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Characteristics of leaf element concentrations of twelve nutrients in Acacia

confusa and Leucaena glauca in secondary forests of acid rain region in Fuzhou
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Abstract: Acid rain is one of serious environmental problems in many cities due to the industrial pollution. In acid rain
regions, it is important to understand the pattern of changes in element concentrations in leaves for selection of tree species
planted and re-establishing mid-subtropical forests. In hilly secondary forests of acid rain regions, Acacia confuse and
Leucaena glauca are the two dominant tree species in mid-subtropical zone. This study determined twelve element
concentrations (N, P, S, K, Ca, Na, Mg, Fe, Mn, Cu, Zn and Al) in the leaves of the two species, and analyzed the

potential harm of some toxic metal elements caused by the acid rain. The results showed that element concentrations were as
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following N > K > Ca > S > P > Mg > Na, and Fe > Al > Cu in leaves of the two species. Significant differences were
found in the leaf element concentrations such as P, Ca, Mg, Na, Mn, Cu and Zn between the two species. Due to the
frequent acid rains, mean leaf S concentrations of Acacia confuse (3.42 g/kg) and Leucaena glauca (2.70 g/kg) in our
study region were higher than the average level of that of terrestrial angiosperm in China ( (1.66+3.06) g/kg). However,
leaf Na concentrations ( (0.63+0.25) g/kg) were lower than leaf S concentrations for both of Acacia confuse and Leucaena
glauca , respectively, and also lower than the average level of that of terrestrial angiosperm in China ( (2.48+5.45)¢/kg).
The characteristics of leaf Na concentration in study region could probably resulted from the soil acidification by acid rain
which lowered soil Na content. On the one hand, according to the mol ratios of N/P and Ca/Al in leaves, Acacia confuse
was one of the P-constrained species. Although leaf Al concentration of Acacia confuse was within the normal range, the mol
ratio of Ca/Al in leaves was less than 12.5, which indicated that change in leaf Al concentration was potentially as a result
of the harm caused by acid rain. On the other hand, Leucaena glauca was one of the N-constrained species and free of Al
harm, suggesting that Leucaena glauca could be more adaptable to study region than Acacia confuse. Significant differences
in leaf Al/P Mn/Cu,Mn/Zn Mn/Ca,Mn/Mg between the two species showed that the antagonism occured during the
growth of Acacia confuse and Leucaena glauca by the joint actions of leaf Al and P concentrations, and those of Mn with Cu,
Zn, Ca or Mg. According to the level of leaf element concentrations, Acacia confuse and Leucaena glauca in the study
region could be harmed by Cu and Zn, and even more seriously harmed by Fe. The amounts of Zn and Cu accumulation in
leaves of Leucaena glauca were larger than that in those of Acacia confuse, respectively, which indicated that Leucaena
glauca was with higher resistance to the harm from heavy metal elements, and more acclimatized to the growth in the acid

rain regions than Acacia confuse.

Key Words: acid rain region; Acacia confuse; Leucaena glauca; element concentrations in the leaves
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URAE TR O BT P I RS AR (R R, S A A4 v T ARGHS TR W DX B U ZE AR BRI TR R P
BIEHIE (Acacia confusa) FEWS ( Cinnamomum camphora) KW ( Eucalyptus) AR A 3K ( Leucaena glauca) BF 4t
F+( Common Melastoma Herb ) . = X ¥ ( Euodia lepta) | ¥ 32 K ( Anthocephalus chinensis ) | 7= F ( Dicranopteris
dichotoma ) 55 , FR AR FE 0. 89 , HEAARIA L 0. 25 , FIAHRHAIEE 0. 70, Horb &5 W5 A EURIER S04 A i ok, i
HEET R 0.96 F10.67, 2010 4F AN T2 5 AR B (APL) “FHME N 59, AF = SR DIER A LR
R 96.17% , 7K pH (HIIME 5. 54, BRI R 29.48% '),
2 MB5REE

2010 49 HYIFEUREMAPRAE 20 mx20 m (FEHL 4 B TR > 1.3 m TR AT REAKE R, 1 U4 B
P AE IR AL AR 2—5 om B S IEAHRE AR S UER 25 3 K fER I LR 4 D T7 RER AL iR & 1
A, B VS A B TCEAE M e, BT LABCH RN, B HAEA 3 AN E AL, ik R S i B Rk i, R 28
IR e T, 70 C TR BT AR L T B AR R & S 50 5 e TR B4R N, A7 20 ]

FEYIRE S IC R E I7 kS O A N RS E MO AT AR AE) #E-17, BAAE i 3 I, fEPIM A N
IR LY/ T1269—1999C ARMRAE Y 5 ARARAGA v i 24 NI ) 0, o 00 A o 2 v SR VIR A R T
Ja LG IS AL -ZE I N & i, HARTC R LR LY/T1270—1999 FRAAE Y 5 FRAMAL B 75 0T 2 4 Si 4
Fe 4> Al 4> Ca 4> Mg 4> K 4> Na 4 P 4> S 4 Mn 4= Cu 4> Zn HINSE )M 5E o FF 0 2800 SR -k iR TH 2
Je AR R i BB ARG HE @R HT 721 - EETHINE S P AL R LA SR
S RERE T AAT002 SR IO G E K \Na Ca Mg Fe Mn Cu Zn 54, Fr A < J& 02 I E I A R
PRV ([ SR I e T 5 v S it ) TB0 8 R VR T, 22 1 b o 1T 2k, 45 v il 2 AH OC R A ZOR KT
0.999, PAistilzs FAExT i
3 HBRE5SW
3.1 MREFRICR & AR

ARG IR FRI R B IR U R R/, e ff N P .S K Ca Mg Hll Na 7 FhOCER T, 7 FPOCR 2 & &
IESE T HI U EE (R 1), S & R/NHEF YRS N>K>Ca >S>P>Mg>Na, 548 M 5% 11125 X% 2% ] i
PRI EFRICFE AR SR 3K,

®1 AZHEBMRERMHFNERTRSE (k)

Table 1 Leaf nutrient concentrations of Acacia confuse (Ac) and Leucaena glauca (Lg)/ (g/kg)

P (9] ,
A S RO e sesmt urEal OLibagn SRR
Species Element Range f(_)r Arithmetic mean  References!”] Geometric mean  References!®] Ra.nge for
concentrations (G.M) angiosperms
Ac N 16.97—24.81 21.23A 15.5 20.97A — 12—38
Lg N 18.52—20.04 19.47A 19.45A
Ac P 0.96—1.04 1.00A 2.7 1.00A — 0.12—2
Lg P 1.81—2.04 1.94B 1.94B
Ac S 2.59—5.03 3.57A — 3.42A 1.66+3.06 2—8.7
Lg S 2.30—3.35 2.73A 2.70A
Ac K 14.76—15.58 15.08A 5.4 15.08A 12.61x1.96 4—15
Lg K 14.05—14.57 14.29A 14.29A
Ac Ca 1.68—1.87 1.76A 8.7 1.75A 11.44+2.46 3—14
Lg Ca 12.01—12.28 12. 15B 12.15B
Ac Mg 0.12—0.37 0.22A 1.29 0.20A — 1.3—9
Lg Mg 1.69—2.54 2.23B 2.20B
Ac Na 0.62—0.63 0.63A 0.14 0.63A 2.48+5.45 0.034—0.950
Lg Na 0.24—0.26 0.25B 0.25B

1) AR5 BER7R 22 57 .3 (P<0.01) AR FEE KR 28 5 A8 .3 (P<0.01) 52) JUER & B ATl
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GBI AWM A A NS K FE S EIFRRI 250, H N SCRE S SN0 2 XU gk
PRI N ST AT A AR N 1 Al 21,229 o/ke, B AR T 1] T4 06 19 45 V25 AH JEL R 8 bk
(43.13+1.67) g/kg FIFEHEHM(39.90+2. 10) mg/g BIMIRARAY A S S5 2 R EI 1T AY IR NN 5 K T4
HAEEAHE N SRR A2 R A TP, G ISR S AR A R A [ Ul [ Z0R i — i i
1T R AVE PR R A N R AR N SRR, A N S EIPA B E LR, AR, &
TEHHERR A S S ITE 2 o/kg Z 1, H GV AH IS ARG W, I8t AL H AR A 4 1) 1 PR
PR, (E A G g v AR A T A S S A IME (1. 66+3.06) o/ke'”)  FFAUNE FRIGE M BE /0T, 1k
BT PR R R T DX BRI Hp A K 10 38 Ry P, o s o7 Xof o SIS 1 I e XN T P A e A I 1
FEAkAE, PIRARIT R K S A Tt AP R F S 4—15 o/kg! O I I LA, Bl E) 25 ORI B

PR FpIE R P Ca Mg & Na 55 4 FEFRT R PSRRI BN B EZES, P SEEMIK, 2hEA S
AYREECE Y, LB VEHIEM R P O R & 2 0 BT AR N L XU Sk AR T R P RS 2.7
g/kg") 1999 AFAR I BR 5 BUAE AR bR A ™ 5 i 55 [ 1) S 0 Y 45 T A S R A 9 BLAAR (1. 1620. 05)
g/kg FIFEEM(1.2420.04) g/kg FTRAMBES ;P S RIS EZIRWNE M, 8 15— W55, Ca Mg FERYIIA
PRI R IR AP 4R W 5 A B AR A AN AT SR SR e R . RS B
Ca Mg 7 347 t S bl TR VG R P, HLAS A8 NS 22 XU SR I A - Ca Mg S ALY A1
FHIE SR A K [AF e B 25 57, FLHC S s B A 1 5 b A 3 B, DGR T 2 Mg, (R B T XI5,
G HHE Ca FIl Mg ISR . S B RE A A -2 00 R & A LA FRIEA I M B Na 19 5 2 fi
L R R Na &R T REICER S EMF R XX AW A Na SR KT S &, B BART b
PERET R A Na & 5 T 2E (2. 48+5.45) g/kg™ Tl Na &t Y7 tH FUbk 7 R U P, LS5 e M i
L 25 JXUHE SR B PRI B Na 2587 AT, R IS XU T A A9 Na D63 A4S, 3 3 B0 OR i IX ek
TR E M 1 B X, I BRI S0 Rk, (i 496 Na i B R,

3.2 HEEJEK Al FERHE

PR FRI R 4 FREE 4@ F AL 285 (B 1) iR, RS R R H 4R & i 1A 22 AN {H Fe |
Mn Al JCEAEPIR R 5 i R 58 AR AR R A RS KT A AR o Fe TR EGIEHHE
W FARA W, MY R AR o R ANA 2 SIS R A2 R A B A 2 Rt s e, RV A K ZE AR )
TR L R R R 4w e R A AE 250 B IS AR 5 FhOC R A RK/MITF A Mn >Fe
>Al >7Zn >Cu, MHRB N Fe >Zn >Al >Mn > Cu, #H[FE SN Fe >Al >Cu, R A E TR T L3RR,
SECEIR KRR, NI &5 AR R WA A K BRIk A AR R AL A A P 2
S e A A AT FEIE (90—200 me/kg) ' PN, H/NTF 3R [ AL o A e AL B 534 {E (420
+3020) mg/kg'”! .

HEJE Fe JB THEYLTETE , BRI Fe &
Py v 1 v L i A A R Fe B iR 1T 344E (220
+2600) mg/kg"’’ , RIAMMIT R LR & BIKFH, %X
BOREERAFTE Fe fa B AR, H4 )R Cu A Zn ZAEYDL
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Fig.1  Average concentrations of heavy metals and Al of Acacia

B FAEWIIE A (Cu y 6—14 mg/kg,Zn }g 34—68 mg/
kg) "B I HH Cu FrE B T Tk TG G confuse and Leucaena glauca

XTEARFp Rt RO R ICR T HAKCF o pmg s 1552 535 0.01 10,05 19835k T.

BT IR B VS A AR A Gl 7 B 42 JR Cu Ml Zn
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Fe Al fr A BI2E PE, Mo J0ER HAR M 3 ih il o [ i A= B RE 4 0 A S 2454 (180+£3980) mg/
kg XA TS HUE AR A A BN B E 225, GV I B8 T M, (A 7e 5 b e e m
B W S G E (B, B B AR Mn TR 4 25 Sk
3.3 MR G = EARE

N 1 P MM A K AR SR — A e I E BN ) SRS N P AYA SR T A
AR N/P AR AT R 26 R B V& 78 35 B AR R, DL NP Sk I 7 75 35 BR o) £ 45 3 )2 A TA] . Giisewell
AU R AR DB 5 2 B, ZE RIS KF b, AR TA) N/P U SR TR NP BRI B, N/P>16, 3
7~ P BRI N/P<14, KR N BRI ;14<N/P<16, %78 N 5 P Bl P L F 2 mE My A K, SR
9 N/P 21,3, P HIZ950 ARG N/P 4 10,0, N 1295 Bhaz B U Xk ARbR SR 20 B9 i R 30, N .S
AT B AR P, 3 Z B B ARG BE . AROFSE T SIS R S A E N/S iR b Bl e 2= 54 H
FEBEAT , X R NS 78— E AR 115 P AR AE AR B HE G 2R N S AE— D0 B R Bt A& S 8E A
Ji A AN REIE H T

WFoT I, Fvk B AL BERH AR MAAR 22X P AR, DTS M MR A 4 A RS [, LT AL Pt A5
B2EF D BEMHEN R AL CRRTRRTHRAR, A EHEMN AVP AW B K TR AR, 5 ik
5o —2, FERRN AP 7 /) Cas Al BEJR LW(E 25 H T2 Wi DiRE T HEY & A2 5 Al %% P R Ca/
Al BER WAH 4T 12,5 2 MY Al FEM— DB, 24 Ca/Al /NT 12,5 I, HHR Y Z FNETE Al FH0E S
P LB G5 A PIRIR I Ca AL FYEEJR FUAE (&1 2)  ARBIFSE X BRUTRE L™ 5, +3E AL TR 5 3
pH EFEITA 32 AR AR Ca/Al FEJR WL ERE AT 12,5, WXt T & VA, BRI AL &8 0f R 8 10 1F 33
FEEL, {3 Cas AL BEZR HUAE/N T 12,5, RINZ K G ISR E Z 5 AL EEXE, (2 T H BB A4
PRI E SRR A0 4R 22 57, WU Tty RN FEHE (10 2R PRI A5 2] %) 1o (A J2 7505 7 T T 11 0 405 T b [X AL A s
MSZERAEST

1;)8 OREHE Bb 50|
mRAER 45
80 | 40
g IOf 35 "
5 60 | 3ol
@ 0 251 Aa
R 40 + 20 F
30 - 15F
20 ¢ 10 b
Ab
o il Y ey A
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Fig. 2 Ratios of element concentrations in the leaves of Acacia confuse and Leucaena glauca

AL ZJ5 Mo B AT AE AR PR K 25 AP ™ L AR Mo R i
FOCT AU, TR Mn 69 SURUBEL, 35 5 400 B A 27, (PR H 72 5 L, M/ Cu
Mn/Zn Mn/Ca M/ Mg 35 Hi B0 58002 S Mo/ Fe 9050 3510 S HRBLAS B 10 Cu Zn KT 20 A
WIRE Mo BWICE I 22 S ABR GO IEA B, T Mn® 025 2 B9 OB 3 0 Mo AR5 1007 7
# Mg Ca il Fe (TR, FE AR DA IR AR FIE ™). 00 Mn 15 0806 34 £ 1 L AT
EAHERIEAR LR EHH T,

AERTHINE H ol Zn-Fe SEARBUMEF > . ABETE, £ RIS ARHY Zn/ Fe HAMIFA th 02 ShE 60
3 Zn-Fe JEARSEHHUIE R 0T REE T 25 638 2 010 A T 58 /({3 25 8 32 9 A 09 LB
U H9 X0 63 RO G 2517 SR 2 S A R I 3 A1 A
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4 #Hig

R TR DX e i AR PR AP G 65 T AH SRR 5 3R B - RiE FR 0 R S R BN N > K >Ca >S>P> Mg>
Na, 4 JBFFERIN Fe >Al >Cu, FIRFPIFTE P Ca Mg Na Mn Fl Cu JTCEK & i 12 W0 B3 78
JLR Zn G PRSI ST PIER S SR U & T b E R A g R S &R RERE, T
Na (98 8 W AR T-FEIE, H Na & EER T S &5 R VIR F i 4 i 40 20r) + 3 Na SRR iE R —
A

TEAERE RS Yo & 3 AR TR AR R L IR RO 9 5 N AR B A e B RIS WA 5 15 e Xt 7k
ARAERR PSR A AR A2 5 2 R I i 22— i@ nd A3 B AR A A i e T 43 O R & iR TN AR bR
SRS P AR 2 SRR AR T BRBE 15 YKo ARSI ) JURN 4 IR TR DL S S B,
120 WA RR TS Y s Tl 35 Yo /R JC 3R i AR Tl HECHR 7] g S BOX SE T RAER Y F b S i AR
e E A e AL S RN SE IS OT RV FEHELXT L, WM T 3R 5 K 3 B i R R I, PR Ao
CAFAE Fe fEH WKL, I HAZ ] Cu Fl Zn fa T R AR Al &8 T IE WS, (Hal it Cas Al EE/R HUER
AN ATUAHE S EZ 2 T ALSEE XU, MRS WOF AR B2  H R IR AT ) AR AR T 15 21 )
Al/Ca BI{E TR T DA XE LIS E . BAWY Zn  Cu JTCR R KT A AL, It LA R 4R
FOUHIGTIESR T 5 W AR, W] BE & S 7R AT XA I, (EARWEFE DA RS Y LB I F ok i T B T A
R AN R 2 B T U RN HR B A R FIRASRDT

JLER AR LR A al R BUAFSHUE R RV TP T, 5 50— n R U AR A UL R
TR U R SRR IR AL KA TE R AR R WS 22 BB ICR IR, L AN BE TR UTRE
B, AL SRR R XA AU Sl N P TR R SAL AT AR A AR PR 20 B AR A
N LTI Gl XU R A LA AT, N/S R H B 2E S5 0, U I AR Bl N-S X AR 490 14 A= 1R 3 b 1]
TEM . PIREFRIE - AL/P Mn/Cu Mn/Zn Mn/Ca Mn/Mg 3 H BT 1 8 35 B9 22 54, Mn/Fe 8L 35 (9 22 57
P, W] Al-P LK Mn-Cu . Zn Ca Mg X AT DX £ 7 AR SRR 5 R A AR KGR B S PURIPE AT . ik 28 5
BIANBISEIE—E, A DR A PR T Zn/ Fe FLMETFR B2 S0, 5 AT BFFE 458 0 A — B0 R AE T
BRI Z AR LA O 2R 32 B IR JU R BT AL 7 Rl L S AR 0] T0 2R BRSO S ), S8 2> A3 BT
XA ES,

— PRI Ay , S0 - A G S RS A 1 e T P 2 3 pH (B FERR R X 4 pH (ARG, PR 3 G
JEAZ Bk 22 AR A 52 T D 1 T REPE QL ELBOR a4k, 52 T HEC s , 17 22 3 4w 2l i
ZRgiedt ABIRE AR S R Ge b, XY e AT I I R S0 AT , BEAS D R R DX R A AR 1Y
RPN SR A B B0 15 5L
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