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Abstract: The plastic tunnel can ensure a positive effect on the yield and
quality of vegetables. In our experiment, we evaluated the following types
and varieties of lettuce — heading type (‘Great Lakes 659’, ‘King of May’),
non-heading type (‘Lollo Rossa’, ‘Lollo Bionda’), and cos type (‘Romaine
lettuce’). The highest head weight was detected in ‘Great Lakes 659’ (373.97
g plant?) and ‘Romaine lettuce’ (266.79 g plant?) under an unheated plastic
tunnel in springtime. Higher nitrate content (565.0 mg kg?') was measured for
‘cos lettuce’, while lower values (425.50 mg kg') were measured for ‘Lollo
Bionda’. Among the varieties, one of the highest dry matter content was also
measured for ‘Great Lakes 659’ (8.52%). According to our results for lettuce
production, ‘Great Lakes 659’ was detected as having a higher yield and dry
matter content and a lower nitrate accumulation.

Keywords: spring, yield, nitrate, SPAD, NDVI

1. Introduction

Among the leafy vegetables, lettuce (Lactuca sativa L.) is the most important
commercial vegetable and has the highest consumption in the world. Due to its
high use in fast food, it is important for the grower to be able to produce lettuce of
good quality with high yields [1]. The worldwide processing of lettuce and chicory
is around 27 million tons, 73.7% of which being produced in Asia and 9.7% in
Europe. In addition, lettuce has been recognized as a major food for its vitamin,
mineral, and bioactive compounds such as phytochemicals (phenols, flavonoids,
and carotenoids) [2]. Therefore, it can be an important component of a balanced
diet. However, lettuce can accumulate a rather high amount of nitrate. This process
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depends on the nitrate content of the soil, light intensity during the growing
period, and genetic factors [3]. European countries have set acceptable levels for
nitrate accumulation in some vegetables (EU Limits for Nitrate, from Commission
Regulation (EU) No 1258/2011). The maximum nitrate accumulation limits in
fresh lettuce (Lactuca sativa L.) grown under cover and in open field, except for
iceberg lettuce, are the following: in the autumn (harvested from 1 October to 31
March) - for lettuce grown under cover 5,000 mg NO, kg* and in the open air 4,000
mg NO, kg; in the summer (harvested from 1 April to 30 September) — for lettuce
grown under cover 4,000 mg NO, kg* and in the open air 3,000 mg NO, kg™; for
the iceberg lettuce type grown under cover 2,500 mg NO, kg" while in the open
air 2,000 mg NO, kg [4]. In addition, a positive correlation between chlorophyll
and nitrate content in vegetables has been reported in some studies. Based on this
relationship, it is possible to determine the nitrogen status of plants using non-
destructive chlorophyll measuring instruments [5]. Some devices are suitable for
measuring the relative chlorophyll content such as the Minolta SPAD-502 device,
with which we can determine this parameter quickly and without destruction [6].

Determining the time of harvest is an important factor because early harvest
reduces yield and quality [7]. A wide range of physical parameters of the plants
is used to estimate the degree of ripeness: head length, head width, diameter, and
compactness. These parameters are used as a general maturation index [8].

In some studies, the measurement of NDVI has been used to estimate plant
biomass [9].

The leafy head is a major feature of leafy vegetables and consists of curved leaves
and these shapes’ ratio of diameter and height of the head (shape index) [10].

Our aim was to evaluate different lettuce species in spring cultivation and to
recommend the appropriate species based on their quality properties such as head
weight, shape index, nitrate accumulation, or dry matter content.

2. Materials and methods

The experiment was conducted in the Botanical and Exhibition Garden of the Farm
and Regional Research Institute at the University of Debrecen, under an unheated
plastic tunnel (in the springs of 2019 and 2020), on limestone chernozem soil.

For the evaluation, we examined two heading lettuces, i.e. crisphead (‘Great
Lakes 659’) and butterhead (‘King of May’). We also evaluated non-heading lettuces
(‘Lollo Bionda’, ‘Lollo Rossa’) and cos lettuce (‘Romaine lettuce’) in two growing
seasons.

The sowing was performed in 84-cell trays on 9 March 2019 and 12 March 2020.
During these periods, Previcur® Energy was applied at a dose of 3 ml m* against
damping off. In addition, it should be noted that conventional (non-coated) seed
was used in the first year and pelleted (coated) seed in the second year.
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The experiment design was a randomized block design with four replications. The
5-6-leaf seedlings were planted out in a 25 x 25 cm space on 9 April 2019 and 10 April
2020 under the unheated plastic tunnel. Three times during the vegetation period,
Ferticare (24:8:16 + 3.8 MgO + microelement) was used in 0.75% concentration. In
both years, the harvest was carried out two months after the planting date (23 May
2019; 21 May 2020). The measurement was realized for the following parameters:
leaf shape index (length/width), head shape index (height/diameter), and closing
of the base on the scale 1-5 (1 — open ... 5 — completely closed). Furthermore, we
measured the head weight (g per plant) and stem length (cm).

Measurement of photosynthesis activity:

— SPAD value (Minolta SPAD-502) — easy non-destructive measurement of the
chlorophyll content of plant leaves without damaging the leaves;

— NDVI value (Green Seeker Model 505) — can be used to monitor crop growth
and development.

Laboratory measurements:

— Total dry matter content (%) — it was determined after drying at 105 °C until
constant weight.

— Nitrate content (mg kg') - MSZ EN 12014-7:1999. Determination of nitrate and/
or nitrite content — Part 7: continuous flow method for the determination of
nitrate content of vegetables and vegetable products after Cadmium reduction.

Statistical analysis

Statistical analyses were performed using SPSS software (version 25). The data
were submitted for analysis of variance (ANOVA). The differences between the
data at a significance level of 5% (0.05) were determined by post-hoc Tukey’s test
(n = 20). Pearson’s correlation coefficient between some pairs of data was also
calculated. The correlation was significant at p < 0.05 and p < 0.01 levels (2-tailed).

Temperature and humidity data were measured at two characteristic times of
the growing period, in the morning (between 8 and 9 a.m.) and in the afternoon
(between 1 and 2 p.m.) in order to check the lower and higher temperature intervals
of the active photoperiodic phase. Nearly the same temperature values were
measured at the two-assimilation period in 2019 and 2020, as shown in Figure 1.

In the first year, the temperature was 16.53 + 5.88 °C in the morning and 27.48 +
4.23 °Cin the afternoon. In the second year, a slightly higher value was measured in
the morning (16.99 + 5.85 °C) and in the afternoon (28.82 + 4.42 °C). Furthermore,
in the first season, we measured a little higher humidity (a.m.: 64.67 + 9.27%;
p-m.: 41.56 + 7.99%) than in the second year (a.m.: 56.76 + 12.75%; p.m.: 34.29 =
9.42%). The optimum relative humidity is 70-75% for lettuce — at these values, the
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fastest growth rate is achieved. In our experiment, the lower humidity influenced
the lettuce development, by slowing it. Comparing the two growing seasons:
in 2019, there was less radiation (139.74
49.96 W m2), as shown in Figure 2. In the second year, higher light radiation may
have had a positive effect on lettuce development. In general, under better light

+ 58.86 W m?2) than in 2020 (176.97 +

conditions, lettuce improvement was faster.
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Figure 1. Temperature (°C) and humidity (%) data during the growing season in
2019 and 2020
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3. Results and discussions

One of the most important quality parameters of the fresh market is the head
weight of the lettuce. The length of the inner stem can determine the number of
leaves, which also affects the head weight.

Based on the data of the two years, we measured much higher head weight and
stem length values in the second growing season (Figure 3) due to the pelleted
seeds, which resulted improved transplants. In addition, during this period, the
light conditions were more favourable, which promoted better yield and head
weight value of the lettuce.

Basically, in 2019, a smaller stem length led to a smaller head weight, while in
2020 a larger stem length led to a higher head weight. Furthermore, concerning
the average of the two years, we found a strong correlation (r = 0.719) relationship
between head weight and stem length.

One study reported that butterhead lettuce harvested at the optimal maturity
stage had a fresh weight of 200-300 g head™ [8]. In our experiment, this head
weight was realized in both years. The highest head weight was measured among
the heading form varieties of ‘Great Lakes 659’, which was statistically proved.

Among the loose leaf varieties, we found higher head weight (178.56 + 12.71
g plant?; 276.12 + 23.04 g plant?) in ‘Lollo Bionda’. Researchers measured the
highest leaf weight (12.98 and 15.91 g) on days 107 and 114 after transplanting also
for iceberg lettuce when compared to butterhead (6.1 and 15.33 g) and romaine
lettuce (5.34 and 5.25 g) in autumn greenhouse cultivation [7].
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Figure 3. Relationship between lettuce head weight (g/plant) and stem length
(cm) in 2019 and 2020
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The lettuce with a closed base is mainly resistant to Botrytis sp. and sclerotic
infection. These pathogenic fungi infect hundreds of plant species around the
world. Sclerotia penetrate the plant and infect mostly through the lower senescent
leaves in contact with the soil. These fungi attack the lettuce at any stage of
development and in all parts of the plant. These pathogens cause great problems
in the world year after year, depending on the weather conditions and host plant.
Thus, growers often use large amounts of fungicide treatment against diseases [11].

The closing of the base of the lettuce was evaluated on a scale of 1 to 5. One (1)
indicates the open and five (5) the fully closed base. Basically, in the second year,
we found a well-closed base part for each lettuce, as shown in Fig 4. During the
experiment, it was established that the loose leaf type of lettuce (‘Lollo Bionda,
‘Lollo Rossa’) had a lower value for the closing of base than the heading type
varieties (‘Great Lakes 659’, ‘Romaine lettuce’, ‘King of May’). This result was
statistically proved in the two experimental years. The higher value of this
morphological parameter (closing of base) is favourable because these varieties
are less sensitive to soil-borne diseases.
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Figure 4. The closing of the base part of the lettuce (1-5 scale) in 2019 and 2020

In general, lettuce should be harvested when the heads are well-formed and firm.
The lettuce is graded by size and firmness, while non-heading lettuce is classified
only by size [12]. The shape index (height/diameter) can determine the possible
contact of the lower leaves with the soil. Varieties with upright leaves are more
suitable for growing because they can be less infected by fungal diseases. In cos
lettuce (‘Romaine lettuce’), a longer head and leaf shape index was detected in
both growing seasons (Figure 5). The ‘Lollo Bionda’ formed the typical flat-round
head (0.61 + 0.01).
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Researchers had detected that temperature and light intensity can determine
the shape index. The experiment with the iceberg lettuce cv. ‘Adam’ proved that
lower temperature and light intensity reduced the leaf shape index [13].

In our experiment, we measured a smaller leaf shape index (0.70 + 0.03) under
higher irradiation, while a larger leaf shape index (1.07 + 0.05) was detected under
lower irradiation for the iceberg lettuce cv ‘Great Lakes 659’.

A strong correlation relationship (r = 0.862) was observed between the measured
parameters concerning the average of the two years. Overall, a more compact head
was found in the second year.
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Figure 5. The relationship between lettuce head shape and leaf shape index in
2019 and 2020

Based on the NDVI value, we are able to provide information for the vegetation
cover of the growing area, which is possibly connected to yield.

The relationship between the NDVI value and the head shape index was
evaluated for 5 varieties (Figure 6). In the first year, a significant (r = 0.750) and
in the second year a strong (r = 0.950) correlation was detected between these
parameters. In both periods, a higher NDVI and head shape index was detected in
cos lettuce (‘Romaine lettuce’). For iceberg and butterhead lettuce, smaller head
shapes were measured in the second year; however, their head weight values were
higher, as the head structure became more compact in the second growing season.

Considering other environmental parameters to change the NDVI value: In a lettuce
test plant experiment, different irrigation levels were set, and the treatments were
determined based on the water holding capacity of the pots. During the development
of lettuces, higher NDVI values were measured with higher irrigation level [14].
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Figure 6. The relationship between lettuce head shape index and NDVI value in
2019 and 2020

Based on the SPAD value, we can also conclude the relative chlorophyll content
and the condition of the plants. Statistically, the highest SPAD value was detected
for ‘Romaine lettuce’ (42.87 + 1.61 SPAD) and iceberg lettuce (41.77 + 1.34 SPAD)
in both years (Figure 7). These genotypes also had more intense green leaves, which
are referred to as having higher chlorophyll content. While the lowest value (23.66 +
0.71 SPAD) of the non-head-forming ones was measured in ‘Lollo Bionda’, the leaf of
this variety also had a reduced green colour intensity. In one study, the SPAD value
of lettuces was evaluated at different nitrogen levels at an average temperature of
26 °C. A higher SPAD value (approx. 40-50) was observed at higher nitrogen values
(approx. 3.4-3.8%) [15].

In the case of lettuce, the increased (above-the-limit) nitrate content is one of the
quality-reducing parameters, which can be influenced by the variety, the growing
season, and the cultivation method. We also measured higher nitrate content for
the more intense green leaves than for the light green leaf varieties. However, these
values remained below the limit. In both years, the highest nitrate values were
measured in ‘Romaine lettuce’ (565.00 + 49.50 mg kg?') and ‘King of May’ (542.00
+31.11 mg kg"), as shown in Figure 8. Probably, these varieties are more sensitive
to nitrate accumulation. In the case of the other types, their average nitrate content
was 446.33 = 24.96 mg kg

Concerning the average of the two years, we found a medium correlation (r
= 0.540) between SPAD and nitrate content. In one study, the nitrate content of
lettuce (for fresh matter basis) was measured in greenhouse spring cultivation
(from 8 March to 6 April) on different days after transplanting. The highest value
was measured by the continuous supply of nutrients while the lowest when it
stopped 10 days before harvest [2].
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Figure 8. Nitrate content of different types of lettuce in 2019 and 2020

Dry matter content is an important aspect of the shelf life of vegetables. The
higher value can ensure the proper quality of vegetables without loss of quality. In
the two growing seasons, the highest dry matter content (9.52%) of the varieties
was measured in ‘Romaine lettuce’, as shown in Figure 9. In the second year, better
light conditions had a positive effect on the dry matter content of Lollo types. This
period resulted in a much higher increase in dry matter content for these varieties
compared to the other lettuce types.
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Figure 9. Dry matter content of different types of lettuce in 2019 and 2020

Considering other cultivation technology factors such as fertilization for the
development of dry matter content: It was found that the dry matter content of the
plants was lower (4.5%) where the nutrient level had never been reduced. However,
when the nutrient replenishments were stopped 10 days before the harvesting,
the lettuces had the highest (5.9%) dry matter content [2]. In our experiment, the
dry matter content was higher than those values.

4. Conclusions

During the growing season, light conditions can greatly influence the development
of the different lettuce types.

Our two-year experiment has proved that different morphological parameters
can influence the quality of lettuce. The spherical or oval shape of the head
(height/diameter) is preferable for growing because they are less sensitive to soil-
borne diseases. In our experiment, the iceberg lettuce ‘Great Lakes 659’ (among
the heading types) yielded better quality — higher head weight, dry matter, and
lower nitrate content. Among the non-heading types, ‘Lollo Bionda’ yielded better
quality: higher head weight, closed base, and a lower amount of nitrate.
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