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Abstract: The aim of the present study was to examine the potential ameliorative effects of biostim-
ulant application on lettuce plants grown under deficit irrigation conditions. For this purpose, we
evaluated the effect of five biostimulant products with varied composition (e.g., seaweed ex-
tractstmacronutrientstamino acids (SW); humic+fulvic acids (HF); Si + Ca (SiC); Si (Si); vegetable
proteins+amino acids (VP)) and the control treatment (no biostimulant added (NB)) on field grown
lettuce plants (Lactuca sativa L.: Romaine type cv. Doris) under deficit irrigation conditions (Control
treatment: rain-fed plants; I1: 50% of field capacity; 12: 100% of field capacity). The growth parame-
ters tested were plant weight (aerial part), number of leaves, fresh and dry weight of leaves, plant
height, leaf area index (LAI) and specific leaf area (SLA), and SPAD index. Our results indicate that
the biostimulant with seaweed extractstmacronutrients+amino acids (SW) combined with deficient
irrigation (I1) presented the highest values in terms of plant weight, leaf weight, LAI as well as the
chlorophyll content in lettuce plants. According to SPAD values, the biostimulants treatments per-
formed higher values of chlorophyll in the case of rain-fed plants compared to those that were fully
irrigated (I2). Also, the Si treatment presented the higher plant height under deficit irrigation (I1) as
also the greatest number of leaves. In general, all biostimulants showed a better response to deficit
irrigation and to rain-fed plants compared to those with full irrigation in almost all measurements.

Keywords: Lactuca sativa; seaweed extracts; humic and fulvic acids; silicon; amino acids; deficit ir-

rigation

1. Introduction

Considering global warming, one of the main abiotic factors that threaten agricul-
tural productivity is the progressive expansion of the water deficit in different areas of the
world. Water stress consitutes one of the most important factors limiting plant growth
and development [1]. A new innovative environmentally friendly approach is the appli-
cation of natural plant biostimulants (PBs) in various crops. These products are capable
to enhance flowering, plant growth, fruit set, crop productivity, and nutrient use effi-
ciency, especially under biotic and abiotic stressors [2,3]. There are several products avail-
able on the market that can be used as biostimulants in various crops [4]. According to du
Jardin [5] the main categories of biostimulants are products based on humic substances,
seaweed extracts, chitin and chitosan derivatives, antitranspirants, free amino-acids, N-
containing substances etc. In this context, the application of biostimulants could be con-
sidered as a good production strategy for obtaining high yield of nutritionally valuable
vegetables [6].

Lettuce is an important horticultural crop which is widely consumed in various salad
mixes. Therefore, its demand is constantly increasing since it contributes to the nutritional
requirements of human diet on a daily basis [7]. This is mainly due to the fact that lettuce
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is consumed fresh, meaning it retains most of its nutrients compared to other vegetables
that are cooked or processed prior to consumption. Also, the consumption of salads con-
sisting of young leaves (cotyledons or microgreens) or seedlings (baby leaf) has been gain-
ing popularity as a culinary trend [8]. In the present study, we evaluated the effect of five
biostimulant products with varied composition on plant growth and crop performance of
field grown lettuce plants (Lactuca sativa L.: Romaine type cv. Doris) under deficit irriga-
tion conditions.

2. Materials and Methods
2.1. Description of the Treatments and Experimental Design

The experiment took place during the spring-summer growing period of 2021, at the
experimental field of the University of Thessaly, in Velestino, Greece. Lettuce plants (Lac-
tuca sativa L.: Romaine type cv. Doris) were transplanted on April 1 7 weeks after sowing
stage of 3-5 true leaves), while harvest took place on May 27. The area of each experi-
mental plot was 2.5 m? and in each plot 34 plants were grown. The experimental layout
was designed according to the split-plot design (n = 3) considering irrigation as the main
plot and biostimulant application the sub-plot. The biostimulants studied included five
products with varied composition (e.g., Mixture of Plants and Seaweed extracts, Amino
Acids and Trace elements (SW), Humic & Fulvic Acids Balanced Solution (HF), 35% w/v
CaO and 35% w/v SiO2 + Calcium Utilization, Mobilization and Translocation Factor (SiC),
0,3% Stabilized Orthosilicic Acid (5i), Vegetable proteins and Amino acids: 11% Free L-
Amino Acids, 24% Short Chain peptides, 20% proteins (VP)) and the control treatment
(without addition of biostimulants (NB)). All the biostimulant products are experimental
formulations provided by Agrology S.A. (Thessaloniki, Greece). The biostimulants were
applied as follows: SiC: 1.5 L/acre Si and 100 cc/acre Ca, HF: 2 L/acre, SW: 100 cc/100 L, Si:
100 cc/10 L, VP: 300 cc/100 L. The irrigation regime included three treatments, namely the
control treatment: rain-fed plants (Control); I1: 50% of field capacity; 12: 100% of field ca-
pacity. Prior to transplanting the roots of plants were immersed in the corresponding bi-
ostimulants (Control plants were immersed in water). During the growing period, three
applications of biostimulants were carried out at 5, 15 and 25 days after transplanting,
except for the treatment of seaweed extracts+tmacronutrientstamino acids (SW) which ac-
cording to the application guide was not applied at 5 days. In addition, biostimulants HF
and SiC were applied directly to roots via fertigation while the rest of the formulations
were applied by foliar application.

2.2. Plant Sampling and Analyzed Parameters

The height of lettuce plants was recorded one day after each biostimulant applica-
tion. Harvest took place when plants reached the marketable size (about >300 g/head). At
the day of harvest, the tested growth parameters were plant weight (aerial part), number
of leaves, fresh and dry weight of leaves, leaf area index (LAI) and specific leaf area (SLA).
Dry weight was determined after drying at 72 °C until constant weight (approximately
after 72 h). Moreover, the measurements of plant height took place after the application
of biostimulants at 5, 15 and 25 days after the transplantation and the results are presented
in Figure 2. Chlorophyll’s content (SPAD index) was recorded before harvesting with the
use of portable SPAD-502 chlorophyll meter (Konica Minolta Inc., Osaka, Japan). For
SPAD determination, a measurement was made on one fully developed leaf (in the middle
of the lettuce head) and the measurement was repeated on ten plants from each treatment
and replication. The LAI values were determined in five lettuce plants with the LI-3100C
Area Meter (LI-COR Biosciences; Hellamco S.A., Athens, Greece) and then these values
were used to determine the SLA value using the formula: SLA =LAI/dry weight expressed
in m2.kg.
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2.3. Statistical Analysis

Statistical analysis was carried out with JMP v. 16.1 (SAS Institute Inc.). Before the
conduction of the statistical analysis, all data were examined for normal distribution ac-
cording to the Shaphiro-Wilk test. The results of the study are expressed as mean values
and standard deviations (SD). Data were analyzed using the two-way analysis of variance
(two-way ANOVA), while means were compared using the Tukey HSD-test at p = 0.05.

3. Results
Plant Biomass and Growth Parameters

The results regarding the plant height are presented in Table 1. According to these
results, slight differences in plant heights were recorded at first sampling date, while the
effect of biostimulant and irrigation treatments was more profound at the last sampling
date. In particular, a varied response was recorded with the highest values being recorded
for the Si at deficit irrigation conditions (Si x I1) and SiC x Control treatment. Table 1 pre-
sents the chlorophyll content (SPAD index) of leaves at harvest. SPAD values increased
when plants treated with vegetable proteins+tamino acids (VP) at rain-fed conditions or
seaweed extractstmacronutrientstamino acids (SW) at deficit irrigation (I1: 50% of field
capacity). Moreover, a noteworthy observation is that all biostimulants showed higher
content of chlorophyll under the rain-fed conditions (Control treatment) than full irriga-
tion (I12), while no significant differences from deficit irrigation where recorded. Regard-
ing the combination of irrigation and biostimulant treatments, a varied response was ob-
served with the application of SW under rain-fed conditions presenting the highest overall
values and the treatments of VP x IR2 the lowest ones.

Table 1. Plant height (cm) and SPAD index values of lettuce palnts at harvest.

Biostimulants Irrigation Plant Height (cm) SPAD Index
Control 28.7 £3.1 Aab 26.7 +1.5 Ab
NB IR.1 28.3+3.7 Aab 28.1+2.1 Aab
IR.2 26.9 + 3.1 Bbc 19.5+ 1.6 Bc
Control 29.3+1.3 Aab 31.3+1.2 Aab
SiC IR.1 24.0+2.2 Bc 28.9+ 1.5 Bab
IR.2 24.4+2.5Bc 20.5+1.5 Cc
Control 28.8+2.1 Aab 31.2+1.8 Aab
HF IR.1 28.1+2.6 Aab 254 +1.0Bb
IR.2 26.0 + 2.8 Bbc 24.6 +1.0 Bb
Control 27.7 + 3.0 Abc 27.3+1.2 Bab
SW IR.1 26.8 + 2.4 ABbc 33.3+1.2 Aa
IR.2 25.2+2.7 Bc 19.0+ 1.0 Cc
Control 247 +1.4 Bc 29.5+1.5 Aab
Si IR.1 30.1+3.1 Aa 29.9+1.0 Aab
IR.2 24.9 +2.5 Bc 19.7 +1.3 Bc
Control 27.6 +2.9 Abc 31.9+1.8 Aab
VP IR.1 28.1 +2.2 Aab 26.5+1.3 Bb
IR.2 25.7 +1.9 Bbc 14.9+2.0Cd

* Means in the same column of the same biostimulant treatment followed by different capital letters
are significantly different according to Tukey’s HSD test at p = 0.05. Means in the same column
followed by different letters are significantly different according to Tukey’s HSD test at p =0.05. SW:
algae extracts + macronutrients + amino acids; HF: humic + fulvic acids; SiC: Si + Ca, Si: Si, VP: plant
proteins + amino acids; NB: without addition of biostimulants. Control: rain-fed plants, I1: 50% of
field capacity; 12: 100% of field capacity.
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Plant growth parameters are presented in Table 1. Total plant weight, weight of
leaves and LAI were the highest in the half irrigation treatment (I1) for plants treated with
the SW treatment, whereas the number of leaves increased for the plants that received half
irrigation (I1) and Si. The highest dry matter content and SLA values were recorded for
plants that did not receive biostimulants under rain-fed or full irrigation (I12), respectively.
Comparing the weight of leaves and total plant weight for each biostimulant and irriga-
tion level, the results of HF, SW, Si as well as the NB treatment showed that deficit irriga-
tion resulted in higher weight of leaves and plants compared to the control and the full
irrigation treatment. Similar trends were recorded for the number of leaves and LAI val-
ues for the treatments of SW, S5i and NB under rain-fed conditions, indicating that plant
weight was higher due to the larger number of leaves. In contrast, rain-fed plants (Control
treatment) were the highest when treated with SiC or VP biostimulants. Dry matter con-
tent was the highest for rain-fed plants, regardless of the biostimulant treatment, except
for the case of VP treatment, where deficit irrigation resulted in the highest dry matter
content. Finally, SLA values where the highest for fully irrigated plants, regardless of the
biostimulant treatment, except for the case of VP treatment where rain-fed conditions in-
creased SLA.

Table 2. Growth parameters of lettuce plants in relation to irrigation regime and biostimulant ap-
plication (means + SD).

Biostimulants "I"l;'l:agta;::;t Plant Weight (g) Nl;r:alz;zof 1‘1 zl‘:g’;t ((; LAI (cm?) Dry (‘:)Zjlght SLA

Control ~ 402.7 +12.0 Bde 36+1Bh 2985+71Be 59054+173.6Bd 83+39Aa 26.8+1.2Cik

NB IR.1 437.4+10.6 Aab 42+14Acd 3624+69 Aab 6647.6+1083 Ab 5.0+03Bg 36.6+1.5Bc
IR.2 363.1+183Cf 36.8+1.6Bgh 284.8+59Bef 5209.1+1349Cfg 3.8+0.8Ck 51.1+1.6Aa

Control  429.1+12.8 Abc 43.6+1.3Bbc 346.6+185Ac 5997.0+129.7 Ad 7.4+0.7Ab 239+26Cl

SiC IR.1 3129+11.0Cik 44+18 Aab 257.8+139Chi 46309+198.6Bi 69+0.6Bc 27.8+29Bhi
IR2 3481+81Bgh 362+13Ch 2804+14.7Bfg 4808.8+109.0Bh 5.6+05Cf 32.1+19 Ade

Control 3921+104Be 454+1.6Aab 3225+92Bd 63755+120.8 Ac 6.6+0.6 Ad 31.0+1.0 Bef

HF IR.1 4389+14.2 Aab 37.6+1.0Cfg 3555+12.4 Abc 6472.7+193.1 Ac 62+0.4Be 30.0+1.6Bf
IR2 311.5+84Cik 42+18Bcd 253.0+87Chi 4813.7+163.3Bh 55+05Cf 35.3+2.0 Ac

Control  323.6+18.8Chi 41.2+22 Ade 2604+129Bhi 5176.5+198.0Bg 69+14Ac 29.5=+1.2Bfg
SW IR.1 460.5+104 Aa 426+19Ac 3793+80Aa 69288=+147.6 Aa 6.4+0.7Bd 28.8+1.9Bgh
IR.2 440.1+144Bab 372+16Bfg 3628+75Aab 6718.7+146.3 Aab 42+05Ci 445+19 Ab

Control ~ 3254+112Chi 432+18Bbc 267.5+6.4Bgh 5392.1+118.0Bf 8.1+17Aa 258+19Ck

Si IR.1 4512+128 Aa 468+1.0Aa 3573+73 Abc 6542.8+109.4 Abc 6.2+0.7Be 30.3+1.8Bf
IR.2 361.3+11.8Bfg 404+19Ce 2834+52Bef 51674+1249Bg 5.6+0.7Cf 33.1+17Ad

Control  417.9+19.1 Acd 412+1.6 Ade 3249+6.7Ad 5679.3+109.1Ae 45+1.7Ch 46.8+20Ab

VP IR1 381.3+13.8Bef 39.6+14Be 2973+99Be 51254+152.7Bg 69+0.4Ac 254+1.5Ck
IR.2 302.7+142Ck 374+110Cfg 245.6+1.0Ci 44953 +1058Ck 5.2+0.6Bg 36.1+1.4Bc

* Means in the same column of the same biostimulant treatment followed by different capital letters
are significantly different according to Tukey’s HSD test at p = 0.05. Means in the same column
followed by different letters are significantly different according to Tukey’s HSD test at p = 0.05. SW:
algae extracts + macronutrients + amino acids; HF: humic + fulvic acids; SiC: Si + Ca, Si: Si, VP: plant
proteins + amino acids; NB: without addition of biostimulants. Control: rain-fed plants, I1: 50% of
field capacity; 12: 100% of field capacity.

4. Discussion

Our results indicate that the biostimulant SW in combination with the deficit irriga-
tion (I1) gave the highest average in terms of plant weight, leaf weight, LAl as well as the
level of chlorophyll in the plants. It is interesting to highlight that in most biostimulants
(e.g., HF, SW, NB and VP) the application of full irrigation resulted in lower plant height
compared to the other irrigation treatments, which probably indicates that the applied
irrigation exceeded plant requirements resulting in stressful conditions. In addition, the
biostimulant with Si on deficit irrigation (I1) presented the higher plant height as also the
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greatest number of leaves. These results are consistent with other previous research which
suggested that Si through modification of plant water relation, stimulates cell division and
cell elongation, boosts plant immune system and enhances plant growth [9,10]. Similar
results were presented by Gofii et al. [16] who performed a pot experiment with tomato
plants and tested three commercial biostimulants that contained Ascophyllum nodosum ex-
tract under irrigation stress conditions. Their results showed that two of the three formu-
lations under reduced irrigation showed significantly higher chlorophyll content than un-
treated drought plants. According to Di Mola et al. [12], the application of seaweed ex-
tracts and protein hydrolysates significantly improved yield and LAI values of baby leaf
lettuce plants grown under greenhouse conditions. Moreover, the use of protein hydrol-
ysates or fertilizers containing peptides and amino acids significantly increased crop yield
and chlorophyll content through the stimulating effects on phyllosphere plant growth
promoting bacteria that consequently affect plant growth [13].

The biostimulant treatment with humic+fulvic acids (HF) recorded higher values in
IR1 in terms of plant weight, leaf weight and LAI values, compared to rain-fed and fully
irrigated plants, whereas the number of leaves and dry matter content increased under
rain-fed conditions. According to Hernandez et al. [14], the application of humates may
improve growth rate resulting in early harvesting of lettuce plants, while it can also in-
crease yields through the formation of more leaves. Similarly to our study, the same au-
thors indicate that humates did not affect chlorophyll content, while the same authors
suggested that morphological responses of lettuce plants to biostimulant application
should be attributed to physiological responses [14]. Moreover, protein hydrolysates may
increase marketable yield of lettuce plants, especially under stress conditions [15]. This
report is in agreement with our results, since the highest values of the tested growth pa-
rameters were observed for the control irrigation treatment, followed by the IR1 treatment
where plants either did not receive irrigation (rain-fed) or were irrigated according to 50%
field capacity. Therefore, in both cases where plants were subjected to stress conditions
protein-based biostimulants resulted in the highest values. Finally, our results are in ac-
cordance with the findings of Asgharipour and Masapour [16] as silicon foliar spray under
water deficit condition showed positive interaction of leaf area index.

The positive effects of biostimulants on lettuce plants include several other products
containing bacteria, amino acids or minerals [17-19], indicating the complexity of mecha-
nisms of actions that need to be revealed.

5. Conclusions

Our results indicate that the biostimulant with seaweed extractstmacronutri-
ents+tamino acids (SW) combined with deficient irrigation (I1) presented the highest val-
ues in terms of plant weight, leaf weight, LAI as well as the chlorophyll content in lettuce
plants. According to SPAD values, the biostimulants treatments performed higher values
of chlorophyll in the case of rain-fed plants compared to those that were fully irrigated
(I2). Also, the biostimulant with Si presented the higher plant height under deficit irriga-
tion (I1) as also the greatest number of leaves. In general, all biostimulants showed a better
response to deficit irrigation and to rain-fed plants compared to those with full irrigation
in almost all measurements. In conclusion, each biostimulant product may act differently
depending on the irrigation conditions as well as on the tested species or variety. There-
fore, continuous research on biostimulants as well as on deficit irrigation is needed in
order to provide useful information regarding the water use efficiency of crops and the
alleviation of the effects of water shortages on crop productivity.

Author Contributions: Conceptualization, S.A.P.; methodology, C.C; formal analysis, C.C.; investi-
gation, C.C.; data curation, C.C.; writing—original draft preparation, C.C..; writing—review and
editing, S.A.P.; visualization, S.A.P.; supervision, S.A.P.; project administration, S.A.P.; funding ac-
quisition, S.A.P. All authors have read and agreed to the published version of the manuscript.



Biol. Life Sci. Forum 2021, 2, x 6of4

Funding: This research has been co-financed by the European Regional Development Fund of the
European Union and Greek national funds through the Operational Program Competitiveness, En-
trepreneurship and Innovation, under the call RESEARCH —CREATE —INNOVATE (project code:
T2EDK-05281).

Institutional Review Board Statement:
Informed Consent Statement:
Data Availability Statement:

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pour-Aboughadareh, A.; Omidi, M.; Naghavi, M.R.; Etminan, A.; Mehrabi, A.A.; Poczai, P.; Bayat, H. Effect of water deficit
stress on seedling biomass and physio-chemical characteristics in different species of wheat possessing the D genome. Agronomy
2019, 9, 522. https://doi.org/10.3390/agronomy9090522.

Colla, G.; Rouphael, Y. Biostimulants in horticulture. Sci. Hortic. (Amst.) 2015, 196, 1-134. https://doi.org/10.1016/j.sci-
enta.2015.10.044.

Petropoulos, S.A. Practical applications of plant biostimulants in greenhouse vegetable crop production. Agronomy 2020, 10,
1569. https://doi.org/10.3390/agronomy10101569.

De Pascale, S.; Rouphael, Y.; Colla, G. Plant biostimulants: Innovative tool for enhancing plant nutrition in organic farming.
Eur. ]. Hortic. Sci. 2018, 82, 277-285. https://doi.org/10.17660/eJHS.2017/82.6.2.

du Jardin, P. The Science of Plant Biostimulants — A Bibliographic Analysis, Ad Hoc Study Report; European Commission: 2012; pp.
27-30.

Paradikovi¢, N.; Tekli¢, T.; Zeljkovi¢, S.; Lisjak, M.; époljarevic’, M. Biostimulants research in some horticultural plant species —
A review. Food Energy Secur. 2019, 8, €00162. https://doi.org/10.1002/fes3.162.

Kenny, O.; O'Beirne, D. The effects of washing treatment on antioxidant retention in ready-to-use iceberg lettuce. Int. J. Food Sci.
Technol. 2009, 44, 1146-1156. https://doi.org/10.1111/.1365-2621.2009.01935.x.

Xiao, Z.; Lester, G.E.; Luo, Y.; Wang, Q. Assessment of vitamin and carotenoid concentrations of emerging food products: Edible
microgreens. J. Agric. Food Chem. 2012, 60, 7644-7651. https://doi.org/10.1021/j£30045%b.

Na, L.; Jiashu, C. Effects of silicon on earliness and photosynthetic characteristics of melon. Acta Hort. Sin. 2001, 28, 421-424.
Liang, Y.; Chen, Q.; Liu, Q.; Zhang, W.; Ding, R. Exogenous Silicon Increases Antioxidant Enzyme Activity and Reduces Lipid
Peroxidation in Roots of Salt-Stressed Barley (Hordeum wvulgare L.). ]. Plant Physiol. 2003, 160, 1157-1164.
https://doi.org/10.1078/0176-1617-01065.

Goni, O,; Quille, P.; O’Connell, S. Ascophyllum nodosum extract biostimulants and their role in enhancing tolerance to drought
stress in tomato plants. Plant Physiol. Biochem. 2018, 126, 63-73. https://doi.org/10.1016/j.plaphy.2018.02.024.

Di Mola, I.; Cozzolino, E.; Ottaiano, L.; Giordano, M.; Rouphael, Y.; El-Nakhel, C.; Leone, V.; Mori, M. Effect of seaweed (Ecklonia
maxima) extract and legume-derived protein hydrolysate biostimulants on baby leaf lettuce grown on optimal doses of nitrogen
under greenhouse conditions. Aust. |. Crop Sci. 2020, 14, 1456-1464. https://doi.org/10.21475/ajcs.20.14.09.p2511.

Luziatelli, F.; Ficca, A.G.; Colla, G.; Svecova, E.; Ruzzi, M. Effects of a protein hydrolysate-based biostimulant and two micro-
nutrient based fertilizers on plant growth and epiphytic bacterial population of lettuce. Acta Hortic. 2016, 1148, 43-48.
https://doi.org/10.17660/ActaHortic.2016.1148.5.

Hernandez, O.L.; Calderin, A.; Huelva, R.; Martinez-Balmori, D.; Guridi, F.; Aguiar, N.O.; Olivares, F.L.; Canellas, L.P. Humic
substances from vermicompost enhance urban lettuce production. Agron. Sustain. Dev. 2014, 35, 225-232.
https://doi.org/10.1007/s13593-014-0221-x.

Rouphael, Y.; Cardarelli, M.; Bonini, P.; Colla, G. Synergistic action of a microbial-based biostimulant and a plant derived-
protein hydrolysate enhances lettuce tolerance to alkalinity and salinity. Front. Plant Sci. 2017, 8, 131.
https://doi.org/10.3389/fpls.2017.00131.

Asgharipour, M.R.; Mosapour, H. A foliar application silicon enhances drought tolerance in fennel. ]. Anim. Plant Sci. 2016, 26,
1056-1062.

Khan, S.; Yu, H,; Li, Q.; Gao, Y.; Sallam, B.N.; Wang, H.; Liu, P.; Jiang, W. Exogenous application of amino acids improves the
growth and yield of lettuce by enhancing photosynthetic assimilation and nutrient availability. Agronomy 2019, 9, 266.
https://doi.org/10.3390/agronomy9050266.

Kopta, T.; Pavlikovd, M.; Sekara, A.; Pokluda, R.; Marsalek, B. Effect of bacterial-algal biostimulant on the yield and internal
quality of Lettuce (Lactuca sativa L.) produced for spring and summer crop. Not. Bot. Horti Agrobot. Cluj-Napoca 2018, 46, 615
621. https://doi.org/10.15835/nbha46211110.

Bulgari, R.; Trivellini, A.; Ferrante, A. Effects of two doses of organic extract-based biostimulant on greenhouse lettuce grown
under increasing NaCl concentrations. Front. Plant Sci. 2019, 9, 1870. https://doi.org/10.3389/fpls.2018.01870.



