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Influence of N-P-K Nutrient Levels on Ozone Susceptibility of Tomato Plants
Joo-Won Ahn and Ja-Hyeong Ku(Dept. of Horticulture, Coll. of Agriculture, Chungnam National University. Taejon 305-
764, Korea)

Abstract : This experiment was conducted to find out the effects of major nutrient levels(N, P, K) on ozone
susceptibility of tomato plants(Lycopersicon esculentum Mill, cv. Pink Glory). Plants were grown in water culture
system. A half-strength of Hoagland’s nutrient solution was considered as a standard formulation(N,p Pio Kico).
The levels of major nutrients were adjusted through addition or removal of several fertilizer salts from the
standard solution. Top growth was significantly decreased at the low nitrogen level or phosphorus removal
condition. P- and K-contents of leaves were greatly decreased by removal of salts containing P and K from the
nutrient solution. The rate of ozone injury was significantly increased when potassium was removed. However, the
influence of nitrogen and phosphorus levels or high potassium level on injury occurrence did not show statistical
significance compared to the standard solution. Ozone exposure resulted in reduction of chlorophyll, and increase of
ethylene production, electrolyte leakage and malondialdehyde(MDA) contents. These changes were much more
enhanced in plants grown at the potassium removal solution. Whereas the activity of superoxide dismutase(SOD)
was low at the potassium removal treatment and this tendency remained after ozone exposure. These resuits
indicated that potassium nutrient level in tomato plants is closely associated with the susceptibility to ozone injury.
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Table 1. Formulation of nutrient solution used in water culture of

tomato plants.

N-PK Kinds and amounts of fertiizer salts combined in nutrient solutiony

treatment Addition Removal

Fertilizer salts  ghton  Fertilizer salts gfton
Nioo P1oo Kio* CaCl- 2H:0 2942 Ca{NOs)2 - 4HO 4724
Naz Pioo Kioo NH4H:PO,4 575
Nes Po Kioo NaNO; 255.0 KNOs 303.3
NioPioKo Ca(NOs)z-4H:0 575 4724
Nis3PiooKio  NH4H2PO4 303.3
Nio7Pa00 Kioo  KNOs
N140P100 Kaoo

*Values represent the percentages of fertilizer concentration
compared with nutrient level of half-strength Hoagland' s
solution.

"Half-strength Hoagland's solution(weight/ton): KNO,(303.3g),
Ca(NQj), - 4H,0(472.4g), NH,H,P0,(57.5g), MgSO, -
7H,0(246.5g),Fe-EDTA({11.4g), MnCl, - 4H,0(0.905g),
H3BO,4(1.4g), ZnSO,-7H,0(0.1g), CuS0O, -5H,0(0.04g),
(NH4)sMo70,, - 4H,0(0.029)
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Fig. 1.Effect of N-P-K nutrient levels on shoot and root length of
tomato plants grown for 35 days.
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Table 2. Effect of N-P-K nutrient levels on nutrient content of
tomato plants.

N-PK N PO; KO Ca0 MgO
treatment (%) G0 %0 (%) (%)

Nioo Pyog Kiez 527 3.09 4.01 1.1 1.25
N4 PiooKio 4.10 2.14 4.16 1.60 1.07
NesPoKiw 5.11 0.49 3.93 2.26 1.48
NioPio Ko  4.87 324 1.56 1.16 0.99
Nisa Pioo Kioo 5,78 4,48 493 1,55 0.96
Nio7 Paoo Kioo 5,39 4,52 428 1.61 1.19
Niso Proo Koo  5.43 4.07 433 1.09 1.09

#alues represent the percentages of fertiizer concentration
compared with nutrient level of half-strength Hoagland’ s
solution.
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Table 3. Effect N-P-K nutrient levels on injury of tomato plants

exposed t0.0.25 M/L O for 8 hours daily for 2 days.

N-P-K treatment Injury rate(%)
Nioo Proo Kioor 48b

N 47 P1oo Koo 82b

NauPo K 7.0b

Nioo P1oo K o 33.7a

Nisa P1oo Koo 6.3b

Nioz Paoo Kioo 58b

Ni4o P1oo Kaoo 53b

Values represent the percentages of fertilizer concentration
compared with nutrient level of half-strength Hoagland s solution.
‘Mean separation within column by Duncan,s multiple range test,
5% level.
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Table 4. Effect of N-P-K nutrient levels on chlorophyll content of

tomato plants exposed to 0.25 #/L Og for 8 hours
daily for 2 days.

Chiorophyll.content { g/ cd )

N-PK
treatment Hour of O, exposure
Untreated 8h x 2d
Nioo P1oo Koot 4406 36.47 a (82.6)
N 47 P1oo Koo 23.70b 17.78 b:(75.0)
N g3 P o Koo 13.15¢ 10.34 b (78.6)
Nigo PiooK o 3297b 16.70 b (50.7)
Nisa P1oo Kioo 4385a 31.4a(71.5
Niaz P20 Kioo 4560a 35.55 a (78.0)
Niag P1oo Kaoo 46.16a 37.67 a(81.6)

Values represent the percentages of fertilizer concentration
compared with nutrient level of half-strength Hoagland' s solution.
*Mean separation within column by Duncan,s multiple range test,
5% level. Values in parentheses represent the percentage of
untreated plants in each treatment.

Table 5. Effect of N-P-K nutrient levels on ethylene production of
tomato plants exposed to 0.25 4 /L Og for 8 hours

daily for 2 days.

Ethylene production ( A /Lkg/hr)
N-PK  Untreated Hourof O3 exposure
treatment 1st day 2nd day
4h 8h 4h 8h

Nioo Pioo Kio 58732 11.190bc 4.550a 3.337a 3.300a
N 47 Pwo Koo 5500a 12.570bc 4.833ab 4.080a 1533a
NosPo Kio 4.480a 10.770c 4.833ab 2.900a 2033a
NiooPioKo 4.867a 29470a 8.167a 5.140a 2733a
Niss PiooKioo 5.680a 20.170b 3.633b 4.330a 1.667a
Nio7 P2oo Kico 4.667a 16.070bc 3.000b 3.330a 2.033a
Niso Pioo Koo 5900a 18.330bc 4.800ab 2.720a 1633a

*Values represent the percentages of fertilizer concentration
compared with nutrient level of half-strength Hoagland' s solution.
‘Mean separation within column by Duncan,s multiple range test,
5% level. Each value is the mean of 5 replicates.
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Table 6. Effect of N-P-K nutrient levels on superoxide dismutase

(SOD) activity of tomato plants exposed to 0.25 #/L
Og for 8 hours daily for 2 days.

SOD activity (unit/g fresh wt)
Hour of Og exposure
N-P-K 1st day 2nd day
treatment  Untreated 4 h 8h 4h 8h

Nioo Pioo Kior 202.1 ab» 2733abc 3084a 323.7a 2648ab
Na7PioKioo 198.1abc 245.3¢ 2435bc 2564h 224.3cd
NesPoKioo 1936bc 261.4abc2554bc 258.1b 234.1bed
NioPiccKo 188.7c 2529bc 2262c¢ 2438b 205.3d
Niss Pio Kioo 2162a 2919a 3099a 3254a 2686ab
Nio7 P2oo Kioo 192.9bc 2839ab 301.7a 3183a 275.0a
Niso Proo Koo 190.1bc 247.3¢c 2774ab 3208a 258.4abc

Values represent the percentages of fertilizer concentration
compared with nutrient level of half-strength Hoagland' s solution.
‘Mean separation within column by Duncan,s multiple range test,
5% level.
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Fig. 2. Effect of N-P-K nutrient levels on electrolyte leakage of
tomato plants exposed to 0.255; /L Og for 8 hours daily
for 2 days.
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Fig. 3. Effect of N-P-K nutrient levels on malondealdehyde
content of tomato plants exposed to 0.25 4/L Og for 8

hours daily for 2 days.
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