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Abstract 

The contents of total phosphorus, total nitrogen and nitrate nitrogen were deter
mined in the leaves of six genotypes of tomato (Lycopersicon esculentum Mill.) 
grown in pots with fertilized garden soil under low light intensity (24 W m 2), a day 
temperature of 19 °C and three night temperatures (14 °C, 10 °C and 6 °C). Signifi
cant differences in nutrient contents between genotypes were established. Low 
night temperature caused a decrease in nitrogen and phosphorus contents but up
take of phosphorus and nitrogen, their subsequent translocation to the shoot and 
the rate of nitrate reduction did not seem to limit development in any of the geno
types and treatments. 

Introduction 

The present study has been conducted within the scope of a research project with 
tomato to evaluate the use of genotypic variation in physiological characters in 
breeding for adaptation to low light intensity and low temperature (Smeets & Ho-
genboom, 1985). In previous experiments a growth analysis was carried out with 16 
tomato genotypes grown in pots under short days, low light intensity and low night 
temperatures, 14 °C, 10 °C and 6 °C (Smeets & Garretsen, 1986). Genotypic dif
ferences in dry matter production were observed as well as genotype x night tem
perature interactions. The different growth response of the genotypes to low tem
peratures and low light intensity may be related to differences in uptake of phos
phorus or nitrogen or in nitrate reduction. Reduced uptake of phosphorus at low 
temperatures has been observed in tomato by Locascio & Warren (1960) and White 
(1981), reduced nitrogen uptake by Clarkson & Warner (1979; for Lolium species) 
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and a decreased nitrate reduction under low light intensity for different plant spe
cies by Beevers & Hageman (1969). 

The present paper deals with the effect of the night temperature and genotype on 
the content of total phosphorus, total nitrogen and nitrate nitrogen in the leaf 
blades of six of the previously used tomato genotypes when grown in pots with full 
nutrient supply. These data will provide an answer to the question whether these 
characters limit plant growth under low energy conditions and thus may explain dif
ferences in dry matter production between genotypes. 

Materials and methods 

Plant material 
Six genotypes of tomato were used in the present investigation: Stupické polni and 
IVT-line 2 with moderate growth and good fruit set, Eurocross BB and Sonatine 
(hybrids) with vigourous growth and a moderate and rather good fruit set respec
tively, and Radio and Baby with moderate growth and bad fruit set under low light 
and low temperature conditions. Growth data of these genotypes were presented 
by Smeets & Garretsen (1986). 

Experimental procedure 
Three temperature regimes (see below) were applied. Per temperature regime the 
plants were arranged in eight randomized blocks, each block containing six plots 
(genotypes) of eight plants. Five harvests were taken, per harvest 1 plant per plot. 
The age of the plants at the different harvests is indicated in Table 1. For the chemi
cal analyses the leaf blades of four replicate plants of the second to the fifth harvest 
were used. For the phosphorus determinations the material of only the second and 
third harvest was used. For further details, see Smeets & Garretsen (1986). 

Analyses of data 
The data for the different components of the different harvests were averaged per 
plot. This was done as for phosphorus and nitrate the contents remained constant 
during the experimental period. For the contents of total nitrogen and reduced ni
trogen a small decrease was observed which was similar for all genotypes. Signifi
cant differences between genotypes were established with analyses of variance. 

Table 1. Harvests in days after sowing for tomato leaves under different temperature regimes. 

Temperature regime Harvest 

2 3 4 5 

19 °C/14 °C 
19 °C/10 °C 
19 °C/ 6 °C 

48 
49 

47 54 
55 
56 

61 
63 
68 

70 
75 
77 
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Growth conditions 
Seedlings were plotted 12 days after sowing in TRIO garden soil mixed with Osmo-
cote slow release fertilizer (75 g per 80 1 soil) to provide a continuous non-limiting 
supply of plant nutrients. The pots were placed in climate rooms of the IVT phyto-
tron (Smeets, 1978) at a light intensity of 24 W m"2 which is the average light inten
sity in December and January, and a daylength of 8 h. During the first day after pot
ting the temperature was maintained at 22 °C, during the second day at 19 °C. Then 
a regime of 19 °C/14 °C day/night temperature was applied. The relative humidity 
was 70 %. At 33 days after sowing the temperature regimes mentioned before, viz 
19 °C/14 °C, 19 °C/10 °C and 19 °C/6 °C, were given. For further details, see 
Smeets & Garretsen (1986). 

Chemical analyses 
All the leaf blades of whole plants were harvested, dried at 80 °C and powdered. 
For total phosphorus and total nitrogen a sample was digested in sulfuric acid con
taining 60 g/1 of salicylic acid. The digests were analysed in a continuous-flow sys
tem as described for total nitrogen by van Ginkel & Sinnaeve (1980) and for total 
phosphorus by Thomas et al. (1967). Aqueous extracts of the powdered material 
were analysed in the continuous-flow system according to Kamphake et al. (1967). 

Results 

The averages per genotype and per temperature regime of the contents of total 
phosphorus, total nitrogen, nitrate nitrogen and reduced nitrogen (the difference 
between total nitrogen and nitrate nitrogen), expressed as a percentage of the 
standard genotype Sonatine are given in Table 2. 

Table 2. Contents of total phosphorus (averaged over two harvests), total nitrogen, nitrate nitrogen and reduced nitro
gen (averaged over four harvests) in the leaves of six tomato genotypes grown under three night temperatures (14 °C, 
10 °C and 6 °C). The values are expressed as a percentage of the standard genotype Sonatine. Figures indicated by the 
same letter are not significantly different (P < 0.05). The overall mean is expressed as a percentage of the dry matter. 

Genotype Total phosphorus Total nitrogen Nitrate nitrogen Reduced nitrogen 

14 °C O
 0 O
 

6 °C 14 °C 10 °C 6 °C 14 °C 10 °C 6 °C 14 °C O
 0 O
 6 °C 

Eurocross 
BB 113a 121a 128b 100c 104c 104c 109bc 128cd 117bc 99b 102b 104c 

Baby 113a 119a 131ab 104ab 109ab 109b 126b 144bc 134b 102ab 107a 107b 
Stupické 

polni 111a 118a 128b 104ab 108ab 111a 153a 177a 186a 100b 102b 107b 
IVT-line 2 110a 124a 134a 106a 111a 113a 117bc 152b 138b 105a 108a 112a 
Radio 104b 104b 111c 103b lOlcd 102c 103c 116de 112bc 103ab 100b 102cd 
Sonatine 100b 100b lOOd 100c lOOd lOOd 100c 100e 100c 100b 100b lOOd 

Overall 
mean 1.09 0.96 0.90 5.74 5.49 5.12 0.55 0.49 0.34 5.19 5.01 4.78 
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With respect to all components the highest contents were observed under 
19 °C/14 °C and the lowest under 19 °C/6 °C. No important genotype x tempera
ture interactions were found. For all components considered here significant geno-
typic differences were present. Eurocross BB, Baby, Stupické polni and IVT-line 2 
had the highest P contents and Radio and Sonatine the lowest irrespective of the 
night temperature. For the three temperature regimes the highest contents of total 
nitrogen, nitrate and reduced nitrogen were observed in IVT-line 2, Baby and Stu
pické polni, the lowest in Radio, Eurocross BB and Sonatine. The differences were 
largest for nitrate nitrogen and relatively small for total nitrogen and reduced nitro
gen. Stupické polni had a markedly high nitrate content under the three tempera
ture regimes. 

Discussion 

Non-structural carbohydrates (soluble sugars and starch) are part of the total dry 
matter. Effects of night temperature and genotype on the contents of non-structur
al carbohydrates for the present genotypes were found previously (van de Dijk & 
van Keulen, 1986). This may result in differences in the mineral contents which are 
due to differences in non-structural carbohydrate content. Therefore, the data of 
Table 2 were recalculated on the basis of structural dry matter. Since for carbohy
drate determinations other replications were used than for chemical plant nutrient 
analyses only means per temperature regime and per genotype could be calculated 
and no statistical analyses could be carried out. 

After this correction a negative effect of lower night temperature on the mineral 
contents still was obvious (Table 3), and the conclusion that lower night tempera
tures cause a decrease in uptake and translocation to the shoot of phosphorus and 
nitrogen might be valid. As regards genotypic differences under 19 °C/14 °C and 
19 °C/10 °C, no important changes occurred (data not presented). Under 
19 °C/6 °C differences between genotypes became smaller for total phosphorus and 
nitrate nitrogen and nearly disappeared for total nitrogen and reduced nitrogen. 
Therefore, part of the differences in mineral contents between genotypes under 
19 °C/6 °C can be attributed to differences in non-structural carbohydrate content. 

The mineral contents observed in our experiments are at the levels reported in 

Table 3. Contents per night temperature of total phosphorus (P), total nitrogen (N), nitrate nitrogen 
(NOj-N) and reduced nitrogen (red-N) in tomato leaves as a percentage of total dry matter (%DM) 
and structural dry matter (%DMS) for night temperatures 14,10 and 6 °C. 

14 °C 10 °C 6 °C 

%DM %DMS %DM %DMS %DM %DMS 

p 1.09 1.11 0.96 0.99 0.90 0.95 
N 5.74 5.84 5.49 5.64 5.12 5.41 
NOj-N 0.55 0.56 0.49 0.50 0.34 0.36 
red-N 5.19 5.28 5.01 5.15 4.78 5.05 
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Table 4. Contents of total phosphorus (P), total nitrogen (N), nitrate nitrogen (NOjN) and reduced ni
trogen (red-N) in leaves of six tomato genotypes grown under 6 °C night temperature as a percentage of 
total dry matter (%DM) and of structural dry matter (%DMS). 

P N NOj-N red-N 

%DM %DMS %DM %DMS %DM %DMS %DM %DMS 

IVT-line 2 134 124 113 105 138 124 112 103 
Baby 131 124 109 103 134 128 107 102 
Stupické 

polni 128 118 111 104 186 172 107 100 
Eurocross 

BB 128 122 104 100 117 110 104 99 
Radio 111 106 102 98 112 107 102 98 
Sonatine 100 100 100 100 100 100 100 100 

Overall 
mean 0.90 0.95 5.12 5.41 0.34 0.36 4.78 5.05 

the literature for healthy growing tomato plants (Table 5). The minimum phospho
rus content observed by most authors in optimally growing plants is about 0.4 %. 
The content in the present plants was 0.9-1.09 %. Hence, no reduction of phospho
rus uptake or translocation to the shoot which could impose a growth reduction is 
likely in any of the genotypes and treatments. For total nitrogen a similar conclu
sion can be drawn since contents of 5.0-5.84 % in our experiments are of the same 
order as found in optimally growing plants (Table 5). 

Nitrate reduction also did not limit plant growth in any of the genotypes and 
treatments since the content of reduced nitrogen is still in the range of the content of 
total nitrogen in optimally growing plants reported in the literature. 

Table 5. Literature data on the contents of total phosphorus (P) and total nitrogen (N) in leaf tissue of to
mato plants as a percentage of total dry matter. Values obtained in optimally growing plants (opt) and in 
plants showing growth reduction or deficiency symptoms (min) are given. 

P N 

opt min opt 

Besford (1979) 0.4-1.2 0.13 
Gosselin and Trudel (1983) 1.1-1.6 5-5.8 
Janssen et al. (1934) 1.02 0.16 5.62 
Lamb (1961) 0.49 3.28-5.09 
Locascio & Warren (1960) 0.37-0.59 0.18-0.27 
Smilde & Roorda van Eysinga (1968) 0.44-0.65 0.18 
Sobulo et al. (1975) 0.4 0.15 4.2 
Ward (1963) 0.8 5.25 
White (1981) 0.2-1.03 
Winsor (1973) 0.5 4.8 
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Indications for differences between genotypes in mineral uptake and transloca
tion are weak. Eurocross BB, a vigorously growing genotype, always had a high 
phosphorus content. This points to a rapid phosphorus uptake and translocation to 
the shoot. Sonatine, also a vigorous grower had a low content. Uptake and translo
cation of phosphorus in this genotype probably occurred at a lower rate than in Eu-
rocross BB. IVT-line 2 had a high total nitrogen content under the three tempera
ture regimes. However, this may reflect reduced growth rather than high uptake 
since production of IVT-line 2 is low, presumably as a result of carbohydrate limita
tion (van de Dijk & van Keulen, 1986). The content of reduced nitrogen is about 
equal in the genotypes, especially after correction for soluble sugars and starch. 
Thus, no important differences in the rate of nitrate reduction became apparent. 

It is concluded that uptake and translocation of nitrogen and phosphorus and re
duction of nitrate did not cause the different growth performances (Smeets & Gar-
retsen, 1986) of the tomato genotypes used in this study and grown under low ener
gy conditions. 
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