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ABSTRACT

The objectives of this study were to understand the physiological responses and resistance of red pine
trees to ozone exposure in relation to nitrogen and phosphorus fertilization. Potted one-year-old seedlings
of Pinus densiflora S. et Z. were exposed in an open-top chamber(OTC) to ozone at concentration of
0.12ppm for 3 hours daily for eight weeks with or without N and P fertilization alone or in combination.
The OTC had dimensions of 2.0m in height and 2.5m in diameter, and the air in a control chamber was
filtered with activated charcoal to maintain the ozone concentration below 0.02ppm.

After eight weeks of ozone exposure, none of the seedlings showed any symptoms of visible injury on
leaves. The seedlings fertilized with N and P in a control chamber showed 22 to 95% increase in total
dry weight, and similar fertilizer effect was also noticed in an ozone chamber. Ozone treatment did not
decrease the total dry weight, but increased shoot/root ratio by 14.5%. Ozone treatment increased sucrose
content in the leaves by 23%, but decreased sucrose content in roots by 20% regardless of N or P
application, Starch content in the leaves was not affected by either ozone or fertilizer. However, starch
content in the roots was decreased by 41% by ozone treatment. Chlorophyll content in the leaves was
increased by 70% by N application, but was not affected by ozone treatment. Nitrogen and P fertilization
stimulated net photosynthesis by 80% in a control chamber, but stimulatory effect of N and P on net
photosynthesis was 22.3% less in an ozone chamber. Net photosynthesis of the seedlings with no
fertilization was not affected by ozone treatment. Based on the observed interactions between N, P, and
ozone, it was concluded that the stimulatory effect of fertilization on growth of Pinus densiflora would
be decreased by ozone treatment, but fertilization would increase resistance to ozone by re-allocation of
increased carbohydrates.

Key words : resistance, fertilizer and ozone interaction, shoot-root ratio, carvbohydrate translocation
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2, e&3 e ALE 22U Ar](Model :
Ozomat COM, Anseros, Germany)ol| F1A1A
228 A4, Teflon tubed AHE-3ted OTC W
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AAG H9E dFF ZU2 A QqAA R F
& BAA o A YEaelA dEA FAA
zE& 39 F< A 0.01g 912 FA3c

4. 21208 &3

19993 99 295 3d, 1: 00904 4: 307# LI-
6400 Portable Photosynthesis System (LI-COR
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A4 2T g, A5YLS deEAE, AHE
& AEEME AN,

Aege ¥y e s Bostd Tedge
£ A F 28 F8 FEE A, 22
0.1mlel 50mM sodium acetate buffer(pH 4.6)
0.8ml=} invertase 10 units& Z#3le 50mM
sodium acetate buffer(pH 4.6) 0.1ml& H73F ¥
50CelA 208 F-oF Hk&-A71 F glucose oxidase
-8 Alg-ste] xrde] ek &4 sl ci(Henry
=, 1993).

¥ AxA7) AAEE pH 4.5, 0.1M sodium
acetate - 0.02M NaF buffer 4miol|l ©3 95Tl
A} 15872 Ale2telsl 2712, amyloglucosidase 15
unitsE E3§3= 0.10M sodium acetate - 0.02M
NaF buffer(pH 4.5) 1 mlE #7}sle] 50CelA
A7t B A7) ¥, glucose oxidase W o=

e ¥¥E FHHAS.
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L&2HE 7t 47 A3 FAFFY Aabol riHE
Qg BedFm ok, A FAFA Ao
Al a7} & Al #Aglol FaeA vehy
o & Ao 3 AFEAEAE A& A A
u& of 20 o)A} vtehyt o}, Qg AM|EA] o
< A& 30% FAld A, w=by Qe AwlE
= AnAu7E @4 o] FoiA ot el
3 & 4 9lth, Table 13} Table 2914 .29 A
g i FHEA eEhA] dsted, L84
23 u5o AFge] tjxTe BE AFYH
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o & A8 Ryod, EAALE feAe] A
ASA ekgheh, webd & AgzAddA 8579
L 717 FF o8 22 A, AFF A
Abell & 4%¢ 74 duvtn AEXE 4 U,
& d7elx AR E qA FHstgoev, v
F9 A$ FagRe] Tl ojv] fEHr] WdE
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Table 1. Leaf dry weight of Pinus densiflora exposed
to ozone and fertilized with nitrogen and
phosphorus. (Unit : g/seedling)

Ozone treatment

+03 —03

Nutrient
Status

Average

+P |1.06+0.09a| 0.82+0.06b
—P 10.54%0.03c| 0.61+0.05¢
+P 10.31%0.03d| 0.27+0.02d
—P 10.39+0.03d| 0.35+0.03d | 0.37+0.02
0.57+0.05 | 0.49%0.03 | 0.53%+0.03

* Means of eight cells with the same letter are not
significantly different at 0.05 level in Duncan's
multiple range test.

0.96x0.06
0.58+0.03
0.29+0.02

+N

-N

Average

Table 2. Total dry weight of Pinus densiflora exposed
to ozone and fertilized with nitrogen and
phosphorus. (Unit : g/seedling)

Ozone treatment

+03 —03

Nutrient
Status

Average

+N

+P 12.21+0.14a

1.93£0.10b

2.09x0.10

—-P

1.44+0.07cd

1.58+0.11c

1.51%0.06

+P
—N

1.04+0.07e

0.99%0.04e

1.01£0.04

-P

1.19+0.06de

1.13%0.07e

1.16+0.05

Average

1.48%0.08

1.38£0.07

1.43+0.05

dutH o g eE e Y 5 g2
AFeo] ZAsA K Wang 5, 1986). =i
2z9 & 793 g4qle] #2802 wir|7k ol b
= A Fart dejvA e e, Harkov
¢} Brennan(1980)2 ¥ &2|¢| Hoagland & 3
N, P, K9 5=& Z5489 1/28 3435t Ay
g ¢ AulEA] 942 77 933 Hoagland 4
A& AnF AR &6 3t gyt Flely
AZepo] Hrstedcty Ycb, =3 Heagle(1979)
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Frcl 224 sl AFF A4 E 29
. vl o] Pazkkoénenst Holopanin(1995)
Aujgh 2pzh ) Q) Beje] A
2 ZUhelgctn gsch, olgh o]
Alu] stola] LENxZ) T £EFL
& A=A o)A et

Table 3 A¥Y £8 F A9} 23139 v
$#(Shoot-root ratio, S/R&)& e Aelc}, &
2ABlE eEA P @A) ARy AL
Z238t9), S/RES HHE 39%7HF F7HAIFH
E3] qlo] 27id A% 1 A#rl A vebdA],
AzAqul2 st P 58%° S7H8S Bk
Table 39 S/R&o ¥ e&xe i veh}
ek, &, L& =&A7] wEe S/RES T
1.50a1 6 "hsle], e&Fol] xFAF1A] U BEL
1.316 244, 2&A42l& S/RE°] 14.5% 57}
stglen, EA4 o8 F3F 2] & R4t 53
Ast Qo] 25 AujE AP, 2EAeR s
o] S/RE°] 28% Z7hstgdch. o9} & S/R&2
Z7t Aale 7129 979 #4189 (Cooley

o fo
(3
o o w

Fxrt F7bstgcl. ol ¥4k Table 2914
o} o] AA4E Am|EA dow AFFe] A
Aagozd Ae] Fiixd, FPHoR WE
o4l Aetol Table 491 o] Al FHHE A
o2 #Agilc, 2EAe Rl vt o
W Aol e H3d 23% 7HE SRS

SEA 27 oleF ARgFe] Fote Al
el A gatstgde At o9 S g A
A= W 7]l 2t dejue e
7129 dellA 4 A o (Greitner 5, 1994;
Paynter &, 1990), £ A= HA & A&
dgich. ut=iol Table 5ol #eje] dut ek
Hhd AEgE Bodx e& el o3t dayrg
FostA s, F, &M E Aot o
o] Alujeh Aol el W Ao FEE 20%
7beE FFaA R

Table 4. Sucrose concentration in leaves of Pinus
densiflora exposed to ozone and fertilized
with nitrogen and phosphorus.

(Unit : mg/g FW)

Manning, 1987), 99} stpslgo] Fejd o] 53l= Nutrient Ozone treatment
2L 9 &o) whallste] Bl AA-E A= 7] Status 40 —0; Average
29 d7Aze} dAsts FAdolvi(Laurence F, A N n
1994; Samuelson and Kelly, 1995; Hong, 1999). x| F [2:8970-124b |2.1570.18¢ |2.500.14
—P[2.99+0.17ab {2.09+0.13¢c (2.54%0.15
Table 3. S/R ratio of Pinus densiflora exposed to +P[3.00+0. 14ab | 2540, 16bc [2.79+0.11
ozone and fertilized with nitrogen and -N
phosphorus. —P|3.14%0.19a |2.93*+0.14ab (3.04*0.12
. Ozone treatment Average {3.02+£0.08 {2.46£0.09 |2.75%=0.07
I\gxtnent Average
tatus +0s -0
+P{2.06+0.08a |1.61+0.08b |1.87+0.07 Table 5. Sucrose concentration in roots of Pinus
+N densiflora exposed to ozone and fertilized
—P 1.421_0071)(: 1.46:':00513 1.44i0.04 with nitrogen and phosphorus_
L+ 1280.06ed | 1.09+0.05d |1.18+0.04 (Unit : mg/g FW)
—P|1.2240.05d |1.16%0.06d [1.190.04  Nyprient |  Ozone treatment
Status Average
Average [1.50%0.06 1.310.04 |1.41£0.04 atu +0; —0s
+P |4.50+0.23bc |5.26+0.53ab (4.92£0.32
A +N
2. BraE B8 | —P|3.81+0.21c |4.58+0.32bc |4.21%0.21
Table 49} Table 59 %=} #elelx zAMg A
g x5 8 A, Auigel eFaw N +P|3.84+0.2lc |5.62+0.4la {4.65%0.29
74 g7 et glek. Table 404 2l ARz} —P (4.52+0.20bc |5.27+0.43ab |4.84+0.23
Aersd vAE 932 AL e, A9 N N A
aoe e A, D2 AusA o s Average {4.14%0.12 15.16%0.21 (4.63%0.13
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Table 6ol 49 HE F3& A}, L
Al A gae A HE L&A a4
A WEA] odghel. el el 1 2F
Ala)stA] o2 7Sl A9 kol o} E A=
TR} 4o o] Frlstg e, ol=¥ A4S A
29} gle] B=2o07 qlsle Table 29} 7to] WA
o] Az AAA w35 thale] o]AH-& Zes}
o 24 Ao Molc), w3 2EAeE e ®
S35 g LA T waste] {2l Aol
E Bolx] gl

Table 6. Starch concentration in leaves of Pinus
densiflora exposed to ozone and fertilized
with nitrogen and phosphorus.

(Unit : mg/g FW)

Ozone treatment

Nutrient Average

Status +04 —03

N +P | 11.9%1.13c |12.2+1.94c [12.0%1.03
—P{9.99+0.79¢ | 9.2+0.95¢c | 9.6+0.62

N +P|13.0+2.05c |14.412.66c {13.8=1.69
—P41.5+10.01b| 75.2+16.26a |53.5=9.43

Average | 17.7+2.76 [19.9%3.96 |18.8+2.38

Table 74 ¥29) AR FH& FASGH,
A i ok & AYE ndFa glvh, el A
§ LEAE Uste] 2E 2y} A §
ol Hd 40.7% stk oI £Ae &
EAe do2yy Helz d5sEe olFs
Wagtehes AL A8k Qlvk. 53] Table 5
A AH Az <dste] pejoly dete] &
Fol A2d A e A%E bz Yt @

Table 7. Starch concentration in roots of Pinus
densiflora exposed to ozone and fertilized
with nitrogen and phosphorus.

(Unit : mg/g FW)

Ozone treatment

Nutrient Average
Status +04 —03

N +P|33.9+4.83bc[70.4+10.8%a [47.3%6.39

—P119.1£2.21c {17.4*1.28¢c |18.2*+1.18

N +P|31.57+4.98c|75.8+13.95a {55.9+9.30

—P |40.1+9.62bc}59.0+13.98ab|49.6+8.13

Average (31.4%2.83 |53.0C6.57 |42.2+3.79

24 &N E shed Table 3004 S/Reo] 3t
2803, Table 514 el9) drpghago] Zage
o, Table 7914 %ele] egapel Hagoza,
YA 2zo0] Rel2 R5SEo] o] FHE A
& WU dEe PR ¥ 4 e

3. gima EE By

Table 84 FAEL¥H S A, 22
Azlel ot YFA FHFS AL L& £AE
Bylov, FAALE Aolrt ek, ey A
A Al dE58 e & %S FolA HE
0%7F F718tdck. e ARle dE4 g

GFe 72 EHoh,

Table 8. Total chlorophyll of Pinus densiflora exposed
to ozone and fertilized with nitrogen and
phosphorus. (Unit : mg/g FW)

Nutrient Ozone treatment

Status +04 -0
+P|0.108%0.010ab {0.121%0.010a |0.115+0.007
—P|0.121+0.010a |0.096+0.007ab | 0.109:£0.007
+P|0.069%0.005cd |0.059+0.004d |0.064%0.004
—P{0.088%0.0136bc |0.065+0.007cd | 0.076:£0.008
Average |0.0%6%0.006 |0.085%0.005 |0.091£0.004

Average

+N

=N

® dFelN 2E:AE 1Y TAYFHAA
2 Abestel 0.12ppmell A 347D, 857 A A
ed, dE&2S o] FadA @2 AL
W7t EE R 2Ed vl Aol
L, 7HA SErt BF5A gerhe v)Ee] o
79 oA &cHHong, 1999). zelvh =eir(3
A o] E, 1996)F ARG F, 2000)
oz 449 A4+ 0.12ppme] 2E 6 @7
b k2ol 7HA A HEr debhdn g5
ghefo] aste Zor waEHgIc weld B
ATolA oy R LE2xE AYLE FRY
Az)d WsE s, 7R 952
M3, F& HHE M ex] dFeEM Aty
7 Ak eg el o FFur} Gt
AL AT U,

o}

s b

4. gy s
Table 9v= T¢R¥HEFEE HoAF3 Qet, £
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EolzTe] 7S, AL Av| ARl FHEA Y
gy, e3¢ ESE) 79.5% 72 F71 sk,
Qle] Al¥| A=
L&A 5o dxrrc} FFFASET Y
F 11.7% Zastdwd], o] FelA 714 & 48
< e A AHae qo] A AulEAE wo]
o, o] 4 2&q 4 ¢IFFHEEe LB
FEe} 22.3% FAastdch, 1 91 Aas}
FAARY AE LEqHE2TAN &SRR SET)
o & AejFrc 453 $esigr] dEel 2
5—°‘| o3l @ FaE BolA HAY. vy
27} Ao} ade] FHE AddA A" A,
1—-‘5}1{}”—’?—57} S FAE Bolrlrl 2.&q 9
sl A3 a4y o AzjEc HA o] o
954 whgg 2ecky & 4 9l
Table 9. Net Photosynthesis of Pinus densiflora

exposed to ozone and fertilized with
nitrogen and phosphorus.

(Unit : #mol COz /g /s FW)
. Ozone treatment
Nslgrtnent Average
us +03 -3
N +P(30.7t1.29b 1{39.5%0.99a (36.1+1.45
+

—P |25.6%1.48bcd |29.1+2.07bc|27.3+1.29
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