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ABSTRACT

The present study was conducted to determine the quantitative effects of light and temperature on growth
and development of organic tomato (Solanum lycopersicum L.) seedlings in a glasshouse under ecological
conditions of Samsun Province of Turkey. Seedlings were grown in four different periods (seeds sown on
29 September for 1st period; 2 December for 2nd period; 18 March for 3rd period and 6 July for 4th period).
In order to create different light intensities, shading material having a shading capacity of 50% in 1, 2 and
3 layers was used in each period after seeding. The effects of light and temperature on plant growth and de-
velopment (leaf area, stomatal conductivity, leaf chlorophyll content, plant height, stem diameter and total
plant vegetative dry weight) and the number of days from sowing to plantation of seedlings, were investigat-
ed. Obtained results revealed decreasing number of days from sowing to seedling plantation with increasing
light intensities. Finally, the number of days from sowing to seedling plantation to be used in organic tomato
seedling production was modeled based on the variations in temperature and light intensity (1> = 0.92).
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INTRODUCTION

Environmental conditions play significant roles in
seedlings production in greenhouses. Therefore, op-
timum environmental conditions (temperature, light,
humidity) should be provided based on plant cultivar
and species. Besides environmental conditions, insuf-
ficient cultural practices, cultivar mixtures, disease
and pests also result in significant decreases in both
the quantity and quality of saplings [Demir 2004]. In
organic vegetable culture, seedlings production is one
of the most significant cultivation steps. Plant growth
and development in organic seedlings production may
differ from standard conventional seedlings produc-
tion, since different growth mediums, nutrient treat-
ments and environmental conditions (temperature,
light, humidity and etc.) are applied in organic veg-
etable cultivation [Uzun 2001]. Organic seedlings are
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almost unavailable in markets, just because of difficul-
ties experienced in seedling growth and development
in organic seedlings production. In this case, the need
for organic saplings most of the time is supplied by
the producers themselves [Tiizel et al. 2015]. Effects
of environmental factors on plant growth and develop-
ment greenhouse production systems may vary based
on plant species and cultivars. Light and temperature
are the most significant factors for basic physiologi-
cal processes in plants. A control over these factors in
greenhouse production systems may provide a control
also over plant growth and development [Uzun 2001].

In recent years, mathematical models have been
used in developed countries to express plant growth
and development. Plant growth models have been em-
ployed to express the variations in plant growth and
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development with environmental conditions (light,
temperature, water, soil temperature and etc.) and to
elucidate the relationships between plant growth and
yield [Heuvelink 1995, Uzun 1996, Maddonni et al.
2001]. A model representing a real system accurate-
ly and sufficiently encompasses the parameters con-
sidered in the system to be modeled. However, the
model is not necessarily expected to include entire
parameters, otherwise it will be the actual system,
which is impossible [Pearson et al. 1994, Heuvelink
1995, Uzun 1996]. Environmental control in plant
production is mostly and widely implemented in the
greenhouses. The greenhouses allow the producers to
arrange light, temperature, humidity and CO, at op-
timum levels all year long. However, the whole year
long control on climate factors increases the produc-
tion costs in greenhouses [Topgu and Baytorun 1999].
With those growth models, the best proper growing
periods are identified and thus producers are able to
make production planning. Such plans then create a
chain between the producer and the marketer, create a
mutual thrust between them and allow the marketing
of products without any losses of value [Uzun 1997].

There are several models worldwide developed by
different researchers. These models have commonly
been developed to elucidate the relationships of plant
growth, development, yield and quality with environ-
mental conditions [Wolf et al. 1986, Dayan et al. 1993,
Uzun 1996, Beyhan et al. 2008, Shirvani et al. 2015,
Saragoglu and Ozarslan 2015]. Such models on plant
growth should be widespread and new ones should be
developed to serve for specific purposes.

The present study was conducted to determine the
effects of temperature and light on organic tomato
seedling quality, to determine the number of days from
sowing to seedling emergence and the number of days

from sowing to seedlings plantation. The ultimate goal
was to plan seedling production stages in organic to-
mato seedling production in greenhouses.

MATERIAL AND METHODS

The present research was conducted in a glass-
house located at Research and Implementation Center
of Ondokuz Mayis University Agricultural Faculty
(41°22'3.7272" and 36°11'53.9448" and 137 m alti-
tude) in the years 2010-2011. One of the greenhouse
partitions (13 x 13 m) was unheated as to represent
the control treatment and the other two partitions were
heated as to have an indoor temperature over 15°C.
Shading material was placed 1 m above the trans-
plant production benches (4 x 2 m). Green shading
nets with 50% shading capacity were used for shading
treatments. For each growing period, shading material
was arranged as 1 layer (50%), 2 layers (50 + 50%), 3
layers (50 + 50 + 50%) and without shading material
for control treatment.

Tomato (Solanum lycopersicum L. cv. ‘Stimela
F1’) sowing was performed on 29 September,
2 December, 18 March and 6 July. A plastic viol with
345 cells each having 2.2 x 2.2 cm dimensions and
filled with soil + composted manure (decomposed for
6 months) mixture (2 : 1 ratio), was used for sowing.
A total of 50 seeds were sown for each sowing peri-
od and for each chamber. Seedlings with the first true
leaf were transplanted into 9 x 8 cm pots filled with
2 : 1 composted manure: soil mixture. Irrigations were
performed through monitoring soil moisture levels.
Fertilizer and chemical treatments were not performed
throughout growing period.

During the production period, from sowing until
the 4th true leaf plant growth stage of the transplants,

Table 1. Mean light intensity (MJ m > day ') and temperature (°C) values of experimental treatments

Light intensity (MJ m > day ")

Temperature (°C)

Treatments
Ist p. 2nd p. 3rd p. 4th p. Istp. 2nd p. 3rd p. 4th p.
Control 8.91 242 8.87 12.03 17.85 17.67 20.74 27.07
. 1 layer 6.86 1.86 6.83 9.26 17.88 17.52 20.06 26.30
Shading
2 layers 4.27 1.16 4.25 577 17.79 16.87 19.45 24.63
3 layers 3.20 0.87 3.09 433 17.80 16.94 19.47 23.82
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light (lux) and temperature (°C) values were record-
ed with data loggers (KT100, Kimo, France) at one-
hour intervals in each of the treatments (Tab. 1). The
obtained lux values were converted to PAR using the
conversion factor (1 PAR, MJ m? d™! = 2400.16 lux)
according to Saribag et al. [2017].

To determine seedling quality, stomatal conduc-
tivity (mmol m2s™') and chlorophyll content (CCL)
measurements were performed on 15 seedlings when
the seedlings have reached the planting stage (with
4 true leaves). Leaf stomatal conductivity was mea-
sured with a stomatal conductivity device (SC-1,
Decogon Devices, Pullman, USA) between the hours
10.00 and 11.00 from all leaves of the seedlings and ex-
pressed as mmol m2s!. Leaf chlorophyll content was
measured as leaf chlorophyll index (CCI) also between
10.00 and 11.00 from all leaves of the seedlings using
a chlorophyll meter (CCM-200, Opti-Sciences,
Hudson, USA).

Seedlings (10 seedlings of each replication) were
removed from the soil and separated into root, stem
and leaves. Roots were flashed with tap water to re-
move all the soil particles over them. Plant height (cm)
was measured with a tape measure and stem diameter
(mm) was measured with a digital caliper. Width and
length of tomato leaves (head, left and right leaflet)
were measured and leaf areas were calculated according
to Beyhan et al. [2008]. Leaves, stems and roots were
separately placed into small paper bags and dried in an
oven (Venticell 55, Ecocell, MMM group, Germany)
at 80°C for 48 h. Weight change method was used to
determine whether or not the drying is complete. Fully
dried leaf, stem and root samples were weighed with
a digital scale (£0.01 g, MW-II, CAS, Korea).

Experiments were conducted in randomized blocks
design with 3 replications and 10 plants in each repli-
cation. Data were analyzed with Microsoft Excel 2010
and two-dimensional graphs were drawn in Excel and
Slide Write 7.0 software. Multiple regressions were
also performed in Excel and the resultant models were
converted into 3-D graphs in Slide Write software.

RESULTS AND DISCUSSION
The relations of leaf area (cm?) with temperature

(°C) and light intensity (MJm2day') of tomato seed-
lings were identified as:

https://czasopisma.up.lublin.pl/index.php/asphc

LA =36.48 +63.29*L —2.96*T*L — 10.51*L2 +
+0.68*T*L2 + 0.18*T2 — 0.01*T2*L2 (1)

SE (17.9)* (13.91)%%* (0.72)%** (2.7)%** (0.21)**
(0.052)** (0.004)**

12 =0.92%%*

where: LA — leaf area (cm?), T — daily mean tempera-
ture (°C), L — daily average light intensity (MJm?
day '), SE — standard errors.

While the leaf area reached the greatest value
under low light conditions and at high temperature,
leaf area decreased curvilinearly with light intensity
(Fig. 1). Leaf area increased in high temperature condi-
tions with increasing the light intensity and decreased
with decreasing light intensity. The temperature, at
which leaf area started to decrease under high light
conditions was identified as 20-22°C. Significantly
high relationship was observed between the number of
days obtained in this study with regard to actual leaf
area of tomato seedlings (cm?) and the estimated leaf
area (cm?) with Equation 1 (P <0.001). It was reported
in previous studies that leaf surface areas were larger
in low light intensity than in high light intensity, leaf
areas increased under low light and high temperature
conditions and leaf areas positively correlated with
temperature [Kiirklii 1994, Leskovar and Daniel 1994,
Uzun 1996, Kandemir 2005]. Current findings on leaf
areas were similar to those of other studies.

Multi-regression analyses for relationships of sto-
matal conductivity (SC) with temperature (°C) and
light intensity (MJ m™ day') revealed the following
equation:

SC = 14.49 + 1.6%L + 0.008*L*T2 —
~ 0.00088*T2*L2 )

SE (1.69)*** (0.4)*** (0.001)*** (0.0001)***

2= 0.69%**
where: SC — stomatal conductivity (mmol m= s™),
T — daily mean temperature (°C), L — daily average
light intensity (MJ m2day'), SE — standard errors.

A curvilinear increase was observed in stomatal
conductivity (SC) with increasing temperature and
light intensity. A curvilinear decrease was observed in
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Fig. 1. Relations of leaf area of tomato seedlings (cm?) with temperature

(°C) and light intensity (MJ m= day™). The graph was drawn with the aid of
Equation 1
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Fig. 2. Relations of stomatal conductivity (mmol m2s™) of tomato seed-
lings with temperature (°C) and light intensity (MJ m= day™). The graph
was drawn with the aid of Equation 2
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Fig. 3. Relations of leaf chlorophyll content (CCI) of tomato seedlings with
temperature (°C) and light intensity (MJ m™ day'). The graph was drawn

with the aid of Equation 3

SC values over light intensity of 8 MJm? day ! under
high temperature conditions. Stomatal conductivity
curvilinearly increased in every light intensity under
low temperature conditions. SC reached the greatest
level under high temperature and high light intensi-
ty conditions. Significantly high relationship was ob-
served between the number of days obtained in this
study with regard to actual stomal conductivity of
tomato seedlings and the estimated stomatal conduc-
tivity with Equation 2 (P < 0.001) (Fig. 2). It was re-
ported in previous studies that several factors were ef-
fective in stomal actions in plants. These factors alone
or together have significant impacts on stomal actions
[Elad et al. 2007, Kilic et al. 2010, Ozturk et al. 2014].
Light intensity and quality, temperature, relative hu-
midity and cell inner CO, concentrations are detected
by guard cells in stomas. Light is a significant envi-
ronmental signal for stomal actions. Stomas open with
increasing the light intensity over the leaf surface and
close with decreasing light intensities [Taiz and Zeiger
2008]. However, increased stomatal conductivity was
reported for tomato with shading under high light in-
tensity conditions [Ozer 2017]. Current findings were

https://czasopisma.up.lublin.pl/index.php/asphc

complying with the results of earlier studies on stoma-
tal conductivity.

The following equation was obtained from the
multi-regression analyses for the relationships of leaf
chlorophyll content (LCC) with temperature and light
intensity (MJ m~ day!):

LCC =—4.87 + 5.59%L + 0.67*T — 0.29*T*L —
—0.23*L2 + 0.008*T*L2 + 0.003*L*T2  (3)

SE (2.47)* (1.09)** (0.1)*** (0.08)*** (0.07)**
(0.003)* (0.001)*

2= 0.86%**

where: LCC — leaf chlorophyll content (CCI), T — dai-
ly mean temperature (°C), L — daily average light in-
tensity (MJ m2day'), SE — standard errors.

A curvilinear increase was observed in leaf chloro-
phyll content with increasing temperatures within the
light intensity range of 2—4 MJ m2day'. Significantly
high relationship was observed between the number
of days obtained in this study with regard to actu-
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Fig. 4. Relations of plant height of tomato seedlings (cm) with temperature
(°C) and light intensity (MJ m™ day™"). The graph was drawn with the aid

of Equation 4

al leaf chlorophyll content of tomato seedlings and
the estimated chlorophyll contents with Equation 3
(P<0.001) (Fig. 3).

Excessive light energy may damage the photo-
synthesis systems. Significant changes are observed
in physiology of the plants exposed to high light
intensities. One of these changes is related to chlo-
rophyll content. An increase in light intensity after
a threshold value may reduce leaf chlorophyll con-
tents [Kiling and Kutbay 2008, Taiz and Zeiger 2008,
Ozer 2017]. In this study, leaf chlorophyll contents
decreased curvilinearly with increasing temperatures
above a light intensity of 4 MJ m~ giin"!. However, a
curvilinear decrease was observed in leaf chlorophyll
contents at temperatures above 18°C.

Multi-regression analyses for relationships of
plant height (cm) with temperature (°C) and light
intensity (MJ m™ day') revealed the following
equation:

PH = 17.58 +0.73*L— 0.15*L2 + 0.00212*T*L2 (4)
SE (0.62)*** (0.25)** (0.03)*** (0.00084)**

2= 0.77%%*
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where: PH — plant height (cm), T — daily mean tem-
perature (°C), L — daily average light intensity
(MJ m2day '), SE — standard errors.

A rapid curvilinear increase was observed in plant
height with temperatures above 10°C at light intensities
between 4—6 MJ m~day'. Slight curvilinear decrease
was observed in plant height with light intensities after
a certain temperature. A rapid curvilinear decrease was
observed in plant height with light intensities above
2 MJ m? day ' under low temperature conditions.
Such a decrease was more distinctive than high tem-
perature conditions. Significantly high relationship
was observed between the number of days obtained in
this study with regard to actual plant heights (cm) of
tomato seedlings and the estimated plant heights with
Equation 4 (P <0.001) (Fig. 4).

Decreasing the light intensities may result in
higher cell and plant heights, weaker stems and
brighter plants. A linear relationship was report-
ed in several plants between temperature and plant
height and it was also reported that increasing tem-
peratures (up to 32°C) increased plant heights, but
such increases recessed with the plant age [Kiirkli

https://czasopisma.up.lublin.pl/index.php/asphc
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Fig. 5. Relations of stem diameter of tomato seedlings (mm) with tempera-
ture (°C) and light intensity (MJ m day™!). The graph was drawn with the

aid of Equation 5

1994, Kandemir 2005]. Uzun [1996] obtained the
greatest plant height in tomato and aubergine under
low light intensity and high temperature conditions.
Uzun [2001] also indicated that temperature and
light intensity had significant interactive impacts
on plant heights in tomato and reported the great-
est plant height under low light intensity and high
temperature conditions. Current findings on plant
height were parallel to those reported by previous
researchers.

The following equation was obtained from the
multi-regression analyses for the relationships of stem
diameter (mm) of tomato seedlings with temperature
(°C) and light intensity (MJ m™ day'):

SD = 2.186 + 0.276*L + 0.00024*L*T2 —
~ 0.000038*T2*L2 5)

SE (0.086)*** (0.022)*** (0.000067)***
(0.0000058)***

12 =0.91%%%

https://czasopisma.up.lublin.pl/index.php/asphc

where: SD — stem diameter (mm), T — daily mean
temperature (°C), L —daily average light intensity
(MJ m2day™"), SE — standard errors.

At temperatures above 15°C, a rapid curvilinear
increase was observed in stem diameter (SD) with
increasing light intensity. The SD values reached to
the highest level under high light-low temperature and
high light-high temperature conditions. Under light
intensities equal to and above 5 MJ m2day!, a curvi-
linear decrease was observed in stem diameters with
increasing temperatures. Such an increase was less
distinctive in high light conditions. Significantly high
relationship was observed between the number of days
obtained in this study with regard to actual stem diam-
eters (mm) of tomato seedlings and the estimated stem
diameters with Equation 5 (P < 0.001) (Fig. 5).

Plant stem diameter is negatively correlated with
plant height. It can be stated that plant develop less
heights under high temperature-high light conditions
and thus accumulation of dry matter produced through
photosynthesis in stems was higher [Kandemir 2005].
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Fig. 6. Relations of total plant dry weight of tomato seedlings (g) with tem-
perature (°C) and light intensity (MJ m~ day!). The graph was drawn with

the aid of Equation 6

It was reported in previous studies that increasing the
light intensities reduced plant heights and thus in-
creased stem diameters; there was a positive curvilin-
ear relationship between stem diameter and tempera-
ture and a positive linear relationship between stem di-
ameter and light intensity in tomato; and low light in-
tensities yielded thinner stems [Uzun 2001, Kandemir
2005]. Current findings were similar to ones reported
by those researchers. In order to obtain high yield, it
is necessary to start production with seedlings of suf-
ficient plant height and high stem diameter [Ozer and
Kandemir 2016, Ozer 2018]. In our study, the signifi-
cant effects of the balanced relationship between light
and temperature on seedling quality were determined.
As a result, the seedling will be estimated with the
model we have obtained and the producers will start
production with high-quality seedlings.

Multi-regression analyses for the relationships of
plant total dry weights (g) with temperature (°C) and
light intensity (MJ m™ day') revealed the following
equation:

182

TDWP =-0.695 + 0.114*L + 0.092*S —

—0.0032*T2 —-0.0006*T*L2 + 0.00026*L*T2  (6)

SE  (0.349)* (0.02)*** (0.045)* (0.0015)*
(0.00015)*** (0.0001)**

12 = 0.81 %%

where: TDWP — total dry weight of plant (g), T — daily
mean temperature (°C), L — daily average light inten-
sity (MJ m2 day '), SE — standard errors.

Total dry weight of the plants (TDWP) was at the
lowest level under high temperature-low light inten-
sity conditions. A curvilinear increase was observed
in TDWP values with increasing temperatures and
light intensities. However, a rapid curvilinear decrease
was observed at temperatures above 18°C. The cur-
vilinear increase was observed in TDWP values with
increasing light and decreasing temperature values.
A significantly high relationship was observed
between the number of days obtained in this study
with regard to total dry weight (g) of tomato seed-

https://czasopisma.up.lublin.pl/index.php/asphc
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lings and the estimated total dry weight of plants with
Equation 6 (P <0.001) (Fig. 6).

Light has important effects on photosynthesis and
plant morphology. Less dry matter accumulations un-
der low light intensity conditions were reported by
several researchers [Cockshull et al. 1992, Uzun 1996,
Kandemir 2005]. Photosynthetic efficiency is influenced
by air temperature and there is an optimum tempera-
ture for each plant species. Grimstadt and Frimanslund
[1993] reported increased dry matter accumulation in
tomato and cucumber plants with the increase of tem-
perature from 17°C to 27°C. Kiirkli [1994] reported
that temperature increase between 14-32°C intensi-
fies the dry matter accumulation in aubergine curvilin-
early. Similar results were observed in current study.
A relationship was observed in this study between tem-
perature and light. It was also observed that a balanced
increase in temperature and light intensity significantly
increased total plant dry weights.

To determine the number of days from sowing to
seedling plantation (seedling planting time — SPT),
the model developed by Uzun et al. [2001] calculating
the number of days from sowing to seedling emergence

https://czasopisma.up.lublin.pl/index.php/asphc

(D=a—b*T + ¢*T?) was used

where: D — seedling emergence time (day), T — dai-
ly mean temperature (°C), A — fixed value for tomato
(62.42), B — fixed value for tomato (3.97), C — fixed
value for tomato (0.068).

The number of days calculated with this model
should be added to the number of days from emer-
gence to seedling plantation (the stage with four true
leaves) determined with the current models. The fol-
lowing equation (Equation 7) was obtained for tomato
in this study:

SPT = [(62.42 —3.97*T + 0.068*T2) +
+(370.82 — 34.7*T + 0.96*T2 —

~ 0.03*L*T2 + 0.038*T*L2)] (7)

12 = (.92

where: SPT — seedling planting time (day), T — daily
mean temperature (°C), L — daily average light inten-
sity (MJ m2day!), SE — standard errors.
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Under different light intensities, a curvilinear de-
crease was observed in SPT values with increasing
temperatures until a certain temperature and subse-
quent increase was observed after a certain tempera-
ture based on light intensity. The temperatures, at
which SPT started to increase was between 18 and
22°C under low light intensity conditions and between
22 and 26°C under high light intensity conditions.
Significantly high relationship was observed between
the number of days obtained in this study with regard
to the number of days from sowing of tomato seed-
lings to the plantation and the estimated number of
days with Equation 7 (P < 0.001) (Fig. 7).

CONCLUSIONS

Current findings were used to determine and model
the number of days from sowing to seedling planta-
tion (SPT) to be used in organic tomato seedlings pro-
duction based on variations in temperature and light
intensity. These models may provide significant con-
tributions in organic seedling production planning of
seedling producers.

Mathematical expressions of the relationships be-
tween seedling quality parameters and environmental
conditions (temperature and light) may provide sig-
nificant advantages in quality seedling production.
Because of good balance between temperature and
light, it was determined that seedlings increased their
total dry weight, stomatal conductivity and leaf chlo-
rophyll content. With the use of quality seedlings,
higher quality productions will be possible and resul-
tant plants will be more resistant to pests and diseases.
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