANBMA AR, SEAGMAAELL, BT
MNZE ARG 14 pH 4R THIFEE (+11.0% ) B
BT AR AR (+1.2% ). FETBATAEMAT
(B 43T 228, ATl ARF1E] 0~20 4EIX ], 14
pH B JFEAAIMIET: 6.0%, KT 20~40 4EHETFH
13.3% 3T H R IREE M iR W], 5 R A siAa L,
EAEX 0~10 cm., 0~20 cm 12 3% pH &7+
MR K (+8.2% . +11.3% ), KT 20~40 cm Y+
2 (+4.3%), #it 40 cm + 2+ T SCHkEE
BN, HARSPERK, RGeS 2 W6 Y 2 w22 1
g
22 EMANEITEFSHZMN

FEFSCERAT SIS EE (£ 2) 19 Meta 43258
B, BTAREBEAMNG S LSRR AT BB
fb. AR AR . MERMAEMBETEANRH
B AMRMA DTSR (K 2), RA NI
M EASCRRE, BA -8, HIEeAAEER
FHON B T (P<0.05), FH443 5 F % 15.9%F0

P, A#WE; AK, #A4 . Note: AN,

alkali-hydrolyzed nitrogen;

available P; AK, available K.

21.7%, BTS2 NRIE TR 5K, HA BT
A ANMZE T ARET ISR TR SR 40%, 1 EAT
e AR RS HIERS S A NS 30.4%; BAT
AR B A S RO O 1B 3 (P<0.05) 34,
SIS R TE 14.7%F1 54.9%, 4 A2 Ty lEnt
PRI, 4 285 SRURIA A58l 1) 2 T B 43 il 3k 15,7 % 1
137.5%. +3EmfR A A AR B . AR
RTINS R (F 2) fres, HEmma
B bR AR AR B ARE B (P<0.05) T RE
(-10.6% ) Ak, FA ARG B0 + 0k i 2 & i 3 3R
MM (P<0.05) FJt. BT AR OAHI
B & Y R 2%, (HARARS Ay b AR g 2
N 4.2%. BAT AR A e s A 5 Ao &R
A, BB B, ARG 3 A5 0T — i 43 A s
T FEAA, R, T ARNEBM I RN, R
AR A 8 A5 5 i A MR 2 TR B 23.6%( P<0.05)
(E2).
23 EMANEMNMEYEENZN

AR R, B AR S A
YirEvE AR B AL (B 3). iR se i e AR
R HE LA A AR AR BRI I 13.55% ( P<0.05),
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* AR Total (66) - i e g:;géeﬁ?\f)f%invasion
Jii A Mevs TR ASHORIG vs. MIX (33) ! o
B2 Mevs BATHORIG vs. BB (33) | | o
* AR Total (64) | - A
§1tbvs. BATAKCE vs. BB (1) - e, Different stands
& i Akvs. BATHKBL vs. BB (33) - i ro-
* MR Total(41) e AR
0—204£0—20 year (11) | i P — Times of bamboo
20— 4042040 year (11) | i — i
1T 404EMore than 40 year (19) - i —e—i
* AUV Total(86) i " EIREE
0~10em-£J20~10 em (23) F o Soil depths
0~20cm=-J=0~20 cm (42) i »
20~40cm+J=20~40 cm (15) - i —e—i
B iF40cm+)zMore than 40 cm (6) - E °
' 10 20

BT ARG 2 HEpHARfk Percentage change of soil pH/%

TE: PURPAR2RREOLIM 0 ARBrB . ARMIT . BT, )2 *RR IR SRR o AI* ELARAR AR 53 %
FCRYZES, MR AT X LU BRI R SRR Slipk vs BATSEAR . 455 WECF SRR WIAEA SR . B B RSP R i 4 e, S50 A (o)
FRZEREZL, =08 (o) #RANEE., FE. 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. © means no significant change in the value. The same as below.
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Fig. 1 Effects of bamboo invasion on soil pH in a different dimension
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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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Table 1 Meta-analysis literature inclusion table

ARGy RESE AR TIMAEAER ) AR R A YRR A 225 3k
The invasion of
Year Sample Times of bamboo Soil depth Microbial data type References
the stand
2015 3 (AW 40-50 4% 0~10 cm / [52]
2020 1 [v&] P bR 20 4F 0-20cm MBC, MBN [53]
2017 8 EARUR N 0-20 4F 7 415 0-20cm; / [54]
50 4% 120 20-40cm
2018 1 (AW 70 4 0-10cm / [55]
2016 1 (LW 60 4F 0-20cm EL7 Shannon #5241 [56]
2017 1 Ifd] Ak / 0-20cm / [27]
2015 1 FLIE 40 4 0-10cm MBC, MBN; PLFA [9]
2021 1 (AW / 0-20cm MBC, MBN [57]
2019 1 ik 10 4F 0-10cm / [58]
2016 1 ARUR N 40 4% 0-10cm / 2]
2017 1 (LN 45-60 4F 0-20cm B Shannon #5440, Chaol #5%( [59]
2017 1 (I 30 4 0-20cm H 4 Chaol 35%(; AMF [ PLFA. Chaol [46]
ik
2016 2 (LN KT 40 4 0-20cm; MBC [60]
20-40cm;
40-60cm
2015 2 [fR] IG5 60 4F; 0-10cm / [61]
Bt Ak 40 4F
2018 1 SRR 67 4 0-20cm MBP [62]
2019 1 IR 14 4F 0-20cm  MBC, MBN; ZHE Shannon #§%%. Chaol [63]
FRH; ANV EF T VAT
2021 1 Ifd] A / 0-20cm Y07 Shannon 154X [64]
2017 2 F b 30 4F 0-10cm Y P Shannon $540; PLEANTE T AR F 12 [65]
I ik
2017 2 el 50 4F 0-10cm; MBC, MBN; PLFA [4]
Btk 20-40cm;
40-60cm
2012 1 [7&] bR / 0-20cm / [66]
2015 1 [v&] P bR 50 4F 0-20cm / [28]
2021 3 [N / 0-20cm L Shannon $5%4. Chaol 58%; #H [67]
Shannon #%{. Chaol #5%; (L% ANH]
AR
2018 1 ik 30 4F 0-20cm MBC [68]
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ik
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Gy HEARKK PrMAEEnt il BT R £ AR MBI S Y Z:2 Sk
The invasion of
Year Sample Times of bamboo Soil depth Microbial data type References
the stand
2019 2 [ P 10 4 0-10cm MBC [69]
Btk
2022 1 [v&] P bR / 0-10cm / [3]
2016 2 BF AR / 0-10cm; / [70]
Wi 20-40cm;
40-60cm
2017 1 Iid] Ak 30 4F 0-20cm PLFA [71]
2011 1 SRR N 30 4% 0-10cm / [72]
2015 1 [7#] g 50 4F 0-20cm / [73]
2009 2 [v&] P bR 10 4F 0-20cm / [74]
2018 1 I ik 14 4 0-20cm; MBC, MBN, MBP [75]
20-40cm
2020 1 [fe] itk / 0-10cm HP4 Shannon #54X. Chaol #5%%; [76]
Shannon %1, Chaol $5%(
2022 1 AR KT 40 4 0-20cm BB Shannon #5%{. Chaol 8%L; [38]
Shannon #§%{. Chaol #§%; L% 4umI].
EARXS R PR HAHXT R
2019 3 [fR] IG5 / 0-20cm PLFA [77]
ARUWEN
2016 1 (LN KT 40 4 0-10cm; PLFA [78]
0-20cm;
20-40cm
2019 2 e i / 0-10cm MBC, MBN [79]
FHut Ak
2013 1 (AW / 0-10cm; MBC [80]
10-20cm;
20-40cm;
40-60cm
2021 1 [7&] P bR 40 4 0-20cm MBC, MBN, MBP; PLFA [10]
2019 1 LN 70 4F 0-20cm; 20-40cm / [81]
2013 1 Ifd] Ak / 0-20cm / [82]
2019 2 [ P 50 4F 0-10cm Y P Shannon F540; DL AR F 12 [83]
FRURIN
2021 3 [7&] P bR / 0-10cm MBC, MBN [84]
TE: PLFA FRBEIGNENI AL ; AMF R MR AR B ; MBC. MBN., MBP FRMUEY W atek . bW B R . Mk

85 . Note: PLFA . phospholipid fatty acid, AMF: arbuscular mycorrhizal fungi, MBC: Microbial biomass carbon, MBN: microbial

biomass nitrogen, MBP: microbial biomass phosphorus.
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