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Increasing the quality of tomatoes such as lycopene and beta carotene can also increase the value of the 
product so as to help farmers and the tomato processing industry. One effort to increase the content of 
lycopene and β-carotene is by fertilizing phosphorus. The objective of this research was to determine the 
impact of phosphorus fertilizer and variety of local tomato on lycopene and β-carotene content. Two local 
varieties of tomato (Karina and Mawar) were planted in polybags using different level of phosphorus 
fertilizer (75,100,125,175 kg.ha-1 P2O5). The results showed that the application of phosphorus fertilizer 
influenced the quality of tomato. Phosphorous fertilizer fertilization of 175 kg.ha-1 gave optimum results on 
and yield of tomato plants. The tomato fruit of Mawar variety had the higher amounts of lycopene and beta 
carotene. 
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INTRODUCTION 

Tomato is one of the most horticulture product 
which popularly stems from the fact that they can 
be eaten fresh or in multiple of processed forms 
.The demand for these commodities is large and 
sustainable. Tomatoes have been reported to be 
an imported source of many nutrients such as beta 
carotene and lycopene. Lycopene is a red pigment 
carotenoid that acts as an antioxidant. Antioxidants 
in lycopene can reduce even prevent some chronic 
diseases, especially prostate cancer (Gann et al., 
1999).While β-carotene is an orange-colored 
pigment and is a major source of vitamin A. The 
addition of vitamin A supplements when vitamin A 
deficiency can decrease some disease attacks 
(Fawzi et al., 1993). 

Increased productivity is attained only when 
tomato is grown adopting improved varieties and 
agrotechnique.β-carotene and lycopene are a 
bioactive carotenoid found in many red fruits and 
vegetables such as tomato (Ishiwu et al., 2014). 

Increasing the quality of tomatoes such as 
lycopene and β-carotene can also increase the 
value of the product so as to help farmers and the 
tomato processing industry. 

One effort to increase the content of lycopene 
and β-carotene is by fertilizing phosphorus. 
Fertilization has the purpose to increase the 
nutrient content needed by plants. Generally, 
farmers use a compound fertilizer with the same N, 
P, and K ratios of 15-15-15. This will be difficult to 
apply balanced fertilizer. Because each phase of 
growth and development of plants require different 
nutrient needs. Phosphorus is a macro nutrient 
needed by tomato plants in considerable quantities 
especially in the generative phase. Phosphorous 
fertilizers commonly found in Indonesia are SP-36 
(super phosphate 36% P2O5) fertilizer. The result 
of Kartika (2008) study showed that the increase of 
phosphorus dose from 0-180 kg P2O5 ha-1 was able 
to increase the total fresh weight of tomato plant 
fruit. 

Phosphorus nutrients are not only needed for 
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growth and development of plants, but also for the 
synthesis of some secondary metabolic such as 
lycopene and beta carotene. Each variety 
generally has a different response to the 
application of fertilizer P. Therefore, it is necessary 
to know the appropriate dosage of P fertilizer to 
obtain the growth and produce the tomato plant 
with the optimum quantity and quality. The aim of 
this research was to investigate the influence of 
phosphorus fertilizer on the fruit yield and quality 
components on tomato varieties. 
 
MATERIALS AND METHODS 

Tomato trial was held in March until May 2017 
at Bocek Village, Karangploso, Malang. Quality 
analysis that includes lycopene and β-carotene 
content in tomatoes at the Laboratory of Plant 
Physiology Department of Agriculture Cultivation 
Faculty of Agriculture Universitas Brawijaya.The 
material in this research were two varietiesof 
tomato, Karina and Mawar, SP-36, Urea and KCL 
fertilizer.Tomato seeds was germinated in potting 
soil. The seedlings kept growing until reaching 
10-15 cm length.  Three week old were move into 
the field. Plants have been grown in the outdoor 
conditions in containers Ǿ25 cm.The substrate 
was the mixture of garden compost 50% and soil 
50%. 

A randomized experimental design with two 
factors and three replication was use.Plants have 
been divided in several groups, as follows:First 
Factor is variety (V) of tomatoes consists of: (V1 = 
Karina varieties); (V2 = Mawar varieties). Second 
factor is Phosphorus fertilizer (P) consisting of 5 
dose levels, that is: (P1 = 75   kg.ha-1 P2O5 (P2 = 
100 kg.ha-1 P2O5);(P3 = 125 kg.ha-1 P2O5);(P4 = 
150 kg.ha-1 P2O5);(P5 = 175 kg.ha-1 P2O5) 

The mature fruit were collected once in every 
week starting from last week of April to beginning 
of May. We collected data of total number of fruit 
per plant, fresh weight of fruit per plant, lycopene 
content and beta carotene content. 
 
Lycopene and β-carotene Assay 

We collected data of the level of β-carotene 
and lycopene content. The level of lycopene has 
been measured by the spectrophotometric method 
(Nagata,1992), by extracting it with  acetone at 
once, then optical density of the supernatant at 663 
nm, 645 nm, 505 nm and 453 nm are measured by 
spectrophotometer at the same time.The level of 
β-carotene is expressed in mg per g of dry matter. 

From these values, the content of lycopene and 
β-carotene 

were estimated using proposed equations: 
Lycopene 

(mg/100g) = -0.0458A663 + 0.204A645 + 
0.372A505 - 0.0806A453 
β-carotene  

(mg/100g) = 0.216A663 - 1.22A645 - 
0.304A505 + 0.452A453 

Where a is absorbtion. 
The data obtained was used to generate an 

analysis of variance (Anova). The data means 
were compared using LSD multiple  range test by 
DSAASTAT. P values <0.05 were considered 
statistically significant. 
 
RESULTS 
 
Number of fruit per plant : 

The result showed that the number of tomato 
fruit Karina variety was significantly different from 
Mawar variety and has an average number of more 
fruits. While the phosphorus fertilizer treatment 
showed significantly different results on the 
number of fruits per tomato plant. Fertilization of 
phosphorus at 175 kg.ha-1of P2O5was able to 
increase the number of fruit per plant of tomatoes 
by 16.5% and dose reduction to 100 kg.ha-1 
caused a decrease in the number of fruits by 9% 
compared to 125 kg.ha-1of P2O5(Table 1). 

Weight of fresh fruit per plant : The result 
showed that there was an interaction between the 
treatment of variety and P fertilizer to the variable 
weight of fresh fruit per plant. The average weight 
of fresh fruit per plant produced by the Karina 
variety at 175 kg.ha-1 of P2O5. Application of a 
phosphorus at 75-175 kg.ha-1 of P2O5in Karina 
variety can increase the average fresh weight of 
the fruit per plant. Treatment at 175 kg.ha-1 of 
P2O5has the highest fresh weight than other level 
of phosphorus fertilizer. The average weight of 
fresh fruit on the Karina variety was higher than 
that of the Rose variety. 

Lycopene and β-carotene content : there was 
no significant interaction between variety and P 
fertilizer. The variety of tomato was difference 
significantly affect the content of lycopene and beta 
carotene, while the P fertilizer also did not 
significantly affect the content of lycopene and beta 
carotene. Lycopene and beta carotene content of 
Mawar variety is higher than that of Karina variety 
(Table 3). 
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Table 1. Total number of fruit per plant at harvest time depending on P fertilizer level 
 

Treatment Number of fruit per plant 

Variety  

Karina 21.27 b 

Mawar 16.93 a 

LSD0.05 1.01 

Phosphorus fertilizer ( kg.ha-1 of P2O5)  

75 16.83 a 

100 17.33 a 

125 (control) 19.04 b 

150 20.12 b 

175 22.17 c 

LSD0.05 1.6 

 
Remarks: different letters in a column indicate significant difference at P≤ 0.05 by LSD; dap: days after 
planting; ns: no significant 
 
Table 2. Fresh weight of tomato per fruit (g) at different harvest time (dap) affected by variety and P 

fertilizer level 
 

Variety P fertilizer level ( kg.ha-1 of P2O5) 

 75 100 125 150 75 

Karina 432.75 d 503.91 e 582.25 f 654.08 g 705.91 h 

Mawar 247.5 a 276.41 ab 307.58 b 375.16 c 427.91 d 

LSD0.05 33.9 

 
Remarks: different letters in a column indicate significant difference at P≤ 0.05 by LSD; dap: days after 
planting; ns: no significant 
 
Table 3. The content of lycopene and β-carotene in tomato fruits affected by variety and P fertilizer 

level 
 

Treatment Lycopene 
(mg/100g) 

β-carotene 
(mg/100g) 

Variety   

Karina 0.28 a 0.18 a 

Mawar 0.37 b 0.29 b 

LSD0.05 0.057 0.058 

Phosphorus fertilizer ( kg.ha-1 of P2O5)   

75 0.34 0.23 

100 0.33 0.30 

125 (control) 0.33 0.25 

150 0.33 0.23 

175 0.32 0.16 

LSD0.05 ns ns 

 
Remarks: different letters in a column indicate significant difference at P≤ 0.05 by LSD; dap: days after 
planting; ns: no significant 
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DISCUSSION 

One of the nutrients needed by tomato plants 
is phosphorus (P). In general, the function of 
phosphorus in plants is to stimulate root growth, 
especially root seeds / young plants, accelerate 
and strengthen the growth of young plants into 
mature plants. Phosphorus compounds are 
involved in the transfer and storage of energy in 
plants. Sufficient phosphorus produces rapid 
growth and early maturity, as well as P deficiencies 
will slow down overall plant growth. Therefore, the 
study conducted the measurement of total number 
of fruit per plant, fresh weight of fruit per plant. 
Yield component is an indicator that is often used 
to assess success in a crop cultivation. 

Based on the result of research indicate that 
there was interaction between the use of variety 
and various P fertilizer level on the parameter of 
fresh weight of fruit per tomato plant. Tomato 
varieties of Karina and Mawar have average fresh 
weight of different fruits in each level of P fertilizer. 
The average fresh weight of fruit per plant was 
increase as the level of P fertilizer is rise up. 
Treatment of variety significantly affect the 
parameters of tomato crop yields of number of fruit. 
Karina variety has an average number of flowers 
and the number of fruits more than the Mawar 
variety. It was possible the genetics of these two 
plants are different.Based on the results of 
research conducted by Rizkiyah (2013) that 
varieties of Karina variety have more fruit than 
Mawar variety. Furthermore, P fertilizer treatment 
also influenced the observation of the number of 
fruits. Application of P fertilizer from 125 kg.ha-1 to 
150 kg.ha-1 can increase the number of flowers and 
the addition of kg.ha-1 P2O5 yields the average 
number of the highest fruit.Sutedjo (1995), adding 
that elements of P and Cu play a role in 
encouraging the formation of flowers and fruit. 
Phosphorus is a component of nucleic acids. 
Phosphorus helps in the production of large 
amounts of flowers at the beginning of the growth 
of tomatoes and the initial arrangement of fruits 
and grains. 

Based of this research, lycopene content in 
tomatoes did not show any real interaction 
between varieties and phosphorus fertilizers. 
However, the treatment of variety, significantly 
affect the content of lycopene and β-carotene in 
tomatoes. Mawar variety have higher lycopene 
content than the Karina variety. Mawar variety 
have more red fruity color than Karina variety. The 

possibility with the color difference is the lycopene 
content in each of the different varieties. In 
addition, the level of lycopene also shows the color 
index on the tomato, so the red color of the tomato, 
the more lycopene content in it.According to 
Viskelis (2008), the content of lycopene in 
tomatoes is strongly influenced by the maturation 
process and varietal differences (eg red varieties 
containing more lycopene than the yellow ones). In 
addition, the content of β-carotene in Rose 
varieties is also higher than the varieties of Karina. 
According to research results Temitope (2009) that 
the carotenoid content produced each varieties of 
tomatoes variety. 

Phosphorus fertilizer treatment has no 
significant effect on lycopene and β-carotene 
content. This result is expected because the 
addition of phosphorous fertilizer dose is too high 
at 75-150 kg.ha-1 P2O5so it does not show any real 
result. In Adebooye (2006), phosphorus fertilizer 
showed significant effect on tomato lycopene 
content and optimum at low dose ie 24,6 kg P. The 
content of P in Adebooye was included in low P 
category that was 5,80 mg.kg-1. The results of the 
research Oke (2005) mentioned that the 
application of phosphorus fertilizer from 50 to 222 
kg P2 ± 5 ha-1 had no significant effect on lycopene 
content in tomatoes. 
 
CONCLUSION 

The application of phosphorus fertilizer has an 
effect on the growth and yield of tomato plants. 
Treatment dose of 175 kg / ha P2O5 members 
provide growth and best results than other 
treatments. Mawar variety have higher levels of 
β-carotene and lycopene than Karina varieties. But 
on the contrary the higher yield is produced by the 
variety of Karina.The interaction occurs between 
the treatment of variety with the treatment of the P 
fertilizer dosage on the freshly tight fruits per plant 
ie increased doses of P fertilizer in each variety can 
increase the fresh weight of the fruit per plant. 
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