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Abstract: The influence of intensively cultivated Phyllostachys praecox on soil chemical properties such as
soil acidity, the distribution of phytotoxic aluminum (Al) species that theoretically contribute to Al toxicity, and
the contribution of Al toxicity to Ph. praecox bamboo forest damage and soil degradation were determined using
a correlation analysis. We set eight stands: rice paddy field (Os) and juvenile Taxus chinensis foresty field
(Tw) as controls, Ph. praecox stands that has been planted for 2, 6, 8, 11, 16 and 20 a in the town of
Taihu headstream, Lin’an, China. Results indicated that due to Ph. praecox cultivation, soil pH declined from
6.53 (0s) and 5.57 (Tw) to 3.55 (Pp20) in the surface (0-10 ¢cm) and subsurface (10-20 cm) layers, soil or-
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ganic matters and cation exchange capacity (CEC) increased after organic matter mulching, and soil humus
quality decreased; however, soil electrical conductivity rose in the earlier cultivation period and droped in the
final phrase due to the intensity of cultivation and fertilization. The concentration of 8-hydroxyquinoline (HQN)
extractable Al in the 0-10 and 10-20 cm soil layers also increased over time. The concentration of HQN ex-
tractable Al in forest soils of 16 a was 108.01 mg-kg™, which compared to the controls, was 5 times higher
than Os (22.94 mg-kg™) and 10 times higher than Tw (10.08 mg-kg™). The concentration of acetic acid ex-
tractable Al had a consistent trend with the concentration of HQN extractable Al showing a highly significant
positive correlation (r = 0.831 7, P < 0.000 1, adjusted R* = 0.687 4). These results suggested that Al toxi-
city risk in soils of intensively cultivated P. praecox stands was increasing as a result of sustained acidification.
[Ch, 2 fig. 4 tab. 26 ref. ]

Key words: soil science; Phyllostachys praecox; intensive cultivation; soil chemical properties; aluminum

speciation; phytotoxic aluminum species

T Phyllostachys praecox [ FE 5, S, RS, SRR, U A I TRE 2 51 Rl R 20K
B SRTI, B SR AR LN, — ST AT B E AT 27 R, SRR T SRR L iR
P, FNT, FEMFTAIGLETT 32 7 hod TATHER, . R, REE AL AR & L1551 13.34%
26.66%, 46.67%, FIEALEATMAL S 13.33% 5, 7 A 77 J 38 1b C 77 T8 5% 06 1) 25 01 ) 7T B 26 25
W9 % B 36 36 £ R E (L (D) 25 B3 I 04 K 2 A AR 9850 S R Bt 15
o, TR R th AR 9 pH 5.57 TREE] pH 3207 Hi O B AT =2k 1 e T, 4450
IR 7 0 e 7 £ LU 67 7 A B 0 0 U5 R AT T 0 06 T o 088 A i 2 o BT 5 43 7
AT IR IE 000 X AE T+ 4R — S AP, B RIS HUIR S T 0 PO IR 5 5 BExd Ak
b A LA o AT VAR R 0L B0 A S B 3 0 R R 0 A5 22 00 1 4 1 W K A K
R T MR T S A AL o 4B B T A X R A 1 S S R AR s ALy R A
OREABERRER SURERRER IO TG SUA74E) > AP > AL(OH)™ > AI(OH), > AI(OH), > AISO.; ALF, Al, il
ALOH)s o R B 1T, P /R T 4 o K A 5, BOMEASA, BERE 45 AISO,
T BB A A48 (AL ™, KT 7S 48 B AR 25 48 (labile AL 37 1 25 48 (reactive Al), 3698
UK 08 M 24 S O3 FE . 56 o — BT 85 7 S MR AR B (SPE) 4385 MUK S IR o 0 2 I 7
B AL T AR GE TR, ARAR, T 10 gL 8Lk T 20 oL ZREIR, L
B 110, Sk HEETT | VBB AR AT B 2 A A0, edh, 011 mol L7 2 Wi W BT E
TLIIRKIE RS % 5 (BCR)MELEHIN = b 0056 1 4, MEATRRSLINAS 40 BRI, IS 0 0 0
KA BRI A | SCHR A s IS B 0 T P2V B 2 B A VBRI, 43 85 M
LA P R T L DGR B 2 R/ A 7E M B A 5 G I 3 I B
FELAPD PR 45 1 ) i T MR B RSG50 X B8 245 6 0 PR M 2 R/ R 2 1 4 A AR B 38
FFORTOIAT I F TN T3 T A BR AL T A M P B AR I B 1O SR T 900 6 T 20 R T A b
HE 8- 34 KLV UHCHL LS B0 2 RS IS B8 A0 DE AR5 o AS B0 ok ) 5 S 4 395 90 75 Bk o 8- 0
U4 S B A 2 BRI A B At ST R 0T ST, A A B (e 2 3 2
B AR, Ry 5 02 2R 5 A MR P T R A K L 0S8 7 i 0 PSR L B

1 #E 5 &

1.1 RIS AR

SR 53 AN T Wi ELAS I 22 T R IR DG RE A (30°177 17N, 119°3244"E) R 1R A (30°12'35"N,
119°34'25"E), J& s 2fi B b #viy 2 KUfe, AR Febe g . AR 4R K o 1460 mm, 4EH<R 15.8 C,
FEMERTFE N B HOK R £, th P R KA B 55 & 58 AL 1 568 U 28 0 UE W R B R B4 A B
THONM A R R B R AOKRE L o CRFESCNKARTH L B SR MU Y £ G AZ Taxus chinensis 4l bR
(3 a) FHK Fef FH SO B B PTAR L o SRAEFRAT AR — MRAEARAE 5 a J5 T 244 11 A BT A, iS85 w2



45 28 455 6 0] AR IR 2B 4R R T P b A 5 P4 9 4 A 839
alifk la, FRELLHEN 2a, WIS (20 a MRUIERSM) . 20 a ST SR 2 U, DR SR )R S iy

PLFEEATMOR AL, RS
12 R#EHZE

AR FEBONS B ORAE HALL A2 gl o) FIAAE AR BR 20500 0 2, 6(2009 4R4 K55 1 ks ), 8, 11, 16
20 a GRIGARHL) AYFATMIEIL 8 ANFEHE, Horb, KFEHFIFAE 2 a, ARA 6 a, FAH 8 a, Fid 11 a,
A 16 a T ATMRHLAL T IEHER, 20 G AZ LM M TN ZRAE 20 a A9 IR 1L 76 A7 AR M A FRE AR AT o SRAE B ) R
2010 4F 6 3 1Ay, HUREHIE 405124 0~10, 10~20 F1 20~40 cm, 3 A&, 75 A 5 5 X B HLIE R 4 4
MCEET, FZWAEL 250 g- 7, R 4 S - RZR RS A R
1.3 TESWHE

TR AT, BRZ4JE, WFESE 2 mm G5 AT R AL cE M I e o 40 SE AR B AL M T (pH
fH. AR FPUR . BHE T i) I S5 CEERA T T )" I S E = 2 IR,

0.05 mol - L™ @R T 1 mol- L™ (122 BFR)EW T, LWL 1:20, #HESEHC 24 h, #WiE/s 5 000
remin” B0 20 min, 045 pm SEMREEUESS , A8 060G EEE N E O FE Dawoo/Daso, T PEA - S5 R 5 BT (1 AR
@LW 18J

10 g- L' 8-F2FEmMs bk + 20 g+ L7 2R W, LW 1 -
mmO%umﬁ%ﬁﬁ,%ﬁﬁmmmﬂﬁﬁ&¢%@&”%

0.11 mol-L™" ZRVAT, T 1:40, E%4EI 16 h, 5 000 r-min™ 2.0 20 min, 0.45 pm J& i
U, WG TCP-MS i 5 75 3 Hh 0 e i 12
1.4 SHirHWAE

SIS RAE B Ge it 43T B SAS V8 BRI SE A o ASBIFFE R FH R IR 3R 5 25 40 B DAL B AT OB 28 0 )R] R - 8
fl2E M AN 8- Y2 ik M bR A A 45 R £ TR B RS 48 A0 AR 158 i SR FH e /N 30 125 SR ik 4% e [ DA A B 0 4 A
KMEsrHT, T S R i 8- Kk s ok B2 RS A5 N £ IR 4 B B DA B3 T 2 BRI 285 T | A DG M o

2 HBREAM

21 ARBEFREBIHLEHUFEER

201 BB R L ATLUE M SRR (pH B 75 A ) 38 i Th7 Y AR s AR B R IR,
+ 3% pH HZ#T T 5 P- BRI (0~20 em)pH (B T2 S R ] 038 g e s MR L
e (20~40 cm) pH {EAEAR AL ER Prbk sty A6 SRR B 3t SR BB R ORAE AL, HAEIR L F AR CREs 20
a), MR EpH (R F T, JF5iZmsksbh 12 LR IR B — A T R3] pH 4.0 LIF . BEHI4EZ
R T AT bR L R R B I 1) 3N R A R Y, X AEIR AL B TR AT AR R AR T T

, BRI h, 5000 r-min™ .0 20

F1 AREBERELE pH BEEMRIBHNE R ELFR

Table 1 Variation of soil pH in different soil profiles with Phyllostachys praecox cultivation time

pHx (£k=2.5:1) PH g (11=2.5:1)

IR AR
0~10 10~20 20~40 cm 0~10 10~20 20~40 cm
K Fe 6.53 +0.24 a 6.52 £ 0.31 a 6.53 £ 0.24 a 554 +0.20a 5.62+022a 5.62 £ 0.07 a
EANCR Y i) 557+041b 581 +£0.29b 6.97 + 0.30 a 4.16 + 033 b 454 £035b 597 +0.12 a
Fith 2 a 419 £ 0.11 cd 440 £0.19 ¢ 579 £ 027 b 329+ 017 ¢ 331032 ¢ 4.60 £ 0.31 b
FAM 6 a 3.85 £ 0.11 de 3.90 + 0.40 de 5.60 £ 0.62 b 290 £ 0.07 d 295 £0.14 cd 459 £0.74 b
Fith 8 a 430+0.14 ¢ 421 £0.23 cd 5.64£0.11 b 355 +020c¢ 329 +£0.16 ¢ 477 +£0.17 b
Feh 11 a 4.02 +£0.19 cd 411 £0.11 cd 554+£0.77b 297 £0.07d 297 £ 0.05 ed 451 +£0.77 b
FeAd 16 a 3.60 = 0.06 e 411 £ 0.20 cd 6.56 + 0.27 a 279 £ 0.07 d 3.04 + 0.10 cd 5.27 £ 0.26 ab
FA 20 a 355 +0.05e 3.50 + 0.07 e 373 £ 0.01 ¢ 2.68 +0.05d 275 +0.02 d 3.04 + 0.05 ¢

s R R ) — LR SO 2200 0, RS ) 7 B 22 5 3 (P << 0.05),

MR 7 B 7R 22 5 AN 35 (P > 0.05)
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BT R R, X R A HLIE AR A M SR ML S AR R R R A, BT R ERE £
BEA LT BT oA, B PH B 2 4 4 B ER AT AR B I AR AL R S R HUTEE A — B, 2R
T2 a BMRHL, S 3ERH B A i P T BEOK RS ORI 2 B2 g, (HMGRRESS 6 a ST AR I 4
F)Z - HEPHE A B WG, I REITAR G B AR A, RIZ . WRIZR N E L A PHE s
2 RARWII R, AT R, I PRI B A it AR AR (r=0.8317, P <
0.000 1, IEJG R*=0.687 4), X FEJE T 5P ] 2 etk BH s 245 2 S A DL B 45 B B s &
Y, WCBAE S BT S
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Table 2 Variation of organic matters and cation exchange capacity in different soil profiles with Phyllostachys praecox cultivation time

HHLFE/ (g-kg™) FH 25 - 38 3 5/ (emol - kg ™)

A H
0~10 10~20 20~40 cm 0~10 10~20 20~40 cm
7K H 44.1 £1.80 b 429 + 040 a 40.1 +3.27 a 17.62 + 0.19 ¢ 17.04 + 0.04 ¢ 16.10 + 0.60 a
G RHL 261 £ 1.44 ¢ 228 £145d 79+ 178 e 16.75 + 0.51¢ 16.32 + 0.88 ¢ 14.18 + 0.08 be
Fth 2 a 30.7 + 1.09 ¢ 284 +1.36 cd 19.4 £2.19 cd 1543 + 0.26 ¢ 14.67 £ 0.21 d 12.90 £ 0.30 cd
FAE 6 a 30.8 +£3.76 ¢ 28.9 + 235 cd 25.0 £ 1.47 be 1835+ 1.13 ¢ 17.03 + 0.49 ¢ 15.53 + 0.38 ab
Fith 8 a 64.2 £9.57 a 37.5 +2.03 ab 26.1 + 4.86 b 22.86 £ 2.76 b 1891 £ 1.63 b 16.89 + 1.01 a
FeAd 11 a 62.7 £ 0.60 a 41.1 £+ 0.82 a 233 +1.91 be 26.58 +0.73 a 2148 + 0.46 a 15.55 + 0.87 ab
Ftd 16 a 442 £799 b 34.1 £ 7.61 be 153 +433d 2342 +2.03 b 1947 + 1.03 b 1641 + 0.27 a
FAH 20 a 56.5+3.10 a 29.0 £5.59 cod 17.0 + 4.67 d 2488 +2.88ab 1717 +0.79 ¢ 11.64 + 1.71 d

Y] AR — L2 B0 22087, RS AR TR 225 B35 (P < 0.05), MFETHRERAEE P > 0.05).
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JE RN JZ e 3 3N BRI AR 2 el S R [ BT, A T X B ORAE ) ROt B8 (L0 A2 9 k)
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Table 3 Variation of electrical conductivity and humic substances quality in different soil profiles with Phyllostachys praecox cultivation time

3 4/ (st em™) LI 35 58 SR E T (Daaod/ Dseoo)

IR AL

0~10 10~20 0~40 cm 0~10 10~20 0~40 cm
7K H 15197 £ 6.27 de 13733 £29.63 b 131.33 + 1643 b 6.68 + 0.21 d 6.18 + 0.68 d 542 +046 ¢
GG 6127 £ 1074 e 6927 + 621 ¢ 91.53 + 11.74 be 9.07 + 0.36 a 9.19 + 0.08 a 7.61 + 0.51 ab
Fti2a 371.17 £ 4859 b 16527 = 10.60 b  77.23 + 5.05 ¢ 8.06 £ 0.19 ¢ 8.18 £ 0.13 ¢ 7.40 + 0.28 ab
A 6 a 322.67 + 77.87 be 266.50 + 38.94 a  200.33 + 60.35 a 8.75 + 0.17 ab 8.43 + 0.23 be 6.52 + 1.94 be
o 8 a 491.17 £ 91.09 a  307.00 = 71.03 a  215.83 £ 37.63 a 8.85 + 0.22 ab 8.60 + 029 b 7.65 + 0.72 ab
A 11 a 225.00 £ 76.45 ¢d 14453 +1245b 13193 + 14.82 b 8.79 + 0.09 ab 8.64 + 0.09 b 7.77 £ 0.33 ab
FAH 16 a 292.67 + 52.68 be  149.70 £ 24.67 b 93.46 + 5.33 be 8.45 = 0.40 be 8.29 + 0.16 be 6.56 + 0.52 be
FAH 20 a 112.10 £ 12.87 ¢ 110.33 = 14.67 be  108.93 + 4.31 be 9.08 + 0.30 a 9.07 £0.25 a 847 +0.73 a

LT R RR [ — L2 O 22 0 4, TS A ) 7 Bk 22 5 2 (P << 0.05), A ) 7 Bl 7R 22 S AN ik 35 (P > 0.05).
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o BHE FACHUR 5 B PRS2 B IE MG AR s A ML i 70 B 8- ik s bk P IS 0 o B 2
WEMEKRKER, MHLREPEH LB EMRLR; LSRR 2 M/AFERES7E L3P 7 A i1
FALENTE N

x4 BEMMHREIEAFERSEESEHBNEXRER

Table 4  Correlation betubeen soil chemical properties and phytotoxic aluminum species

& pH PH s AL Fesracsnt R SR LRI R E Ik
8- ik M I i IS 4 -0.878 8~ -0.869 1™ 0.304 1™ 0.388 1™ 0218 9 0.564 4™
CRAPEWE -0.815 5™ -0.786 5~ 0.104 2° 0.238 2° 0.095 3° 0.510 8~

P R SRR (n=72), TE 0.05 KV R RFA I ** Fonil i WA (n=72), 7C 0.01 K b R FML.

3 ikt

HERIEALEZMT, BEERIEREWER, FHREZMER)ZE L (0~10 cm F1 10~20 cm) R 6 &
(pH B TR 2, X 5 AR s R—30 % R A R . BT R A IERY
R it 7 A A LR AN 7R AT AR 2R 20 WA HILIR Bl IA M 2 S ECE Ak SR A i £ NS wATAR LR &
FEAHAEFRILE T (K, Ca™, Na*, M) Rk 2", S8k 48 it o g B, s hn 47
R A 0 3 A XU

BB R BH B 5 e o ELAT AL A fh R B, AR T AR B I IS T 0 IR, 2R S T R s
Ths 78 BT A AR 48 v 30 A2 I - 3950 17 R BB BE T 2 R R R A X e I B 2 R A AR S i - 1E A L
JOT T Ay BRI B S 1 2c 4 ik, o0t R Al e SORBEAT AR B I [R) 9 B K SR AT B, S5 R
e, X RWEREE M, i R, 5 L 5h SR ELEME T MR T, R
i, FEEZEERIG I, S TR, 8wt G TR, MREEBIRIERIK. £4% 10 a
J& . GUTRGS 25 00 T AT ARG R BT R R

TG VUo7 A WIS - A DR RN TR PTAR R 70 M A AL 5 5 b i TCAL AR AR B R AR 25
Az LS AR BRI A A LS G AR AR I R A PR PR AR A O A, SRR AT ML R A AR R A i XU
SR, IR F i A WL S S AR A A S Ik A LR 5 4 48 1 B o B o A B R R 4y A L
TR L X AT E ™, SEEIEA PR SN TR, AR WIEsE TiX—4510, HIEmH
o et A e R 35 BT ) P R B R R e A, R WIBE AT ARAR 2 B i Tl 1 A4, T AT AR A LT Y 43
fife TR 5 T T g

- 8- e W bk HE U R N £ TR B IS A 1) SO o 43 B A R T PR A R A AR R i R R
FEAEAR KT 16 a FATMIT B BT & th F3R)2 2R vl R B R 5Ok T2 TR, SEERE
TP RSB BUR TR E AT R L3, FrLAX 2 Fh AR SRR SR AR R BN AR IR AT MR )E
gews A TR, HAEVRZMTZE LR E . JUAREED CRIEPEER S 8-F2 J v kiR BUS 48 i it
I EAEAEIASE A — B, MR T R I A R IEM KRR (r = 0911 7, P < 0.000 1, #IE/GMH
R*=0.828 7). {HH T & B2 ¥ MU 48 0T 1 43 B0 i w5t 8- ik s Ok 4 BUA 4R ot o 49 %k 3~5 A%, A iz b 8-
o e s R IS 468 5 T 7 A A0 R A v R T A3 B A DG 1 R T CRFE IS AR . X5 Matus S PIFSE &
A 8-FR BEWE IR PR R AR 5 5 £ 5F Festuca rubra ZEFF Hh 48 T i 70 B A OC R 4R35 0.801 1, T &
TR HR A B 5 4 2 20 25 AT vh AR B B 0 B A G R B0H 0.596 3 B 45 A — 3, 3 DB R Y 8-55 Jik nde ok —
BRI AR B + RS AR 0 & AR TR — R SR IO B B0 2 Vs P 460 B i ol - 8 v 2 2 3 M 4R
A PR PE R A A RS

B LB AT g SR T DA LR S5 98 . TR R A 2 B I sh EEXT R IZ MW R Z LA, b

TR Ly R B B (AT 4, AT AR 48 pH (B T R 3 T E SRS s, R PR R
S HIORI BH B - Ac e IR W RN R S R B AT AR R A R ORI T R A T R e M 2
pH (T BRI RR S T R o 398 b A B8 IR 40 Bl 0T bR e 5 £ 20 A5 %) o Ja) v B S 384 o
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