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Sulfur contents in leaves and branches of dominant species among the three forest

types in the Pearl River Delta
PEI Nancai, CHEN Bufeng* , ZOU Zhijin, PAN Yongjun, XIAO Yihua

Forest Ecosystem Station of the Pearl River Delta, State Forestry Administration, Research Institute of Tropical Forestry, Chinese Academy of Forestry,

Guangzhou 510520, China

Abstract ; Plants play an important role in reducing the concentrations of sulfur—containing pollutants by means of biological
absorption. The present study sampled 32 tree species, and measured the sulfur (S) contents in leaves and branches (in
dry weight) of dominant species for three main forest types in the Pearl River Delta, specifically coniferous and broadleaved
mixed restoration (CBMR) forest in Longfeng Mountain (5 species) , Foshan city; seashore shelter evergreen broadleaved
(SSEB) forest of Nansha Forest Plot (11 species) and secondary evergreen broadleaved ( SEB) forest (16 species) in
Maofeng Mountain, Guangzhou city. Firstly, we compared the S contents in leaves and branches of three main forest types.
Our results showed that mean value of S content was (0.24+£0.02) % in leaves and (0.14+£0.02) % in branches for these
tree species; and S content in leaves was significantly higher than that of in branches (P = 0.000). A significant
interspecific difference (P=0.000) of S content in leaves (and branches) was also detected. Among the three forest types,

CBMR forest exhibited the highest S content both in leaves (0.39+0.13) % and branches (0.28+0.09) %, followed by SEB
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forest ( (0.22+0.01) % in leaves, and (0.13+£0.01) % in branches), and SSEB forest ( (0.22+0.02) % in leaves, and
(0.10+0.01) % in branches). Result of a Turkey Post Hoc Test showed that the amount of S elements absorbed by tree
organs in CBMR forest was significantly higher than that of in SEB forest and SSEB forest, which was generally consistent
with the pattern of atmospheric S-containing pollutants in heterogeneous environment in the Pearl River Delta. Secondly, we
attempted to compare the S content between closely related species as well as distantly related species. In closely related
species (e.g., four species in Fabaceae, and three species in Lauraceae) , S contents in leaves (and branches) exhibited a
significant difference respectively. The results suggested that environmental filtering effect, rather than phylogenetic
constraint effect, played a more important role in the S-absorption process at the Family level. Finally, we compared the S
content in leaves and branches between native species and introduced species. For native and introduced tree species, no
significant difference was detected in either leaves or branches, suggesting that local habitat may determine the physiological
and ecological behaviors of tree species. In conclusion, the results from three analyses collectively showed that the
differences of leaves and branches of dominant species in three main forest types in Guangzhou and Foshan reflected a
general status of S pollution in the atmosphere. Our results implied important strategies for urban forest management that top
priorities should be given to selection of tree species with higher ability of S-absorption and a combination of native and

introduced tree species for urban afforestation.

Key Words: urban forests; sulphur; absorbing effect; phytoremediation; pearl river delta
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F1 tBEL FEFRERLFEREE SO, iR E (2006 F12011 4F )
Table 1 SO, concentrations of Maofeng Mountain, Nansha Forest Plot and Longfeng Mountain from the year of 2006 and 2011
SO, % SO, concentrations/ ( mg/m*)
R A bR
National Secondary

2006 4 2011 4E

The year 2 Th 2011
e year 2006 e year 20 Annual Standard

TN 2 DT 2 el M 00 BB e 1 )
Luhu park monitoring station, Baiyun district in Guangzhou city ( nearby 0.05 0.02
Maofeng Mt)

TR P DX BT W 00 3l (FE AT S8 R S5 BREIT )
Wanginsha monitoring station, Nansha district in Guangzhou city 0.07 0.03 0.06
(nearby the Forest Plot)

A LSRR Iy (HERS e R il )

Huijingcheng monitoring station, Foshan city ( nearby Longfeng Mt)
F1 T 2012 47 R VU3 A M DN il AL g A e S5 2ROR 4 RO B IRCT 2011 AR 1 SO, WM INZE 2R I FRARESR B R B 25 [ BT b
#E(GB 3095—1996) & 1EfL) — Zbmife, 3 T AT X | Rl 38 3 i R G X SCAR X — 8 Tl XA A B IX 5 Bt L« B 2R VT = A U X
23 S W3 IR 4% W 48 SRR 5 ( http : //www-app.gdepb.gov.cn/eqpublish/raqi.aspx )

0.11 0.04

R2 APARFIREARMER
Table 2 A list of tree species sampled from the three forest types

ARPREAY 4 Yyh & Fi Hb I A Y
Forest type Family Species name Provenance
IE 111 Maofeng mountain pNCITE 1154 Sapium discolor A B
kPR R FEFE Elaeocarpus apiculatus N

K WA Liquidambar formosana PSS

HZERL BE 4 Sterculia lanceolata A B

PR BEIEA Canthivm horridium 7 -l

PEHR} JUAT Psychotria asistica A AR Fifp

11458} ¥4 Cleyera japonica A LB

1Py 2% A Schima superba i

1 ERER HRAEHE Castanopsis chinensis A B

IIEEy YR Wi Castanopsis fissa IS A

fii®t WAl Diospyros morrisiana A A Fip

FmE TS A Schefflera heptaphylla A A Fip

FEEt BAFF Cinnamomum burmannii A A A

TR} A% Cinnamomum porrectum AW Fh

TR S PR Machilus breviflora A LR

FEERE fa %% Caryota maxima 5 R

F VP FEHL Nansha forest plot 2R M Albizia falcataria IRy
SRk K K2 Millettia oraria A A Fp

oRk EJ R e Prerocarpus indicus 5 R

HRk ML Senna surattensis 5 R

HRZER} BEME Hibiscus tiliaceus 7 A

R IR Chukrasia tabularis N

TR FEMR Khaya senegalensis SR

T S8R K-48%8% Lagerstroemia speciosa SR

R Y& PN Taxodium distichum SR

B INHHEA™ Terminalia mantaly 5l HER R

BEE R} RHA Mesua ferrea NG S

Je XU Longfeng mountain KA SR} Mytilaria laosensis 5| A
Ny S KRB Michelia chapensis A B

/NS FEHUAR Pinus elliottii SR

B4 IR LA Lophostemon confertus SR A

ZEEF RAH Tetradium ruticarpum A A Fip
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6 7)), BaTh 11 ARl 22 kS (FANRERY 3 N EEE SR T 2012 46 5 A) e KL 5 AP 10 RS (AN RER G 1 AN ES
KT 2006 4F 5 H ARG P R BN ACE TG Ye AR IR I o KA A SRR TR T T MURE 60°C IR TS, 43 B BIF S A
ALK I B AERR R

R (T4 ) AR &% FH HNO,-HCIO, JH 7, BaSO, FL il 5 (1 77 2 35450 Sei i oo A2 0 8 1 25 (U0 B, 9 LU
GBW10015 (3% MAriite b A7 e fR Wids , Anifi B (E M (0.45+0.04) %,
1.3 HdEabr

i FH SPSS 11.5 FAFITRE I Ariiid 228 R 22 5 0 E MRS (= 0.05 37 0.01) , YEEIFE OriginPro 8 34 58 A,
2 HERS5HH
2.1 3 ARFRARISTRI: i FIRG 4% v i 5 R A LA

ARG T IHAN G L X B 3 A ZRAMIEBORE B T 20 ANBH 32 A FE AR, R ZE SR IR, 32 AN R i R R 2% AR
FEPBE(TE; FR) 2004 (0.24£0.02) % P H £ bRER 2 FIR]) F1(0.1420.02) %, RO FEAS ¢ K55 ( paired samples -
test) 5 RN R HPBR S BB R TS AT, BRS¢ KR IS (one-sample t-test) &2 B 32 ANYFRIE] I R (IR A% ) HORR iR Y
B R E 2T (R 3) o 18 32 NYRR R R RV 4% i e e (38 R B B L A e UL R AR IS | L) S Bk 4 IR A Y
LIREAR (0.72%F10.49% ) ., T 5 FIRE 4% (087 25 datd5e/ IV, D045 0 B 9 L0 ) 0 XU L R i L L R AR ISR, Sl 25 A Rk 1Y SR 4
B3(0.07% ) FEEHY B (0.05%) .

FEAH R BRI R p AR i (IR SR 1 S S A7 7E i 3 22 5, S L e RULL AR AR AR ZE P =0.05 17K S F A
B b 22 5 TR VO FIIE 0 LLZRAR ) A RN LE P=0.001 (7K 1A 21 8 25 24 5

R3 TMHBBX I MRRKBABFHH FIRETROELE

Table 3 Comparison of S contents in leaves and branches of dominant species from the three forest types

el I E AR ERR ¢ KL

Ttem Meanzs.e. /% t-test ¥ P

MR WL (16 4 F0)

Maofeng mountain (16 species)

it H Leaves 0.22+ 0.01 17.280 15 0.000 “**
2% Branches 0.13x0.01 8.830 15 0.000 ***
I F-F 2% Leaves minus branches 0.09+0.01 8.971 15 0.000 ***
R (11 R

Nansha forest plot ( species)

MR Leaves 0.21+0.02 9.515 10 0.000 ***
B 2% Branches 0.10£0.01 7.612 10 0.000 ***
M H-#% 4% Leaves minus branches 0.11+0.02 6.635 10 0.000 ***
e Rl (5 A-4F)

Longfeng mountain ( five species)

M F Leaves 0.39+0.12 3.110 4 0.036"
#iZ% Branches 0.28+0.09 3.147 4 0.035*
I F-F 2% Leaves minus branches 0.11+0.04 2.405 4 0.074
3 A ARPRSS I A (32 M)

Three forest types totally (32 species)

MR Leaves 0.24+0.02 10.513 31 0.000 ***
# 4% Branches 0.14+0.02 7.559 31 0.000 ***
M H-#% 4% Leaves minus branches 0.10+0.01 10.159 31 0.000 ***

# RINTE 0.05 F/RP_EAGINEN W4k ; s RIRTE 0.001 AY/RP_EAGINE] 24k

2.2 AFEZRMSERIN B FR A P & i

3 REFRARZE A RO TP B e AR R XL (IR B N=5) , i 5 AR S 43 3R (0.39£0.13) % F1( 0.28£0.09) % ;
B, HRRIEEIL (N=16) , M B AR A 285347 (0.22+0.01) % F1(0.1320.01) % ; B AR W R VP ZEMEEHL (N =11) , i B Ak
509 (0.22+0.02) % F1(0.10+0.01) %,

L H AT (Turkey Post Hoc Test) &5 5 o, 7606 KL ZRMCE B0 - AR 4, AP IR W At B 00 22 /9 5, 39 B 38 R T IR
RV ARARISAY, IR LIRS = TR HEF AR E (R 1),
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Fig.1 Total S content and Turkey Post Hoc Test in leaves and
branches of dominant species from the three forest types
Longfeng Mt( Jg RULLI) 7 % 111 7, Maofeng Mt (1 1% 111 ) F1 Nansha
Forest Plot( F VP ARAEEHL ) 76T ; 71 a 55 b 3278 0.05 (3
KA 5 B FR 0.01 Byt 2K

R4 EHEMERMHAFIRZPRIELR

Table 4 Comparison of S contents in leaves and branches of closely related plant taxa

25 T bR iR ¢ K af P
Item (Meanzs.e.)/% t-test ’

SR}, 4 W)Fh Fabaceae (four species)

" H Leaves 0.27+0.026 10.308 3 0.000 ***
1% 2% Branches 0.13x0.02 5.831 3 0.004 **
M- F -4 4% Leaves minus branches 0.14+0.03 4316 3 0.012"
FaRl,3 WA Lauraceae (three species)

HH Leaves 0.18+0.02 8.205 2 0.015*
K& Branches 0.07+0.01 5.529 2 0.031*
I F 4% 4% Leaves minus branches 0.11+0.03 3.843 2 0.062

# FeRAE 0.05 HYZKP- AN 54 5 o+ FRIRTE 0.01 B/ LA IS 2254

R5 AIMHESIERMEME(FIKRE) PREEFTEDIN

Table 5 Oneway ANOVA of S contents in leaves (and branches) of indigenous and introduced tree species

YA AR DR B2 IR af ¥5J5 F p
(Meanzs.e.)/% Sum of squares Mean square
0.2120.01 (A= A4 Fh)
ft L .064 1 .064 4.052 .
T H Leaves 0.31£0.06( 3] A 0.06 0.06: 05 0.053
.12+0. A
#i 4% Branches 0.12+0.02( £ #F) 0.020 1 0.020 1.816 0.188

0.18+0.04( 5| HERFf)

3 g5t

LA TR AR, B RS AT I TS SR (U SO, HL S A ) AR E i AR 2R AR B SERIK R v i B R A
T P, mT e A AR A PR 6 3 KRR R 22 B 75 S A T A R ORI A, B — il EE B
WA LGP BT, AR IC R AR VR T, FEAR T 43 0] L AR e AL VAL b AP 3 2 5

ARG YRR PRI A 0 B AR A5 1A 28 5 ASHIFSE OS5 R s BAT RS SO, 1534 T A Ll fe KUl R AR A Ho A
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VI T A R SO, V5 YL R A N W0 L LR g VD AR | SRR A8 ") Thomas 451" 1y —S6fff 534516, i
SRAESR AT X I8N (4 KRR T2 7 2 45 30 45 K e R U /0 T M 3 A 25 SRS R SO, e LB I R IR RS A (R
1), XA TFHEARIAEY A E I S SRS EIAI  RET 2006 4EAH L8 KUl ZRAROU SR A FIRSE 48 S S, T
SRAET 2012 4EAY) I B VD RIEWELLFRARAE S0t FRE 4%, 3 S SR BR (I 1), (B BEE 2V SRR MBI A
ARG, A FAR SRR 5, Bk = I IR R R A HES R & S 5 R A SR s H 568 W, T
S TG Y HERT SR HP AR B A RO T AR AT A, B SR IR S i (AR R LB ZE R T TR T R B AR U
TEMERLER ) F LI  FR ARG,

ANFEIR DAL L B mAFTEZE R, ARBESE 3 FAALR i 5 B & TR AR BE o i, FL7E) M 0 1L A e v FRpk
ARG ) 5 5 5 RSP RS i (TER) YEEITE 0.1%—6% 22 6] | SEhr 5 50l 45 T Ab R8BS 175 YR A 56, HE
Yyt 3 s s SR R TR, SE G AR, 2R 001G (R B AE T B AL 20 TR IR G B SR T3 AR Rl g2
P TR A A T o a4 K A3 0 L A 0 2 LA AR I A, SHL v A B B AR T IR B R A T 9 e Y 2 T
R HAEFAR R BARAL 2 MeAh A Lepi 4y (I SR =R ) R R AL 4 48 i o i = i, £ s liess P
TR, T AN AEHEIR TR 7 o AHE I A4 A 1) T SRR R i A 2 2R RS s B TV A R AR FIR R 414, B
WIEFHE G AR RS T B 7 0 A 25 R , T S — 2 Ao

AFEPF S B AEES . AU 32 DR B & mAL B R, R m AR AR A AR 10 52 (A
0.07%—0.72% ,$% 5% :0.05%—0.49% ) , o &t 3ok 1E H AP bR HE(E (0.45% ) I35 78 B 1L e RULL ZRAMRSE TR v (U AR I 7
VRSB & B4 IR E] 0.72% 1 0.49% ; KR HEM F Fr Bk H] 0.63% , B 55 B & i 0.45% , Wik BIFRHEME _ERR) o XHRIIAR
[ b A1 116 Fefr Rl ARAE A & B 0 e S5 R o, i Bk 1.00% MRS 5 B, 0.50%—1.00% A 12 F, FHop & &
B4 E 1E 56 T PRI P, 62 AR [RIAB ) 2 A R B TS e M A W S BE T A 22 1 B R i A e A 5 Tl M b s SO B A
PR IPE ), ZEHIEE K southern Ontario M X | K1 TSR 4E T 1968—1977 4E [ 33 A F (I 50000 {53 HAHEL) | % B
AR S IR R 0.13%—1.729%"% . H4h, Willey F1 Wilkins ZE 31T 121 NIFAERE A BB & AR 4948, 45 5 Bos
XL R 2 AR TP AT S B30, 285 log, F46 f5 AR A Bl Lb A AT BT 4R 8 i BB A B2, AR IR P 3K 4.66 ( AR
19-3.39, B3R 1.27) . 722 0T IR W, IR BRI & 12 21 38 00 R G R B VEHISE I, 20 36% LA L (4 4 b 0] 78 5
5 HEE T R A oeARSE N RIS A AR A 22 5 SR BE TS Y™ I S A A R A S A5 ) T I A PR, ARTFSE
TERHY KT B ARAG I 2 0 25 R G0 & B LWRAET, T BE R X R 2 AR FOAE S Wt 2 rh AR B iR 38 vl RE R A B AN g

B DA AR T 20 T MR Lt XA AR R AR P R P B 1 TR AE AN IR FE 22 5, L7 BB IR L 32 7 it X AN [ i i) B 25 5
FRBE R A2 BB TS Y A IR DL - L X L 2 A R A TS Y T AR AR, A AR B Ak AR T BORATIE R M
Hb DX 5 G R, (F D R R R ML 8h 2 DR b K R (4 i R SR, T B v TR Sk, EA T AR IR S R R TR 4 v S T Ak T
N, FREERR I 5, 5 YA A e B UM H IR AN R R BB A O Tk A b M R AT R, Bk
VL= X 200 MR, N AR AR SRR ARG 5 , 30 A A i R, e R 338 3 336 ) A s R , A AR A o
SRR A BRI, 405 T AR E B, REAE— 8 R 1 & R WA G S A T, Shy DX 3o AR 85 ot o o 38 F — ) < A=
EY
BT ;b E R BT S T AR 0 VRS 5 B, B0 S b R TE B AR R TR LY B R B
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