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Abstract: Lettuce is the most widely consumed leafy vegetable in the world. Its quality
and yield depend highly on the growing conditions, including the growing substrate. Peat
is commonly used as a growing substrate, but there is an increasing interest in finding
alternatives to reduce peat usage. One potential alternative is vermicompost, and this
study aims to investigate the impact of vermicompost as an additive to a peat substrate on
the quality of lettuce seedlings and yield. This research was carried out in a greenhouse
covered with a polymer film at the Institute of Horticulture of the Lithuanian Agricultural
and Forestry Research Center. Lettuce seedlings were grown in peat with varying amounts
of vermicompost (0%, 10%, 20%, 30%, 40%, or 50% vermicompost). Various parameters
such as lettuce growth, biometric data, the content of pigments in the leaves, and the
accumulation of elements (N, P, K, Ca, Mg) were evaluated. The addition of vermicompost,
regardless of its amount, significantly increased plant height (from 7.5 cm in control up
to 10.9-11.3 cm with vermicompost), the number of leaves (up to 4.2-4.6), the leaf area
(up to 107-131 cm?), and the percentage of dry matter accumulation (up to 6.4-7.5%).
Vermicompost also had a positive effect on photosynthesis, resulting in higher yields and
a better quality of lettuce. The summarized research results demonstrate the potential of
using vermicompost in the production of high-quality lettuce.

Keywords: lettuce; mineral elements; net assimilation rate; vermicompost; yield

1. Introduction

Lettuce (Lactuca sativa L.) is recognized as the most widely consumed leafy vegetable
globally. Its popularity can be attributed to its capacity to thrive in diverse climate zones
and its adaptability to various growing systems, both indoors and outdoors. Lettuce can be
cultivated in greenhouses, open fields, hydroponic systems, aeroponic setups, and various
substrates [1-4]. Additionally, lettuce is valued for its beneficial chemical composition.
This leafy green is an exceptional source of vitamins A, C, and K, as well as provitamin
A, beta-carotene, folic acid, and iron. Furthermore, it serves as a significant source of
dietary fiber [5-7]. The integration of lettuce’s numerous valuable properties with its
swift growth rate renders it a particularly advantageous plant in both agricultural and
nutritional contexts.

However, the quality and yield of lettuce are significantly influenced by the choice of
growing substrate. There is currently a wide variety of growing media available, making
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it challenging to choose the most suitable option. Peat is a commonly used substrate;
however, due to the degradation of peatlands and the importance of their restoration,
there is increasing interest in finding alternatives to limit peat usage [8,9]. To reduce peat
consumption, researchers are looking for sustainable and organic materials that can serve
as effective replacements [10-12]. Studies of lettuce cultivation in different substrates
(peat, coconut, zeolite, sand mixtures, etc.) by other scientists have yielded various results
on the variation in lettuce growth parameters. The selection of an appropriate substrate
composition is essential for improving the quality of lettuce [13].

One potential alternative is vermicompost. Vermicompost is a nutrient-rich or-
ganic amendment that provides essential nutrients in a form that is readily accessible
to plants [12,14,15]. Vermicompost is characterized by its slow-release capabilities, which
significantly minimize nutrient loss compared to conventional fertilizers [16]. Research
findings demonstrate that vermicompost typically contains an average of 1.5 to 2.2% ni-
trogen (N), 1.8 to 2.2% phosphorus (P), and 1.0 to 1.5% potassium (K). Furthermore, the
organic carbon content ranges from 9.15% to 17.98%, accompanied by varying concentra-
tions of numerous micronutrients [17,18]. Research indicates that the supplementation
of vermicompost can enhance the quality of lettuce seedlings; however, findings demon-
strate variability in the levels of vermicompost required to achieve statistically significant
results [19,20].

To maximize the potential benefits of vermicompost, it is crucial to determine the most
effective vermicompost additive to a peat substrate. This understanding will enable us to
achieve high-quality, efficient yields while minimizing investment costs. Thus, this study
aims to investigate the impact of vermicompost as an additive to a peat substrate on the
quality of lettuce seedlings and yield.

2. Materials and Methods

The investigations were carried out at the Institute of Horticulture, Lithuanian Re-
search Centre for Agriculture and Forestry (55°60" N, 23°48’ E), Babtai, Lithuania. Let-
tuce (Lactuca sativa) was grown in a greenhouse in soil. The day/night temperatures of
23 +2/16 £ 2 °C and relative air humidity of 70 £ 10% were maintained. The investigation
object was the variety ‘Grand Rapids’. The lettuces were sown at the end of March. Lettuce
seeds were sown directly into trays (64 cells) filled with a substrate. Different substrates
were investigated: peat (Profi 1, Durpeta, Lithuania), peat + 10% vermicompost (P + 10%),
peat + 20% vermicompost (P + 20%), peat + 30% vermicompost (P + 30%), peat + 40%
vermicompost (P + 40%), and peat + 50% vermicompost (P + 50%). Peat was characterized
as follows: pHg; 5.3-5.5, electrical conductivity (EC) 1.2 mS/cm, nitrogen (N) 0.018%, total
phosphorus (P,Os) 0.005%, total potassium (K,0O) 0.012%. Vermicompost was characterized
as follows: pHgcy 5.5-6.5, electrical conductivity (EC) 1.0 mS/cm, organic matter 88%, total
nitrogen (N) 0.2%, total phosphorus (P,Os) 0.02%, total potassium (K,O) 0.06%. Lettuce
was watered as needed to maintain soil moisture at about 70-75% FWC. At the beginning
of May, the seedlings were transplanted in the greenhouse, all into the same soil, according
to a planting scheme of 20 x 15 cm. Three replications were performed in a randomized
block design.

The biometrical observations were carried out at the end of the seedling growth—30 days
after sowing. The seedling height was measured to the tip of the youngest leaf. The
leaf area of the seedlings was measured by a “WinDias” leaf area meter (Delta-T Devices
Ltd. Co-operative company, Cambridge, UK). These measurements were performed in
ten replicates (n = 10). To determine the dry matter content in lettuce leaves, they were
dried in a drying oven (Venticell, MBT, 2, Brno, Czech Republik) at 105 °C for 24 h. The
measurements were performed in four replicates (n = 4).
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Chlorophyll a and b and total carotenoid content were determined by the modified
spectrophotometric method of Hu et al. [21]. Lettuce extract was prepared in 80% ethanol
in a fridge at 4 °C. Centrifugated samples were measured at 470 nm, 645 nm, and 662 nm.
The results were calculated according to the following formulas [22]:

Chla=11.75 x (662 nm) — 2.35 x (645 nm)

Chlb =18.61 x (645 nm) — 3.96 x (662 nm)
Car (xanthopyll + carotenes) = (1000 x (470 nm) —2.27 x (Chl a) — 81.4 x (Chlb)/227

The net assimilation rate (NAR) of a plant is defined as its growth rate per unit leaf
area for any given period (day). It was calculated as follows:

NAR (g em™2 d™) = (1/LA) (dW/db),

where LA is leaf area (cm?) and dW/dt is the change in plant dry mass per unit time.

The mineral element content was determined in plant leaves. The total nitrogen
in plant leaves was determined by the Kjeldahl method; phosphorus, calorimetrically;
potassium, by the flame photometric method; and calcium and magnesium, by atomic
absorption spectrometric methods.

MS Excel Version 2010 and XLStat 2022 Data Analysis and Statistical Solution for
Microsoft Excel (Addinsoft, Paris, France) statistical software were used for data processing.
Analysis of variance (ANOVA) was carried out along with the Tukey multiple comparisons
test for statistical analyses, p < 0.05. In the absence of significant differences between years,
the average of the two years is given.

3. Results

Vermicompost significantly increased lettuce growth (Table 1). Plant height and leaf
number increased by 41-55% and 6.8-16.6%, respectively, regardless of the amount of
vermicompost. At the same time, lettuce grown with vermicompost accumulated up to
21.5-45.1% higher content of dry matter compared to lettuce grown in a peat substrate. At
the same time, vermicompost increased the leaf area; the highest leaf area was determined
in treatments with 20% vermicompost, and it was 42% higher compared to the leaf area in
the treatments with peat without vermicompost.

Table 1. The effect of vermicompost on lettuce growth. The data were processed using a one-way
analysis of variance (ANOVA) and the Tukey (HSD) test at the confidence level p = 0.05. The different
letters in blocks indicate significant differences.

Plant Height, Dry Matter, Number of Leaves, Leaf Area,
cm % Unit cm?
Peat 7.36 + 047 b 517 + 007 e 397 + 009 b 999 + 13.6 d
P+ 10% 1143 + 150 a 6.28 + 009 d 4.24 + 016 a 1221 4+ 245 Db
P +20% 1126 + 044 a 750 + 001 a 4.28 + 014 a 1412 4+ 283 a
P + 30% 1127 + 011 a 721 + 0.05 ab 4.63 + 023 a 1304 + 258 b
P + 40% 1041 £ 054 a 6.88 + 022 bc 4.25 + 012 a 1047 + 172 ¢
P + 50% 1126 + 032 a 6.59 + 050 «d 4.33 + 014 a 1167 £+ 262 ¢

The addition of vermicompost to peat significantly affected the pigment content of
lettuce leaves (Figure 1). The addition of vermicompost significantly increased the chloro-
phyll a and carotenoid content, independent of the amount of vermicompost (Figure 1a,c).
With the addition of vermicompost to a peat substrate, the chlorophyll a content increased
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17-24% and the carotenoid content increased 15-38% compared to peat. Meanwhile, 10%
and 40% vermicompost addition decreased chlorophyll b (Figure 1b).
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Figure 1. The effects of vermicompost on the pigment (chlorophyll a (a), chlorophyll b (b), carotenoids
(c)) changes in lettuce leaves. The data were processed using a one-way analysis of variance (ANOVA)
and the Tukey (HSD) test at the confidence level p = 0.05. Different letters indicate significant
differences between treatments.

Incorporating vermicompost into a peat substrate significantly enhanced the nitrogen,
potassium, phosphorus, and magnesium levels in lettuce leaves, regardless of the quantity
of vermicompost used (Figure 2). Compared to lettuce grown in a peat substrate, the
amount of nitrogen in lettuce increased up to 24-31% (Figure 2a); potassium, up to 31-33%
(Figure 2b); phosphorus, up to 63-64% (Figure 2c); and magnesium, up to 2-8% (Figure 2d).
Meanwhile, a decreasing trend was observed for calcium with increasing vermicompost
content. Adding 40% and 50% vermicompost significantly decreased the calcium content
to 5 and 11%, respectively, compared to lettuce grown on a peat substrate (Figure 2e).
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Biol. Life Sci. Forum 2025, 41,7

50f9

©c o 9
=~ U1 o

&
o o
N

Net assimilation rate,
cm2 d-!
(@]
(O8]

o

0.8
a a a
ab

o 06 b .
j<I9)
g
g 04
i
9
S 02

0

(e) Peat  P+10%  P+20%  P+30%  P+40%  P+50%

Figure 2. The effects of vermicompost on the accumulation of the elements in lettuce leaves. The
data were processed using a one-way analysis of variance (ANOVA) and the Tukey (HSD) test at the
confidence level p = 0.05. Different letters indicate significant differences between treatments.

The application of vermicompost has demonstrated a significant positive impact on
the photosynthetic system of lettuce (Figure 3). Specifically, the incorporation of 10% ver-
micompost resulted in a higher enhancement of photosynthetic activity, with an increased
assimilation rate of up to 12% compared to lettuce cultivated on a peat substrate.

a
C I b b ab b

Peat P+10% P+20% P+30% P+40% P+50%

Figure 3. The effects of vermicompost on the net assimilation rate in lettuce leaves. The data were
processed using a one-way analysis of variance (ANOVA) and the Tukey (HSD) test at the confidence
level p = 0.05. Different letters indicate significant differences between treatments.

Vermicompost had a significant positive impact on lettuce yield (Figure 4). The
addition of vermicompost to the growing substrate resulted in larger lettuce heads, with
an average weight increase of 26% to 46% compared to those grown in a peat substrate
(Figure 4a). When examining the yield per square meter, lettuce production increased
from 1.42 kg to between 1.79 kg and 2.0 kg per square meter, regardless of the amount of
vermicompost used (Figure 4b).

Following an analysis of the indicators studied through principal component analysis,
it is evident that the treatments were categorized into three distinct groups (Figure 5). The
peat substrate was delineated from all treatments incorporating vermicompost, suggesting
that the inclusion of vermicompost yields significant enhancements compared to peat alone.
Additionally, the treatments with 20% and 30% vermicompost were classified into one
group, while those with 10%, 40%, and 50% vermicompost formed another group.
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Figure 4. The effects of vermicompost on the lettuce size (a) and yield (b). The data were processed
using a one-way analysis of variance (ANOVA) and the Tukey (HSD) test at the confidence level
p = 0.05. Different letters indicate significant differences between treatments.
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Figure 5. Principal component analysis (PCA) of the vermicompost effect on the quality of lettuce
seedlings and plant productivity.

4. Discussion

Lettuce is commonly used as a model plant for various studies because of its rapid
growth and strong response to different environmental factors. Additionally, lettuce plays
a significant role in the human diet, making research on it crucial not only for quickly
verifying the effectiveness of tested methods but also for discovering ways to enhance
its quality.

Research has demonstrated the potential of vermicompost in promoting lettuce growth,
with some studies suggesting that an addition of 40% to 50% vermicompost may be
necessary to achieve beneficial outcomes [13,19,20]. In contrast, the results of our study
indicate that the addition of as little as 10% vermicompost can result in increased plant
height and leaf production (Table 1). Moreover, lettuce cultivated in a substrate with a 20%
vermicompost addition exhibited the highest accumulation of dry matter and the largest leaf
size (Table 1). These findings illustrate that even a modest addition of vermicompost to a
peat substrate can effectively stimulate the growth of lettuce. The amount of vermicompost
needed to achieve significant results may vary depending on the composition of the
vermicompost, the lettuce variety, and the growing conditions. The other two studies used
oakleaf lettuce, which may have a different nutrient uptake than the “Grand Rapids” lettuce
studied in our experiment [17,18]. Furthermore, in our study, vermicompost was used
mixed with a peat substrate. Meanwhile, in the other study discussed, a mixture of coconut,
zeolite, and sand was used instead of a peat substrate [11]. Such results highlight the
importance of studies not only under different conditions but also with different varieties.
Vermicompost has demonstrated significant efficacy in enhancing the growth of lettuce in
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outdoor cultivation. The incorporation of vermicompost as a soil amendment facilitates the
development of larger and more vigorous lettuce plants [23].

Previous studies involving cucumber seedlings have shown significant success in
enhancing the plant’s photosynthetic mechanisms [24]. In contrast, research on strawberry
plants has not demonstrated a notable effect on leaf pigments [25]. However, our findings
indicate that supplementing the substrate with vermicompost results in increased chloro-
phyll concentration in the leaves of treated plants (Figure 1). This enhancement promotes
a more active photosynthetic process and improves light utilization efficiency (Figure 3).
Additionally, there is a marked increase in carotenoid levels within lettuce, which not
only encourages healthier plant growth but also boosts its nutritional value for human
consumption (Figure 1). The increase in carotenoid content (as well as chlorophyll a) in
lettuce between different vermicompost additives differed slightly. Thus, as with biometric
indicators, the content of pigments also indicates that only 10% vermicompost is sufficient
to achieve significant efficiency.

Elements significantly influence the quality of lettuce. Our research indicates that the
incorporation of vermicompost enhances the accumulation of essential elements, specifi-
cally phosphorus, potassium, and magnesium, in lettuce (Figure 2). This finding is corrobo-
rated by studies conducted by other researchers [20,26]. However, other researchers did not
find a significant effect on elements in lettuce [23]. Meanwhile, our investigations revealed
that the inclusion of 30% or more vermicompost results in a reduction in calcium content
in the leaves of lettuce (Figure 2). In contrast, the addition of 10% and 20% vermicompost
to the growing substrate facilitated the enrichment of lettuce with greater quantities of
certain elements, while minimizing the decline of others, notably calcium. The absorption
of elements is greatly influenced by their amount in the substrate, especially when sup-
plemented with vermicompost. High amounts of one element can block the absorption of
others [27]. In our experiment, a reduced application of vermicompost may have facilitated
a higher capacity for nutrient absorption while minimizing the potential for blockages.

When cultivating lettuce, it is essential to consider both its nutritional value and its
yield. Growers and consumers prioritize the production of large, aesthetically pleasing
lettuce. For growers, attaining the highest yield per unit area is particularly important.
Our research indicates that the incorporation of vermicompost substantially enhances both
the size of the lettuce and the yield per unit area (Figure 4). Scientific studies suggest
that the application of 300 kg of vermicompost per decare can effectively compete with
conventional fertilizers while producing commendable lettuce yields [28]. Upon evaluating
the yield of lettuce, it was determined that there were no significant differences between the
additions of 10% to 50% vermicompost in terms of yield per square meter. However, the
treatments involving 30% and 50% vermicompost demonstrated a statistically significant
increase in the size of the lettuce compared to the other treatments (Figure 4). In comparing
our research data with those of other researchers, we can conclude that vermicompost
holds significant potential for enhancing both the yield and size of lettuce. Nonetheless, it
is crucial to identify the optimal application rate of vermicompost.

5. Conclusions

Upon evaluating all results, it is advisable to incorporate 20% vermicompost when
cultivating lettuce seedlings. This optimal quantity enhances the quality of the lettuce
and contributes to a higher yield. Increasing the proportion of vermicompost beyond this
recommended amount elevates cultivation costs without yielding significant improvements
in quality or yield efficacy.
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