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Abstract
Leaf area index (LAI) values in plants affect photosynthesis and carbohydrate
production directly since it is a measure of photosynthetically active area and
the area where transpiration occurs. Leaf area index is an important parameter
required to determine plant water consumption by using climatic data and it is
especially used in the calculation of aerodynamic resistance. Leaf area index
varies depending on plant varieties and cultural practices and can be
determined directly and indirectly by various methods. In this study, it was
aimed to determine the LAI of four different crops (tomato, eggplant, cucumber
and pepper) grown in Antalya, where greenhouse cultivation is intensive,
depending on the cultural practices. The results showed that LAI was
significantly affected by cultural practices such as leaf pruning and climatic
differences. Leaf area index obtained from this study can be used to determine
the crop evapotranspiration and aerodynamic resistance of four different
plants grown under similar conditions.

1. Introduction
Leaf area index (LAI) is an important parameter
needed in studies such as plant nutrition,
competition between plants, soil-water relations,
evapotranspiration, photosynthesis, plant protection
measures, light reflection and heat transfer in crops
(Karaca, 2020). Watson (1947) defined the LAI as
the area of one-side green leaf tissue per unit area
of land covered by the crop. Leaf area index
determines the size of the crop-atmosphere
interface, thus it plays a key role in the energy and
mass exchange between the plant and the
atmosphere (Weiss et al., 2004; Aydinsakir and
Buyuktas, 2009). Changes in environmental
conditions and differences in cultural practices
affect leaf width and height, leaf number, yield and
quality (Baudoin et al., 2013). In contrast, the ratio
between leaf width and length is not affected by
these differences (Rolland-Lagan et al., 2014).
Leaf area index varies according to the
vegetation composition, stage of growth and

seasons. In addition, it shows a significant variation
due to the differences in growing conditions and
cultural practices (Zhao et al., 2012). In greenhouse
cultivation, cultural practices such as training,
removal of new side shoots, shoot apices and
leaves, leaf pruning, flower pruning and fruit pruning
are made in order to achieve higher yield and quality
per unit area (Tuzel, 2013). It is one of the most
recommended agricultural practices in order to
determine the number of the main stems that plants
will continue to grow and to ensure that their
development continues on these main branches, to
increase yield and to make more use of sunlight for
plants (Mendoza-Pérez et al., 2017).
There are various agricultural stereotyped
cultural practices in greenhouse cultivation in
Antalya. For example, in tomato plants, the leaves
under the fruit that are big enough are plucked in
order to make the fruit to color flushing faster. This
application starts at the root collar of the plant and
continues until it reaches the top of the plant.
Therefore, very few leaves are left in the plant near
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the removal of the plant (Ildır and Aktaş, 2018).
Similar cultural practices are performed in the
cucumber. The most important cultural practices
affecting the LAI in eggplant and pepper are the
number of branches left in the hang of string stage
and leaf pruning. Therefore, the LAI varies
regionally according to different cultural practices.
Greenhouse cultivation in Antalya are made on
an area of 77 209 ha. Greenhouse production
percentages can be expressed as 60% for tomato,
14% for cucumber, 11% for pepper, 4% for eggplant
and 11% for others (TUİK, 2020). Due to the high
contribution of greenhouse cultivation to the
national economy, many academic studies are
carried out. Leaf area index is needed especially in
experiments related to crop water requirement
(Karaca et al., 2018). In the FAO method (ETc = ETo
× kc), which is widely used in evapotranspiration
estimation, the regional calibration of the plant
coefficient (kc) is determined as a function of the LAI
(Allen et al., 1998). For this reason, leaf pruning
should be considered when determining the LAI.
Morever, the LAI is also needed to determine
aerodynamic resistance by dimensionless numbers
(Reynolds (Re), Grashof (Gr), Nusselt (Nu),
Rayleigh (Ra), Richardson (Ri), Prandtl (Pr),
Schmidt (Sc), Sherwood (Sh), and Lewis (Le)
(Stanghellini, 1987).
In this study, it was aimed to determine the
seasonal variation of LAI values of vegetables
(tomato, eggplant, pepper and cucumber)
commonly grown under greenhouse conditions
depending on the cultural practices in Antalya
region.

2. Materials and Methods
This experiment was carried out for two growing
seasons under the conditions of a lysimeter in a
plastic greenhouse at Akdeniz University
30°38'30"N - 30°39'45"E, Antalya-Turkey. The first
and second seasons of the experiment were
conducted from September 14, 2018 to February
21, 2019 and from March 01, 2019 to July 15, 2019,
respectively. Anıt F1 tomato, Ayda F1 cucumber,
Corsica F1 eggplant and Buket F1 pepper varieties,
which are suitable for both autumn and spring
cultivation in Antalya Region, were used as plant
material. The spacing between the rows, the
spacing along the rows of plants and the number of

plants in a parcel in the research are given in Table
1. These distances were chosen based on farmer
behaviours.
Lysimeter soil had a silty-clay-loam texture
(USDA, 1999) and irrigation water was in C2S1
(USSL, 1956) class. When 20% of the available soil
moisture in the upper 60 cm soil profile was
consumed, irrigation water was applied to bring the
existing moisture to the field capacity. Leaf area
(LA) was determined by a non-destructive method
based on leaf dimensions (Karaca, 2020). The LAI
of a plant canopy is defined as the one-sided green
leaf area per unit ground surface area and is
calculated as in Equation 1.
LAI=(LA×n)/A

(1)

Where; LAI is the leaf area index (cm 2 cm-2); LA
is the mean leaf area (cm 2); n is the number of
leaves; and A is the area (cm 2).
All cultural practices were made taking into
consideration the behaviour of the farmers. Leaf
width (W), length (L) and the number of leaves for
all plants were measured every 10 days during the
growing period. The values on the days when these
values were not measured were determined by
interpolation method.
In the present study, the tomato was grown on a
single central stem supported by a string when it
reached 40 cm. The plant was checked regularly
and new side shoots were removed from the plant.
Furthermore, shoot apices were removed from the
plant starting from the 8th fruit. Pepper and eggplant
were trained to three main stems. These stems
were supported by a string when it reached 40 cm.
All leaves, branches and shoots under the selected
stems were removed from the plant. The cucumber
was cultivated on a single main stem and when it
reached 30 cm in height, it was supported with a
string. For better plant growth, all fruits and shoots
up to 30 cm of plant height were removed from the
plant. Leaf pruning was performed according to Ildır
and Aktaş (2018) in tomato, MEGEP (2008b) in
eggplant, MEGEP (2008a) in pepper and MEGEP
(2007) in cucumber.
The soil was analyzed before planting for an
accurate fertilization program. Fertilization was
carried out by fertigation technique, considering the
soil analysis and the growth of the plants. Crop
water requirement was determined based on soil
and irrigation water was given by drip irrigation

Table 1. The spacing between the rows, the spacing along the rows of plants and the number of plants in a lysimeter parcel
in the research
Spacing between
Spacing along
Number of plants
Crop
the rows (cm)
the rows (cm)
in a parcel (5 m2 )
Tomato
50
60
15
Eggplant
50
100
10
Pepper
50
60
15
Cucumber
50
60
15
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system. The experiment was designed according to
randomized block design with 3 replications.

3. Results and Discussion
Leaf are index for different growing seasons for
tomato, eggplant, pepper and cucumber are given
in Figures 1, 2, 3 and 4, respectively.
Leaf area index in tomato plants in both growing
periods increased approximately until the 90 th day
after planting (DAP) (Figure 1). In the following
days, it was determined that the LAI gradually
decreased as a result of leaf pruning, which is one
of the most common cultural practices in this region.
The LAI of the tomato plant was approximately
1.5 m2 m-2 at the end of both growing periods while
the highest LAI in the fall and spring periods was 4.1
and 4.3 m2 m-2, respectively. Harmanto et al. (2005)
determined the LAI of cherry tomatoes under stressfree conditions stress-free conditions in greenhouse
as 4.0 m2 m-2, while Al Mamun Hossain et al. (2017)
obtained as 4.6 m2 m-2. Heuvelink et al. (2005)
reported that the maximum LAI of tomato grown in
the greenhouse was between 3.3 and 4.1 m2 m-2
and constantly changed during the season as a
result of leaf pruning. Similarly, Ambroszczyk et al.
(2008) stated that the LAI changed depending on
the leaf pruning application.
The LAI of the eggplant plant increased
continuously during the fall and spring periods and
were determined as 10.9 and 7.7 m2 m-2 at the end
of the growing periods, respectively (Figure 2).
Tripathi et al. (2015) reported that the LAI of the
eggplant irrigated with wastewater increased
continuously until the 100th-day DAP and reached
4.2 m2 m-2, and then the crops did not grow. Yıldırım
(2015) found that the LAI of the eggplant reached
the highest level (2.8 m2 m-2) on the 88th of DAP
under field conditions in a similar climate and it
decreased continuously until the 113th of DAP
(2.0 m2 m-2), which was the end of the growing
season. Karam et al. (2011) announced that the
maximum LAI of the eggplant varied approximately
between 6.0 and 7.0 m2 m-2 during the two growing
seasons and the LAI was constantly decreasing
near the plant removal. Contrary to the studies in
the literature, LAI of the eggplant showed an
increasing trend in our study. Passioura and Angus
(2010) declared that when vegetables were
exposed to water stress, their life cycles shortened
and physiological aging accelerated. Besides, since
eggplant is a perennial plant, if the plant does not
encounter stress, it continues to grow continuously.
Therefore, a higher LAI was obtained in the fall
period, when the growing period was longer than
the spring period.
Similar to the eggplant, the LAI of the pepper
increased continuously throughout the growing
periods and reached 3.2 m2 m-2 in the fall period
and 3.9 m2 m-2 in the spring period (Figure 3). Ta et
al. (2011) reported that the LAI of pepper in the rock

wool growing environment in the glasshouse
increased continuously from seedling to plant
removal and reached approximately 3.0 m2 m-2.
Moreno et al. (2003) obtained the highest LAI
(3.5 m2 m-2) from full irrigation in the study that
different irrigation levels were applied in field
conditions. On the other hand, Mendoza-Pérez et
al. (2017) found that the number of the main stem in
the plant also affected the LAI and the highest LAI
(2.8 m2 m-2) was obtained from the plants growing
on more than two main stems. Rubio et al. (2011)
obtained the highest LAI (3.2 m2 m-2) of the pepper
plant grown in different nutrient solutions at different
salinity levels and depending on the number of main
stems from the plant growing on three main stems.
In the present study, the pepper plant was cultivated
to be grown on three main stems, and the results
obtained are consistent with the literature.
When the LAI of the cucumber in both growing
seasons was examined, the LAI increased to
3.9 m2 m-2 until the 90th of DAP in the fall season,
and 7.5 m2 m-2 until the 120th of DAP in the spring
season (Figure 4). The differences in the fall and
spring seasons were due to the greenhouse
conditions and the cultural practices applied to the
plant. In the region, leaf pruning in the fall period is
more common than in the spring period. The most
important reason for this is to protect the plant from
fungal diseases caused by increased humidity and
to create an airy root zone. Morever, the humidity
inside the greenhouse increased significantly due to
the closing of the roof ventilation on rainy days. In
order to prevent this excessive moisture inside the
greenhouse from damaging the plants, more leaf
pruning was done in the fall seasons compared to
the spring season. As a result, the LAI in the fall
season was less than in the spring season. Al
Mamun Hossain et al. (2017) stated that the
maximum LAI of cucumber grown under conditions
without stress was 3.0 m2 m-2 during the 70-day
growing period. Nederhoff et al. (1988) announced
that the LAI oscillated during the season and the
maximum LAI was 3.5 m2 m-2. Similarly, in our
study, it was determined that the LAI of cucumber
went up and down in the fall season, while the
maximum LAI was 3.9 m2 m-2. There are important
differences between the LAI determined in the
spring period and the LAI found in the literature.
These differences were thought to occur due to the
greenhouse conditions and the length of the
growing period.
Yıldız (2018) determined the LAI of greenhouse
plants in the Mediterranean region based on the
plant growth stages [beginning (1), development
(2), middle (3) and last (4) periods] using the
method by Allen et al. (1998). The researcher
reported that the LAI in the 3rd and 4th growth stages
of the fall period was 3.2 and 2.9 m2 m-2 in tomato
and 3.3 and 3.0 m2 m-2 in cucumber, respectively.
In the spring season, the LAI of the crops in the 3 rd
and 4th development stages were 3.5 and 3.3 m2 m2 in tomato; 3.2 and 3.0 m 2 m-2 in eggplant; 3.1 and
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Figure 1. Seasonal change in leaf area index (LAI) for tomato

Figure 2. Seasonal change in leaf area index (LAI) for eggplant

Figure 3. Seasonal change in leaf area index (LAI) for pepper

Figure 4. Seasonal change in leaf area index (LAI) for cucumber
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3.0 m2 m-2 in pepper; 3.6 and 3.4 m2 m-2 in
cucumber, respectively. When the LAI was
examined, there were differences between our
study and Yıldız (2018). One of the most important
reasons for these differences was that Yıldız (2018)
determined the LAI by assuming no leaf pruning
practice. However, leaf pruning practice is widely
carried out by the growers in the region. In addition,
while in our study, models derived specifically for
the region and plant varieties were used to
determine the LA, Yıldız (2018) used models
previously developed for other regions. Differences
in the LAI occurred due to these reasons.
If we evaluate the seasonal changes of the LAI
of all plants, in general, it was determined that the
plant growth right after the planting seedlings at the
beginning of the spring season was slower
compared to the fall season. The reason for this was
the low temperature in this period and the lower
incoming solar energy compared to the other
season. In addition, the highest LAI in all crops was
observed in the spring season due to the suitable
climate conditions. When the results obtained from
this study and all the studies mentioned above were
evaluated in general, it was determined that the LAI
of the plants was affected by the greenhouse
conditions and various cultural practices.

4. Conclusion
In this study, seasonal variation of the LAI of
some vegetables commonly grown under
greenhouse conditions were investigated. It was
determined that the LAI was affected by cultural
practices. Since leaf pruning is a common practice
in greenhouse growing under Mediterranean
conditions, this cultural practice should be taken into
account in the methods developed to calculate the
change of LAI. Otherwise, methods based on the
LAI to calculate the crop coefficient will not be
calculated correctly and therefore the crop
evapotranspiration will be estimated incorrectly.
Leaf area index obtained from this study can be
used confidently in determining evapotranspiration
and aerodynamic resistance under similar
conditions.
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