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Abstract: Anaerobic digestate has been commonly used for the cultivation of vegetable seedlings
and as one of the measures for improving the peat substrate. Studies have shown that there is no
further research made about the effect of anaerobic digestate on greenhouse vegetable seedlings.
The main objective was to investigate the effect of the additional insertion of different rates of solid
grain waste digestate in the peat substrate on tomato seedling quality. The results showed that 10
% of solid grain waste digestate (peat-digestate) application with transplanted seedlings had better
biometrical measures and photosynthetic parameters of tomato seedlings compared with the con-
trol variant.
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1. Introduction

The cultivation of qualitative vegetable seedlings is important in agriculture because
planting healthy seedlings not only reduces the use of pesticides and chemical fertilizers
but also ensures a higher vegetable yield [1]. The quality of vegetable seedlings is charac-
terized by morphological features, physiological and biochemical indicators [2]. The mor-
phological characteristics of quality greenhouse plant seedlings are not elongated, are
compact, with short internodes, dark green leaves, and roots are white, and intact, cover-
ing the entire peat substrate in the pot. Many factors can affect the quality of seedlings,
such as light, temperature, humidity, fertilizers, substrate, etc. [3]. Studies have shown
that the best and most sustainable way to use various biological wastes is to turn them
into organic fertilizers. In recent years, the use of biosubstrate (digestate) obtained during
the biogas and bioethanol production process in agriculture, has been increasing. Biogas
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2.1. Research Conditions

The investigation was carried out at the Institute of Horticulture, Lithuanian Re-
search Centre for Agriculture and Forestry in unheated greenhouses covered with a dou-
ble polymer film. Two factors were investigated: seedlings establishment method (trans-
planted and direct sowed in the pod seedlings) and different substrates: control (peat,
Profi 1), peat +10% peat-digestate, peat+20% peat-digestate. The transplanted tomatoes
were sown in the middle of February and direct sowed in the pod seedlings—at the end of
February, both were kept under the same conditions in a heated nursery. The plants were
watered when necessary. The seedlings were cultivated for 60 days. The investigation ob-
ject was the variant “Brooklyn H”. At the beginning of May, the seedlings were trans-
ported to unheated greenhouses. Three replications were done in a randomized block de-
sign.

Control [

Figure 1. Tomato seedlings grown in solid grain waste digestate (peat-digestate) and peat sub-
strate’s mixtures: control (peat), peat +10% peat-digestate, peat+20% peat-digestate.

2.2. Biometric Measurements

The biometrical measurements were carried out at the seedling full development. The
seedling height was measured to the tip of the youngest leaf. The leaf area of seedlings
was measured by “WinDias” leaf area meter (Delta-T Devices Ltd., UK).

2.3. Non-Destructive Measurements

Non-destructive measurements of leaf chlorophyll (CHL), nitrogen balance (NBI)
and flavanoid (FL) indexes were performed using the Dualex 4 Scientific® (FORCE-A, Or-
say, France) meter. Tomoto seedlings leaf, stem, roots and all plant fresh mass was also
evaluted by calculating their weight (g) [8-10].

2.4. Determination of Photosynthetic Parameters

Photosynthetic rate (Pr, pmol CO2 m=s), transpiration rate (Tr, mmol H20 m2s),
stomatal conductance (gs, mol H2O m=2s™), intercellular to ambient CO:2 concentration
(Gi/Ca) was determined 9:00-11:00 am by using an LI-6400XT portable open flow gas
exchange system (Li-COR 6400XT Biosciences, Lincoln, USA). For measurements were
chosen two most developed leafs from the plant, tree plants were measured for one
minute. Reference air [CO2] (400 umol mol), light intensity (1000 pmol m=2 s'), and the
flow rate of gas pump (500 mmol s™') were set [11].

2.5. Statistical Analysis

Research data was performed using a two-factor analysis of variance (ANOVA) us-
ing the computer program STATISTICA (STATISTICA 10) for statistical and data analysis
[12]. The data presented as the mean of three replicates (n = 3) linked to the sampling
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points. The statistical reliability of the differences between means assessed by Tukey’s
significant difference test (p < 0.05).

3. Results and Discussion

Table 1. The effect of solid grain waste digestate (peat-digestate) and peat substrate’s mixture on
biometric parameters of tomato seedlings.

Plant height, Hypocotyl lenght, Stem diameter, Number of Leaf area,

Treatment .
cm cm mm leaves, unit cm?
Direct seeding
(Control/Peat substrate) 24.50d 3.40b 4.37¢ 5.27a 189.01d
Peat + 10% peat-digestate 19.20a 2.90ab 3.77a 4.40d 97.04b
Peat + 20% peat-digestate 12.67¢c 2.73ab 2.70b 3.80c 29.51a
Transplanting
(Control /Peat substrate) 40.30b 1.63c 5.90e 7.33b 667.56e
Peat + 10% peat-digestate 38.67b 2.40a 5.37d 7.50b 699.04f
Peat + 20% peat-digestate 18.47a 1.47¢ 3.73a 5.67a 177.63c

Means with different letters are significantly different at the p < 0.05 level according to Tukey’s
significant difference test.

Solid grain waste digestate (peat-digestate) with peat substrate’s mixture and seed-
lings establishment method influenced the biometric parameters of the seedlings. The re-
sults showed that 10 % of peat-digestate application with transplanted seedlings had a sig-
nificant effect on plant height, leaf number, leaf area, and all plant fresh mass of tomato
seedlings compared with the control variant (Table 1). Comparing direct sowed in the pod
seedlings with transplanted seedlings significantly the largest area of leaves was formed
by transplanted seedlings. These transplanted seedlings were more developed, compact,
not elongated, and had significantly larger plant height.
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Figure 2. The effect of solid grain waste digestate (peat-digestate) and peat substrate’s mixture of
tomato seedlings Chlorophyll (A), Total flavonoid (B) and NBI indexes (B): DS Control — direct seed-
ing (Control/Peat); DS + 10%D - direct seeding + 10% peat-digestate; DS + 20%—direct seeding +20%
peat-digestate; TS—transplanting (Control /Peat); TS +10%D-transplanting + 10% peat-digestate; TS
+20%D-transplanting + 20% peat-digestate. Means with different letters are significantly different
at the p < 0.05 leve-1 according to Tukey’s significant difference test. Error bars showed in percent-
age.
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Figure 3. The effect of solid grain waste digestate and peat substrate’s mixture of tomato seedlings
fresh leaf, stem, root and all plant masses. DS Control-direct seeding (Control/Peat); DS + 10%D—
direct seeding + 10% peat-digestate; DS + 20%—direct seeding + 20% peat-digestate; TS-transplanting
(Control /Peat); TS +10%D-transplanting + 10% peat-digestate; TS +20%D-transplanting + 20% peat-
digestate. Means with different letters are significantly different at the p < 0.05 level according to
Tukey’s significant difference test. Error bars showed in percentage.

The transplanted control variant and 10 % solid grain waste digestate (peat-digestate)
with peat substrate mixture had 2.2-2.4 times higher fresh leaf mass compared with direct
sowed in the pod seedlings (Figure 3).

The chlorophyll and NBI index of transplanted tomato seedlings were much affected
by these substrates. The addition of more peat-digestate to the peat substrate increased the
chlorophyll index up to 10.5-21.1% in the seedlings compared to peat without it (Figure
2). NBl index in transplanted seedlings with 20% peat-digestate and peat mixture was 40.4
% higher comparing with other variants (Figure 2). The seedlings establishment method
had a significant an effect on seedlings, however, the total flavonoid content in tomato
seedlings had no significant difference (Figure 2).

Table 2. The effect of solid grain waste digestate and peat substrate’s mixture on photosynthetic
parameters of tomato seedlings.

Treatments

Photosynthetic ~ Stomatal con-  Intercellular Transpiration rate,
rate, ductance, COz2, (umol (Mmol
(umol CO2 m2s) (H20 mol m 2s') CO2 mol-) H:0 m=2s)

Direct seeding

(Control/Peat substrate) 7.18b 0.021a 166.76¢ 0.81a
Peat + 10% peat-digestate 5.62ab 0.014a 248.71a 0.58a
Peat + 20% peat-digestate 4.50a 0.011a 278.83ab 0.48a

Transplanting

(Control/Peat substrate) 9.73d 0.41d 339.74b 2.83c
Peat + 10% peat-digestate 14.77c 0.29¢ 288.54ab 2.36b
Peat + 20% peat-digestate 14.31c 0.22b 265.32a 1.93b

Means with different letters are significantly different at the p < 0.05 level according to Tukey’s
significant difference test.

The highest photosynthetic parameters were found in the leaves of transplanted
seedlings + 10% peat-digestate. The photosynthetic rate was up to 31.9-50.3 % increase and
intercellurar CO2 was 1.7 times higher compared with other experiment variants. Trans-
planted seedlings excelled in higher stomatal conductance (19.5-37.3 %) and 3.4- 6.9 times
better transpiration rate (Table 2).
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4. Conclusions

The insertion of solid grain waste digestate (peat-digestate) into the peat substrate
influenced the biometric parameters of tomato seedlings, their physiological parameters,
and non-destructive measures. Transplanted seedlings grown in peat-digestate were
higher, had more leaves and a larger leaf area, so as fresh all plant mass. The addition of
peat-digestate to the peat substrate resulted in better chlorophyll and nitrogen balance
index (NBI) parameters in the tomato seedlings. The positive effect of the mixture of peat-
digestate into peat substrate on photosynthetic parameters in the tomato seedling was
observed. The higher amount of peat-digestate in the peat increased the photosynthetic rate
and intercellular COz. Transplanted seedlings showed a significantly higher transpiration
rate and stomatal conductance increase in the leaves of seedlings. They, as well, formed
the best and showed the best results from all the experiment variants.
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