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Abstract. Plant biostimulants are microorganisms (PGPR) and/or products ob-
tained from different organic substances that positively affect plant growth and
efficiency and reduce the negative effects of abiotic challenges. Effects of
biostimulants on the plant growth, yield, mineral content, antioxidant enzyme
activity, H,O,, malondialdehyde (MDA), sucrose, and proline contents of cherry
tomato (Solanum lycopersicum var. cerasiforme L.) grown in soils with two
different characteristics were investigated during a pot study under greenhouse
conditions. Soil I was a fertile routinely vegetable-cultivated soil. Soil II had high
salinity, high CaCOj; content, and low organic matter content. Commercial
biostimulant products Powhumus® (PH), Huminbio Microsense Seed® (SC),
Huminbio Microsense Bio® (RE), and Fulvagra® (FU) were used as seed coatings
and/or drench solutions. All biostimulant treatments improved the plant growth
and yield compared with the control in both soils. All biostimulant applications
were more effective in soil I than in soil I. RE was the most effective application for
mineral content in soil I, whereas FU was the most effective in soil II. Antioxidant
activity, H,O,, MDA, and proline contents were decreased in both soils when
biostimulants were used compared with the control. Peroxide (POD) activity was
greater with SC1 in soil II. The RE treatment increased the sucrose content in soil
II. In conclusion, single and combined use of high-purity fulvic acid and PGPR had
positive effects on the growth of cherry tomato in fertile soil and under stressed
conditions.

Biostimulants are organically based plant-
promoting substances/microorganisms ap-
plied to soil to increase the nutrient uptake,
stimulate plant growth, increase tolerance to
abiotic and biotic challenges, and improve
product quality. Protein hydrolysates, sea-
weed extracts, chitosan, humic acid (HA),
fulvic acid (FA), phosphite, arbuscular my-
corrhizal fungi, and/or PGPR are used as
biostimulants to enhance plant production
(Battacharyya et al., 2015; Bradacova et al.,
2016; Canellas et al., 2015; Cimrin et al.,
2010; Colla et al., 2015; Gémez-Merino and
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Trejo-Téllez, 2015; Pichyangkura and
Chadchawan, 2015; Ruzzi and Aroca, 2015;
Savvas and Ntatsi, 2015; Shams et al., 2016;
Sharma et al., 2014; Thao and Yamakawa,
2009; Zhang and Ervin, 2008).

Because of their unique composition, hu-
mic substances (HA and FA) promote the
uptake, assimilation, and distribution of nutri-
ents in roots and shoots that stimulate the
growth of roots and shoots (Canellas et al.,
2015; Chen and Aviad, 1990; MacCarthy,
2001; Yildirim, 2007). Humic substances,
which are sources of organic carbon, are
formed by chemical and biological conversions
of animals and plants (Canellas et al., 2015).
Some low-molecular-weight compounds in
humic substances increase the cell membrane
permeability when they are taken-up by plants.
Therefore, humic substances increase the nu-
trient uptake in a manner similar to that of
hormones (Chen and Aviad, 1990; Nardi et al.,
2002). Moreover, humic substances have pos-
itive effects on plant growth under abiotic
challenge that can be used to help promote
sustainable production (Canellas et al., 2015).

FAs are mixtures of weak, water-soluble,
aliphatic, and aromatic organic acids. They
have a molecular weight between 1000 and
10,000 Da and smaller molecules than those
of HA. Because of the relatively small size of
FA molecules, they can easily penetrate plant
roots, stems, and leaves. Fulvic acids have
twice the oxygen content of HA and are the
main components of high-quality fertilizers
(Pettit, 2008).

PGPR are naturally occurring soil bacte-
ria that colonize plant roots and promote
plant growth through phosphate solubility,
siderophore production, biological nitrogen
fixation, 1-aminocyclopropane-1-carboxylate
deaminase (ACC) production, and phytohor-
mone production (Bhattacharyya and Jha,
2012; Saharan and Nehra, 2011). Inoculation
of plants with PGPR can increase seed germi-
nation, seedlings, growth, plant height (PH),
shoot weight, nutrient content, bloom period,
chlorophyll content, nodulation in legumes,
yield, and production (Ekinci et al., 2014;
Saharan and Nehra, 2011; Turan et al., 2014,
Yildirim et al., 2015). Alcaligenes, Arthro-
bacter, Azospirillum, Azotobacter, Bacillus,
Burkholderia, Enterobacter, Klebsiella, Pseu-
domonas, and Serratia belong to the PGPR
family and effectively promote plant growth
and development (Glick, 1995; Kloepper
et al., 1989).

Low and high temperatures, salinity,
drought, heavy metal toxicity, and nutrient
deficiency are abiotic factors that can reduce
plant production (Bray et al., 2000; Sahin
et al., 2015, 2018; Zhu, 2016). Plants with
low tolerance to stress consume more water
and fertilizer, thus leading to the depletion of
natural resources (Zhu, 2016). The protective
effects of humic substances on plants against
stress result in increased tolerance, yield, and
crop quality (Akinci, 2017; Canellas et al.,
2015; Mora et al., 2014).

Studies showed that biostimulants can be
used to alleviate the damage caused by syn-
thetic fertilizers (Posmyk and Szafranska,
2016; Van Oosten et al., 2017) that are used
to increase the yield and quality of different
vegetable crops grown in the fields and
greenhouses. This study was performed to
determine the effects of the single use and
combined use of high-purity FA and PGPR
on the growth, yield, and quality of cherry
tomatoes grown in soils with different char-
acteristics.

Materials and Methods

Cherry tomato (cv. Bright F1) were
grown in pots containing soils with two
different compositions (Table 1) in the
greenhouse of Atatlirk University, Erzurum,
during Spring 2019. Four different commer-
cial products, namely, PH, SC, RE, and FU,
were used as biostimulants (Table 2). Two
types of treatment were applied: 1) seeds
were only coated with the biostimulant so-
Iution (PH1 and SC1) or 2) seeds were
drenched with biostimulant drench solu-
tions after coating once per week from day
14 (a total of six times during the study for
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each sample; PH2, SC2, RE, and FU). NPK
was applied in all treatments, including the
control.

The coating of seeds was achieved as
follows: seeds were soaked in biostimulant
solutions (333 g-L™") for 3 h at 20 °C; then,
the liquid was drained off and seeds were air-
dried for 1 d at 24 + 2 °C. After seeds were
sown into multicell trays filled with peat,
seedling trays were placed on benches in the
greenhouse. Developing seedlings were kept

under natural daylight (approximate day/
night temperatures of 30/16 °C for 16/8 h
and 50% relative humidity). Seedlings were
irrigated every day. No fertilizer was applied
to the developing seedlings.

Seedlings at the three true leaf stage were
transplanted to 8-L plastic pots containing
soil I and soil II (Table 1). Soil I was a fertile,
routinely vegetable-cultivated soil and soil II
had a high CaCOj; content, low organic mat-
ter content, and high salinity.

Table 1. Properties and composition of soils used in the study.

A randomized factorial experimental de-
sign was used. Tests were conducted in trip-
licate and three plants were used per replicate
(a total of 126 pots were analyzed).

Soil was irrigated when the field capacity
of pots reached 60%. Fertilization and other
cultural practices of Maynard and Hochmuth
(2007) were applied. The chlorophyll reading
value, fruit weight (FW), fruit width (FWi),
fruit diameter (FD), and fruit dry matter were
determined during cultivation. Experiments
were ended 90 d after transplanting by cutting
the plants at the soil ground level, and PH,
stem diameter (SD), number of leaves, vita-
min C (VC) content, total soluble solids

Property/content Soil I Soil II (TSS) were determined. The VC content
pH (1:2.5 s/w) 7.10 +0.28 7.90+0.14  and TSS were determined using an ascorbic
Organic matter (%) 1.40 +0.10 0.10£0.11  a¢iq test kit (ASC-1; Hach Company, Love-
Total N (%) 0.12 +0.06 0.096£0.007  1and, CO) and a portable refractometer (PR-
CaCos (%) 0.8840.70 12.20:£ 1.10 32 Palette; Atago Co. Ltd., Tokyo, Japan)
K (cmolkg ') 225+021 210 £0.15 e, Alago Lo. Lid., 1okyo, Japan),
Ca (cmolkg™) 12.85 £ 1.22 1400+ 1.10  respectively.
Mg (cmol-kg ) 283+0.10 230 + 0.09 Shoots gnd roots were sepa}ratgd for fur-
Na (cmol kg ™) 0.74 = 0.06 4.50 = 0.04 ther analysis. Samples were dried in a forced
Effective P (mg-kg™) 3.10 £0.20 4.10£0.20 air oven at 68 °C for 48 h to obtain the shoot
Electrical conductivity (dS-m™) 0.510 £ 0.21 2860 £0.21  dry weight (SDW) and root dry weight
Sand (%) 3430+ 1.12 3640+ 1.12  (RDW). Fresh leaf samples were kept at
Silt (%) 35.50 £ 0.95 25.50 £ 0.95 —80 °C for analysis.
Clay (%) 30.20 + 1.40 38.10 + 1.40 The mineral contents of tomato leaves,
Texture Loamy Clay loamy . . .
roots, and fruits were determined using an
Table 2. Biostimulant treatments.
Treatment”
Seed coating with Coated seeds drenched with
Commercial biostimulant Content and physical properties of the biostimulant solution biostimulant drench solution
product applied biostimulant product (333 gL (1 mL-200 mL")”
Powhumus® (Humintech Content (% dry wt): potassium humates: 80% to 85% PH1 + —
GMBH, AM Posenberg 9- Potassium as K,O: 10% to 12% PH2 + +
13, Grevenbroich/ Total organic nitrogen: 1.0%
Germany) Others: 2.0%
Particle size of insoluble constituents: <100 pm
pH: 9-10
Huminbio Microsense Seed® Content (% dry wt): potassium humates: 80% to 85% SC1 + -
(Huminbio Tarim Uriinleri Potassium as K,O: 10% to 12% SC2 + +
AS Besiktag/Istanbul/ Total organic nitrogen: 1.0%
Turkey) ZnO: 35%; P: 1%
Others: 2.0%
Microorganisms (1 x 10? cfu-mL™"):
Bacillus megaterium, B. subtilis, B. licheniformis,
Peanibacillus polymyxa, Lactococcus spp.
Indole-3 acetic acid: 4 mm Cytokinin: 2 mm
pH: 9-10
Huminbio Microsense Bio® Content (% dry wt): potassium humates: 80% to 85% RE + +
(Huminbio Tarim Uriinleri Potassium as K,O: 10% to 12%
AS Besiktag/Istanbul/ Total organic nitrogen: 1.0%
Turkey) Others: 2.0%
Microorganisms (1 x 10° cfu-mL™"):
Azotobacter chroococcum spp., Azospirillum
brasilence spp., Peanibacillus polymyxa, Bacillus
pumulis, B. megaterium, B. subtilis
pH: 9-10
Fulvagra® (Humintech Content (% dry wt): FU + +

GMBH, AM Posenberg
9-13, Grevenbroich/
Germany)

Others 2.0%

Fulvic acid:17%,
Humic acid: 3.0%,
Organic substance: 22%; other minerals: 3.0%

Microorganisms (1 x 10° cfu-mL™"):

Azotobacter chroococcum spp., Azospirillum
brasilence spp., Peanibacillus polymyxa, Bacillus
pumulis, Bacillus megaterium, Bacillus subtilis

pH: 9-10

Control

“NPK was applied for all treatments including control.
YTreatment was applied once per week from day 14 (a total of six times during the study).
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inductively coupled plasma spectrophotome-
ter (Optima 2100 DV; Perkin-Elmer, Shelton,
CT) (Bremner, 1996; Mertens, 2005a,
2005b). Assays of antioxidant enzyme activ-
ity were performed according to the methods
of Agarwal and Pandey (2004), Angelini et al.
(1990), Gong et al. (2001), and Yordanova et al.
(2004). Lipid peroxidation was evaluated by
measuring MDA and H,O, contents as de-
scribed in Liu et al. (2014). Sucrose and proline
contents were estimated using the methods of
Wu et al. (2011) and Man et al. (2011),
respectively.

All data were analyzed using the SPSS
version 18.0 (IBM, Armonk, NY). Duncan’s
multiple range test (DMRT) was used to
determine the differences among samples
(P<0.05,P<0.01, and P <0.001).

Results

An analysis of variance for biostimulant
treatments and soil types was found to be
significant for all variables (Tables 3—5). The
PH, SD, leaf number, SDW, and RDW were
significantly higher for soil I than for soil II
(Fig. 1). However, the chlorophyll reading
values (CRVs) were significantly different
for soil I and soil II for the applications with
Powhumus.

The SC1 treatment was found to be the
most effective for PH, SD, SDW, RDW, and
CRYV of the cherry tomatoes grown in soil I,
followed by SC2, RE, and FU applications.
However, the FU treatment was found to be
more effective in soil II for the same param-
eters, followed by RE, SC2, and SC1 (Fig. 1).
Taller plants and thicker stems were achieved
in soil I when the SC2 treatment was applied.
The SC2, RE, and FU treatments produced
the tallest plants and thickest stems in soil II.

The RE, FU, and SC2 biostimulant treat-
ments most effectively improved the growth
in soil II. The maximum SDW was achieved
by SC1 application in soil I, whereas the
RDW was higher when SC2 and RE treat-
ments were applied. In soil II, the SDW and
RDW were higher for the plants treated with
RE and FU (Fig. 1).

The cluster per plant (CPP), fruit number
per cluster (FC), cluster weight (CW), FW,
FD, FWi, fruit yield (Y), fruit dry matter
(FDM), TSS, and VC content of cherry
tomato were affected by the biostimulant
treatments in both soils (Fig. 2). SC1, SC2,
and RE treatments were more effective for
CPP and CW in soil I, whereas SC1, RE, and
FU treatments resulted in significantly higher
numbers in soil II. SC1, SC2, RE, and FU
applications were more effective for FC in
both soils. The widest fruits were achieved as
a result of SC2, SC1, PH2, RE, and FU
treatments in soil I, and as a result of FU
and RE applications in soil II. The highest Y
was obtained with RE and SC2 treatments in
soil I, and with FU and RE treatments in soil
1. The highest FDM was achieved by RE and
SC2 applications in soil I, and by SC2, RE,
and SC1 applications in soil II. Although
SC1, SC2, RE, and FU applications were the
most effective for TSS in soil I, only SC1 and
SC2 treatments resulted in significantly
higher TSS in soil II. The VC content was
significantly higher with SC1, SC2, and RE
treatments in soil I, and with SC1, SC2, RE,
and FU in soil II. The results showed that the
FU treatment increased the FC, CPP, and the
yield per plant in soil II (Fig. 2).

The treatments also affected the mineral
content of tomato leaves, fruits, and roots
compared with the control (Figs. 3 and 4).
Plants in soil I generally had a higher plant

nutrient content than those grown in soil II.
The RE and FU treatments increased the
plant nutrient content in leaves, roots, and
fruits in soil I and soil II, respectively,
whereas the increase in mineral content in
soil I was the highest with RE, SC1, SC2
applications; in soil II, the FU treatment
increased the mineral contents of leaves,
roots, and fruit compared with other applica-
tions.

Insoil I, leaf N, P, K, Ca, Mg, Na, Mn, Zn,
Fe, and Cl contents were highest with the RE
application. However, the lowest values were
observed in control plants (Figs. 3 and 4).
Root N, P, K, Ca, Mg, Na, Mn, Zn, Fe, and CI
contents were highest with the RE applica-
tion in soil I, whereas the lowest results were
observed in control plants (Figs. 3 and 4). The
highest N, P, K, Mg, Mn, Zn, Fe, and Cl
contents in the fruit of cherry tomato were
achieved as a result of RE treatment. How-
ever, in soil I, the highest Ca and Na contents
in fruit were obtained with FU and SCl1
treatments, respectively. The mineral content
of the control group was the lowest among all
treatments (Figs. 3 and 4).

The mineral contents of leaves, roots, and
fruits of cherry tomato grown in soil II were
lower than those of grown in soil I. In soil II,
the highest leaf, root, and fruit N, P, K, Ca,
Mg, Na, Mn, Zn, and Fe contents were
observed in FU-treated plants, whereas the
lowest values were observed in the control
group (Figs. 3 and 4). However, the highest
Cl contents of leaves, roots, and fruit were
achieved with the RE treatment in soil II
(Fig. 4).

As can be seen in Fig. 5, the treatments
affected the enzyme activity of plant leaves.
Activities of catalase (CAT), superoxide
(SOD), and POD and the contents of H,O,,

Table 3. Analysis of variance for the effects of soil, treatments, and the growth X yield parameters of cherry tomato.

Source Plant ht Stem diam  No. of leaves ~ Shoot dry wt Root dry wt Chlorophyll reading value Vitamin C TSS
Soil EEE oK koK FHE BT ) R R
Treatment Hk sk ok seokok Hokok *k sk sk
Soil X treatment Hokk Hok Hokk Hkk ok NS NS *
Cluster wt Yield Fruit wt Fruit width  Fruit diameter Fruit dry matter Clusters/plant  Fruit/cluster

Soil w3k Hkk Hkk Hkk wkk wkk ko sk
Treatment sk secksk sk sesksk sk sk skekosk Hokok
Soil X treatment *k Hkk ok NS ok kK Hokok *

TSS = total soluble solids.

Ns, ¥, *¥* ***Nonsignificant or significant at P < 0.05, 0.01, or 0.001, respectively.

Table 4. Analysis of variance for the effects of soil, treatments, and interactions with leaf, root, and fruit mineral contents of cherry tomato.

Source N P K Ca Na Mg Fe Cl Mn Zn
Leaf

Treatment kkk sksksk kkk sksksk KKk sksksk sksksk sksksk sksksk sksksk
Root

Soil Hokok sk sk ok sk Hokk Hok ok Hokk Hok ok Aokk

Treatment sesksk sekk seskk sk sesksk sk sk sk sk sk

Soilxtreatment skksk skksk kkk sksksk kK sksksk skskosk ks skkk skksk
Fruit

Soil s s sk gk e gk ok o gk sk

Soil X treatment ek ke sk gk sk ok ok * ok ek

* Rk kxxSignificant at P < 0.05, 0.01, or P < 0.001, respectively.
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MDA, proline, and sucrose were higher in
plants in soil II than in those grown in soil 1.
The CAT, SOD, and POD activities of plants
were decreased due to treatments with humic
substances in soil I compared with the con-
trol. The highest value was observed in con-
trol plants in both soils. The POD activity was
increased due to the SC1 treatment in soil II.
The lowest CAT and POD activities were

observed with the SC2 treatment. The lowest
SOD activity was observed with the RE
treatment in soil I and with the FU, RE, and
FU treatments in soil II (Fig. 5).

The H,0,, MDA, sucrose, and proline
contents were higher in control plants grown
in soil II compared with those grown in soil L.
However, treatments with biostimulants
resulted in a decrease in soil II contents

Table 5. Analysis of variance for the effects of soil, treatments, and interactions with the activities of CAT,
POD, and SOD and the contents of H,O,, MDA, sucrose, and proline.

Source CAT POD SOD H,0, MDA Sucrose Proline

Soil X3 X33 X3 X3 *RK *RK *REK

Treatment skoksk oksk koksk koksk kkok kR kskeok
KKk *kk KKk KKk ETTS ET TS ET TS

Soil X treatment

CAT = catalase; POD = peroxide; SOD = superoxide dismutase; MDA = malondialdehyde; H,O, =

hydrogen peroxide.
***Significant at P < 0.001.

except for sucrose. In soil I, the highest H,
O,, proline, and MDA contents were ob-
served in the control plants. The lowest H,
0O, values were observed with the SC2, RE,
and FU treatments, whereas the lowest MDA
contents were observed with the SC1, SC2,
and RE treatments. In soil II, the lowest H,
0,, MDA, and proline contents were ob-
served in the plants treated with FU
(Fig. 5). The sucrose content of tomato leaves
increased due to treatment with humic sub-
stances. The highest sucrose contents were
observed with the RE treatment in both soils

(Fig. 5).
Discussion

Sustainable soil management is essential
for a sustainable food system because 90% of
food production is still dependent on soil.
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Fig. 1. Effects of biostimulant treatments (Table 2) on plant height (PH), stem diameter (SD), leaf number (LN), shoot dry weight (SDW), root dry weight (RDW),
and chlorophyll reading value (CRV) of cherry tomatoes grown in two different soils (Table 1). Bars with the same letter are not significantly different at P <

0.05.
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Fig. 2. Effects of biostimulant treatments (Table 2) on cluster per plant (CPP), fruit per cluster (FC), cluster weight (CW), fruit weight (FW), fruit diameter (FD),
fruit width (FWi), yield (Y), fruit dry matter (FDM), total soluble solid (TSS), and vitamin C (VC) content of cherry tomatoes grown in two different soils
(Table 1). Bars with the same letter are not significantly different at P < 0.05.

However, as a result of the uncontrolled and
excessive use of synthetic pesticides and
fertilizers, the accumulation of toxic sub-
stances in soil has increased, resulting in soil
degradation and environmental pollution.
Because soil is not a renewable resource,
the protection and regeneration of soil are of

418

great importance for attaining a sustainable
future. Therefore, the use of biofertilizers and
biostimulants, which increase the soil fertil-
ity, has gained importance. In this study, the
effects of the single and combined use of
biostimulants (high-purity FA and PGPR) on
the growth, yield, and quality of cherry

tomatoes grown in soils with different char-
acteristics (soil I: fertile; soil II: low organic
matter content, high CaCOj; content, and high
salinity) were investigated. Although all
plant biostimulants improved the plant
growth and yield under both soil conditions,
the optimum results varied depending on the

HorTScIENCE VoL. 56(4) ApriL 2021

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AZ DD 8y} Jepun pajnguisip ajolue ssaooe uado ue si siy] 'ssedoy uadQ BIA |0-60-GZ0Z e /wooAlojoejgnd poid-swiid yiewlisyem-jpd-swiid//:sdny woly pepeojumoq



45 18 a 4.5 b e
C
a
4 c b " 1.6 d [
35 4 14 . . 3<
~ 3 £ f =12 f f < 3
= = L g
a5 8 T . S h Sas
4 i - . 1 F4 h (] £
E 2 K ! 508 J 1 o 2 wsall
=15 & 0.6 =15 osalll
1 04 1
05 02 05
0 1 0 !
Cont PH1 PH2 SC1 SC2 RE FU Cont PHI PH2 SCI1 SC2 RE FU Cont PH1 PH2 SC1 SC2 RE FU
Treatments Treatments Treatments
14 - 06 » 16 s
12 : 05 14
¢ 1.2
-~ 4 . o~ 04 e . .
<os ¢ < £ e
a0 f f 203 e =08
506 g 5 o s
- " . o 02 - 0.6 OSod I
g , 04
02 I'I\ 0l l 02 L
0 ! 0 : 0
Cont PH1 PH2 SCl1 SC2 RE FU Cont PH1 PH2 SCI RE FU Cont PH1 PH2 SC1 SC2 RE FU
Treatments Trealmmls Treatments
45 1.8 a 6
4 a3y 16 . .
[ (4 b
35 d 141 d
P 1 12 ' ~
<25 f = g ] E:
1 ) z ! %3
2 4 z 08 " = msall|
] < =S
=L ' i l 206 E . ' psann
1 04
05 02
0 . 0 ‘ i
Cont PH1 PH2 SC1 SC2 RE FU Cont PHI PH2 SCl1 SC2 RE FU M1 M2 %1 2 " o
Treatments Treatmeuls Treatments
25 09 a 25
2 8 0‘8 : 2 2 :
2 b 0,7 o ¢
o b 206 i s
15 b & S s s
S ¢ f =05 <
9} 9] g 8 (41 [ f
1. d 2 | g 04 pet \ wsall
b1 5 1
=] 3 = o
. i 1 4 g) i £ X Sail
05 ! 2 . : :
01 Rl £
0 . 0
Cont PHI PH2 SC1 S§C2 RE FU Cont SC1 $C2 RE FU e T A
Treatments Tzv.-almems Treatments
200 5 9 200 a 5 a4
10 " 80 2 180
_ 160 c ¢ ~170 . 160 ¥
= = c -
w 140 d 60 _;:u 140 d
120 f B Fs0 f i 2120 .
= 100 o f 0 s 44 100 i ;
Z 80 , ) hi h ‘: =1 3 :/:. 80 . n 5 wsoll
5 60 g g j g4l
= 0 & 20 40 )
20 10 ‘ 20
0 I - 0 ! 0
Cont PH1 PH2 SC1 SC2 RE FU Cont PHI1 H2 SCI1 C2 RE FU Cont PH1 PH2 SC1 SC2 RE FU
Treatments Treatmeuts Treatments

Fig. 3. Effects of biostimulant treatments (Table 2) on N, P, K, Ca, and Na contents of leaves, roots, and fruit of cherry tomatoes grown in two different soils
(Table 1). Bars with the same letter are not significantly different at P < 0.05.

biostimulant used in each soil condition.
Biostimulant applications improved the plant
growth, yield, dry matter, and TSS in both
soil types. Plant biostimulants increased the
PH, SD, LN, SPAD, SDW, and RDW by 59%
(FU), 47% (RE), 54% (SC2), 38% (FU), 60%
(RE), and 70% (RE) in soil I, and by 79%
(FU), 50% (RE), 60% (FU), 42% (FU), 78%
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(FU), and 72% (FU) in soil II, respectively,
compared with the control. This indicated
that the FU application had the most effec-
tiveness on all measured factors in soil II, and
that RE application had the most effective-
ness on all measures in soil 1.

The increases in DM, VC contents, TSS,
FWi, FD, FW, CW, CPP, FC, and Y per plant

under all applications were 12% (RE), 33%
(SC1), 29% (SC1), 15% (SC2), 23% (SC2),
43% (SC2), 45% (SC2), 21% (RE), 26%
(SC1), and 56% (RE) in soil I, and 41%
(SC2), 40% (SC1), 38% (SC1), 21% (FU),
26% (FU), 53% (FU), 54% (FU), 58% (FU),
58% (FU), and 81% (FU) in soil II, respec-
tively, compared with the control. In both
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Fig. 4. Effects of biostimulant treatments (Table 2) on Mg, Fe, Cl, Mn, and Zn contents of leaves, roots, and fruit of cherry tomatoes grown in two different soils
(Table 1). Bars with the same letter are not significantly different at P < 0.05.

soils, SC performed better than PH, thus
indicating the positive impact of PGPR in
the formulation. However, FU was the most
effective treatment in terms of yield, fruit size,
and cluster size under stressed soil conditions
(soil II). This finding may be explained by the
ability of FA to lower the pH of soil II and
improve the nutrient uptake of tomatoes.
Because neutral or slightly acidic pH is
required for tomato growth, the FU treatment
performed better in stressed soil conditions.
Abdellatif et al. (2017) showed that HA
treatments significantly improved plant
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growth, the number of flowers per cluster,
and the general number of flowers per plant
compared with the control. Similarly, Suh
et al. (2014) found that FA application in-
creased the yield, plant height, fresh weight,
and dry weight of tomato plants. Similarly,
Suh et al. (2014) found that FA treatments
(0.8 and 1.1 g-L™") increased the fruit number
and yield of medium and large fruits of
tomato. Adani et al. (1998) found that HA
applications for tomato significantly in-
creased the plant growth, root growth, fresh
weight, and dry weight. Lua and Bohme

(2001) pointed out that HA had an important
effect on the root growth and shoot growth of
tomato in a hydroponic system. The use of
PGPR and HA as foliar and seed applications
for peanut increased the dry weight and yield
of peanut (El-Syed et al., 2017). However,
our results showed that in soils with a high
CaCOj3 content and high pH, HA and/or
PGPR were not as effective as FA.
Applications more effectively improved
plant growth, fruit quality, and yield parameters
of plants in soil I compared to plants in soil L.
The positive effects of biostimulants may result
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Fig. 5. Effects of biostimulant treatments (Table 2) on the activity of catalase (CAT), peroxide (POD), and superoxide dismutase (SOD) and the contents of
malondialdehyde (MDA), hydrogen peroxide (H,0,), proline, and sucrose of leaves, roots, and fruit of cherry tomatoes grown in two different soils (Table 1).
Bars with the same letter are not significantly different at P < 0.05.

from the increased plant tolerance to stressful
conditions. Similarly, in a study that examined
the effects of HA applications on tomatoes
grown under temperature stress, it was deter-
mined that HA had a positive effect on plant
growth and productivity, yield parameters,
yield, and flowering (Abdellatif et al., 2017).

HORTScIENCE VoL. 56(4) AprriL 2021

In this study, the positive effects of the
applications, especially in soil II, resulted in
increased plant growth due to the increase in
the nutrient availability and antioxidant en-
zyme activity in the plant. RE and FU were
the most effective applications for mineral
content (leaf, root, and fruit) in soil I and in

soil I1, respectively. N, P, K, Ca, Mg, Mn, Na,
Zn, Fe, and Cl contents (leaf, root, and fruit)
were increased by 23% to 90% compared
with the control in soil I, whereas the in-
creases in mineral contents ranged from 40 to
92% in soil II. Similarly, Adani et al. (1998)
stated that HA applications enhanced the
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uptake of minerals such as N, P, Fe, and Cu in
tomato. Moreover, Lua and Bohme (2001)
showed that the nutrient contents (such as Ca
and K) of the leaf and fruit of tomato in-
creased with the HA application. However,
Turkmen et al. (2004) found that although
application doses of 100 to 200 mg-kg ' in-
creased the N, Ca, and S contents in the stem
and the N and K contents in the root, very high
concentrations of HA resulted in decreased
nutrient contents. With FA applications, the
contents of P and Ca of tomato were increased
(Suh et al., 2014). Humic substances were
found to have similar effects on hormones
such as auxin, cytokine, and abscisic acid;
therefore, they stimulate the intake of N, P, K,
Fe, Zn, Cu, and Mn by enhancing root growth
(Mayhew 2004). Moreover, humic substances
stimulate H"-ATPase activity and support sec-
ondary ion transporters, which encourage the
nutrient intake (Canellas et al., 2015).

In soil II, the CAT, POD, and SOD activ-
ity and H,0,, MDA, proline, and sucrose
contents of plant were higher than those in
soil I conditions. Also, the CAT, POD, and
SOD activity and H,O,, MDA, and proline
contents decreased in soil I and soil II with
treatments compared with the control, but the
POD activity was higher with the SC1 appli-
cation in soil II. The sucrose content partic-
ularly increased with the RE treatment. In
stressful environments, applications of bio-
stimulants were reported to increase the plant
tolerance by increasing nutrient assimilation
and affecting the enzyme activity. Parandian
and Samavat (2012) showed that HA and FA
applications increased the anthocyanin con-
tent, oi-amylase content, and soluble sugar
amount in lilium. Similarly, FA increases the
antioxidant capacity of plants. Aminifard
et al. (2012) indicated that fruit antioxidant
activity, total phenolic content, carbohydrate
content, carotenoid content, and capsaicin
content were influenced by FA in pepper.
PGPR inoculation and the addition of HA for
peanuts increased the mineral contents (N, P,
and K) of the shoot (El-Syed et al., 2017).
Biostimulator substances provide tolerance to
abiotic stress in plants by initiating various
molecular processes in plant cells. A study of
pepper indicated that HA could reduce the
negative effects of salt stress by improving the
soil properties, plant growth, and antioxidant
capacity (Akladious and Mohamed, 2018). It
was determined that humic substances applied
to soybeans grown under water stress had a
positive effect on plant growth by providing
micronutrient uptake (Prado et al., 2016). Hu-
mic substances act on different molecular,
biochemical, and physiological processes
through genetic, post-transcriptional, and post-
translational changes in cells (Shah et al., 2018).
When all data were evaluated together, the RE
treatment was the most efficient application,
whereas the FU treatment had the most effec-
tiveness in soil II.

Conclusion

In this study, the positive effects of the
biostimulant applications, especially in the
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stressed soil, resulted in increased plant
growth by increasing the nutrient availability
and antioxidant enzyme activity in plants.
Treatments used as a biostimulant in this
study have positive effects on plant growth,
fruit quality, mineral content, antioxidant
enzyme activity, and yield of cherry tomato.
The recent use of environmentally friendly
production systems in agricultural production
has led to the use of inputs that are not
harmful to soil fauna and flora. Applications
used in this study had positive effects on the
growth of cherry tomato, which can prevent
or reduce the detrimental soil factors such as
excessive fertilizer use. Therefore, these bio-
stimulants might be good candidates for
cherry tomato cultivation in problematic soil
areas, especially those with stress conditions.
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