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Abstract: The research aimed to evaluate the use of synthetic or natural auxins on the growth of 

tomato seedlings. The seeds of Solanum Lycopersicum "Marmande" were sown in polystyrene plug 

plant trays (104 cells). Two doses of natural or synthetic exogenous auxins (200 ppm and 100 ppm) 

were supplied to the substrate through the irrigation water with an ebb and flow system 3, 11, and 

17 days after sowing (05, 11, and 13th BBCH growth stage, respectively). A commercial biostimu-

lant based on Ecklonia maxima extracts (Basfoliar®  Kelp SL Compo) was used as a source of natural 

auxin while 1-naphthaleneacetic acid NAA was used as a synthetic auxin. Seedlings supplied only 

with water were used as a control. The treatments had significant effects on many morphological 

and physiological parameters (plant height, stem diameter, plant fresh and dry weight, leaf num-

ber and area, stomatal conductance, plant water use, and water use efficiency). Seedlings treated 

with both doses of exogenous auxin provided via Ecklonia maxima extracts increased their fresh and 

dry weight by 31% and 37% respectively and were taller and leafier than the control seedlings. The 

use of NAA had a negative effect on plant height and stem fresh and dry weight but did not alter 

the other morpho-physiological parameters as compared to the control seedlings. The treatments 

with auxins from algae extract during nursery growth improved the performance of tomato seed-

lings but the benefits could be probably ascribed not only to auxins themselves but to the synergic 

effect of the other organic compounds contained in the product (amino acids, proteins, carbohy-

drates, and vitamins) 
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1. Introduction 

The supply of fertilizers to vegetable plants begins in the nursery for transplant 

production where the plug plant trays with small volumes of substrate poor in nutrients 

require an accurate fertility management to achieve well developed seedlings that can 

guarantee a good performance after transplanting. The administration of fertilizers on 

plants raised in containers with a small volume of substrate requires daily irrigations that 

can leech the fertilizers determining severe environmental issues [1]. The use of plant 

growth promoters or biostimulants could be a sustainable technique that allows the 

production of high-quality transplants even with the reduction of mineral fertilizers [2]. 

Plant growth promotion can be achieved using microorganisms (bacteria, mycorrhizae, 

or other fungi), organic (algae extracts, humic acids, protein hydrolysates) or synthetic 

(plant growth regulators) products which may exert different functions (biofertilizers, 

biocontrol, phytostimulator, etc.) [3,4]. The effects of plant growth promoters are mainly 

linked to hormonal effects or hormonal homeostasis determined by the presence or the 

production of compounds with plant growth regulator effects (phytohormones) of nat-
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ural and/or synthetic origin. Among the phytohormones, auxins are universally recog-

nized as rooting hormones and synthetic auxins (IAA, IBA, NAA) are commonly used in 

the propagation by cuttings. Recent researches have shown that seed priming with syn-

thetic hormones improves seed germination, seedling vigor, and promotes plant height 

and growth after transplanting even in strong stress condition [1,5–7]. A wide range of 

mechanism related to plant development and growth could be controlled by exogenous 

auxin supplementation. These effects may vary according to the species or the growth 

stage but generally the application of auxins reduces root elongation and concurrently 

stimulates lateral root formation [8]. The exogenous synthetic auxins increase both the 

surface area and length of lateral roots [9,10], and this can improve seedling growth and 

transplant quality as a well-developed root system has greater access to water and sub-

strate nutrients allowing a proper growth of the shoot, lessening transplanting stress and 

speeding up post-transplanting growth. Increasing agricultural practice sustainability is 

one of the more actual goal of agriculture and the use of natural sources of plant growth 

regulators could help achieving this goal. Thus, the research aimed to evaluate the use of 

synthetic or natural auxins on the nursery growth of tomato transplants.  

2. Materials and Methods  

A nursery trial was carried out in a greenhouse situated at the Department of Ag-

ricultural, Food, and Forest Sciences (University of Palermo, Italy; 38°6′28” N 13°21′3” E; 

altitude 49 m above sea level) during autumn 2020. Seeds of Solanum lycopersicum 

‘Marmande’ (Vilmorin, La Ménitré, France) were sown (27 October 2020) into polysty-

rene trays (104 cells) filled with a commercial substrate (SER CA-V7 Special semine, 

Vigorplant Italia srl, Fombio, Italy, containing 800 g m−3 of a mineral fertilizer NPK 

12-11-18). The trays were kept in the dark at 22 - 24 °C until seed germination and were 

then moved onto benches in the greenhouse for seedling growth. The substrate was 

treated with 200 ppm or 100 ppm of natural or synthetic exogenous auxins three times: 

when the radicle emerged from seed, the first true leaf was fully open and the 3rd leaf was 

unfolded (5-11-13th BBCH growth stage) [11]. The auxin solutions were supplied through 

the irrigation water by an ebb and flow system. A control treatment was obtained sup-

plying only water throughout the seedling growth The source of synthetic auxin was 

1-naphthaleneacetic acid (NAA) (Cifo Radicante in polvere NUFARM ITALIA Srl, Mi-

lano, Italia), whereas the natural source of auxins was a commercial biostimulant based 

on Ecklonia maxima extracts (Basfoliar®  Kelp SL, Compo Expert Italia Srl, Cesano 

Maderno (MB), Italia) that contains 11 mg L-1 of natural auxins as well as amino acids, 

carbohydrates, proteins, vitamins and trace of cytokinins (0.04%). Two fertilization were 

performed by sub-fertigating the trays with a nutrient solution of 2 g L−1 of a wa-

ter-soluble NPK fertilizer (20-20-20) after 13 and 20 days from sowing. Plantlets were also 

sub-irrigated as needed until they were ready for transplant (twice a week on average 

including fertigation). 

During seedling growth, plant water use (PWU) and plant water use efficiency 

(WUE) were calculated from the amount of water consumed by the plug plants, meas-

ured for each irrigation and fertigation event by weighing all the seedling trays with a 

digital balance before refilling the reservoir and after drainage of the exceeding nutrient 

solution. Plant water use was calculated as fresh biomass produced per unit of fertigation 

water, PWU (g FW L−1 H2O) = plant fresh weight (g)/H2O (L), and plant water use effi-

ciency was calculated as the dry weight production expressed per liter of applied ferti-

gation water, WUE (g DW L−1 H2O) = plant dry weight (g)/H2O (L). From these last values 

and the volume of nutrient solution consumed by the plants, the total N uptake during 

the crop cycle was estimated and the Nitrogen Use Efficiency [12] was calculated as NUE 

(g DW g−1 N) = plant total dry weight (g)/plant N uptake (g). 

Leaf stomatal conductance was measured one week before seedlings were ready for 

transplanting, using a diffusion porometer (AP4, Delta-T Devices Ltd., Cambridge, Eng-

land) on two young unshaded leaves of 20 seedlings for each species and each replicate. 
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Leaf color of each seedling was measured on the upper part of 2 randomly selected 

leaves, using a colorimeter (CR-400, Minolta corporation, Ltd., Osaka, Japan) that meas-

ured L* (lightness), a* (positive values for reddish colors and negative values for greenish 

colors) and b* (positive values for yellowish colors and negative values for bluish colors). 

These components were used to calculate Hue angle (h°) and Chroma (C*) as h° = 180° + 

arctan(b*/a*) [13] and C* = (a*2 + b*2)1/2. 

One month after sowing, the seedlings were ready for transplanting (14–15th BBCH 

growth stage), so four replicated samples of 20 seedlings for each treatment were ran-

domly selected and analyzed to evaluate their morphological characteristics (stem di-

ameter, seedling height and leaf number). Then, the seedlings were separated into leaves, 

stem, and roots, weighed, and dried to a constant weight at 85 °C to determine the fresh 

and dry biomass and the shoot/root ratio for both fresh and dry weight. Before drying, 

the leaves were scanned at 350 dpi (Epson Perfection 4180 Photo, Seiko Epson Corp., 

Suwa, Japan) to obtain digital images that were analyzed with the ImageJ 1.52a software 

(National Institutes Health, Bethesda, MD, USA) to measure the leaf area. The specific 

leaf area (SLA cm2 g−1 DW) was estimated as the leaf area/leaf dry weight.  

The experimental design consisted of four replicated samples of 20 seedlings each 

for every treatment, randomly assigned in four blocks. A one-way ANOVA was per-

formed to evaluate the effects of natural and synthetic auxins treatments on tomato 

seedlings. The mean values were compared by the least significant differences (LSD) test 

at p ≤ 5% to identify the significant differences among treatments. 

3. Results 

During the experiment, the average temperature outside the greenhouse ranged 

between 10.1 ± 0.3 °C (night) and 31.4 ± 0.6 °C (day), and the average net solar radiation at 

noon was 451 W·m−2, with a day length that ranged between 7 and 8 h. Inside the 

greenhouse, the air temperature was on average 17.6 ± 1.7 °C and ranged between 38.8 °C 

(day) and 10.2 °C (night), whereas the relative humidity was 81.3 ± 1.4% and ranged 

between 72.5% and 100%; the light intensity at noon was 39063 ± 2451 lux and ranged 

from 58728 to 1286 lux as a function of the cloudiness.  

All the morphological parameters were influenced by the treatments. The height of 

the plants and the diameter of the stem were greater than control using 100 ppm of nat-

ural auxins from algae extract (18.1 cm and 2.65 mm, respectively), whereas both level of 

NAA reduced by 33% on average compared to the control the height of the seedlings but 

had no significant effect on stem diameter (Table 1). 

Table 1. Effect of natural (AE Algae Extract from Basfoliar®  Kelp SL) and synthetic (NAA) exogenous auxin on mor-

phological parameters of tomato seedlings. 

Source of 

auxin 

(ppm) 

Height 

(cm) 

Stem  

(mm) 

 Fresh Weight (g seedling −1)  Dry Weight (mg seedling −1)  Dry 

matter 

% 
Total Leaves Stem Root 

Shoot/ 

root 
Total Leaves Stem Root 

Shoot/ 

root 

Control 15.7 b 2.47 bc 1.77 b 0.57 b 1.01 b 0.22 c 7.2 ab 117.7 c 50.0 bc 45.0 b 22.7 cd 4.2 a 6.6 b 

AE 200 17.1 ab 2.58 ab 2.40 a 0.78 a 1.28 a 0.33 a 6.2 bc 171.8 a 70.3 a 63.5 a 38.0 a 3.5 b 7.2 a 

NAA 200 12.2 c 2.36 c 1.72 b 0.60 b 0.77 c 0.29 ab 4.7 d 114.8 c 53.5 b 36.8 c 24.5 c 3.7 ab 6.7 ab 

AE 100  18.1 a 2.65 a 2.43 a 0.79 a 1.38 a 0.28 ab 7.7 a 161.4 b 67.3 a 63.5 a 30.7 b 4.3 a 6.6 b 

NAA 100 12.0 c 2.53 b 1.61 b 0.59 b 0.79 c 0.26 bc 5.5 cd 101.9 d 46.5 c 34.8 c 20.7 d 3.9 ab 6.3 b 

Data within a column followed by the same letters do not differ significantly at p ≤ 0.05 according to LSD Test. Signifi-

cance: ns = not significant. All percentage data were subjected to angular transformation. 

Total fresh plant weight (FW) was on average 2.41 g in the tomato seedlings treated 

with the algae extract, 29.5% higher than the other treatments. The main part of the bio-

mass was represented by the stem and the leaves that were heavier than those of control 

and NAA-treated seedlings (0.78 g of fresh leaves and 1.33 g of fresh stem on average). 

The treatments with natural and synthetic auxins also affected the fresh weight of the 

roots which had a higher weight when treated with highest level of natural auxins (0.33 g 
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seedling-1) and gradually decreased to the lowest value (0. 22 g seedling-1) recorded in 

control seedlings. The modification of fresh biomass partitioning due to the treatments 

was shown by the modification of shoot/root fresh weight ratio (Table 3). The seedlings 

with a higher S/R were those treated with the lower dose of algae extract (7.67); for the 

others, especially for the plants treated with NAA at the maximum dose, the allocation of 

biomass was greater in the roots. The treatments also affected the dry weight (DW) of 

tomato seedlings. Those treated with natural auxins at the highest dose weighed 171.75 

mg DW seedling−1 (+46.0% than control) due to the highest dry biomass of leaves (70.25 

mg seedling−1), stem (63.5 mg seedling−1) and roots (38 mg seedling−1), followed by the 

treatment with 100 ppm of natural auxins (161.42 mg seedling−1) that recorded also the 

highest dry biomass in leaves and stem. The seedlings treated with 200 ppm of NAA had 

a significantly lower dry biomass accumulation and did not differ from control, whereas 

the lowest dose of NAA accumulated 13.4% less total dry biomass than control, mainly 

due to the reduction of stem dry biomass (-22.7% than control). Regarding the shoot/root 

ratio, the higher proportion of roots was collected with the Basfoliar treatment at 100 

ppm (4.26) and with the control seedling (4.19). The dry matter percentage was signifi-

cantly higher than control only with the highest dose of natural auxins (7.17%). 

The seedlings with the highest stomatal conductance were those of control treatment 

and those treated with NAA (343.1 mmol m2 s−1, on average), while the use of natural 

auxins determined a significant reduction (50%) of the stomatal conductance (171.5 mmol 

m2 s−1 on average) (Table 2). 

Table 2. Effect of natural (AE Algae Extract from Basfoliar®  Kelp SL) and synthetic (NAA) exog-

enous auxin on stomatal conductance, plant water use (PWU),  water use efficiency (WUE) and 

nitrogen use efficiency (NUE) of tomato seedlings. 

Source of auxin 

(ppm) 

Stomatal conductance  PWU WUE NUE 

(mmol m2 s−1) 
(g FW L−1 

H2O) 
(g DW L−1 H2O) (g DW g-1 N) 

Control 361.4 a 50.6 c 3.4 c 9.2 c 

AE 200 171.0 b 67.0 a 4.8 a 12.9 a 

NAA 200 289.0 a  54.4 bc 3.6 c 9.8 b 

AE 100  172.0 b 65.8 a 4.4 b 12.0 a 

NAA 100 378.9 a 57.4 b 3.6 c 9.8 b 

Data within a column followed by the same letters do not differ significantly at p ≤ 0.05 according 

to LSD Test. Significance: ns = not significant. 

The control seedlings produced 50.6 g of fresh biomass with one liter of water; 

treating the seedlings with 100 or 200 ppm natural auxins increased by 31% fresh biomass 

per liter of water consumed on average, while a lower increase of PWU was recorded 

using NAA (+ 10% on average for 100 and 200 ppm of NAA). The WUE increased as in-

creasing the level of natural auxins by 29.4% (100 ppm) and 41.2% (200 ppm) compared 

to control seedlings (3.4 g DW L-1 H2O) whereas this parameter was not affected by NAA 

(3.6 g DW L-1 H2O on average for 100 and 200 ppm NAA). NUE was highest in the tomato 

seedling treated with algae extract (12.4 g DW g-1 N on average, +34.6% than control). The 

NAA treatments had a lower effect on NUE but increased by 6.1% on average this pa-

rameter compared to the control (Table 2).  

The highest number of leaves (5 leaves plant−1 on average) and the greatest leaf area 

per plant (44.33 cm2 plant−1) were found in tomato seedling treated with natural auxins 

from algae extracts (Table 2); no differences were observed among the other treatments 

(4.56 leaves plant−1 and 33.19 cm2 plant−1 on average) (Table 3). The chromatic character-

istics of the tomato leaves (L*, Chroma and Hue) were influenced by the treatments. The 

leaf color of NAA-treated tomato seedlings was lighter (L* 50.5 on average) than the 

other treatments but did not significantly differ from control seedlings as regards Chro-

ma and Hue angle. 
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On the contrary, the seedlings treated with auxins from the algae extract had leaves 

with a more greenish (higher Hue angle) and a less vivid color (lower Chroma) (Table 3).  

Table 3. Effect of natural (AE Algae Extract from Basfoliar®  Kelp SL) and synthetic (NAA) exoge-

nous auxin on the leaf characteristics of tomato seedling. 

Source of auxin 

(ppm) 
Number of leaves Leaf area (cm2 plant−1) L* Chroma  Hue 

 

Control 4.55 b 34.47 b 49.09 b 39.03 ab 123.15 bc  

AE 200 5.00 a 44.61 a 49.02 b 37.26 b 124.41 a  

NAA 200 4.60 b 33.09 b 50.40 a 39.47 ab 121.92 c  

AE 100  4.98 a 44.05 a 48.70 b 37.50 b 124.00 ab  

NAA 100 4.53 b 32.02 b 50.72 a 40.72 a 121.93 c  

Data within a column followed by the same letters do not differ significantly at p ≤ 0.05 according 

to LSD Test. Significance: ns = not significant. 

4. Discussion 

All the analyzed parameters of the tomato seedlings (stomatal conductivity, PUE, 

WUE, NUE, morphological parameters) were positively influenced by the radical treat-

ment with auxins from Ecklonia maxima extracts while the treatment with synthetic NAA 

auxin determined no effect or some negative effects with the lowest NAA level.  

Cellular auxin levels depend on the rate of anabolism, catabolism, transport and 

conjugation at any given time in a tissue. Ecklonia maxima contains phenolic compounds 

that influence the metabolism and concentration of active forms of auxins in plants [14–

17]. Particularly, phenolic inhibitors of auxin-oxidase such as phenolic compounds, 

chlorogenic acid and rutin have been shown to enhance auxin activities [18]. Some of 

these compounds act as alternative substrates for oxidative enzyme and thus protect 

auxins from oxidative breakdown. Aremu et al., [19] stated that Ecklonia maxima-treated 

plants had more endogenous auxin. According to Wilson and Van Staden [20], some 

phenolics may protect auxins from decarboxylation thereby enhancing the concentration 

of active forms of this hormone. In our study, the effect of NAA was not very influential; 

we think that the explanation of a better answer to the Ecklonia maxima treatments is due 

to a synergistic action of the auxin content and of all the other components of the product: 

amino acids, proteins, carbohydrates and vitamins. In conclusion, the results showed that 

the supplementation of natural auxins from Ecklonia maxima extract improved tomato 

seedling quality and promoted shoot and root growth, whereas the same quantity of a 

synthetic auxin have no effect or a negative effect. Thus, the positive effect of the natural 

source of auxins could be probably ascribed not only to auxins themselves but to the 

synergic effect of the other organic compounds contained in the algae extract (amino ac-

ids, proteins, carbohydrates, and vitamins).  
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