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Abstract. Kamila S, Widodo WD, Santosa E, Suhartanto MR. 2024. Flowering and fruiting phenology in two varieties of grapes (Vitis 
vinifera) in tropical regions, Indonesia. Biodiversitas 25: 4593-4602. Determining harvest time is a crucial phase in the production of 
high-quality grapes (Vitis vinifera L.). Traditional indicators, such as the number of days after pruning, the flowering period, and 
changes in skin color, are often unreliable. The variations in planting locations, particularly between lowland and highland areas, 
significantly influence temperature and climate conditions. These factors, especially in tropical regions with high rainfall,  complicate the 
estimation of the harvest time, necessitating precise harvest handling. To determine grapes' ripeness level, a more accurate method, such 
as the heat unit method or accumulated heat unit, is required. This method considers the actual average temperature obtained by plants 

while in the field until they reach optimal maturity for harvest. Therefore, this study aimed to determine the heat units (°C per day) 
required from anthesis to harvest as a measurable criterion for assessing the ripeness of Jupiter and Transfiguration grape varieties. 
Additionally, it also focused on identifying the flowering and fruiting phenology of grapes in Indonesia, located in a tropical climate. 
The results showed that the two grape varieties can be harvested with a heating unit for Jupiter of 2521°C and Transfiguration of 
2527°C. There was no difference between the two, but there was a significant difference in fruit diameter and metabolite compound 
content. These findings have significant practical implications for grape growers in tropical regions, providing them with a more 
accurate method for determining harvest time and improving the quality of their grapes. 
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INTRODUCTION 

Growers often use simple methods to determine grape 

ripeness, such as counting the number of days after 

pruning, noting the flowering time, and measuring the skin 

color index. However, these methods are subjective and 

can lead to inconsistency in the quality of grapes during 

harvest. This inconsistency underscores the need for a more 

accurate alternative, which includes the heat unit method. 

After ripening, harvesting at the right stage of ripeness 

is of the utmost importance regarding the desired fruit 

quality. The heat unit accumulation method during fruit 
growth and development has been used as a convenient, 

easy, and feasible criterion to determine fruit maturity. This 

method considers the actual average temperature 

experienced by the plant in the field until it reaches the 

optimum maturity for harvesting (Halepotara et al. 2019). 

Phenology is the study of the timing of recurrent 

biological events (phenophase), the causes of this timing in 

the context of biotic and abiotic factors, and the 

relationships between phases of the same or different 

species. Additionally, phenology is defined by describing 

observable events and also by describing indirect 

relationships and the effects of phenological events on an 
ecosystem (Gray and Ewers 2021). Temperature is an 

important factor influencing the duration of phenophase. 

Meteorological conditions, including annual changes in air 

temperature, lead to variations in the phenophase length 

and quality of grapes (De Rességuier et al. 2020). Accurate 

information on plant phenology during the growing season 

is required for plant growth management and yield 

estimation, such as fertilizer scheduling, pest control, 

harvest operations, as well as predicting the impact of 

weather disturbances on grape vines (Gao and Zhang 2021). 

The phenology of flower and grapefruit development 

phases is based on Growing Degree Days (GDD). 
The development of high-quality grapes requires 

planting materials and cultivation methods that are 

appropriate for the climatic conditions and adaptable to 

climate change. This approach ensures the maintenance of 

an optimal harvest period and the production of quality 

fruit (Tóth and Végvári 2016; Mihailescu and Soares 2020). 

Jupiter and Transfiguration varieties of grapefruit 

introduced from Ukraine (description attached) are in high 

demand and grown in Indonesia. 

Grapes are a rich source of bioactive compounds, 

including phenolic acid, flavonoid, and anthocyanin. 

Phenolic content and composition are important indicators 
of the nutritional quality of grapes (Zhang et al. 2021) and 

critical determinants of quality and wine color (Chen et al. 
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2020). Anthocyanins, a class of secondary metabolites, 

contribute to the red, blue, and purple colors of flowers, 

fruits, and leaves (Van den Ende and El-Esawe 2014). 

Anthocyanins are responsible for the red and purple colors 

that accumulate during ripening on the skin of berries of 

red varieties. The red color of grapes, influenced by the 

quantity and composition of anthocyanins, is an essential 

factor determining market acceptance. However, the 

quantity and composition of anthocyanin in grapes are not 

fixed but rather influenced by a myriad of factors, 
including variety, maturity, post-harvest storage, and 

environmental factors such as location, light conditions, 

temperature, nutrition, water, micro-organisms, and viticulture 

practices (Chen et al. 2020; Colombo et al. 2020; Yang et 

al. 2020). This variability adds a layer of complexity to the 

study of grapes and their nutritional quality. 

Bioactive compounds also benefit human health 

(Cosme et al. 2018; Xu et al. 2019), especially phenolics, 

including phenolic acids, stilbenes, flavonols, flavan-3-ols, 

and anthocyanin derivatives (Rodriguez-Casado 2016; 

Zhou et al. 2022). Phenolics act as antioxidants, anticancer, 
anti-inflammatory, and other properties for human health 

(Ky et al. 2014; Liu et al. 2018; Pexioto et al. 2018). These 

bioactive compounds are variably distributed in each part 

of the berries, especially in the skin and seeds (Pexioto et 

al. 2018; Zhou et al. 2022). The seeds showed the highest 

quantity of phenolic compounds and also the highest 

antioxidant, cytotoxic, and antibacterial activities (Pexioto 

et al. 2018; Zhou et al. 2022). 

The growth potential of table grapes, particularly the 

differences between Jupiter and Transfiguration, is a key 

area that requires further investigation. More information is 
needed on the differences in growth, grape production, and 

metabolite content between these two varieties. This 

knowledge is essential for assessing the potential of these 

table grapes as fruit crops and antioxidant plants. The 

ultimate goal of this study aimed to determine the 

phenology and biology of flowering, including flower 

morphology and development, fruit morphology, and 

development, and to establish heat units (°C days) as a 

criterion for the grape harvest, which can be measured and 

compared for two varieties grown in tropical areas. 

MATERIALS AND METHODS  

Study area  
This study was conducted from June 2022 to August 

2023 at Cibubur, Ciracas Sub-district, East Jakarta District, 

Jakarta, Indonesia (6°21’25” S, 106°53’27” E) (Figure 1). 

The site is situated at an altitude of 66.61 m asl. Flower and 

fruit phenology observations were carried out visually and 

documented using a camera. Photo enlargement 

documentation of flowers was carried out at the Advance 

Laboratory of Institut Pertanian Bogor (IPB), Indonesia. 

The analysis of metabolite compound content was 

conducted at the Post-Harvest Research and Development 

Center Laboratory (Laboratorium Balai Besar Litbang 
Pasca Panen), Bogor, and the measurement of fruit 

diameter was conducted at the Post-harvest Laboratory 

Department of Agronomy and Horticulture, IPB. 

Observation of Fusarium and Colletotrichum diseases 

using a 400x magnification light microscope (Olympus) at 

the Laboratory of Pests and Plant Diseases P2BPT Cibubur 

Central Office of Seed Development and Plant Protection 

Jalan Jamboree, Cibubur, Ciracas Sub-district, East Jakarta 

District, Jakarta, Indonesia. 

  

 
 

 
 

Figure 1. Location of the study area, in the garden of the Central Office of Seed Development and Plant Protection Jalan Jamboree, 
Cibubur, Ciracas Sub-district, East Jakarta District, Jakarta, Indonesia  
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Plant materials 
Plants used for seed resources were collected from 

Kediri, Indonesia, after being propagated using the grafting 
method with 1-month-old Isabela grapes variety rootstock. 

Procedures  
In this study, 72 grapes were planted as tabulampot 

(planting fruit in pots) with a 1.5 m × 0.5 m spacing. Plant 
maintenance was carried out until they were ready to bear 
fruit by forming four tertiary branches per pot, which 
included flowers appearing on the vine. The average 
temperature at the study site during the flower emergence 
phase until harvest ranged from 26-31°C measured using a 
data logger thermometer (Elitech RC-5). All cultivation 
practices regarding fertilization, weed control, and plant-
disturbing organisms (pests) were carried out according to 
standard regional cultivation practices during the trial, and 
pruning for flowering was performed in April of 2023. 

The parameter observed was heat unit value (GDD°C). 
The determination of harvest days was based on heat units 
by calculating the daily average temperature from anthesis 
to harvest with a temperature data logger installed in the 
field at a height of 1.5 m from the ground, protected from 
direct sunlight and rain. The temperature data was recorded 
every 2 hours. Based on the guidelines by Umber et al. 
(2011), the heating unit is the sum of the maximum 
temperature of the day i (°C) plus the minimum 
temperature of the day i (°C) divided by two minus the 
base temperature of the plant (b = 10°C), as follows: 

 

Phenological study of flower and grape development 
The flowering and fruiting phenology observations were 

made on four tertiary branches in each pot. The observation 
was carried out when flowers appeared in approximately 
75% of the total experimental units from 07.00 to 09.00 am 
when the plants were fresh. Trees were marked with a red 
ribbon, and vigorous fruit bunches were selected, each with 
one flower cluster/treatment. Anthesis in grapevines after 
pruning begins with bud breakage (sprouted), blooming, 
pollination, fruit set, and color change (veraison) until 
harvest. Daily flower development is recorded with a data 
logger. The observation of fruit diameter was carried out 
with ten fruits proportionally, namely 3 at the base of the 
cluster, 4 in the middle of the fruit cluster, and 3 at the end 
of the fruit cluster. Measurement using a digital caliper was 
performed when the fruit was ripe. 

The analysis of bioactive compounds, including phenol, 
flavonoid, and anthocyanin, was measured using the 
spectrophotometric method (Sims and Gamon 2002). 

Data analysis 
The data were analyzed using a T-test. 

RESULTS AND DISCUSSION 

Study phenology of grapes 
The determination of grapes heat unit is the first study 

to test GDD in the tropics (Indonesia) on two types of 
grapevines, Jupiter and Transfiguration, about the timing of 
the flower emergence phase to ripe fruit ready for harvest. 
Next, 7 flower-to-fruit development phases were observed, 
including anthesis, cluster, blooming, fruit set, berry, 
veraison, and harvest. 

Based on the T-test analysis results, there was no 
difference in heat unit values at each flowering and fruiting 
phase between the two varieties (tn). This study on grapes 
heat unit determination is to test GDD in the tropics on two 
varieties, Jupiter and Transfiguration. It focuses on the period 
from the flower emergence phase to fruit ripeness and 
readiness for harvest. The values of Jupiter and 
Transfiguration varieties were obtained on days 2521°C and 
2527°C, respectively. Anthesis to fruit ripening occurs when 
rainfall in Indonesia is low due to the hot summer months 
of March, April, and May until August 2023. In these months, 
based on information obtained from the Meteorology, 
Climatology, and Geophysics Agency (BMKG), there was 
the influence of El Nino. The impact of El Nino feels more 
vital in the dry season, namely July, August to October 
2023. Moreover, many regions in Indonesia have reached 
the peak of the dry season in these months. Mardianto and 
Setiyanto (2023) reported that El Nino was previously 
predicted to occur from early June 2023 to mid-2024. 

Hot conditions do not adversely affect grape plants. In 
fact, these conditions stimulate accelerated flowering and 
earlier fruit ripening. Biasi et al. (2019) explained that grapes 
and berry ripening phenology indices are susceptible to 
climate change and are very sensitive to genotypes. Fraga et 
al. (2016) explained that the impact of climate change 
shows that plant phenological events in meeting their heat 
needs are shorter. The study of the degree days required for 
each flowering phase between the Jupiter and Transfiguration 
grape varieties is important. It shows that the growth and 
development times of these grapevines are the same, 
reinforcing the importance of this study in understanding 
grape and berry ripening phenology. No variety stands out 
as better or more advanced than the other (Table 1). 

This similarity means that the two varieties can be 
cultivated with the same agronomic measures. Heat unit 
values obtained at each growth phase, from bud break to 
fruit ripening of Jupiter and Transfiguration varieties, are 
presented in Table 1 and Figure 2. 

Genetically, both varieties have a similar number of 
harvest days; however, in this study, the Jupiter variety 
ripened more quickly, averaging 104 days from pruning, 
while the Transfiguration variety took longer, averaging 
110 days; the description of Jupiter and Transfiguration 
grapes varieties as shown in Table 2. 

 
 
Table 1. Cumulative GDD or thermal time requirement for different development stages of two varieties of grapes 
 

Stages  

Varieties 

Anthesis Cluster Blooming Fruit Set Berry Veraison Harvesting 

(°C) (°C) (°C) (°C) (°C) (°C) (°C) 

Jupiter 1054 ± 150 1214 ± 152 1476 ± 165 1598 ± 164 1734 ± 167 2264 ± 166 2521 ± 168 
Transfiguration 1061 ± 275 1218 ± 263 1476 ± 277 1599 ± 275 1738 ± 280 2269 ± 277 2527 ± 275 
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Table 2. Description of Jupiter and Transfiguration varieties 
 

Varieties 
Characteristics 

Jupiter Transfiguration/ Preobrazhenie 

Plant of origin 
Patent 
Breeder 

USA 
2002 
John Reuben Clark, Fayetteville, (US), 
James Norrman Moore 

Russia/ Ukraine 
2014 
Krainov VN, Kostrikin IA, Maistrenko LA, 
Troshin LP, Volynkin VA, Likhovskoy VA. 

Mature stem diameter  
Color stem 

20 mm 
Gray orange 177 B 

- 
- 

Frost resistance -23°C -23°C 
Leaf character 

Leaf shape 
Upper leaf color 
Number of lobes 
Lower leaf color 
Length of mature petiole 

 
Oval 
Green Group 137 B 
3 
Green 138 B 
11.75 cm 

 
- 
- 
- 
- 
- 

Flower characters 
Flower type 
Length  
Width 
Number flowers per bunch 
Duration blossom to fruit 
Petal number 
Sepal number 

  
Hermaphroditic 
12.5 cm 
7.5 
355 
110 days 
5 
5 

 
Hermaphroditic 
- 
- 
- 
110-120 days 
5 
5 

Fruit characters 
Fruit color 
Texture 
Fruit weight 
Fruit peel 
 
Fruit shape 
Fruit flavor 

Soluble solids 
Weight of mature bunch 
Berries 
Size berries 
Acidity 
Sugar content 
Productivity 

  
reddish-blue at early maturity 
Semi-crisp 
5.5 g 
Medium thickness, non-slip, semi-crispy 
Slightly oval 
Sweet, mild-muscat rate high 
19.8 % 

257 g 
Seedless 
- 
- 
- 
25-29 t/ha 

 
Yellow with pink 
Juice  
10 - 20 g 
- 
 
Elongated oval, oval 
 

- 
900 - 1200 g 
1-2 seeds per fruit 
35 x 25 mm 
5-7 g/dm3 
19 % 
11-18 t/ha 

 

 

 
 
Figure 2. GDD requirement for two varieties of grapes at 
different stages of growth 
 

Vine flower biology and growth phase 

Grape flowers are considered compound because there 

are many flowers on each stalk. The flower consists of five 

sepals, petals, stamens, and a pistil that ends with a stigma. 

The reproductive organs of grapes flowers of Jupiter and 

Transfiguration varieties are presented in Figure 3. 
There are no differences in reproductive organs between 

the flowers of Jupiter and Transfiguration. The blooming 

phase of the flower of the grapes is significant at +/-1 

week. Most grape cultivars are hermaphroditic (containing 

both male and female reproductive structures) and self-

pollinating. Anthesis (pollen release) occurs when the 

calyptra detaches from the base of the flower. The calyptra 

is the cap or covering of the male and female flowers, and 

when it is detached from the base of the grapes flower, it 

will reveal the stamens and pistil, as shown in Figure 4. 

Cycle of grapes 
Based on the degree of days of grapes growth in this 

study, the life cycle of grapes in 2023 in the tropical region 

(Cibubur-Indonesia) can be explained. The cycle is structured 

based on the development of the phenophase time of the 

current month, from pruning and flowering to maturity and 

back to pruning for the subsequent fruiting. Grapes' life cycle 

started with post-pruning in April, and in May, the growth 

response is already visible as the bud bursts (Figure 5). 
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The following week in May, the flowers enter the 

blooming phase after the bud bursts. This blooming phase 

clearly shows that the male and female flowers of the same 

tree are ready for pollination. Pollen with optimum pollen 

viability will insert the powder into the stigma, and 

pollination occurs then. Furthermore, in the same month 

(May), fertilization occurs (fruit set). This phase is 

characterized by the formation of berries and the remaining 

unfertilized flowers falling off. In June, there was a change 

in color (veraison) towards complete fruit ripening. The 
fruit reached the mature criteria in July and August and was 

harvested. After harvesting, the trees are pruned again in 

September, and if plant maintenance is carried out 

optimally and climatic conditions are conducive, grape will 

be harvested again in December. 

This is unique and can be used as a guideline for grape 

cultivation in Indonesia as well as a differentiating factor 

from grape cultivation in the subtropical zone, which can 

only be harvested once a year due to the four seasons. In 

Indonesia, grapes are harvested 2 or 3 times a year. This is 

in accordance with the opinion of Camargo et al. (2012). In 
some tropical areas, due to the climate, grapes harvests are 

more than once a year, allowing pruning programs 

according to the demands of the wine industry. Flower and 

fruit phenology of Jupiter variety grapes, 5 days after 

pruning (HSP), are presented in Table 3. 

Fruit diameters and metabolite content of the two grape 

varieties 

The fruit diameters of Jupiter and Transfiguration 

varieties were significantly different; the Jupiter variety has 

larger fruits than Transfiguration. The average diameter of 

small fruit (S) in Jupiter and Transfiguration varieties is 
2.31 mm; 1.21 mm; medium size (M) is 5.12 mm; 1.83 

mm; and large size (L) is 6.47 mm; 2.2 mm. 

Morphologically, according to the description, the weight 

of the Transfiguration fruit is heavier than Jupiter, thereby 

the diameter of the fruit should also be larger. However, in 

this study, Jupiter had a larger fruit diameter than 

Transfiguration. This is believed to be related to the 

cultivation technique of tabulampot grapes in the open field 

where the environment directly influences plants. For 

example, climatic factors in fields that are covered by 

clouds can inhibit the interception of sunlight. This 

phenomenon is common in tropical areas that are hot but 
have high rainfall. Areas with high cloudiness are the cause 

of decreased biomass production because the radiation 

received does not match the needs of the plant. 

In general, tropical regions according to Kok (2014), 

countries with tropical climates generally have a day length 

of 12 light hours per day for equatorial days and 8-12 light 

hours per day for short days. Although Cibubur is known as 

a cloudy area, and rainfall tends to be high. Subsequently, 

high and intense rainfall causes the length of sunlight to be 

reduced and shorter. 

This study was conducted in the garden area of the Plant 

Protection Seed Center office, which is planted with a variety 

of vegetation that creates a relaxed and shady atmosphere, 

presumably affecting sunlight interception. Plants that did 

not receive sufficient sunlight (shaded) reduced berry color 

conversion, grape color, sugar content, single grain weight 
and soluble solids content, and berry efficiency. In addition, 

different levels of light transmission affected the accumulation 

of sugar content in grapes. There were 16 differentially 

expressed transcriptomic analyses of genes regulating PS I 

and PS II. These genes influence the accumulation of sugar 

content in berries through the photosynthetic pathway. The 

results showed that gene expression of the photosynthetic 

antenna protein pathway in berries was inhibited after 

cluster shading. This inhibition may decrease the sugar 

content in grape berries (Nan et al. 2024). 
 

 

 
 

Figure 3. Reproductive organs: A. Var. Jupiter; B. Var. 
Transfiguration (photo by Seri Kamila, IPB, Bogor) 
 

 

 
 

Figure 4. A. The cap separates from the base of the flower, 
becomes dislodged, and usually falls off, exposing the pistil and 
anthers; the anthers may release their pollen either before or after 
the cap falls. B. Pollen grains randomly land upon the stigma of 
the pistil, allowing pollination (Source: Giese et al. 2020) 

 
 

 
 

Figure 5. Grape growth cycle from April to September 

A B 

A B 
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Table 3. Flower and fruit phenology of Jupiter variety after pruning 
 

Phenology Phase Phenology Phase Phenology Phase 

A. Bud Swell  

 

B. Budburst  

 

C. Anthesis 
(Flowering) 

 

 

D. Cluster  

 

E. Pre blooming  

 

F. Pollination  

 

G. Fruitset  

 

H. Post Fruit Set  

 

I. Berries  

 

J. Pre Veraison  

 

K. Veraison  

 

L. Veraison  

 

M. Veraison  

 
 

N. Veraison  

 

O. Harvesting  

 

Note: A. After fertilization pruning, the bud eyes look enlarged; B. Bud breaks, and a flower-bearing sprout emerges; C. Broccoli; 

D. Cluster formation; E. Clusters separate from each other; calyptra covers male and female flowers; F. The flower in a state of bloom. 
Anthesis occurs when the caliper detaches from the base of the flower; male and female flowers are visible and ready for pollination; G. 
Flowers that are successfully pollinated will become fruit. Otherwise, the flowers shrivel, dry, die, and fall off the bunch; H. The ovary 
will enlarge into a berry in female flowers, occurring 2-3 hours post-pollination; I. Berries start to grow in size; J. The size of the berries 
is increasing day by day, and they are shiny, bright green; K. Fruit phase starts to change color; L. Fruit discoloration is almost 50% 
red, and starting to soften; M. The fruit is almost completely red getting soft; N. All fruits are evenly red and soft; O. Red-black fruit, 
soft, sweet, and flavorful, ready for harvest 
 

 
 

Shiraz grapes in Australia at 40°C and full sun were 

tested under various shading conditions with different 
Photon Flux Densities (PFD). In light shade, solar radiation 

was reduced by 10%, while medium shade radiation was 

reduced by 33%, and heavy shade was reduced by 55% 

compared to the control influence on fruit diameter 

(Abeysinghe et al. 2014). 

Open-field grape cultivation faces many serious 

obstacles, such as plant-disturbing organisms (PEST) 

attacks. These are mainly caused by fungi such as Powdery 

mildew disease - Uncinula necator (Schwein.) Burrill, 

Fusarium wilt disease, Colletotrichun, Leaf rust disease, 

Stem base rot, Kutu Kebul (Bemisia tabaci (Gennadius, 

1889)), Mite, Trip, and Shoot sucker pests. These attacks 

lead to stunted and suboptimal plant growth; some of the 
fungi, such as Fusarium and Colletotrichum (Figure 6). 

This figure shows that fusarium spores can be seen, causing 

the plant to wilt and the leaves to fall off, as leaves are 

essential for photosynthesis. If the leaves are reduced, the 

photosynthate produced will also be reduced. Fusarium is a 

species-rich genus that includes important plant pathogens 

that cause root and crown rot, wilt, blight, and blight in a 

wide range of perennials (Gordon 2017). In grapevines, one 

of the severe diseases is Grapevine Stem Disease (GTD), 

which causes grape and wine production to decline (Kaplan 

et al. 2016). 
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Table 4. Total phenol, total flavonoid, and total anthocyanin in the fruit of Jupiter  and Transfiguration 
 

Varieties 
Total phenol 

(mg GAE g-1 dw) 
Total flavonoid 

(mg QE g-1 dw) 
Total anthocyanin 

(mg g-1 fw) 

Jupiter 91.725 mg GAE/g 7.812 QE/100 g 57,167 mg/100 g 
Transfiguration 87.983 GAE/g 7.116 QE/100 g 55.167 mg/100 g 

Note: dw: Dry weight, fw: Fresh weight, GAE: Gallic Acid Equivalent, QE: Quercetin Equivalent 
 

 
 
Figure 6. Fusarium sp. and Colletotrichum in leaf cell 

 

 
 
Figure 7. Fruit diameters of both Jupiter and Transfiguration: S 

(Small), M (Medium), L (Large) 
 
 

The crop was cultivated in June 2022, before the rainy 

season. Unfortunately, the vegetative phase of the plant 

experienced poor climatic conditions due to heavy rainfall 

from August to January 2023. As a result, the growing 

medium tended to be waterlogged, resulting in anaerobic 
reactions that inhibited plant growth. In addition, some 

nutrients were leached because the growing media used 

were too porous, such as raw husks, burnt husks, and 

mashed goat manure. Nutrients that are not available to 

plants result in plant deficiencies. 

 A deficiency of nitrogen in grapevines results in the 

development of weak plants, shortened internodes, a 

reduction in leaf size, and light green to yellow coloration. 

This has been observed to affect the fruit set, long-term 

shoot fertility, yield (Guilpart et al. 2014), and the ripening 

process (Schreiner et al. 2018). The results showed that 
climate strongly influences soil erosion due to high rainfall, 

which impacts soil productivity. Less but more intensive 

rainfall in Mediterranean climates affects soil erosion 

(Grillakis et al. 2020). During the rainy season, sunlight 

intensity is low enough to inhibit photosynthesis. 
Carbohydrates from photosynthesis used for vegetative 

growth that are translocated to the generative phase are 

low. As a result, vine growth is inhibited. Nutrients used by 

plants are used more for recovery from pest and disease 

attacks so that the resulting growth biomass, such as fruit 

diameter, is not optimal.  

The plant conditions will be different if cultivation is 

carried out in grape centers such as Probolinggo, 

Banyuwangi, Buleleng-Bali, and NTT, where climatic 

conditions are hot and rainfall is low leading to the 

production of grapes with better morphophysiological 
quality. Djufry (2022), in Indonesia, there are hundreds of 

varied soil types, 52 types of climate/rainfall patterns, 17 

types of agro-climatic, and temperature variations related to 

topo physiography. Therefore, precision agriculture in the 

future is needed for grapes commodity development based 

on the dynamics of climate change and planting location. 

The difference in average fruit diameter of Jupiter and 

Transfiguration grapes is presented in Figure 7. 

Total phenol, total flavonoid, and total anthocyanin in 

Jupiter and Transfiguration fruit measured in each of the 

introduced grape varieties of Jupiter and Transfiguration 

obtained total phenol 91.725 mg GAE/g; 87.983 mg 
GAE/g, total flavonoid 7.812 QE/100; 7.116 QE/100 g, and 

total anthocyanin 57.553 mg/100 g; 55.167 mg/100 g, 

respectively. The content of metabolite compounds is 

shown in Table 4. This table shows that the Jupiter variety 

has higher total phenolic, total flavonoid, and total 

anthocyanin content compared to the Transfiguration 

variety. Morphologically, red-colored grapes generally 

have higher carotenoid and anthocyanin pigment content. 

This is found in the Jupiter variety, which has a higher total 

anthocyanin; thereby it is dominantly red, compared to the 

Transfiguration variety with a lower total anthocyanin 
(Figure 8). 
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Table 5. Sunlight intensity (Lux meter) 
 

Lux meter 
Field 

The front Centre Backside 

(Lux) (Lux) (Lux) 

TL 3442 4750 3053 
BL 244.8 356.3 210.3 

Note: TL: Top of the Leaf; BL: Bottom of Leaf 

 
 
 

  
 
Figure 8. The color of ripe grapefruits of Jupiter and Transfiguration 
variety: A. Blackish red; and B. Yellow with a red tinge 
 
 

Anthocyanin content mainly determines grapes' skin 

color. Anthocyanin is a flavonoid compound that is a 

secondary metabolite of plants and is synthesized during 

ripening (Kőrösi et al. 2022). The synthesis pathway of 

grape anthocyanins has been revealed clearly. 

Anthocyanins are synthesized via the phenylpropanoid 

pathway, starting with the amino acid Phe, through 

the flavonoid synthesis pathway to produce stable 

anthocyanins. Subsequently, cyanidin, delphinidin, peonidin, 
petunidin, and malvidin are the main anthocyanin inducers 

in grapes (Wang et al. 2022). Anthocyanin compounds are 

responsible for all the orange, red, blue, pink, and purple 

colors in grapes and their products, such as wine and juice 

(Mattioli et al. 2020). Anthocyanin is synthesized in the 

skin of red varieties and accumulates, while no anthocyanin 

is produced in the fruit of white varieties (Massonnet et al. 

2017). The quantity and composition of anthocyanins in 

grapes primarily depend on varieties, environmental factors, 

and cultivation management (Guan et al. 2016). 

Anthocyanin accumulation in berries was reported to be 
enhanced, especially in red to purple-skinned accessions, 

by combining post-harvest light irradiation (white light + 

UV light or blue LED light) with 15-25°C treatment. The 

optimal temperature (15-20°C) increased anthocyanin 

accumulation without a decrease in titratable acidity and 

berry weight. Coordinated induction of anthocyanin 

biosynthesis-related genes under these conditions may 

explain anthocyanin accumulation (Azuma et al. 2019).  

Similarly, a temperature that is too high is not suitable 

for grapes. High temperatures can inhibit most phenolic 

accumulation in table grape varieties (Zhang et al. 2021). 

The effect of high temperature on grape composition 
affects various metabolite compounds, especially 

flavonoids, which are essential compounds for grape and 

wine quality. A decrease in total anthocyanins has been 

reported in many cases and is directly attributable to the 

effects of high temperatures. In climate change, in already 

warm and hot regions, such changes can be detrimental to 

grape growth and quality wine production, as high 

temperatures have been shown to affect berry composition 

critically (Gouot et al. 2018). The phenomenon of grapes 

being exposed to high heat stress in a short period, 

although the surface of grapes appears qualitatively normal, 
has led to a decline in nutrients.  

The relationship between solar radiation and plant 

growth is known by light intensity, quality, and duration of 

irradiation. Light intensity and quality are the main factors 

in photosynthetic reactions, where atmospheric CO2 is 

converted into carbohydrates, providing energy for all plant 

functions and structures (Shafiq et al. 2021). The plants' 

response to absorbing light will be different depending on 

their quality (Singh et al. 2015). 

 The effect of sunlight on anthocyanin accumulation 

and related gene networks in grape development has been 
investigated, and the results showed that sunlight is 

essential for anthocyanin accumulation in grapes. The gene 

network associated with anthocyanin biosynthesis showed 

higher activity in grapes exposed to sunlight. In gene 

expression analyses to identify genes involved in this 

process, new genes that may be involved in anthocyanin 

regulation were found. Sunlight is a crucial factor in 

shaping the color and quality of grapes through its effect on 

anthocyanin accumulation (Zou et al. 2019). 

In this study, sunlight intensity in the field was 

measured using a Licor. Measurements were made by 
dividing the field into three parts, namely the front, center, 

and back. The light intensity tool is right above the Leaves 

(TL) and Behind the Leaves (BL). Sunlight intensity can be 

seen in Table 5. 

According to Table 5, the light intensity reaching the 

canopy in the center of the field was 4750 lux, which is 

higher compared to the front and back areas, where the 

sunlight intensity was measured at 3442 lux and 3053 lux, 

respectively. This lower light intensity is thought to be due 

to the shading of trees around the planting site, which 

reduces solar radiation. Plant morphology in the field 

experienced changes due to low light intensity, such as the 
growth of vine internodes extending towards sunlight 

(etiolation), thin light green leaves, and the size of grapes 

not being optimal. Shade significantly decreased leaf size 

and lamina mass per unit area in rainforest plants (Meng et 

al. 2014). 

Grapes grown under low light intensity have lower 

brightness values. Most of the genes related to anthocyanin 

synthesis are regulated by environmental factors (Qin et al. 

2022). Anthocyanin content decreases under shaded 

conditions (Shinomiya et al. 2015). Light increases 

proanthocyanin and anthocyanin composition in grape 
skins by relative regulation of LAR1, LAR2, and ANR 

genes (Liu et al. 2016). In conclusion, heat unit 

accumulation of 2521°C days after anthesis can be used as 

a measurable harvest criterion for grapes of Jupiter and 

2527°C Transfiguration varieties. In this study, there was 

A B 
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no difference in the heat unit values required from anthesis 

to harvest maturity between the Jupiter and Transfiguration 

varieties. However, there were notable differences in fruit 

diameter and total phenol, flavonoid, and anthocyanin 

content, which were attributed to environmental influences 

related to microclimate. Based on these findings, Jupiter 

seems more adaptive to planting in open fields in Indonesia 

than Transfiguration. Therefore, Jupiter is recommended 

for cultivation by farmers and grape enthusiasts because of 

its flexibility in various planting environments and some of 
its associated advantages. 
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