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Abstract. The study investigated flowering dynamics of groundnut (Arachis hypogaea L.)
cv. Salomat under different planting geometries, mineral fertilizer rates and biostimulant
treatment variants under irrigated conditions of the Andijan region, Uzbekistan. Two
planting patterns, 70 x 10 cm and 70 % 20 cm with one plant per hill, two mineral fertilizer
backgrounds, N60OP110K40 and N9OP165K65 kg ha™', and foliar treatments with Oksigumat
Ekstra and Rokogumin at 1, 2 and 3 L ha™ were evaluated. The number of flowers per plant
was recorded on 7, 10, 13 and 16 July 2021. Foliar application of the biostimulants was
carried out on 8 July, therefore, the 7 July observation represented the pretreatment status.
Averaged across 14 treatment combinations, flower number under the 70 x 10 cm planting
pattern increased from 2.49 flowers plant™ on 7 July to 26.52 flowers plant™ on 16 July.
Under the 70 x 20 cm pattern, the corresponding values were 2.87 and 30.54 flowers plant ™.
The wider spacing produced approximately 15% more flowers throughout the observation
period. On 16 July, the mean flower number under N9OPI165K65 exceeded that under
N60P110K40 by approximately 7.2% at 70 x 10 cm and 7.1% at 70 x 20 cm. The highest
value, 33.3 flowers plant™, was recorded under the combination of 70 x 20 cm,
N9OP165K65 and Rokogumin at 3 L ha™. However, because differences among treatments
were already present before biostimulant application and no analysis of variance was
available for the presented dataset, treatment effects are interpreted as descriptive trends
rather than statistically confirmed responses. The results indicate that planting geometry
and mineral nutrition were consistently associated with flowering intensity of groundnut cv.
Salomat.

Keywords: groundnut, Arachis hypogaea L., Salomat cultivar, flowering dynamics,
planting geometry, mineral nutrition, Oksigumat Ekstra, Rokogumin, flower number,
reproductive development.

INTRODUCTION

Groundnut (Arachis hypogaea L.) is one of the important oilseed and grain legume
crops cultivated in tropical and subtropical regions. Its productivity is closely related to the
successful formation and development of reproductive organs, particularly flowers,
gynophores and pods.

Flowers of groundnut develop in the axils of leaves. The number of flowers produced
by an inflorescence is influenced both by the botanical characteristics of the cultivar and by
environmental conditions. Temperature and moisture are especially important during the
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reproductive period. Warm conditions around 25-30 °C combined with adequate moisture

are generally favourable for flowering and gynophore formation.

]
.

Under the climatic conditions of Uzbekistan, the first groundnut flowers may appear
approximately 20-35 days after emergence [1]. Individual groundnut flowers are short-
lived, usually remaining open for about one day. Following fertilization, the ovary develops

Eﬂﬂ“

n into a gynophore, which elongates and penetrates the soil before pod development.
The timing of flowering is important for final yield formation. Nurmatov et al. [2]
reported that groundnut plants may continue flowering until the end of the growing period,

»S

but flowers formed relatively late in the season may have insufficient time to produce fully
mature pods. Therefore, intensive flowering and gynophore formation during June and July
are particularly important under the environmental conditions of Central Asia.

Plant population density strongly affects the architecture of individual plants. Wider
spacing increases the feeding area per plant and may reduce competition for light, water and
mineral nutrients. This can influence branching, vegetative growth and the number of
reproductive organs formed by each individual plant.
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Mineral nutrition is another important factor affecting reproductive development.
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Nitrogen, phosphorus and potassium participate in processes related to photosynthesis,
assimilate transport, root growth, flowering and pod formation. The response of groundnut
to mineral fertilizer, however, may vary with planting density and environmental conditions.

al (

Biostimulants are increasingly used in crop production to support plant metabolic
activity and stress tolerance. Their effect on reproductive development can depend on the
composition of the preparation, application rate and timing. For this reason, measurements

10N

taken before treatment should be separated from observations made after application.

The aim of the present study was to evaluate flowering dynamics of groundnut cv.
Salomat under different planting geometries and mineral fertilizer backgrounds and to
describe the subsequent flowering patterns in variants treated with different rates of
Oksigumat Ekstra and Rokogumin.

Materials and Methods

The field experiment was conducted in 2021 at the experimental farm of the Andijan
Institute of Agriculture and Agrotechnologies, Andijan region, Uzbekistan.

The soil of the experimental field was irrigated meadow-serozem, heavy loam in
texture and slightly saline. Groundwater occurred at a depth of approximately 1.5-2.0 m.

Groundnut cultivar Salomat was grown under two planting geometries: 70 < 10 cm and
70 x 20 cm, one plant per hill. The corresponding theoretical feeding areas were
approximately 700 and 1400 cm? per plant.

Two mineral fertilizer backgrounds were evaluated: N60P110K40 kg ha™' and
N90P165K65 kg ha™'.

Within each fertilizer background, seven variants were included: no biostimulant;
Oksigumat Ekstra at 1,2 and 3 L ha™'; and Rokogumin at 1,2 and 3 L ha™'. Fourteen variants
were therefore evaluated within each planting geometry, resulting in a total of 28 treatment
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combinations. The experiment was conducted in four replications.
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The number of flowers per plant was recorded on 7, 10, 13 and 16 July 2021. Foliar

application of the biostimulant treatments was performed on 8 July 2021. Therefore, flower

9
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counts recorded on 7 July represented pretreatment conditions, whereas observations on 10,
13 and 16 July characterized flowering after the treatment date.
The data were evaluated descriptively. Mean values were calculated for planting

ﬁan

ﬂ geometries and mineral fertilizer backgrounds. Because analysis of variance and least
significant difference values were not available for the dataset presented here, numerical

S

differences were not interpreted as statistically significant.

Results and Discussion

General flowering dynamics

Flower formation increased rapidly during the observation period in all experimental
variants.

Under the 70 x 10 cm planting geometry, the average number of flowers increased
from 2.49 flowers plant™ on 7 July to 6.11 on 10 July, 12.99 on 13 July and 26.52 flowers
plant™ on 16 July.

Under the 70 % 20 cm planting geometry, the corresponding mean values were 2.87,
7.04, 14.94 and 30.54 flowers plant™.

Thus, the wider spacing produced consistently greater flower numbers per individual
plant. The difference between the planting geometries increased from 0.38 flowers plant™
on 7 July to 0.93 on 10 July, 1.96 on 13 July and 4.01 flowers plant™ on 16 July.

In relative terms, the average flower number under 70 x 20 cm was approximately 15%
higher than under 70 x 10 cm at each observation date.

This remarkably stable proportional difference suggests that feeding area per plant was
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+~ strongly associated with reproductive development of individual groundnut plants.

CU Table 1. Flowering dynamics of groundnut cv. Salomat under the 70 x 10 cm
g planting geometry, flowers plant™, 2021

d') No. fell'\t/;il;zll"?lkg Treatment 7 July 10 13 16

—— ha-t July | July | July

E 1 | N60P110K40 Control 1.7 4.7 10.7 243

m 2 | N60P110K40 Oksigumat Ekstra, 1 L ha™ 2.0 5.6 11.7 24.8

%5 3 | N60P110K40 | Oksigumat Ekstra,2 Lha' | 22 | 57 | 121 | 256

g: 4 | N60P110K40 | Oksigumat Ekstra, 3 L ha™! 2.4 6.1 12.5 26.8

z 5 | N60P110K40 Rokogumin, 1 L ha™ 1.9 | 50 | 117 | 249

g: 6 | N60P110K40 Rokogumin, 2 L ha™' 23 5.9 125 | 26.0

— 7 | N60P110K40 Rokogumin, 3 L ha™ 2.4 6.1 13.6 26.8

8 | N90P165K65 Control 2.7 6.3 14.9 27.5

9 | N9OP165K65 Oksigumat Ekstra, 1 L ha™ 2.5 6.3 12.5 25.8

10 | N9OP165K65 Oksigumat Ekstra, 2 L ha™ 2.7 6.4 12.9 26.8

11 | N9OP165K65 Oksigumat Ekstra, 3 L ha™ 3.0 6.8 13.4 27.8
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Mineral
No. | fertilizer, kg Treatment 7 July Jfl(:y J:jy J:Sy
o ! ha™
:'. 12 | N9O0P165K65 Rokogumin, 1 L ha™ 2.8 6.7 13.2 27.2
:E | 13 | N9OP165K65 Rokogumin, 2 L ha™ 3.0 6.9 14.3 28.1
ﬁn 14 | N9OP165K65 Rokogumin, 3 L ha™ 33 7.1 15.8 28.9
U;.
) Flowering under the 70 x 10 cm planting geometry
) At the N60P110K40 fertilizer background, the untreated control produced 24.3 flowers
(: plant™ by 16 July.
ab The Oksigumat Ekstra treatments reached 24.8, 25.6 and 26.8 flowers plant™ at
= application rates of 1, 2 and 3 L ha™', respectively. The highest value in this group was
ab therefore 2.5 flowers plant™ higher than the untreated control.
LE The Rokogumin treatments produced 24.9, 26.0 and 26.8 flowers plant ™" at 1, 2 and 3
L ha™, respectively.
rQ On the N90P165K65 background, the untreated control reached 27.5 flowers plant™
"’ by 16 July. Oksigumat Ekstra treatments resulted in 25.8-27.8 flowers plant™, while
— Rokogumin treatments produced 27.2-28.9 flowers plant™'.
CU The highest flower count under the 70 x 10 cm geometry, 28.9 flowers plant™, was

observed in the N9OP165K65 + Rokogumin 3 L ha™' treatment. However, this treatment
already had the highest pretreatment flower count on 7 July, at 3.3 flowers plant™. Therefore,
its final superiority cannot be attributed entirely to the foliar treatment.

From 7 to 16 July, flower number increased by 22.6 flowers plant™ in the N60P110K40
untreated control. The corresponding increase was 24.4 flowers plant™ with both Oksigumat
Ekstra 3 L ha™! and Rokogumin 3 L ha™'.

Under N9O0P165K65, the control increased by 24.8 flowers plant™, while Rokogumin
3 L ha™! increased by 25.6 flowers plant™'. These results indicate relatively small differences
in flowering increment compared with the large overall increase associated with plant
development during the observation period.

Table 2. Flowering dynamics of groundnut cv. Salomat under the 70 x 20 cm
planting geometry, flowers plant™, 2021
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: No. fell'\t/;ilzl:lkg Treatment 7 July 10 13 16
: ha-! July July | July
f 1 | N6OP110K40 Control 1.9 5.4 12.3 28.0
g 2 | N60P110K40 | Oksigumat Ekstra, 1 L ha™ 23 6.5 13.5 28.6
3 | N60P110K40 | Oksigumat Ekstra, 2 L ha™! 2.5 6.6 13.9 29.5
4 | N60P110K40 | Oksigumat Ekstra, 3 L ha™ 2.8 7.0 14.4 30.8
5 | N60P110K40 Rokogumin, 1 L ha™ 2.2 5.7 13.5 28.7
6 | N6OP110K40 Rokogumin, 2 L ha! 2.6 6.8 144 | 299
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Mineral

No. fertilizfa:,l kg Treatment 7 July Jfl(:y J:jy J:Sy

o ! ha™
:‘. . 7 | N6OP110K40 Rokogumin, 3 L ha™! 2.8 7.0 15.6 30.9
:E ! 8 | N9OP165K65 Control 3.1 7.3 17.1 31.7
ﬁn 9 | N9OP165K65 | Oksigumat Ekstra, 1 L ha™ 29 7.3 144 | 29.7
U.-E' 10 | N9OP165K65 | Oksigumat Ekstra, 2 L ha™ 3.1 7.4 14.8 30.8
11 | N9OP165K65 | Oksigumat Ekstra, 3 L ha™ 3.5 7.8 15.4 32.0
12 | N9OP165K65 Rokogumin, 1 L ha™ 3.2 7.7 15.2 313
13 | N9OP165K65 Rokogumin, 2 L ha™ 3.5 7.9 16.5 323
14 | N9OP165K65 Rokogumin, 3 L ha! 3.8 8.2 18.2 333

Flowering under the 70 x 20 cm planting geometry
The wider planting geometry produced higher flower numbers in every treatment when
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compared with the corresponding 70 x 10 cm variant.
Under N60P110K40, the untreated control reached 28.0 flowers plant ™ by 16 July. The
Oksigumat Ekstra treatments produced 28.6, 29.5 and 30.8 flowers plant™, whereas
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Rokogumin treatments produced 28.7, 29.9 and 30.9 flowers plant™.

At the higher N9OP165K65 background, the control reached 31.7 flowers plant™.
Oksigumat Ekstra treatments produced 29.7, 30.8 and 32.0 flowers plant™ at 1, 2 and 3 L
ha™', respectively. Rokogumin treatments produced 31.3, 32.3 and 33.3 flowers plant™.

The maximum value recorded in the entire experiment was therefore 33.3 flowers
plant™ in the N9OP165K65 + Rokogumin 3 L ha™ treatment under the 70 x 20 cm planting
pattern.

10N

Again, this treatment had the highest pretreatment flower count, 3.8 flowers plant™, on
7 July. Its net increase from 7 to 16 July was 29.5 flowers plant™, compared with 28.6
flowers plant™ in the corresponding untreated control. The difference in net increase was
therefore substantially smaller than the difference between final absolute values.

Averaged across seven treatments, flower number on 16 July under 70 x 10 cm was
25.60 flowers plant™ with N60P110K40 and 27.44 flowers plant™ with N9OP165K65. The
difference was 1.84 flowers plant™, corresponding to approximately 7.2%.

Under 70 x 20 cm, the mean flower number was 29.49 flowers plant? with
N60P110K40 and 31.59 flowers plant™ with N9OP165K65. The increase associated with the
higher fertilizer background was 2.10 flowers plant™, or approximately 7.1%.

Correct interpretation of the biostimulant treatments requires special attention to
application timing.
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The preparations were applied on 8 July, while the first flower count was made on 7
July. Therefore, differences among experimental variants on 7 July cannot represent
responses to Oksigumat Ekstra or Rokogumin.
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Pretreatment differences were apparent in both planting geometries and fertilizer

backgrounds.

For example, under N60P110K40 and 70 % 20 cm, the untreated control had 1.9 flowers
plant™ on 7 July, whereas the treatments assigned to Oksigumat Ekstra 3 L ha™ and
Rokogumin 3 L ha™! already had 2.8 flowers plant™ before application.

WFer L
A

ﬂ By 16 July, these treatments reached 30.8 and 30.9 flowers plant™, respectively,
compared with 28.0 in the control.

»S

When the pretreatment values are considered, the increase from 7 to 16 July was 26.1
flowers plant™ in the control, 28.0 with Oksigumat Ekstra 3 L ha™ and 28.1 with Rokogumin
3Lha.

Under N90P165K65 and 70 x 20 cm, the corresponding increase was 28.6 flowers
plant™ in the control, 28.5 with Oksigumat Ekstra 3 L ha™' and 29.5 with Rokogumin 3 L
ha™.

Thus, the final absolute values alone may overstate the apparent treatment response
because the experimental variants did not start from identical flowering levels.

onferenc

Nevertheless, a tendency toward higher flower numbers with increasing treatment rates
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was observed in several groups, particularly for Rokogumin at 2-3 L ha™'.

For example, under N9OP165K65 and 70 x 20 cm, Rokogumin at 1, 2 and 3 L ha™
resulted in 31.3, 32.3 and 33.3 flowers plant™ on 16 July. A similar numerical pattern was
observed under N60P110K40, where Rokogumin at 1, 2 and 3 L ha™ produced 28.7, 29.9
and 30.9 flowers plant™.

Oksigumat Ekstra also showed increasing values with higher application rates within

10N

several treatment groups. However, not all biostimulant treatments exceeded the untreated
control. Under N9OP165K65, for example, Oksigumat Ekstra at 1 L ha™ produced fewer
flowers than the untreated control at both planting geometries.

Therefore, the dataset does not justify a general conclusion that any application of a
biostimulant automatically increased flowering. The most consistent responses observed in
the experiment were associated with planting geometry and mineral fertilizer background.
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Flowering intensity is important for groundnut because only a proportion of flowers
ultimately develop into gynophores and mature pods.

Early and intensive flowering during the period with favourable temperature and
moisture conditions may increase the potential number of reproductive structures that have
sufficient time to complete pod filling before harvest.

Previous recommendations for groundnut cultivation under Uzbekistan conditions
emphasize that late flowers and gynophores formed in August frequently fail to produce
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fully mature pods [2]. Therefore, crop management practices that favour active reproductive
development during June and July may have practical importance.
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The results of the present experiment indicate that providing a larger feeding area per
individual plant increased flower formation during this critical period.

However, greater flower number per plant does not necessarily mean greater yield per
unit area because wider spacing simultaneously reduces plant population density.

39



NEW MODERN RESEARCHERS: MODERN PROPOSALS AND SOLUTIONS.
International online conference.

Date: 25™ September-2026
Consequently, the optimum planting geometry should be determined by integrating flower

formation with plant density, pod number, seed weight, final yield and economic efficiency.
CONCLUSION
1. Flower formation increased rapidly between 7 and 16 July under all experimental
treatments.

ﬁan :

n 2. Planting geometry had a consistent association with flower number per individual
plant.

S

3. Mean flower number under 70 x 10 cm increased from 2.49 flowers plant™ on 7 July
to 26.52 flowers plant™ on 16 July.

4. Under 70 x 20 cm, flower number increased from 2.87 to 30.54 flowers plant™
during the same period.

5. On 16 July, plants grown at 70 < 20 cm produced on average 4.01 more flowers
plant™ than plants grown at 70 % 10 cm, corresponding to approximately 15.1%.

6. The mean increase between 7 and 16 July reached 24.03 flowers plant™ at 70 x 10
cm and 27.66 flowers plant™ at 70 x 20 cm.

7. The higher mineral fertilizer background, N9OP165K65, was associated with
approximately 7% more flowers per plant on 16 July than N60P110K40 under both planting
geometries.
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8. The highest absolute value in the experiment, 33.3 flowers plant™, was recorded
under 70 x 20 cm + N90P165K65 + Rokogumin 3 L ha™.

9. A tendency toward increasing flower number with increasing biostimulant rate was
observed in several treatment groups, particularly with Rokogumin.

10N

10. Because pretreatment differences were already present on 7 July and statistical
significance parameters were not available, these differences should be interpreted as
descriptive tendencies rather than statistically proven treatment effects.

11. Overall, increasing the feeding area from 700 to 1400 cm? per plant was the most
consistent agronomic factor associated with enhanced flowering of individual groundnut
plants.
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