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Abstract

Climatic stress, such as drought and extreme temperatures, represents a major threat to the growth and development of
crops, including soybeans, which require a balanced water regime. Water is an essential component of plant life, and its
absence is the most crucial abiotic factor negatively affecting the quality and quantity of agricultural production.
According to the specialized literature, growth regulators positively influence the morphology, physiology, and quality
of soybean production. Recent studies indicate that applying such products at optimal concentrations and growth stages
can mitigate abiotic stress. Based on this premise, a study was conducted in the experimental field at ARDS Secuieni,
aiming to determine the influence of growth regulators on the productive potential of soybeans. The experiment was
bifactorial type, using two soybean varieties created by ARDS Turda and three growth regulators applied during the
flowering period. The results highlighted that the tested regulators influenced the adaptability of the soybean varieties to
drought.
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INTRODUCTION contribute to plant adaptation to adverse

conditions. Abiotic stress, particularly drought,
Soy is one of the most important protein and negatively affects crop productivity, and in this
oilseed crops worldwide. At the same time, the context, abscisic acid (ABA) acts as a master
importance of soy is also evident in mixed  regulator in the intense responses, causing
farming systems, making it a key crop both stomata to close. In the long term, ABA interacts
economically and environmentally. In these  with other hormones such as jasmonic acid (JA),
systems, soybean contributes not only to the  gibberellins (GA), salicylic acid (SA) and
diversification of agricultural production but  brassinositides (BR) to stimulate stomatal
also to the improvement of soil health, having closure by regulating gene expression. In
beneficial effects in a cropland, reducing the  contrast, cytokinins (CK) and auxins (IAA)
need for pesticides and chemical fertilizers  regulate stomatal opening. Abscisic acid (ABA)
(Badea et al., 2023; Joita-Pacureanu et al., is present in various organisms and plays a
2023). However, Europe relies heavily on  crucial role in regulating cell growth and stress
imports due to the small area devoted to legume  tolerance. Under water stress, endogenous ABA
cultivation, representing only 1.5% of levels increase rapidly, acting as signaling
agricultural land compared to global needs molecules that regulate genes such as DREB

(Watson et al., 2017). proteins and bZIP transcription factors. ABA
Phytohormones play a key role in regulating the ~ induces stomatal closure to prevent water loss
stress response and enhancing plant growth, and improves root architecture to facilitate

with a particular focus on soybean. These  access to soil water. Exogenous application of
hormones interact to trigger specific signaling  phytohormones can enhance drought tolerance
mechanisms that control gene expression and  of soybean (Shaffique et al., 2023).
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Global demand for the soybean crop is
increasing due to its economic and nutritional
importance, but production is often affected by
abiotic stressors such as drought and salinity,
which emphasizes the need for innovative
strategies, such as the use of plant growth
regulators, to improve crop resilience and ensure
sustainable yields. The impact of plant growth
regulators (PGRs) on soybean productivity
highlights how they influence physiology,
morphology and stress tolerance. Through
exogenous application, PGRs can improve
photosynthetic  rate, increase chlorophyll
content and stimulate translocation of
assimilates, which favors biomass accumulation
and yield increase. For example, salicylic acid
stabilizes photosystem II, improving water use
efficiency and antioxidant activity, while
cytokinins and gibberellic acid (GAs) stimulate
cell division and stem elongation, contributing
to better plant growth. At the morphological
level, PGRs such as indolbutyric acid (IBA)
promote root development, improving water and
nutrient uptake, and ethephon (ETP) increases
root surface area, thus increasing resistance to
stress conditions. In addition, these compounds
play an essential role in ameliorating the effects
of abiotic stresses, such as drought and salinity,
by activating the plant's defense mechanisms.
Application of methyl jasmonate (MeJA)
improves drought tolerance by increasing the
concentration of soluble sugars and secondary
metabolites involved in stress adaptation.
Besides yield enhancement, PGR influences
seed quality by contributing to higher protein
and oil content (Amoanimaa et al., 2022).

The productivity of soybean crop largely
depends on the availability of nitrogen, which
significantly influences plant growth and
development (Salvagiotti et al., 2008), but with
its ability to fix atmospheric nitrogen, soybean
becomes an important crop in crop rotations,
helping to maintain soil fertility and reduce the
need for chemical fertilizers. Thus, soybean not
only improves agricultural crop yields, but also
brings environmental benefits by improving soil
structure and nutrient cycling (Ionescu et al.,
2022; Moldovan et al., 2022).

Although the application of plant growth
regulators (PGRs) has been limited in the past,
analysis of the role of the synthetic cytokinin
cytokini 6-benzyladenine (6-BAP) in improving
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drought tolerance of soybean highlights the
benefits of exogenous use on plant growth and
productivity. Drought adversely affects soybean
growth, causing cell dehydration, reduced water
potential, accumulation of reactive oxygen
species and accelerated senescence, leading to
decreased productivity. The 6-BAP molecule
contributes to regulating cell division, delaying
senescence, improving root architecture and
stimulating the translocation of photosynthesis
products, thus favoring better adaptation to
water stress conditions. In addition, exogenous
application of 6-BAP at the end of flowering
reduces floral abortion and increases the number
of pods and seeds, significantly improving yield.
It also plays a key role in plant adaptation to
fluctuating water availability, helping to
maintain crop vitality (Mangena Phetole, 2022).
Analysis of the effects of the application of a
plant growth regulator (PGR) on soybeans at the
R2 (beginning of pod formation) and R3 (pod
formation) stages, highlights its impact on yield
and agronomic characteristics of the crop.
Growth regulators are chemicals that influence
plant physiological processes such as cell
division, stem elongation and stress tolerance.
Among the most important PGRs involved in
soybean growth are gibberellic acid (GAs),
cytokinins and salicylic acid. Gibberellic acid
stimulates stem elongation, fruit development
and pod formation, leading to more seeds per
plant. Cytokinins, such as kinetin, regulate cell
division and delay senescence, having a positive
effect on seed weight and quality, in particular
by increasing protein content. Salicylic acid
plays a key role in stress adaptation, influencing
stomatal closure and improving the harvest
index, which contributes to increased yield. The
study demonstrates that the application of
growth regulators in R2-R3 phases can
significantly improve the yield and quality of
soybean crops, but the efficacy of these products
depends on the type of PGR used and the
optimal timing of application (Klumpp
Geoffrey, 2018).

The impact of plant growth regulators (PGRs)
on nitrogen metabolism, yield and quality of the
symbiosis between soybean and nitrogen-fixing
bacteria was analyzed using various PGRs types
(auxins, cytokinins, gibberellins and mepiquat
chloride). These were applied to soybean plants
following batting to assess the effects on



nitrogen fixation and plant growth. The results
showed that the application of these PGRs
significantly stimulated the activity of symbiotic
batteries, improving the atmospheric nitrogen
fixation process, and consequently the growth
and development of soybean crop. Treated
plants showed higher yield with better nodule
development and increased  nitrogen
concentration. In addition, PGRs positively
influenced nitrogen metabolism by stimulating
enzyme activity associated with nitrogen
assimilation and utilization in plant metabolic
processes. Seed quality was also improved, with
an increase in protein and lipid content,
suggesting a higher efficiency in the utilization
of nitrogen resources and a positive impact on
the nutritional value of the seeds. Accordingly,
the use of growth regulators can optimize the
symbiosis between soybean and nitrogen-fixing
bacteria, thereby improving the quantity and
quality of soybean crops under more sustainable
conditions and with less consumption of
chemical fertilizers (Chen et al., 2023).

Based on these hypotheses, this paper highlights
how commercial products applied on soybean
plants have influenced productivity elements in
the context of climate change in Central
Moldova.

MATERIALS AND METHODS

This paper presents the partial results of an
experiment that was located in the experimental
field of A.R.D.S. Secuieni, in the year 2023. It
aimed to analyze the influence of some growth
regulators on some productivity elements of
soybean plants. The experiment was bifactorial,
where factor A was represented by the soybean
variety and factor B by the commercial product.
Factor A had 2 gradations, represented by the
varieties Onix and Ziana TD, and factor B had 4
gradations, the untreated control and the
products Moddus Evo, Ormet and Toprex.

Both Onix and Ziana TD are Romanian varieties
created and patented by A.R.D.S. Turda.
Varieties are early maturing, falling in the OO
maturity group, with Ziana TD being on the
borderline between OOO and OO. These
varieties have a high yield potential, reaching
4600 kg/ha for Onix and 5000 kg/ha for Ziana
TD. Their grains have a protein content of over
40% and a lipid content between 20.9% and
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24.6%, ensuring superior nutritional quality.
Also, both varieties show very good resistance
to lodging, lodging and lodging, and are
recommended for the favorable soybean areas of
Transylvania, Moldova and the Western Plain.
To fulfill the research objectives set, both
soybean varieties were treated with 3 different
commercial products with specific growth
regulator action.

The physiological action of these products
consists in modifying the morpho-physiological
characteristics of the plants. They inhibit stem
length growth, in particular by reducing
internode elongation. At the same time, they
accelerate the flowering, fruiting, and fruit
ripening processes. At the same time, they
contribute to increasing plant tolerance to stress
factors such as drought, salinity, diseases, and
pests by limiting cell extension and stimulating
tissue differentiation (Jitareanu & Toma, 2007).
Moddus Evo is a growth regulator containing
250 g/ trinexapac-ethyl and is applied to control
plant elongation, improving plant stability and
reducing the risk of plant drop. It is rapidly
absorbed through leaves and stems, acting on
meristems to inhibit internode elongation. The
use of this product results in a more robust plant
with a reduced risk of damage in high winds or
heavy rain
(https://www.syngenta.ro/product/crop-
protection/moddus-evo).

Ormet is a growth regulator containing 480 g/l
ethephon that regulates the elongation of plants,
helping them to become more stable and more
resistant to environmental factors such as wind
and heavy rain. It is rapidly absorbed and
translocated to the meristematic zones, where it
inhibits excessive stem elongation and helps to
strengthen the straw. It is used in fall and spring
wheat and barley crops and is applied from the
second internode to the emergence of the
spikelets, depending on the phenophyse of the
plant. Ormet thus helps to reduce the risk of
plant drop and promotes a quality harvest
(https://www.adama.com/romania/ro/produse-
pentru-protectia-plantelor/regulatori-
crestere/ormet).

Toprex is a combined fungicide and growth
regulator containing 20 g/l difenoconazole and
125 g/1 paclobutrazol, effective in both disease
control and improving plant stability. It helps
reduce the risk of oilseed rape plants falling by



stimulating a healthy root system and inhibiting
excessive stem elongation. It is applied to
oilseed rape crops both in the fall (four-leaf to
winter) and in the spring (during stem
elongation to the green flower bud). In addition,
Toprex protects the crop from Phoma lingam, a
pathogen that causes black rot of oilseed rape
(https://www.adama.com/romania/ro/produse-
pentru-protectia-plantelor/fungicide/toprex).
The experiment was set up according to the
method of plots subdivided into three
repetitions, on a faeozoic soil type (typical
Cambian chernozemic) characterized by
moderate  fertility and  physico-chemical
properties favorable to agricultural crops. The
soil has a neutral pH of 7.29 and a loamy texture.
The humus level is 2.3%, indicating good
fertility. In terms of nutrients, the soil is poorly
supplied with total nitrogen (9.4 mg/kg), but
very well supplied with mobile phosphorus (189
mg/kg) and mobile potassium (304
mg/kg), thus ensuring optimal conditions for the
development of soybean crops.

The experiment was set up following all the
technological links specific to the soybean crop,
the difference being the two treatments applied
in the flowering phenophase. The first treatment
was applied at the beginning of flowering and
the second at full flowering.

In order to highlight the influence of the applied
products on the reduction of water stress,
determinations were carried out on the number
of pods per plant, the number and weight of
grains per plant, the thousand kernel weight
(TKW), and the yield.

RESULTS AND DISCUSSIONS

The year 2023 was characterized by atypical
temperatures for the soybean crop, significantly
influencing its development. In April and May,
temperatures were at or below the multi-year
average (-1.5°C in April and 0°C in May),
resulting in slower germination and more
difficult initial development. Although soybeans
managed to continue their vegetative cycle, this
early delay influenced pod formation. Instead, in
June, temperatures approached optimal values,
favoring vegetative growth and flowering and
providing good conditions for further crop
development.
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However, from July onwards, temperatures
deviated significantly above the multi-year
average (+2.2°C in July and +3.5°C in August),
which caused high heat stress on the plants
(Figure 1). Temperatures above 24°C during this
period led to flower abortion and poor pod
formation, thus limiting yield potential.
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Figure 1. Temperature registrated at A.R.D.S. Secuieni
during soybean vegetation period, 2023

In terms of rainfall, 2023 was characterized by a
severe rainfall deficit, significantly affecting
soybean development. In April, May, and June,
rainfall amounts were well below the multi-year
average (-6.5 mm, -43.3 mm and -54.9 mm),
which created a pronounced water stress in the
early growth phases. This shortage hindered the
proper development of the root system, limiting
the ability of the plants to take up the necessary
water during critical periods. In July, the deficit
continued (-12.4mm), amplifying the impact of
high temperatures and directly affecting pod
formation and berry filling. The only month with
rainfall above multi-year values was August.

In September, rainfall again fell below the multi-
year average (-18.9 mm), accelerating ripening
but also contributing to uneven ripening
(Figure 2).

Thus, the lack of rainfall, coupled with high
temperatures, resulted in a very dry growing
season, limiting soybean yield and quality.

The number of pods/plant is a key determinant
and is directly related to the ability of the plant
to produce seed. This parameter is influenced by
environmental conditions, nutrition and applied
treatments such as growth regulators. Figure 3
shows that the treatments applied positively
influenced pod formation on the plant.
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Figure 2. Rainfall registrated at A.R.D.S. Secuieni during
soybean vegetation period, 2023

In the case of Onix, the highest average number
of pods/plant was recorded in the version with
Ormet, followed by Moddus Evo. The control
had a similar value with the third growth
regulator, about 68 pods/plant.

The Ziana TD variety had lower pod number
averages compared to Onix. However, in plots
where treatments were performed, higher values
were determined than the control sample. This
time, the highest average number of pods/plant
was influenced by the Toprex product (58.6),
followed by Ormet (45.13) and then Moddus
Evo (Figure 3).

Number of pods/plant
84.93
86.87
67.60 67.13 58.60
45.13
36.93 41.80 '

Untreated Moddus
witness Evo

Omet  Toprex Untreated Moddus Ormet

witness Evo

Toprex

Onix Ziana TD

Figure 3. Average number of pods per plant

The number of grains per plant is another
important factor in assessing the yield potential
of soybeans. It is influenced by the plant's ability
to fertilize and develop seeds, a process that can
be stimulated or inhibited by growth regulators.
More kernels per plant indicate a higher yield,
while fewer kernels per plant may signal
problems with fertilization and stress conditions.
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Directly related to the factor analyzed above, the
number of kernels per plant follows a similar
trend.

In Onix, average values ranged from 130.73
grains/plant (Toprex) to 181.7 grains/plant
(Moddus Evo).

Ziana TD also showed significant differences
between treated and control variants. The plot
treated with the growth regulator Toprex
(114.53) showed the highest average number of
grains/plant, while the control plot (76.4)
showed the lowest average number of

grains/plant (Figure 4).
114.53
87.73 I

Ormet

Number of seeds/plant

176.67

Ormet

181.70
134.20

|

Untreated Moddus
witness Evo

130.73
85.60
76.40

[

Toprex Untreated Moddus
witness Evo

Toprex

Onix ZianaTD

Figure 4. Average number of seeds per plant

The weight of the seeds per plant is an important
factor in assessing yield potential, with heavier
berries indicating adequate nutrition and optimal
plant development.

In the case of Onix, the highest weight of the
seeds per plant was 19.52 g (Moddus Evo),
followed by the variety with Ormet (17.26 g).
The plot sprayed with the Toprex regulator had
a slightly lower average weight than the control

(14.24 g) and 13.75 g, respectively.

Toprex

17.26 15.89

Ormet

19.52
14.24

Untreated Moddus
witness Evo

Seed weight/plant (g)
13.75
10.15

I 11.44i

Toprex Untreated Moddus
witness Evo

10.94

Ormet
Onix ZianaTD

Figure 5. Average seed weight per plant (g)



Ziana TD showed values higher than the control
in all the variants treated with the three
commercial products. Of these, the one in which
the Toprex regulator was applied stands out,
with an average grain weight of 15.89 g.

While the highest values for the indices
analyzed above were determined for the Onix
variety, the thousand kernel weight peaked at
143.73 g for Ziana TD, sprayed with Toprex. In
the remaining variants, the thousand kernel
weight was lower than the control for both
varieties. They ranged from 106.99 g (variety
Onix treated with Ormet) to 141.9 g (variety
Ziana TD, control var. Ziana TD) (Figure 6).

Thousand kernel weight (g)

141.90 134.93

116.02 113.18 115.33

143.73
132.79
I I | I I I I I

Untreated Moddus Ormet  Toprex Untreated Moddus Ormet  Toprex
witness Evo witness Evo

Onix ZianaTD

Figure 6. Thousand kernel weight (g) at the soybean,
depending on the applied product

In the context of climate change, soybean yield
is increasingly affected by extreme weather

conditions, such as rainfall deficits and
temperature fluctuations. These conditions can
significantly reduce the quantity and quality of
the harvest, with a direct impact on the
availability of soybeans for consumption and
industry.

The application of growth regulators can play an
important role in plant adaptation to these
unfavorable  conditions by  stimulating
physiological processes that help reduce the
effects of water stress.

Analyzing Table 1, it can be seen that yields
varied both by variety and by product applied.
The highest yield was 1704.33 kg « ha'! for the
Onix variety treated with Moddus Evo. This had
the highest yield increase of 177.67 kg ¢ ha’
compared to the control sample. At the opposite
pole, the Ormet treated variety yielded 1424 kg
ha’!, 102.67 kg * ha' less than the untreated plot.
In the case of Ziana TD, yields were higher than
in the Onix variety. This time, the Toprex-
treated variety was more productive than the
control, with 1937.33 kg « ha'. In comparison
with the untreated control, the yield increase was
135.67 kg * ha! (Toprex) and 123 kg « ha’
(Ormet). While the influence of the growth
regulator Moddus Evo resulted in a yield
increase in Onix, Ziana TD yield was 1746.67
kg * ha', 55 kg « ha'! less than the untreated
sample. The yield was statistically interpreted,
but the differences recorded are not statistically
assured (Table 1).

Table 1. Soybean grain production (kg ¢ ha™)

Variety Treatment Pr(?(dgl;li:)() n o cz::ﬂ:;fd to ngg]f:)c € Significance
Untreated witness 1526.67 100 -
Onix Moddus Evo 1704.33 112 177.67
Ormet 1424.00 93 -102.67
Toprex 1541.67 101 15.00
Untreated witness 1801.67 100 -
Ziana TD Moddus Evo 1746.67 97 -55.00
Ormet 1924.67 107 123.00
Toprex 1937.33 108 135.67
5% = 335.8
DL kg/ha 1% = 471.3
0.1% = 665.3
CONCLUSIONS growing season is characterized as hot and very

In climatic terms, the soybean growing season
was marked by a precipitation deficit of -117.00
mm, against a 1.5°C increase in temperature
compared to multi-year averages. The soybean

dry.

Growth regulators had a positive impact on the
analyzed productivity indices. They influenced
the morpho-physiological processes of the two
varieties differently.
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The variants in which the commercial product
Toprex was applied recorded the highest
average values of pod number/plant, number of
grains/plant and grain weight/plant for Ziana TD
and the lowest for Onix.

Additionally, the highest thousand kernel weight
was recorded for the Ziana TD variety treated
with Toprex, reaching 143.73 g.

The yield ranged from 1424 kg + ha'(Onix
treated with Ormet) to 1937.33 kg » ha'! (Ziana
TD treated with Toprex). Differences in yield
compared to the control ranged from -102.67 kg
« ha'! (Onix treated with Ormet) to 177.67 kg * ha”
! (Onix treated with Moddus Evo).
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