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Effects of Al and Mn on the Growth, Nutrient Status and Gas
Exchange Rates of Pinus densiflora Seedlings’
Cheong Hwa Lee’®, Hyun-O Jin’ and Young-Kul Kim®

.

AlZl Mng 98713 322 2L WddE A EE 2 (Pihus densiflora) 244 5§
olAlste] Ay & 90U A FAY F AT BES A, doide ¥ slaand
x4 A& Algk Mnel &8 =AM}, vk A=« 4540, 10, 30, 60ppm)22 A2
o, o]E T2 Aldeldl MnyEE 3420, 30, 60ppm)o.E Aelsled F 12xe]72) 2840w
29 (two-factor design}9] A g4 AAsgr},

Als Mnd &vF 559 AE Aol A5 24 % 9 (interaction effects) & Viehlx] ggkont, Avt
5 BEe AR I Al Mnel 279 959 #(main effects)d F2H < 2polz} viehyirt,
22 BEY AEAAA-S AlS 10ppmeld, Mne 60ppme] FEol JAA 2 zgsiged, ok
2YF 559 A4 g Al EAo]l Mnol vls] F 5 4% AAEH, #o JFFEEE
Al 7% 60ppmel 4, Mn® 7%= 0ppmelde] F2olA Aslstgct. =¥, a22FTF] 9l
AE AlS dge A grgtort, 60ppms] MnA el Felld woldle AP walvlh, wiokeyel Al
7 Mn¥s =7t £718e wheba] kg 559 AfAA-E(RGR) 2 €534 (NAR)] A sleiglor, o
 F¢A 589 Zar) dqlez A4, wFE B AFARe AN e sl Gl Ao
A8k, A Felvetd A AAR ST £ de A G 508 G5 Y xdEg mek
YA M E o]} f-alel #Aye] WAF 5 9l-&-& AAbsla 9o},

ABSTRACT

The effects of Al and Mn concentration on dry weight growth, mutrient status and gas exchange rates
of 2-year-old Japanese red pine(Pinus densiflora) seedlings grown in a nutrient culture solution were
investigated. Al was added as aluminum chloride at 0, 10, 30 or 60ppm, and Mn was added as
manganese chloride at 0, 30 or 60ppm to the nutrient culture solution. The pH of the solution was
maintained at 4.0 by adding HCl or NaQH solution, The seedlings were transplanted into the nutrient
culture solution, then they were grown in a greenhouse for 90 days.

The interactive effects of Al and Mn on the dry weight growth of the seedlings were not
significant, There were a main effect of Al or Mn on the dry weight growth and element
concentrations of the seedlings. The treatment with Al of =10ppm or that with Mn of 60ppm induced
a significant reduction in the dry weight growth, which indicates that the effect of Al is stronger
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than that of Mn, The chlorophyll content of needles was not affected by Al treatment, but was
significantly reduced by treatment with Mn of 60ppm. Furthermore, the treatment with Al of 60ppm
or that with Mn of =30ppm caused a significant reduction in the dark respiration rate of the roots.
The net photosynthetic rate of the seedlings reduced with increasing the concentration of Al or Mn in
the nutrient culture solution, which suggests that Al or Mn induced reductions in the relative growth
rate(RGR) and net assimilation rate(INAR) of the seedlings were mainly due to the decrease of net

photosynthesis.

Key words: Al and Mn, dry weight, gas exchange vates, nutrient status, Japanese red pine(Pinus

densiflora) seedlings

" W

At A Al sl AAS Fu 2L A
59 e tRA EiAstrt AHEH I
chKrause 5, 1986; BF§, 1990). SOx %
NOx9} 722 BofatA 3 E4do] Ede] AF - A
Aate A9 Zr)dANM e drlete b
Sl o8] HY2 Eofe AHstw Ca, Mg %
< AEEFYFULrt EGoERE S%EA
"ol(EHEST IR, 1988). Eok4bd Il AlstH
9, EokFel Al, Mnd & MEFag4e &
A% (availability)”} Z7}8H4l R (Ulrich %,
1980). EoWl Al A &9 Aot AAA
g dAste AEdSdddadt 89 Fo
2 Asgdr EusE 3 vk (Rengel, 1992). %
2ha] AMA - 5] 4 EHEo] olelA AtAdsE
okl AL gl =5 4 4"9E AT A
Eojokatdle ofstel Al £9 AEFHFEY &
b4l o3kg kg Ae] oiEm At

AR A& vhefit X8R E JHA A AR ES
W &xEE 1, HE & A4S B &
oz i $Fahg-& st ARAG A AHA
ol AP ofeg dAolr] i, BL dFFE
o] #AAMYE EF5leo] HEL AAH AdHE
A flzhel 7)jabe sk 9dvH(Andersson,
1988; =% &, 1991; B %, 1993 Izuta 5,
1995). =7 AujAF ciake] Ale] &A% A%,
#elzye Ca, Mg 59 AEg4dtdas
Fr 8 A gAY olge] A= HFHORE
AADY2E 3AZke wsta glck(Hecht-
Buchholz %, 1987, =% ¥, 199). =%,
Andersson(1988)2 F3t&elvt ZEF A,
s7dolt Eake] AlFE7} 10ppm °]3tel A=
A 5 vb-go] Vehdelw wmstz gloh. ¥

v, Adade AEAR welr] gag v
Ae AlEEs vhzA wkgstr v (Hutchinson
%, 1986; Keltjens and Loenen, 1989).

AlEofl digt Mn®| ZHeJAse] @3 dFE F
Aol gl Wel HmEe] gl2vi(Kohno
%, 1984; Nable %5, 1988, Macfie and Taylor,
1992), =5 A=A, dokiddl @ AHErlsd o
3 A7 T3 AjrHe] slri(Hecht-Buchholz
5, 1987; LB 5, 1993; lzuta 5, 1995).

B A7E et 3 Ao EExIT gle
25§ g Al 2sled B E9
A7y, cdeopabdl 8 anBErd viAE Alg
Mne] &g xAbsted, AA7FeLEe o8 BoF
Ak slel] e A s WA Hag s
A RE AF-87] slsted w33l

wH W i

1. 247 RR BY

£ el 2] AR whokfE Table 1
B o], AFAgd Fag dYYnE 3
3 glen AANA Al Mn 59 9%E =4}
8l7) Sl3) dubHeR AMgshe wiokgolc Akama,
1989). wiokei2) Al¥%=~t 0, 10, 30 % 60ppme]
H =& AlCLE, Mn¥E7F 0, 30 % 60ppme]
S =% MnClE A71ete] AlM7} 434279 Mn
A7 3x el Fohe 24 A F 124879 28
o w1 AYE Ak, BRast oF 10em
d 2u¥ 2448 oF 3.5L8 wWgdE A
1/5000a2 E(4L)el 2tz 870 A4 sEilistdt, A
7ol 2cm®] FHE FUY HHLE Nx AA
& g3 R(FA dmm)E EES F7o=2H
4-g AR FAl 2EANE ol g3t 4
EAE nAystgled 7 AT 2224 A
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Table 1. Concentrations of - salts in Akama's
nutrient culture solution.

Salt Concentration(mg + L™
(NH)2S04 132.14
CaCly - 2H0 147.03
KHPO4 34.02
MgS0; - TH:0 123.24
KCl1 37.28
H3BO3 2.86
ZnS0; - THO 0.22
CuS0y - 5H20 0.08
NasMoO; - 2H0 0.13
Fe-EDTA 7.55

wekele] pHe HCl =& NaOHS%e2 pH
4.0(£0.2)2 =d&dch, 4, wde] pHE
i 13 AzAste W, Fgelv 24 9 F
ol ohE wiofeyel k2B wRE7] 8te] pH
2 AFe ZFH4(deionized water)E 279
ekt wgstecl, £ dFe] A4 FH4
£ olea#sE FFHAA pHYY 6.540.5, A
NAEEZ 248 - cm” o]t 2HE AL A%
s ch,

1996 49 224%-8 of 257be] A Al ¥
Mn 37} wickdolA FAsle 73l
wBARer, 1 F 549 8UHE 8Y 6474A 90
A7t 2% Al ¥ MneER AT wlekdoi
HRE B RRRTAE AW $A48
dek. $47170 F LAve 4y FUe, FFY
Yes B AU 77 25.1C, 4% 9
846M]J - mqdc}, 9, wid L g4 FrIEE
o o8 Er)AHeH(1.5L - m! - pot™ ), F%
23] Mg weabgcl,

2. MEsy

Al 5 Mnx2l HA1A(1996'd 59 8)el F2
AE 0AAE, 2ol U] A FEA(1996
W89 6d) Z A=l AEF 3 2 AEA
W =g BH57] He 60 525e 9
o2 AAsdct. FRFET BES 4 AHEY
wE, A7, #)E AFFE FAY
F, 60CellA 54zt dFAxs AFHS 54
st

Al 9 MnA2 AA 9 FrAY AFFE 7

22 &4 FA4710F AARERL] A
Z&(relative growth rate : RGR), <% 3H&(net
assimilation rate : NAR), 21Zu|(leaf dry weight
ratio : LWR) 9 A|4¥e} A3ty 23wl
T/R¥] & 4+&stgici(Hont, 1978).

3. AlRHIL Matey

H4F 86 7 Aeld AR vESF, F
2R 44 A sted, FAFasled(Hach
Co, Digesdahl Co, 23130-20) ¥=A-FZF=A
(Shimadzu Co, AA-670)2 AlEAMWHS Ca, Mg,
K, Al & Mn 52& 2434, 22299
< A Y4 oMAE dwE  EFS5Y vl
o] 45:45:109] FZHe) FA sl 25T &L
Aol A FZsled, 645nm ¥ 663nme) FFEE
£33 5 A (Shimadzu Co, UV-120002 ZA 3l
o, 2E Y §ge A&t (Amon, 1949).

4, Janpas &3

SAEEA A 2+ A=l 2y mEE A}
AR RAY A, eFTEEE 3 ele)l 73
GEEFEEE A2 342 (Hasatech Co, LD2,
CBI1-D)2 &4 &l vHDelieu and Walker, 1981).
ol 2% A|e]717](Tokyo rigaku Co, Cool Ace
CA-11D)E 2 344 Py &£58 20+
0.5T= Alslden, FUL dHaxete] BE(Keno
Co, Tokyo)g At&-stsdcl, ¢3gA4&ESAA
Feffell #AFRe} B FEASUEES 650 4E -
m? st 2 Aelstedl,

5. BHXa

7zt HelFellal FAY LT BB k)
g wiekl e Al % MnEiEe 2712 a9l #
g 28l x| FARAGENEET FEEE 1993)E
AA gAYy, £, Al B+ Mndel7dg gde
2V 58] AEak, AEAUe] AR 9 s
I#H4EEe] HTAE Ducan's new multiple
range test(H/E, 1975)& o]&sle A slgct,

R W ER

1. &5 G982 M3 0lXis Al M2l &
gk

£4F8A 25 BES AFF, T/Ru %

FAHEM(ANOVA)9 Z5}& Table 2¢l vteb
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Lk, 2 AEZ|SY AFHH ANHAY AF
ol i3t Al® Mnel 43285 Sinteraction
effects)& 1A= 9krh, 2y}, Al OppmX
Mn Oppm7¢ B59 AFHE dEX= & F
%, Al 60ppmxMn 60ppm-7¢] RAH AN HAF
o ZFagL 1% EA, o] FasE Al fppmXx
Mn 60ppm+9 7Aa& 12%2F Al 60ppmXxMn
OppmT-9] Zrai& 33%<9) ¥$(45%)7 HAHt 7
2&E& e, oA £vF HES] AE
Aol diste] Al?t Mne] A7FHQ d8e 1A
o ALRE G, o)Al wlsled AFH ¥ T/RH|
of that Al w59 o] A=A}, =g, £

Zh+717(e] 8 =3kol2t &A]), W] W AHAHA
o] gl A Mne] D53 ge] A=A,

ol4z zbo], avt¥ mF9 AFTAF s}
o Al#t Mn8| A43a4Ege AAHA Wdgte
vh, Z47he] bEdFe] AR Wil AlA
2l =g MnAe82 A% T/Rul
AR & gt £4E AAskad

2. 2UR SR 43 OiXis AlQ| 2

FAERA 2 BEE AF% F T/Rul
ek Ale]l 3% 10ppmelds AlE Aed &
i mEe 9, e 8 AN A5

Table 2. Dry weights and top/root ratio(T/R) of P. densiflora seedlings grown for 90 days in the
nutrient culture solution containing Al and/or Mn. Each value is the mean of 6 seedlings, and
the standard deviation is shown in parentheses.

Treatment Needle Trunk Root ‘Whole-plant T/R
(ppm) (&) (&) ) (g)
Initial 0.790.27) 0.27(0.06) 0.23(0.13) 1.29(0.44) 4.61(1.02)
Mn 0 Al 0 5.44(0.68) 1.61(0.24) 1.58(0.32) 8.63(1.10) 4.58(0.81)
Al 10 4.55(0.53) 1.64(0.24) 1,24(0.22) 7.42(0.76) 5.26(1.12)
Al 30 4.45(1.01) 1.53(0.40) 0.84(0.20) 6.83(1.21) 7.03(0.67)
Al 60 3.72(0.57) 1.27(0.30) 0.78(0.21) 5.78(1.05) 6.42(0.95)
Mn30 Al 0 5.07(0.74) 1.36(0,13) 1.23(0.2D) 7.66(0.99) 5.37(0.84)
Al 10 4.59(0.88) 1.48(0.38) 1.1100.1D 7.18(1.17) 5.45(0.94)
Al 30 4.20(0.86) 1.23(0.35) 0.93(0.24) 6.37(1.24) 5.91(0.60)
Al 60 3.57(0.76) 0.98(0.26) 0.87(0.19) 5.42(1.09) 5.24(0.74)
Mn 60 Al 0 4.88(0.80) 1.5100.43) 1.17(0.26) 7.55(1.46) 5.54(0.50)
Al 10 4.04(0.32) 1.31(0.49) 1.00(0.23) 6.34(0.58) 5.54(0.67)
Al 30 3.21(0.52) 0.08(0.16) 0.65(0.16) 4.85(0.76) 6.54(0.84)
Al 60 3.30(0.57) 1.08(0.41) 0.69(0.17) 5.08(1.13) 6.35(0.88)
ANOVAY
Al ke ek L322 Kk
Mn * ** * n.s
AlXMn n.s n.s n.s n.s n.s

D Two-factor ANOVA result : n.s, not significant ; *, 20.05; %%, £0.01; *#+, p0.001,

Table 3. Effects of Al on dry weights and T/R ratio of P. densiflora seedlings grown for 90 days in
the nutrient culture solution. Because the interactive effects of Al and Mn were not
significant, as shown in Table 2, the data of dry weight and T/R ratio were pooled across

the Mn treatment.

Al concentration Needle Trunk Root Whole-plant T/R
(ppm) (2) (&) (&) (&)
0 5.13(0.74) ¢ 1.490.29) b 1.33(0.33) ¢ 7.95(1.23) ¢ 5.16(0.81) b
10 4.3900.71) b 1.47(0.30) b 1.11(0.25) b 6.98(1.18) b 5.41(1.10) b
30 3.95(0.81) ab 1.25(0.34) ab 0.81(0.26) a 6.01(1.91) ab  6.49(0.8D) a
60 3.53(0.68) a 1.11(0.28) a 0.78(0.24) a 5.42(1.70) a 6.00¢1.10) a

Values followed by the different letters within a column for each plant organ are significantly different
according to the Duncan's new multiple range test(€0.05).
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Oppmse] Al Az Ao vstd ztislge
W 60ppm2} Al A $2te] AFFge (2
10ppme] Al& He|g ANA«] sl 2islqic
(Table 3). =%, 30 % 60ppme] Ald A 7
Ael T/Rel= 0 9 10ppme) AlE A2 AA
o ¥sle] 7Haslgic),

MAAERA] RGR, NAR ¥ LWRe| %
Al9] <d3g BAg AR (Figure 1), wjoFdol
AlA7Veke] Z714tol whelad AR 559 RGR

.Alo[:]/uw,usogmso

Relative value (%)

RGR

Growth parameter
Figure 1. Effects of Al on relative growth rate
(RGR), net assimilation rate(NAR) and
leaf weight ratio(LLWR) of P. densifiora
seedlings grown for %0 days. Bars followed
by the different letters are significantly
different according to Duncan's new
multiple range test($<0.05).

Table 4. Effects of Al on element concentrations
grown for 90 days.

AvhE BAY AR, BRRE U stagirgEedl oA AlY Mnd] EE

4 NAR2 A slelg.ev}, LWRe wig Al9] o
& QY & s,

£4%84 Al Y2FEd A AlY G
(Table 42 60ppm< Alg g 2 7|39
Ca, Mg¥=+ 0 % 10ppmel Alg Hefdt 7l
o wiste] Assigont, 30 ¥ 60ppmel AlS
et 2t J1ee AlxE+ 0 9 10ppmel AlE
A Aol visle Frislde, 9, RE 7
e K 2 Mn¥sEd] i3 Al9] 338 ey
2 -efgkel, =y, A Qo mzaggskd o
3 Ale) 482 witde] ALY AlFxe 27}
of visled f-2lHq Gao) YAHA gk,

SAZ8A 2T BE Y9 #4gAcE 9
cah #ele] giFLsed diF AlY s3gE
Table 591 vleligict, 30 % 60ppmel AlE A
2 v 55 ¢3gA4EE 0 % 10ppme]
AlE Ag AAe vzt Aslsleict. 60ppmel
Al% A Rl ¢ FEEE 0ppme] she
AlE AHegk Aalol wigte] Aslslget, 3k
o] GEFEEE AlFY e A folH dge
A=A ekl

olatzml Aol Auty HES HEAYAL 10ppm
o148l Alxale] o8 feldes Hisidd
(Table 3). A& HA:Figwe 1), HEYAS]
RGR 4 NAR® siokdel Als 57} 71¢d o
gt A slslgieh, o)zid) ulsled, LWRE Al9
A& Aol wbx| gglel, o] B9 A wigkde
AlsE Z7tel 213 49 AT go] Ae}E S

in needle, trunk and root of P. densifiora seedlings

Plant Al concentration Ca Mg K Al Mn  Chl a+b
organ (ppm) (mg-g") (mg-g") (mg-g") (mg:-g") (mg-g) (mg-g'FW)
Needle 0 3.15(0.70b  1.13(0.250 10.14(1.15)%a 0.25(0.12)a 1.38(1.08)a 0.74(0.12)a

10 3.1900.88)b  1.02(0.200b  9.49(1.28)a 0.38(0.12Db 1.47(1.02)a 0.75(0.09)a

30 3,03(0.73)ab 1.01€0.19 10.62(1.41)a 0.72(0.36)c 1.54(0.96)a 0.72(0.09)a

60 2.56(0.43)a  0.83(1.17)a 11.21(0.97a 0.80(0.34)c 1.48(0.93)a 0.68(D.10)a
Trunk 0 1.61(0.28)b  0.91(0.20)c - 5.64(0.80)a 0.24(0.08)a 0.54(0.33)a -

10 1.61(0.320b  0.79(0.10bc  5.69(0.65)a 0.38(0.09)b 0.48(0.30)a -

30 1.53(0.18)ab 0.72(0.14)ab 6.31(0.86)a 0.69(0.28)c 0.45(0.28)a -

60 1.39(0.2Da 0.63(0.10)a  6.02(1.38)a 1.00(0.39c 0.46(0.29)a -
Root 0 1.7100.46)b  0.74(0.13)c  5.52(0.96)a 0.31(0.24)a 0.45(0.36)a -

10 1.7700.50)0b  0.66(0.16)bc  5.42(1.24)a 2.47(0.8b 0.41(0.25)a -

30 1.46(0.48)ab 0.52(0.19ab  4.80(1.16)a 4.54(1.23)c 0.48(0.32)a -

60 1.30(0.35)a 0.47(0.16)a  4.99(0.89)a 5.46(1.55)c 0.5000.31)a -

Values followed by the different letters within a column for each plant organ are significantly different
according to the Duncan's new multiple range test(#€0.05).
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the Ag AAsla 9o, a8a, s sd
243 A (Table 5, wWkdel AlsErt F51
Tl ool ¢FEHEEE Ay, o,
AlNEe 98 £uUF 25 NARASHE] ¢l
224 #3gd4Te AFE A4E 5 9o,

B A EdA AlMe]el o8t Ca §3} 22 4
Eggodakiae) Wik - BTl AHallgrin RuE
3 91t Arovaara and Hvesniemi, 1990 ; Géransson
and Eldhuset, 1991). ¥ d-PdME, &y ®
Eo] 7t 739 Ca ¥ Mgx=rt Aldeldl 9+
A 8}stgl el (Table 4). o) d wlakee} Alg%r} &
7 el webd AvE BEe] Ajsiy-e] Algxsl
F7bstgdvH(Table 4). &9, #a2l9 g3 FSEE
60ppme] AlAMzlel] ojsia frejxo g A alsls]
t}(Table 5). o1& Axte AlMET 2UF B
Foll el = Askel] &HH Al o si4 e
o] Aelrlgel MslEe] FE-Fa FHol oA,
#HFHene AEANY Ca 2 Mgr=rt 4
Hcke Ag AlAbEa olek, geba, Al el
o3t vty 25 AEAAge BPAEEe]
Ast Al R A EFHedne] FEAME
Azkg 4 9le),

3. 2L B89 Yo i Mno| 38
$AFRA A% 2 T/Relel A& Mnd] 4

#(Table 6)2 60ppm4 Mng& A &vF B
9 7+ 71 o /AAAA AFHL Oppmé]
Mn& A2t /RAlel visted st ev, T/R
Bl qleixE MnAelel ¥ frolHd G
AASHA ekghet,

Ay 859 RGR, NAR ¥ LWRel g
Mne#] <4 #(Figure 2)£ 60ppm#] Mné A2 A

r

g

Relative value (%)
2

Growth parameter

Figure 2. Effects of Mn on relative growth rate
(RGR), net assimilation rate(NAR) and
leaf weight ratio(ILWR) of P. densiflora
seedlings grown for 90 days. DBars
followed by -the different letters are
significantly different according to Duncan's
new multiple range test(s<0.05).

Table §. Effects of Al on net photosynthetic rate, dark respiration rate of trunk and root of P.

densiflora seedlings grown for 90 days.

Al concentration Net photosynthetic rate

Respiration rate(Q; nmol - g - s™)

(ppm) (Oz nmol - g™+ &™) Root Prunk
0 37.72(7.83) b 16.35(4.74) b 3.94(1.28) a
10 34.26(7.30) b 17.53(5.82) b 4.812.19) a
30 27.77(1.95) a 17.28(4.95) b 3.73(1.82) a
60 26.42(6.64) a 13.52(3.13) a 4.21(1.35) a

Values followed by the different letters within a column for each plant organ are significantly different
according to the Duncan's new multiple range test(#€0.05}.

Table 6. Effects of Mn on dry weights and T/R ratio of P. densiflora seedlings grown for 90 days in the
nutrient culture solution. Because the interactive effects of Al and Mn were not significant, as
shown in Table 2, the data of dry weights and T/R ratio were pooled across the Al treatment,

Mn concentration Needle Trunk Root Whole-plant T/R
(ppm) (&) (&) (&) (2)
0 4.54(1.2D) b 1.51(0.40) b 1.11(0.42) b 7.16(1.87) b 5.16(1.35) a
30 4.36(1.18) ab  1.27(0.36) a 1.03(0.28) ab  6.66(1.76) ab  6.49(0.78) a
60 3.86(0.97) a 1.22(0.43) a 0.88(0.29) a 5.95(1.57) a 6.00(1.01) a

Values followed by the different letters within a column for each plant organ are significantly different
according to the Duncan's new multiple range test(s€0.05).
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A2l RGR ¥ NAR+ (Oppm#® Mn& a3 7
Aol wlsted A astg o, LWRE MnAlzlel
2| gk 3kg Ao vk ghkvt.

EAZE8A 2YF BEY Ay diysd o
3 Mn®] °f 8 (Table 7)< 60ppm% Mng 2]
g 7 3 ®ele] Ca¥®g A%E 0 2 30ppm
¢ Mng AHHZF A wlste Asaigod,
60ppmel Mng AHegF 3k MgyEs 0 ¥
30ppme Mne AHelg A wste] At
o}, &4, 30 ¥ 60ppme] Mng Mg 42 Al
5 Oppm2 Mng A% AA ¥ F
7}stgdch, =&, 30 ¥ 60ppme Mng& AHeldt z
7178} Mn¥ 5+ Oppm$l Mnd =3 A A
v gt Zrislgol, a2y, RE 7184 K¥e
= MnAeE|g o foixq d%2 A=A ¢
steh. $AEwAl A Y9 AR A
gk Mn®] 98& 60ppmE AP vy B
ol4 0 ® 30ppme] Mne Azl & HAlel vlshed
# &}st 9o}

$AERA eREESE 2 7039 gy o
2EFSE g Mn® ¥ (Table 82 30 %

60ppme] Mng HMejg s Y €FPdS
% 9 Bele] ¢FFSEE Oppme Mng He
g A wste] Astsigient, 39 GEF
&5 MndMele] o feojAd Fue A
=] gkgiel.

ol 4z} ol HEAFA-E 60ppme] MnH ]l
A Oppme Mng #elgk A« w]sld {914
o2 7dasidci(Table 6), 44304 AaKFigure 2),
&vF BE8 RGR % NARE wdde Mn¥
E7t Z7hgtel wEbA. A slsisdcl, e)zlel] wlE
o LWRE wlefie] Mng% F7lol wWg 4%
& 7 g} sk,

detH o2 A ES MnFErl ¥& Bt &
Add LA, AEANA F4E Mnd #E
&Hx g A4 o) Fste o el Fadvi(zuta
=.1995). AAHR9 Mno ol 4L FYPAA
& & fisle(dtR 5, 1993), AEARE A
A7ckn Redz 9lvi(Nable ¥, 1988 ; Macfie
and Taylor, 1992). ¥ d-tFA = wioFd2] Mn
57t ZUgel webd] vy BE 49 Mnes
7} #ejd e Frlsiaici(Table 7). =¥, 60ppm

Table 7. Effects of Mn on element concentration in needle, trunk and root of P. densiflora seedlings

grown for 90 days.

Plant Mn concentration Ca Mg K Al Mn Chl. a+b
organ (ppm) (mg-g") (mg-gh) (mg-gh) (mg-g’) (mg-g") (mg-g'FW)
Needle 0 2.79(0.58)a 1.06(0.18)a 10.55(1.22)a 0.39(0.20)a 0.47(0.18)a 0.74(0.09)b

30 3.29(0.74)b  0.95(0.1%9a 10.43(1.22)a 0.76(0.48)b 1.50(0.26)b 0.77(0.10)b

60 2.87(0.79)ab 0.98(0.28)a 10.13(1.5%a 0.47(0.13)b 2.44(0.78)c 0.66(0,08)a
Trunk 0 1.68(0.3Db  0.85(0.22)b  5.66(1.14)a 0.45(0.3Da 0.09(0.02)a -

30 1.64(0.2Db  0.80(0.12)b  5.75(0.82)a 0.60(0.40)a 0.58(0.10)b -

60 1.28(0.15)a 0.64(0.08)a  6.33(0.83)a 0.69(0.4Ta: 0.77(0.07)c -
Root 0 1.78(0.43)b  0.62(0.2Da  5.28(1.12)a 3.43(2.40)a 0.08(0.05)a -

30 1.66(0.5Db  0.58(0.17a  5.02(1.02)a 3.58(2.54)a 0.51(0.20)b -

60 1.24(0.39)a * 0.59(0.19a  5.25(1.25)a 2.56(2.45)a - 0.79(0.24)c -

Values followed by the different letters within a column for each plant organ are significantly different
according to the Duncan's new multiple range test($<0.05).

Table 8. Effects of Mn on net photosynthetic rate, dark respiration rate of trunk and reot of P.

densiflora seedlings grown for 90 days.

Mn concentration Net photosynthetic rate

Respiration rate(Qy nmol - g - 8™

(ppm) (02 nmol - g™+ s™) Root Trunk
0 36.158.7D b 19.72(4.74) b 4.76(2.71) a
30 29.99(6.33) a 15.09(3.25) a 4.40(1.81) a
60 28.50(5.76) a 13.70(4.52) a 3.33(1.09) a

Values followed by the different letters within a column for each plant organ are significantly different
according to the Duncan's new multiple range test(#40.05).
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9 Mng =8 zezdgake Oppme Mng
AHelg A wistel Astsledc(Table 7). &
A, #3$E4EE 30 2 60ppme] Mne Mg
AA AN Oppme} Mng A3 A Ao vzt A
&stgich(Table 8). wel Mng AP Lvhi
HEE dolMe o tegkes 2% Mno) ¢
A 2R 2 ol A, 71 A B
AEE7t dAEe] HEN o2 AEYHe] A4
Aotz Pz},

F5E MnFE7l & A4 SAshd, 4
EAWY Ca, Mgrer} g2ty ¥ asls )
th(Hecht-Buchholz %, 1987). £ oM % A
HeasEed oidk Mne F%g A A
(Table 7), 60ppme Mng Aelg b5 BE9
w2 2 gele] Ca 9 Mg¥Es Fasidck, =
g, AEAUe MnsSs el vlsld Ao 3
W AT e g g, oet e A
T el oFEEFFAN % PR dog
o] ¥ Mnzojd) €3 FPAA 7l HEHoz
avky- BEe| AEAAe] Aa=gletn PEc,

= W

2uF BEe] AEAA e oig wickaiel 3}
g Al Mno A3a4Eas A=A gl
v, Al Mnd] @53 QAF 5 gt
E3 v B89 AEAAS FaAAE Al
Z9 MnY FEE tEA Jedoed, AlS
10ppmel’d, Mne 60ppme FEola AE4A
A 87b vieby, AvE 259 AEAA g
Ale] FAje] Mnel vls] zcha Yok, W,
Sejvelel AKslw U $59 AR}l WE B
FAd s, AEgedddih 2@ AERATS
FaFoll tfal A AL WA gz vk, wE B
ATATHs 3ol ofsle] ol Astel
vk, A $ejuelels AAz LAY £ 9l
7Y EHEC] 9% SR 2 4 AAEe B
oFe] gAAME o2} falel Hate] wAYE 5
UEE Alrlslz glvh. =3 Al 9 Mne] o3
Aol % W FFAloldl Alelrl aAH T ¢
7} W& (Schaedle ¥, 1989), &F At AeA
W AR Ee <4 aE &8s Hotslr) sidA
T8 Fo A4, ddddE W AelXs Fd o
3 EoRibAI S Al Mn 59 33e A48 =
Atgr g9 st glel,
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