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Abstract

The cultivation of cherry tomatoes during the summer season poses significant challenges concerning
growth, yield, and development. Cultivating cherry tomatoes while upholding optimal climatic conditions
throughout the scorching summer months requires a comprehensive assessment. Experimental
studies were carried out to investigate the potential impact of greenhouse climate on cherry tomatoes,
“Cheramy F1” (Solanum Lycopersicon var. cerasiforme) in the soilless system during the summer season
in two consecutive years, 2022 and 2023. The experiments were carried out inside the greenhouse at
the University of Agronomic Sciences and Veterinary Medicine of Bucharest (44.4710° N, 26.0656° E).
The relationship between the plants’ growth and applied microclimatic conditions was evaluated based
on their impact on changes in plant total height, growth rate, stem diameter, and total leaf count. The
productivity performance of plants has been observed based on data available regarding the length of
inflorescence, total mass per inflorescence, average fruit mass per inflorescence, fruit firmness, fruit
keeping days, and fruit biochemical components. The growth attributes significantly varied on different
observation dates in relation to available greenhouse conditions. Significant interactions between
available greenhouse conditions and certain growth attributes have been observed. The greenhouse
experienced fluctuations in conditions during the vegetative and reproductive stages - 23.16 °C and 20.26
°C and light and CO, - 468.46 °C and 356.02 °C W/m?, - 479.27ppm and 446.06ppm a, appeared with
maximum growth and productivity influence during the months of July and august. The results reveal
both positive and negative linear correlations between greenhouse factors and productivity attributes.
Awareness of climate impacts enables growers to adjust conditions, preventing stressors and enhancing
crop resilience and productivity,” emphasizes the critical role of environmental control and grower
knowledge in achieving successful cherry tomato cultivation in greenhouses. Co-relation and analysis of
variance were used to statistically analyze the presented results at a confidence level of p < 0.05.

Keywords: Greenhouse cultivation; Summer grown-Cherry tomatoes; Growth; Productivity; Biochemical
composition

Introduction

Cultivating tomatoes in a greenhouse involves a meticulous approach, considering several
essential factors: growing substrate, nutrient availability, optimum ranges of greenhouse
climatic parameters, and the cultivar chosen. In today’s agricultural landscape, ensuring a
sustainable environment for plant growth has become essential for horticulturalists to mitigate
the impact of unpredictable climate shifts. Different plant species have evolved to thrive in
particular environmental conditions, including variations in climate and air chemistry [1,2].
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These variations can significantly affect the growth, development,
and overall health of plants. Factors such as temperature, light
intensity, carbon dioxide levels, and air circulation directly influence
plant development and metabolic processes. Growing plants in a
greenhouse utilizing soilless systems offers an alternative method to
open-field cultivation. The cultivation of vegetables in greenhouses
plays an increasingly pivotal role in producing food for humans
[3]. Cherry tomato holds significant importance as a most popular
vegetable fruit, predominantly cultivated within greenhouses. In
Europe, the average annual total production of tomatoes reached
3.2 million tons in 2022 [4,5]. “The rich nutritional content of
cherry tomatoes is well known, providing essential nutrients
(Brix, Nitrate), vitamins (A and C), minerals (potassium, calcium,
and phosphorus folate), and antioxidants [6-8]. Tomatoes contain
lycopene and bioflavonoids, which are effective in combating cancer
and promoting cardiovascular health by acting as antioxidants.
Their lycopene content supports skin health, energy restoration,
and lower blood pressure, whether consumed raw or processed
[9]. Understanding greenhouse climate conditions is essential for
sustainable plant growth because it allows growers to create and
maintain optimal environments for their crops [10,11]. In the
presentresearch-based study, we investigated the growth, yield, and
biochemical response of a summer-grown local cultivar of cherry
tomatoes, Cheramy F1 to greenhouse microclimate conditions in a
soilless system.

Cherry tomatoes thrive in diverse growing substrates and
environments due to their adaptive nature, exhibiting resilience and
versatility that make them suitable for various cultivation methods.
Nowadays, the practice of cultivating tomatoes without soil, using
peat, perlite, or Coco coir, is commonly observed in greenhouse
settings [12]. Soilless systems typically employ drip irrigation
or other efficient watering methods, reducing water waste and
promoting water conservation. Water and salinity stress have been
found to affect the composition of cherry tomato fruits by increasing
the concentration of sugars and acids within them, consequently
impacting both taste and nutritional profile [13]. The tomato plant’s
production and accumulation of energy through photosynthesis,
later translocated to developing fruits, are significantly influenced
by temperature. The growth and developmental processes of cherry
tomatoes are significantly impacted by elevated temperatures,
leading to a significant reduction in plant yield [14]. During the
germination stage, temperatures between 16 °C and 29 °C have
been reported as most conducive. As growth advances, the optimal
temperature range shifts from 22 °C to 26 °C. Subsequently, during
the fruit set stage, temperatures ranging from 14 °C to 24 °C have
been identified as ideal [15-17]. High temperatures exceeding
30 °C cause a notable rise in evapotranspiration rates, leading to
decreased carbohydrate biosynthesis allocated to assimilation and
sweetness in plants [18]. Consequently, there is an inhibition of
lycopene biosynthesis, prompting a shift in fruit coloration towards
yellow or orange, as noted [19]. Current research has determined
the ideal temperature ranges for maximizing the growth and
productivity of tomato plants. Temperature and carbon dioxide
have been reported as two crucial climate variables that reduce
the yield potential of cherry tomatoes [20,21]. In current times,

greenhouse vegetables are cultivated utilizing carbon dioxide (CO,)
as a gaseous fertilizer, adopted due to CO,’s ability to enhance
plant resilience to climate change stress, as indicated by various
studies [22,23]. Increasing carbon dioxide levels can boost the net
photosynthetic rates of plants, thereby enhancing their growth and
yield [24].

Environmental conditions during pre- and post-harvest stages
also significantly influence the quality traits of cherry tomatoes.
Increased harvest losses in cherry tomato cultivation are often
attributed to a lack of knowledge and methodology in cultivation
practices [25]. The quality of a product can be shaped by various
factors, which can be categorized into two main groups: intrinsic
factors, including color, shape, and absence of defects, and internal
attributes such as texture, sweetness, acidity, aroma, flavor, shelf
life, and nutritional value [26]. Previous studies have reported
that the quality of the product is influenced by both external
conditions and crop management during the pre-harvest period
[21,27]. Extending the shelf life of tomatoes significantly relies on
greenhouse management and the grower’s understanding [28].
Seasonal fluctuations in sunlight exposure can influence the levels
of soluble sugars and antioxidants found in tomatoes cultivated in
greenhouses. Tomatoes grown in greenhouses may exhibit varying
levels of antioxidants since they absorb less UV light compared
to those grown in fields, as noted by [29]. Insufficient light levels
impede pigment synthesis, resulting in irregular plant coloring.
High and low light levels significantly influence carotenoids and
ascorbic acid [30].

Material and Method
Experimental site and greenhouse management

Experimental studies were conducted at the University
of Agronomic Sciences and Veterinary Medicine of Bucharest
over an extended period from May to August in both 2022 and
2023 to assess the response of cherry tomatoes (Cheramy F1) to
greenhouse conditions. The research was carried out inside a Venlo
Glass greenhouse, a unit of the Research Center for Quality Control
of Horticultural Products. The greenhouse structure consisted of
hot-dipped galvanized steel, aluminum system profiles for external
cladding, and glass covering, with a cultivating gutter height of 5.30
meters above the soil level. The growing compartment spanned
160.00m? within a total covered area of 2,752.00m?. Advanced data
recording devices, lighting, drip irrigation, and ventilation systems
were also installed in the greenhouse to measure extreme summer
climatic conditions.

Biological material and procedure

Cherry tomato seeds (Solanum Lycopersicon var. cerasiforme)
of the “Cheramy F1” variety were sown in plastic plug trays with
cells 3.5cm deep and wide, filled with disinfected coco peat. After
a 10-day emergence, seedlings were transplanted into perlite pots,
and after that, 45-day-old seedlings with the first inflorescence
appeared were transferred to the experimental compartment.
White cubes filled with sterilized hydroponic perlite (2mm) were
prepared as the planting medium and positioned on coconut
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slabs within gutters (Figure 1). Various concentrations of nutrient
solution were administered at different growth stages: during
seedling development with an Electrical Conductivity (Eco) of 1.5,
upon emergence of the 1** and 2™ inflorescences with an Eco of
2.3, and between the 3™ and 6" inflorescences with an Eco ranging
from 2.8 to 3.0m Siemens, all maintained at a constant pH of 5.5.

Irrigation, both in cubes and slabs, was administered 10-12 times
daily during the fruiting phase, with each plant receiving 100-
150ml of nutrient solution. Plants were spaced at 33cm intervals
with a density of 3 plants per square meter, and a gap of 1.5cm was
maintained between the stationary benches.

(b)

Figure 1: (a) The growth of seedlings in white cubes. (b) Interior perspective of the experimental compartment within
the greenhouse.

Experimental design and Statistical analysis

Three experimental rows were selected for biochemical,
physical, and growth analysis, with three random plants chosen
from each row (designated as p1, p2, and p3 for Row 1, Row 2, and
Row 3, respectively), following the method outlined in [31]. The
average growth rate was determined by dividing the measured
data by the number of days between each recording. Productivity
parameter graphs were generated using MS Excel (365) and Jamvoi
software (2.4). Subsequently, Pearson co-relation and Analysis of
Variance (ANOVA) were performed, accompanied by the Shapiro-
Wilk normality test and Levene’s test for homogeneity of variances,
with a significance level set at p < 0.05.

Data Collection
Growth attributes

The activity of data collection was started during the flowering
and early fruit setting stages, lasting from May to September with
variable intervals during the years 2022 and 2023, and is averaged
over two years. The primary aim was to evaluate the growth rate of
plants during the maturity stage. Plant height (cm) was measured
from the base to the terminal growing point of the main stem
using a measuring tape, with the average of three plants per row
reported. Plant growth was assessed by dividing measured height
by days between measurements. The length (Ls) and width (Lw)
of each marked leaf were recorded, and leaf area was calculated
using a specified formula. Leaf selection aimed to correlate leaf
area with inflorescence productivity, examining leaves below each
inflorescence in rows (Inflorescence 1 to 14) on each observation
date. The total leaf count per observation date was determined by
averaging countsacross three plants per row. The stem diameter was
measured with a digital caliper and expressed in millimeters. The

average distance between two leaves and two inflorescences was
measured with a measuring tape and expressed in centimeters. Leaf
fresh and dry weights were obtained by collecting representative
leaves, chopping them into small pieces, and weighing them before
and after drying. The samples were dried in an oven at 105 °C for 24
hours with a 50% air flap.

Dry matter Calculation Formula (%)

X =A-Z/A-Cx100

DM=100-X
Where A= weighing bottle and sample weight before drying (g);
Z= weighing bottle and sample weight after drying (105 °C) (g)
C= Empty weighing bottle weight
The results are expressed inform of percentage (%).

Productivity and biochemical parameters

The performance of each inflorescence was evaluated based on
parameters such as inflorescence count, length, number of fruits per
inflorescence, average fruit mass per inflorescence, fruit dry matter
per inflorescence, fruit height per inflorescence, and fruit diameter
perinflorescence. Data were compiled from each row and presented
in Table 2. The length and type of inflorescences were recorded for
the first six inflorescences of each plant, including observations
on uniparous cyme, biparous cyme, and multiparous cyme. Fruit-
keeping quality was assessed by enclosing two representative fruits
from each inflorescence in polythene bags and monitoring the
number of days they remained viable at room temperature. Fruit
size and mass per inflorescence were determined by individually
weighing fruits and summing their mass, while fruit height and
diameter were measured for five randomly selected fruits from
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the initial twelve inflorescences. Fruit firmness was assessed using
a penetrometer on five fruits, and fruit freshness and dry matter
content were determined by weighing samples before and after
drying. Nitrate and sugar contents were measured using a portable
tester and refractometer, respectively, while titratable acidity was
determined by titrating samples with 0.1N NaOH until reaching a
pH of 8.

Result

Figure 2 illustrates the monthly averages for various greenhouse
microclimate parameters, including carbon dioxide levels, sunlight
exposure, and air temperatures. These microclimatic conditions
play a crucial role in influencing plant development, affecting
processes such as photosynthesis and overall plant health. During
the growth phase (May and June), the greenhouse typically
experiences average air temperatures between 25.34 °C and 20.37
°C. Throughout the fruit-bearing and fruit-ripening stages (July and
August), the average temperature ranged from 20.26 °C minimum

to 23 °C maximum. In the pivotal growth phases of May and June,
the greenhouse experiences a dynamic interplay of light intensity,
with peaks and troughs ranging from 356.84 to 398.09 (W/m?),
along with average CO, concentrations spanning from 459.48
(ppm) to 495.84 (ppm). As plants reach the stages of fruit-bearing
and ripening throughout June and July, a different atmospheric
symphony unfolds. Here, light intensities and CO, levels fluctuate
between 446.06 to 479.27 (W/m?), painting a vivid tableau for the
cherry tomatoes to flourish. The establishment and maintenance
of an environment distinguished by optimum temperature, light,
and carbon dioxide (CO,) levels are paramount for the vigorous
horticultural advancement of cherry tomatoes. These conditions
underpin crucial physiological processes, guaranteeing proficient
photosynthesis, nutrient absorption, and comprehensive plant
maturation [25]. Controlled settings, such as greenhouses or
indoor cultivation facilities, afford cultivators the opportunity to
meticulously calibrate these variables, thereby fostering enhanced
yields and superior quality in cherry tomatoes.

Figure 2: Recorded average values of (a) Temperature °C, (b) Carbon Dioxide (ppm) and (c) Light intensity (W/m?) in
the greenhouse growing compartment.

Growth patterns and vegetative characteristics in
response to prolonged greenhouse conditions

Data regarding the growth response of plants to available
greenhouse conditions is summarized in Table.. The statistical
interpretation of the revealed data showed a significant interaction
and influence of greenhouse climatic conditions on the growth
attributes of cherry tomatoes on different observation dates. In
each row, every plant showed an immensely significant interaction
(P<0.001) between overall growth parameters and observation
dates (Table 1). A negative linear relation has been observed

between total plant height and the combined effect of temperature,
CO,, and light intensity treatments (“r” = -0.536, -0.686, and -0.57,
respectively).butthe height of plants significantly (P<0.001) differed
on different observation dates. On the day of final observation, the
plants’ maximum height was calculated at 308.64 centimeters.
The strength of the relationship between the combined effect of
temperature and CO2 and the weekly change in total height growth
rate was observed to be positive (“r” = 0.32, 0.219, respectively). A
negative linear relation between the light variations and the change
in plant height rate has been observed (“r” = -0.103). The growth
rate of plants was observed at the highest rate at the vegetative
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stage of growth during the months of May and June. The available
greenhouse conditions during this period have been declared to be
the optimum value for the plant’s vegetative growth stage. Stem
diameter and leaf area of each plant significantly varied among
observation dates (P<0.001) and also appeared in negative relation
to the available greenhouse microclimate (Table 1). The leaf area
serves as a powerful gauge of a plant’s vitality and yield potential.
Our study unveils a compelling correlation between leaf area and
productivity, showcasing that plants boasting larger leaf areas
tend to bear more fruit. A direct relationship was found between

the leaf area and inflorescence yield performance. The higher the
leaf area, the higher the number of fruits produced by associated
inflorescence. Leaf number 5 appeared with the highest leaf area,
followed by 4 and 8. A significant difference was found among
the dry matter contents of leaves. Leaf dry matter contents also
appeared in direct relation to leaf area. Leaf count per plant varied
significantly across observation dates, with an average emergence
of 3 to 5 leaves per week. Despite fluctuations, the cumulative
leaf count steadily increased throughout the observation period,
persisting until the last day of observation.

Table 1: Growth attributes (mean values + SD) in response to greenhouse conditions in summer-grown cherry tomatoes.

Note: * p < .05, ** p < .01, *** p < .001.

Observation Plant Total Height .Change in Plant Total Number of Leaf Area (cm?) Stem Diameter Dry Matter
Dates (cm) Height Per Week (cm) Leaves (cm) (%)
17-05-23 64.71+5.91 20.39+0.88 14.00+1.73 482.53+112.90 11.79+0.78 15.18+0.67
24-05-23 85.91+7.39 21.20+1.47 17.33+1.53 523.89+121.84 12.06+0.66 19.75+1.13
31-05-23 107.11+£7.59 21.00+0.03 21.00+1.00 568.68+124.78 12.37+£0.69 20.52+1.24
06-06-23 126.73+7.62 19.61+0.55 24.33+0.58 694.61+117.82 12.61+0.68 18.75+0.68
13-06-23 146.18+6.96 19.44+0.98 27.67+1.15 721.62+114.41 12.88+0.57 21.13+0.82
20-06-23 162.38+6.57 16.20+0.56 32.67+2.08 652.74+110.01 13.25+0.55 18.06+0.58
27-06-23 178.29+6.52 15.91+0.90 36.67+3.06 684.50+103.18 13.48+0.54 19.13+0.37
04-07-23 197.11+5.55 18.81+1.07 41.00+3.00 701.29+106.87 13.67+0.50 18.06+0.72
11-07-23 214.33£591 17.22+2.30 43.67+3.06 524.18+100.80 14.46+0.63 19.15+0.60
18-07-23 234.24+5.95 19.91+1.37 46.67+3.06 550.20+99.98 14.74+0.50 18.19+1.53
25-07-23 253.28+4.03 19.03+1.92 50.33+3.51 564.56+104.37 15.02+0.45 19.70+£1.32
01-08-23 271.62+4.44 18.34+1.20 53.67+3.51 578.82+103.16 15.25+0.33 20.36+0.61
08-08-23 292.24+5.12 20.62+0.75 56.67+3.51 589.26+100.88 15.47+0.18 19.47+0.42
15-08-23 308.64+4.49 16.40+1.16 59.33+4.04 697.74+97.75 15.55+0.19 21.67+1.18

Assessment of productivity and biochemical attributes:
Correlation analysis

Productivity and biochemical attributes were assessed based
on the data collected from the first six inflorescences (Table 2).
illustrates the yield performance of the first six inflorescences
in response to available greenhouse microclimatic conditions.
According to the statistical interpretation of the collected data,
a significant relationship was found (P<0.001) among the
inflorescences in view of their length. Inflorescence number 5%
appeared with the highestindex, followed by inflorescence numbers
4" and 6™, Total fruit mass and number of fruits per inflorescence

also significantly (P = 0.005) differed among the inflorescences
(Figure 3). Inflorescence number 5 produced a larger fruit yield,
followed by inflorescence numbers 4 and 6. The present study also
observed a strong relationship between the inflorescence length,
number of fruits (P<0.003), and total mass (g) produced by each
inflorescence. The higher the inflorescence length, the higher the
number of fruits and ultimately the total mass (g). A non-significant
relation (P = 0.532) was observed among the inflorescences in
view of average fruit mass. Inflorescence number 5 had the highest
average fruit mass index, followed by inflorescence numbers 3™
and 2,

Table 2: Productivity attributes (mean values + SD) in response to greenhouse conditions in summer-grown cherry

tomatoes.

Note: * p < .05, ** p < .01, *** p < .001

Inflorescence Total Total Mass Av.e rage Fru}t . Fruit Nitrate Brix Value | Dry Matter
Inflorescence Lengtti(em) Number of (@ Fruit Mass Keeping Firmness (N) (%) (%)
g Fruits g (8) Days (N) 4 4
1 23.40+2.72 | 13.00 £1.00 17545 + 1256 +0.80 | 6.71+2.11 | 7.21+0.69 1133+ 9.18+0.42 | 10.29 +0.23
19.97 11.54
2 30.08+4.44 | 12.67 +0.57 | 211.69+38.94 | 13.13+0.69 | 5.00+1.83 | 7.92+0.16 111;)'30; 8.84+0.35 | 9.98+0.38
3 37.19+5.00 15.33+0.57 | 220.30+ 23.37 | 13.75+0.80 | 7.00+1.42 7.74 £ 0.54 1}537'?;t 7.97+0.24 | 9.12+0.39
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4 51.71+2.81 31.00+4.57 405.07+ 13.11+1.49 | 5.99+2.10 6.66+ 0.53 130.0+ 8.47+ 0.39 10.8+0.33
34.81 10.00
5 50.76 £ 4.08 30.67+4.04 | 445.65+49.55 | 14.71+2.74 | 6.11+2.11 6.11+ 0.81 11256'26; 7.92+0.54 | 9.39+0.52
6 47.08+5.05 27.33+4.04 | 316.27+25.22 | 12.05+1.41 | 5.00 + 2.00 5.75+0.51 1;673 8.69+0.49 | 9.03+0.27
p %k *kk *kk *% n.s *% n.s * *kk
* %k
* %k ; .
T 500 4154 456.7a
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0 S0.82b 47 an 400 ek
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13.7ab
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Figure 3: Productivity performance of first six inflorescence(a) Inflorescence length (b) Total mass inflorescence! (c)
number of fruits inflorescence! (d) Average fruit mass inflorescence™ (e)Fruit firmness inflorescence™.

Fruit-keeping days were also significantly varied among the

inflorescences. The fruit-keeping quality of tomatoes is directly
linked to their economic importance. Fruit-keeping attributes
followed the same order as average fruit mass, showing their direct
association. A non-significant (P = 0.312) relation found between
the inflorescence fruit keeping index. Inflorescence with a high

Firmness quality also significantly (P = 0.014) varied among

average fruit mass survived more days at room temperature. firmness index.

the inflorescences. The first three inflorescences appeared with
a maximum high index of fruit firmness. Inflorescence number 2
appeared with the highest fruit firmness, followed by inflorescence
numbers 3" and 1% Fruit at the start of each inflorescence appeared
with high mass and size. Fruits with high mass showed a high fruit
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A non-significant (P = 0.225) relationship has been observed
among the inflorescences in view of their nitrate contents (Figure 4).
The nitrate contents have been observed to be high in inflorescence
numbers, followed by inflorescence numbers 5 and 6. Assessment
of the proper ratio of nitrate and nitrite concentrations in tomatoes

7.9bc

8.7¢

m Inflorescence 1 m Inflorescence 2 m Inflorescence 3

100

8.8abc

8.0 +
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

T

Brix value (%)

Inflorescence 4 = Inflorescence S m Inflorescence 6

is very necessary to address concerns regarding the nutritional
profile of tomatoes. The sugar contents were also non-significantly
(P =0.081) varied among the inflorescences. Inflorescence number
1 appeared with the highest Brix index, followed by 2 and 10.

ns
1
1:" 127 127
113 110 433 I

Nitrate (N)

I
140 |

EInflorescence 1 M Inflorescence 2 ¥ Inflorescence 3

Inflorescence 4 ® Inflorescence 5 ™ Inflorescence 6

Figure 4: Biochemical performance of first six inflorescence (a)Nitrate concentration inflorescence (b) Brix
percentage inflorescence™.

A co-relation analysis declared a direct relationship between
yields attributable to available greenhouse temperatures (Figure
4). Available temperature ranges (23.16 °C and 20.26 °C) and light
and CO, (468.46 °C and 356.02 °C W/m?) and (479.27ppm and
446.06ppm a) appeared with maximum productivity influence
during the months of July and August. A strong negative linear
relation between temperature and inflorescence total length has
been observed (Table 2 & Figure 4). An increase in temperature
above the optimum threshold reduced the growth of inflorescence,
which ultimately led to low productivity. Applied climatic
temperature ranges negatively affect the total number of fruits,
total mass, and nitrate concentration per inflorescence. Average
fruit mass, fruit firmness, Brix, and fruit dryness showed strong
positive relationships with greenhouse conditions.

Discussion

The growth attributes and developmental processes of tomato
plants have been found to have a significant relationship with the
greenhouse climate. Differential responsesofplantgrowthattributes
on different observation dates can be linked to the influence
of temperature on plant processes, including photosynthesis,
transpiration, and respiration. In a scenario of escalating climate
change, the probability of air temperatures surpassing the ideal
range for numerous species intensifies, potentially disrupting
their habitats and survival patterns. Different plant species have
different temperature requirements for optimal growth [32].
Within their optimal temperature range, plants can efficiently carry
out photosynthesis, respiration, and other metabolic processes
necessary for growth. Temperatures outside this range can impede
plant growth rate, total number of leaves, and stem diameter.
Optimal temperatures allow for maximum photosynthetic activity,
promoting more robust growth [33], Consistent with the present

findings, a study reported that under low night temperatures,
high intensity of light substantially enhanced the growth of plants
and led to an increase in various parameters such as plant height,
stem diameter, leaf area, vigor index, and the overall dry weight of
cherry-tomato seedlings [34]. Elevated concentrations of nighttime
temperature prominently reduce the plant’s yield. This decline
is often associated with the adverse impact of respiration on the
accumulation of carbohydrates, further exacerbating the challenge
of maximizing crop productivity [35]. In the present study, we
observed a positive correlation between the average temperature
range of -25.34 and 20.26 and the change in plant growth rate.
Similar to it, a study established a linear relationship between
suboptimal temperature ranges and lower growth rates following
the production of thicker leaves, which hinder the interception of
light [36].

According to [37] elevated CO, levels can enhance plant
growth and biomass by improving photosynthetic rates in leaves,
increasing water use efficiency, and reducing transpiration. A
notable difference in plant height has been reported, with elevated
carbon EC,  reaching 152.20cm compared to 138.13cm in the
open field [38]. This variation could be attributed to a higher rate
of net photosynthesis in an elevated CO, environment. The tomato
plant, classified as a C, plant, experiences advantages from high
levels of carbon dioxide (CO,) in its environment [39]. Elevated
CO, concentrations enhance the rate of photosynthesis because
the increased CO, levels create a more favorable concentration
gradient from the air to the leaf, leading to more efficient
photosynthesis. heightened CO, levels decrease photorespiration
and result in reduced expression of Rubisco, a key enzyme in
photosynthesis [40]. Light also plays a pivotal role in shaping the
growth and progression of plants, serving as the primary driver for
photosynthesis and an influential external cue. Its impact extends
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across multiple dimensions of plant life, influencing not only their
physical characteristics but also the intricacies of physiological
functions, yield production, and the ultimate quality of the harvest.
Photoperiod refers to the amount of time a plant is exposed to light
[41-43]. Photoperiod controls flowering in many plants (Figure 1).
Scientists used to think that the length of the light period triggered
flowering and other responses within plants.

Different extreme ranges of greenhouse climate have profound
effects on plant productivity and yield. A study established a linear
positive correlation between the extreme temperature level and
a higher number of fruits [44]. The present study found a direct
relation between the yield and quality of summer-grown tomato
fruits in the available temperature ranges of 23.16 °C and 20.26
°C. Consistent with the present findings, [45], reported a positive
linear co-relation between the temperature range of -25.9 °C
and 22.2 °C and the yield attributes of summer-grown tomatoes.
Temperature plays a crucial role in shaping the quality of fruits.
Daytime temperatures that are too low often produce poor growth
by slowing down photosynthesis, i.e.,, the number of fruits. Its
impact on metabolism directly influences cellular structure and
various factors determining fruit quality, including color, texture,
size, and sensory attributes. Lower temperatures increase the
time required for ripening and, therefore, increase the size of
fruits [46]. The interplay of temperature and daylight duration can
influence the flowering process. When temperatures rise alongside
longer days, it prompts cool-season plants like spinach to initiate
flowering. Conversely, when temperatures drop too low, it can

g

hinder the fruit setting process in warm season crops like tomatoes.
Only a handful of researchers have delved into exploring how
temperature and cultivar dynamics impact yield. Different tomato
cultivars exhibit variations during vegetative growth; the nexus
between temperature and cultivar appears negligible. At optimal
temperature, the yield varies across tomato types such as “cherry,”
“round,” and “beefsteak,” primarily influenced by distinct assimilate
partitioningmechanisms. In the present study, we found a significant
relationship between the leaf area below the inflorescence and
the productivity performance of that inflorescence. Thus, the
production of leaves serves as an important phenomenon during
fruit development (Figure 5). A study investigating how different
environmental factors (temperature, solar radiation, and vapor-
pressure deficit) affect the nutritional quality and flavor of cherry
tomatoes reported a reduction in lycopene and essential elements
and an increase in the sweeter-milder flavor profile with increased
sugars and decreased organicacid content [47]. Rising temperatures
and shifting precipitation trends could lead to heightened depletion
of soil minerals, primarily through leaching and erosion processes.
To mitigate such losses and enhance plant production, exploring
soilless systems and understanding greenhouse cultivation could
present a promising alternative. The escalation in CO, levels,
coupled with the surging presence of various other greenhouse
gases, has resulted in a notable uptick of 0.8 °C in average annual
global temperatures by 2017 [48]. This trend underscores the
pressing need for heightened awareness and decisive action to
mitigate further climate disruptions and their damage to the
agriculture sector [49].
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Figure 5: The co-relation demonstration of different yield attributes with Temperature (a) Inflorescence length
(b) Total fruits inflorescence™ (c) Total mass inflorescence (d) Dry matter contents inflorescence™ (e) Nitrate
concentration inflorescence!(f) Brix percentage inflorescence™.
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Conclusion

The study investigated the influence of climatic factors in
greenhouses on the growth, yield, and biochemical attributes
of summer-grown tomatoes in soilless systems on different
observation dates. A Significant interaction has been found between
certain growth attributes and observation dates. The results reveal
both positive and negative linear correlations between greenhouse
factors and productivity attributes. Based on Positive correlations
between available climatic conditions, such as temperature,
CO, and light intensity, optimum climatic conditions have been
proposed. This research offers a way out for establishing optimal
conditions for future tomato cultivation and for identifying highly
susceptible varieties under extreme conditions, aiding in more
resilient agricultural practices. By integrating these strategies,
growers can enhance the resilience and adaptability of tomato
production systems, ensuring consistent yields and nutritional
quality regardless of fluctuating climatic conditions.
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