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The continued use of synthetic pesticides can negatively affect the environment, human
health, and the sustainability of crop cultivation. Therefore, weed extracts as plant-based
biopesticides offer an environmentally friendly alternative for controlling pests on
chrysanthemum plants. This study aims to analyze the effects of the type of weed solution
and application frequency on the growth, flower yield, and pest infestation levels of
chrysanthemum plants. The study employed a nested randomized block design consisting
of two factors: the type of weed solution, which included Chromolaena odorata L (A),
Ageratum conyzoides L. (B), Euphorbia hirta L. (C), Isotoma longiflora (D), and
Echinochloa crus-galli (E), and application frequency of 1 time (K1), 2 times (K2), and
3 times (K3). The observed variables included flower stalk length, flower stalk weight,
flower diameter, fresh weight of marketable flowers, and the percentage of infected
leaves. The data were analyzed using analysis of variance (ANOVA), followed by a BNT
test at the 5% significance level. The results showed that the type of weed solution
significantly affected flower stalk length, flower stalk weight, flower diameter, and fresh
weight of marketable flowers, but not the number of infected leaves. The Isotoma
longiflora extract treatment produced the best flower growth and quality, with a flower
stalk length of 81.16 cm, a flower stalk weight of 50.44 g, a flower diameter of 4.63 cm,
and an economic fresh flower weight of 44.73 g. The application frequency at 9 weeks
after planting (K3) yielded the best results for nearly all observed parameters.

Contribution to Sustainable Development Goals (SDGs):
SDG 12: Responsible Consumption and Production

SDG 13: Climate Action

SDG 15: Life on Land

1. INTRODUCTION

1.1.  Research Background

to certain active ingredients [1]. Therefore, the development of
biopesticides based on local plant extracts is a sustainable,
environmentally friendly, and cost-effective strategy within an
integrated pest management system.

Weeds are a potential source of active ingredients for

Pest control in chrysanthemum (Chrysanthemum morifolium
Ramat) cultivation is a major challenge in horticultural
production because pest infestations can significantly reduce
flower quality and productivity. The use of synthetic pesticides
has long been the primary solution, but it has adverse effects on
the environment and human health, and can lead to pest resistance

biopesticides because they contain secondary compounds such as
flavonoids, alkaloids, saponins, tannins, and terpenoids, which
have been reported to exhibit insecticidal, antifeedant, or insect
growth-inhibiting activity. However, the composition and
concentration of these phytochemicals may vary considerably
among weed species because of differences in plant taxonomy,
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plant parts, growth stage, environmental conditions, and
secondary metabolic pathways. Flavonoids and tannins are
commonly associated with antifeedant and growth-inhibitory
effects, while alkaloids may exert toxic or neuroactive effects on
insects. Saponins can interfere with insect feeding and disrupt cell
membranes, whereas terpenoids are frequently associated with
repellent, insecticidal, and growth-regulating activities.
Therefore, differences in the phytochemical profiles of the tested
weed species may contribute to differences in their biopesticidal
effectiveness. Identifying these variations is important for
understanding each weed species' potential as a source of
bioactive compounds for pest management [2]. Ageratum
conyzoides has insecticidal potential against various pests,
including mosquito larvae and other insects, through mechanisms
of toxicity and disruption of pest physiology [3].

In addition, the weed Euphorbia hirta L., traditionally
known as a medicinal plant, also contains metabolites that have
been shown to reduce the severity of leaf and fruit pest
infestations in vegetable crops through their antifeedant and toxic
effects on several pest species, such as Diaphania indica and
Bemisia tabaci [4]. Testing the effectiveness of these bioactive
compounds on chrysanthemum plants is relevant because pests
attack them through similar mechanisms. However, the botanical
activity of weeds against agricultural pests remains limited; some
pharmacological ~studies indicate that weeds contain
phytochemical compounds with potential as biological agents
(alkaloids, flavonoids, tannins, saponins, terpenoids) that can be
utilized in botanical pesticide formulations or as natural pest
control agents [5][6][7][8]. The application of a weed extract
containing active insecticidal compounds, such as tannins, can
reduce the severity of pest infestations and have a positive effect
on plant growth, as evidenced by increases in stem diameter, leaf
diameter, plant height, and fresh plant weight [9].

The frequency of application of weed extract-based
biopesticides is an important factor influencing pest-control
effectiveness. This is consistent with the view of Untung [10],
who states that botanical pesticides have a short residual effect—
lasting 7-10 days—and therefore require repeated applications.
Furthermore, according to Marwoto [11], the rapid life cycle of
thrips causes their population to increase every 2-3 weeks.
Therefore, applying the biopesticide three times—at 3, 6, and 9
weeks after planting—is more effective at controlling thrips
populations than applying it just once or twice.

Previous studies have shown that the timing and intervals of
application relative to the developmental stages of plants and
pests can modulate toxic effects, feeding aversion, and mortality
in target insects (for example, in tests of botanical pesticides on
vegetables). Therefore, this study evaluated the effectiveness of
four types of weed extracts as biopesticides against pests on
chrysanthemum plants, as well as the optimal application
frequency for productive and environmentally friendly
chrysanthemum cultivation. Renkema et al [12] state that three
applications can reduce thrips attack intensity by up to 65%.

2. MATERIALS AND METHODS

2.1 Research Location and Time

The research will be conducted in Pancasari Village, Sukasada
Subdistrict, Buleleng Regency, at an elevation of 1,247 meters
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above sea level and with an average temperature of 17°C to 20°C.
This research will be carried out at the partner’s site. The research
is scheduled to last for one year in 2026. The research will take
place from February to September 2026.

2.2 Research Design

The research method used a nested randomized block design
conducted in the field inside a greenhouse. This study examined
two factors: Factor I was the type of weed solution, and Factor II
was the application frequency. The production data were analysed
using analysis of variance (ANOVA), followed by the BNT 5%
post-hoc test, while the chrysanthemum flower quality data were
compared with SNI 01-4478-1988. This study used a nested
randomized block design consisting of two factors. The first
factor was the type of weed solution, which consisted of five
levels: Chromolaena odorata L solution (A), Ageratum
conyzoides L. weed solution (B), Euphorbia hirta L. weed
solution (C), Isotoma longiflora weed solution (D), and
Echinochloa crus-galli weed solution (E). The second factor was
the frequency of weed control solution application, which
consisted of three levels: a single application —at 3 weeks after
planting (K1), two applications—at 3 and 6 weeks after planting
(K2)—and three applications—at 3, 6, and 9 weeks after planting
(K3). The combination treatment was repeated three times,
requiring 45 experimental plots. With a plot size of 1.5x 1.5 m, a
spacing of 30 cm between plots, and a spacing of 50 cm between
replicates, a total of 10 plant samples were collected.

2.3 Equipment and Materials

Research materials and equipment included: chrysanthemum
seedlings, weeds, a caliper, an electric scale, labels, PHP mulch,
plant support netting, a lamp, a timer, and stakes.

2.4 Research Implementation

The experiment involved preparing the growing medium,
applying fertilizer, planting, applying treatments, maintaining the
plants (watering, thinning, weeding), observing plant growth and
development, harvesting, and analyzing the data.

Plant maintenance involved applying a fungicide containing
azoxystrobin (200 g/1) and difenoconazole (125 g/l) to prevent
rust disease. The fungicide is applied once a week at a
concentration of 1 ml/l. Weeding is done weekly, while watering
is done daily. Supplementary lighting began at planting and was
provided for 4 hours per day for 1 month, from 10:00 p.m. to 2:00
a.m. continuously, using 75-watt incandescent bulbs spaced 3 m
apart and positioned 1 m above the plant canopy. Bioinsecticides
were tested to control infestations of Thrips sp. and Aphis sp.
according to the treatment protocol. Treatments were applied
when the plants were 9 weeks old by spraying the entire plant.
Applications were made once a week in the afternoon until
harvest, for a total of four applications.

2.5 Observed Variables

Observed variables included flower stalk length, flower stalk
weight, flower diameter, economic weight of fresh flowers per
plant, number of infected leaves, and infestation intensity
(formula shown below).

The following formula is used to calculate the attack intensity:

Is = 2% o 100%
ZXN
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Notes:

IS = Infestation intensity

n = Number of damaged leaves per infestation category
v = Scale value for each infestation category

Z = Scale value for the highest infestation category

N = Total number of leaves observed

Category Plant Infestation Rate (%)
Light If the attack rate is < 10%
Moderate If the attack rate is <25%
Heavy If the attack rate is < 85%
Very Heavy | If the attack rate is > 85%

3. RESULT AND DISCUSSION

3.1.  Research Findings

The analysis of variance results showed that the type of herbicide
solution had a highly significant effect (P < 0.01) on flower stalk
length, flower stalk weight, flower diameter, and fresh weight of
marketable flowers. Still, they had no significant effect (P > 0.05)
on the number of infected leaves. The effect of application
frequency differed among herbicide solution types. Application
frequency had a significant to highly significant effect on most
growth and yield parameters, particularly flower diameter and
fresh weight of marketable flowers. In addition, application
frequency significantly reduced the number of infected leaves for
most weed extract types. These results indicate that
chrysanthemum plants’ response to application frequency
depends on the type of weed extract used. Table 1 shows the
significance of the treatments.

Statistical analysis showed that the type of weed solution had
a significant effect on the flower stalk length, flower stalk weight,
and flower diameter of chrysanthemum plants (Table 2). The
Isotoma longiflora (D) weed solution treatment produced the
longest flower stalk, at 81.16 cm, which was significantly
different from the Chromolaena odorata L (A) and Ageratum
conyzoides L. (B) weed solutions, but not significantly different
from Euphorbia hirta L. (C) and Echinochloa crus-galli (E).
Treatment D also produced the highest flower stalk weight (50.44
g), although it was not significantly different from treatments A,
C, and E. Meanwhile, treatment D produced the largest flower
diameter (4.63 cm), which was significantly different from
treatments B and E but not from treatment C.

Application frequency showed a trend: later applications led
to better plant growth. For the Chromolaena odorata L extract
solution (A), three applications (K3) resulted in the highest flower
stalk weight (71.33 g) and flower diameter (7.17 cm). In contrast,
flower stalk length did not differ significantly across application
frequencies. The same pattern was observed in the Ageratum
conyzoides L. (B) solution, where three applications of the
biopesticide produced the largest flower diameter (6.87 cm) but
did not result in any significant differences in flower stalk length
or weight.

https://doi.org/10.29165/ajarcde.v10i3.1210

Table 1. The Significance of Weed Type Treatments and the
Interaction of Treatment and Frequency on Chrysanthemum

Flowers
The Effect of Frequency
Weed Interactions on I;Zagh Type of
Variable Type Weed Solution
) F|F|F|F
dl | dl | dl |dl| FdIE
A|B|C|D
1 Flower stem wox ns | ns | ns | * *
length (cm)
2 Flower stem wox * lns | * | * ns
weight (g)
3 Flower wox ol * Ok ns
diameter (cm)
4 Fresh weight o il el L
of market- Hk
grade flowers
(2
5  Percentage of ns ol Bl B *
infected
leaves (%)

Notes: * = significant effect, ** = highly significant effect, ns =
not significant

Table 2. The effects of the type of weed solution and the
frequency of application for each type of weed solution on
the average flower stalk length (cm), flower stalk weight (g),
and flower diameter (cm)

Interactions Among Different Types of Weed Solutions
Treatment | Flower stem | Weight of | Flower Diameter
length (cm) | the flower (cm)
stalk (g)
A 60.42 be 3995a 3.66 bc
B 5513 ¢ 36.01b 3.83 be
C 72.57 ab 4547 a 4.14 ab
D 8l.16 a 5044 a 4.63 a
E 64.71 abc 44.49 a 334c
BNT 5% 16.177 10.931 0.658
The effect of frequency on each type of weed solution
Fdl A
F1 98.40 a 62.67 ¢ 533¢
F2 100.17 a 65.77b 5.80b
F3 103.53 a 7133 a 7.17 a
FdlB
F1 88.80 a 5743 a 597c¢
F2 91.70 a 59.80 a 633D
F3 95.17 a 62.83 a 6.87 a
FdiC
F1 11533 a 7147 ¢ 6.43 ¢
F2 120.57 a 74.87b 697D
F3 12693 a 81.00 a 730a
FdlD
F1 128.02 ¢ 80.90 b 7.40 b
F2 13470 b 82.47b 7.55b
F3 143.07 a 88.83 a 822a
FdIE
F1 100.30 ¢ 7220 a 538a
F2 109.27 b 7423 a 552a
F3 114.00 a 76.00 a 578 a
BNT 5% 4.187 2.916 0.294

Note: Values in the same column for each factor that are followed
by the same letter are not significantly different based on
the BNT test at the 5% significance level

Overall, the results show that the Isotoma longiflora weed
extract solution was the most effective treatment for improving
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chrysanthemum flower quality. In addition, three applications
(K3) produced a better generative growth response than one
application (K1) or two applications (K2). This indicates that the
effectiveness of biopesticides made from weed extracts is
influenced not only by the type of weed used but also by the
timing of application, particularly during the plant’s generative
phase when flower formation and development occur intensively.

Table 3. The effects of different weed solution types and
different frequencies in each combination of weed solutions on
the average fresh weight of economically important flowers (g)

and the percentage of infected leaves (%)

Interactions Among Different Types of Weed Solutions
Treatment Fresh weight Percentage of Infected
of flowers (g) Leaves (%)
A 32.81b 492a
B 32.53b 5.71a
C 42.15a 5.46a
D 4473 a 421 a
E 39.02ab 492 a
BNT 5% 7.072 ns
The relationship between frequency and each combination of
weed solutions
FdlA
F1 46.03 ¢ 997 a
F2 5573 b 8.17b
F3 62.28 a 6.45b
FdlB
F1 48.76 ¢ 14.83 a
F2 5298Db 590b
F3 60.92 a 7.82¢
FdiC
F1 65.08 ¢ 10.98 a
F2 70.67 b 895b
F3 75.00 a 7.38¢
FdlD
F1 68.57 ¢ 825a
F2 74.62 b 6.72b
F3 80.48 a 6.09b
FdlE
F1 56.90 ¢ 9.44 a
F2 64.97b 8.18b
F3 7325a 6.98 ¢
BNT 5% 3.163 0.697

Note: Values in the same column for each factor that are followed
by the same letter are not significantly different based on the BNT
test at the 5% significance level

Further tests showed that the type of weed extract
significantly affected the fresh weight of economically important
flowers, but not the number of infected leaves (Table 3). The
highest fresh weight of economically important flowers was
obtained in the Isotoma longiflora (D) weed solution treatment,
namely 44.73 g, which was not significantly different from
Euphorbia hirta L. (C) and Echinochloa crus-galli (E). Still, it
was significantly different from the Chromolaena odorata L (A)
and Ageratum conyzoides L. (B) weed solutions. Meanwhile, the
percentage of infected leaves ranged from 4.21-5.71% and
showed no significant differences among the weed solution types.

Application frequency showed that three applications (K3)
produced the highest fresh weight of economically valuable
flowers across all weed solution types. In the Chromolaena
odorata L solution (A), the fresh weight of economically valuable
flowers increased from 46.03 g (K1) to 62.28 g (K3). A similar
increase was also observed in Ageratum conyzoides L. (B),
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Euphorbia hirta L. (C), Isotoma longiflora (D), and Echinochloa
crus-galli (E), with the highest values of 60.92 g, 75.00 g, 80.48
g, and 73.25 g, respectively, observed in K3.

Application frequency also significantly affected the number
of infected leaves for each herbicide solution. In general, later
applications reduced the percentage of infected leaves more
effectively than early applications. The highest percentage of
infected leaves was generally observed 1 time (K1), while the
lowest values were recorded 3 times (K3) or 2 times (K2),
depending on the type of weed extract solution. These results
indicate that the timing of biopesticide applications made from
weed extracts plays a crucial role in increasing the yield of
economically valuable flowers while reducing pest infestation in
chrysanthemum plants.

3.2 Discussion

The results of the study indicate that the type of weed extract has
a significant effect on the flower stalk length, flower stalk weight,
and flower diameter of chrysanthemum plants. The treatment
using Isotoma longiflora weed extract (D) yielded the highest
values for all three parameters: flower stalk length of 81.16 cm,
flower stalk weight of 50.44 g, and flower diameter of 4.63 cm.
In contrast, the Ageratum conyzoides L. (B) treatment produced
the shortest flower stalks and the lowest flower stalk weight,
while the smallest flower diameter was observed in the
Echinochloa crus-galli (E) treatment. These differences in
response indicate that each weed species contains different
secondary metabolites, resulting in varying levels of biopesticide
effectiveness [13].

The increase in flower stalk length in the Isotoma longiflora
treatment is thought to be related to the extract’s ability to reduce
the intensity of pest infestation, thereby allowing photosynthesis
and the distribution of assimilated products to proceed more
optimally [14]. The reduction in leaf damage maintains a high
effective leaf area, allowing accumulated photosynthates to be
utilized for both vegetative growth and the formation of
reproductive organs [15], [16], [17]. These conditions ultimately
promote optimal flower stalk elongation and flower development.
Botanical pesticides reduce pest pressure without adversely
affecting plant physiology, allowing plants to grow better than
those subjected to higher pest infestation levels. [18].

In addition to suppressing pest populations, weed extracts
also contain various secondary metabolites such as flavonoids,
phenolics, terpenoids, alkaloids, saponins, and essential oils,
which are known to exhibit insecticidal, antifeedant, repellent,
and insect growth-inhibiting activities [19]. These compounds
work through various mechanisms, including inhibiting feeding
activity, disrupting the nervous system, inhibiting the molting
process, and reducing the pests’ reproductive success [20], [21],
[22]. As pest pressure decreases, plants allocate more energy to
biomass formation and flower development.

The results also show that flower stalk weight increases with
flower stalk length. This relationship indicates that better
vegetative growth supports the formation of the tissues that make
up the flower stalk, thereby increasing its weight. Longer flower
stalks generally have better-developed vascular tissues, enabling
them to translocate water and photosynthetic products to the
flowers more efficiently [23], [24]. These conditions contribute
to larger, higher-quality flowers.

Flower diameter is one of the key indicators of cut flower
quality because it is directly related to the product’s economic
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value. The largest flower diameter in the Isotoma longiflora
treatment indicates that the plants received a greater supply of
photosynthates during flower formation. Reduced leaf damage
caused by pest attacks allowed photosynthetic efficiency to
remain high, enabling optimal cell differentiation and
enlargement in the flowers. [25], [26]. Conversely, the smaller
flower diameters observed in some treatment groups indicate that
the plants still use some photosynthetic products to repair pest-
damaged tissues, resulting in suboptimal flower formation.

Differences in efficacy among the weed extracts are thought
to reflect variations in the types and concentrations of bioactive
compounds in each plant. Ageratum conyzoides is known to
contain flavonoids, chromones, alkaloids, coumarins, sterols, and
terpenoids, which exhibit relatively high biological activity [27],
[28]. However, their effectiveness depends on the extraction
method, concentration, target organism, and environmental
conditions at the application site. Therefore, although all weed
extracts have the potential to serve as biopesticides, their ability
to enhance the growth and quality of chrysanthemums varies [29],
[30].

Overall, the results indicate that using weed extracts as
biopesticides not only controls pests but also enhances
chrysanthemum growth and quality. The Isotoma longiflora
treatment yielded the best results in flower stem length, flower
stem weight, and flower diameter, suggesting its potential as an
environmentally friendly, plant-based biopesticide to support
sustainable chrysanthemum cultivation systems.

4. CONCLUSION

The type of weed extract affects growth, yield, and pest-control
effectiveness in chrysanthemum plants. Isotoma longiflora weed
extract produced the longest flower stems, the heaviest flower
stems, the largest flower diameters, and the highest fresh flower
weight compared with the other treatments. In contrast, weed
solution type had no significant effect on the percentage of
infected leaves. The frequency of weed solution application for
each extract significantly influenced most of the observed
parameters. In general, three applications at 3, 6, and 9 weeks
after planting (K3) resulted in better flower growth and quality
and a lower percentage of infected leaves than a single application
at 3 weeks after planting (K1) or two applications at 3 and 6
weeks after planting (K2). Among the tested weed extracts,
Isotoma longiflora applied three times at 3, 6, and 9 weeks after
planting (K3) was the most effective botanical biopesticide
treatment, improving flower quality while reducing pest
infestation in chrysanthemum plants.

REFERENCE

[1] S. P. Nurhidayat, N. Rusdi, M. Ulinuhayani, B. Singgih,
and B. Triono, “Goatweed Flower Extract (Ageratum
conyzoides L.) as A Botanical Insecticide for Pest
Control Crocidolomia binotalis Z.,” PLANTA Trop., vol.
12, no. 2, pp. 115-126, Aug. 2024, doi:
10.18196/pt.v12i2.16425.

[2] A. R. Pintong, S. Ampawong, N. Komalamisra, P.
Sriwichai, S. Popruk, and J. Ruangsittichai, “Insecticidal
and histopathological effects of ageratum conyzoides
weed extracts against dengue vector, aedes aegypti,”
Insects, vol. 11, mno. 4, Apr. 2020, doi:
10.3390/insects11040224.

[3] R. S. Astrakusuma and F. Fauziah, “Potensi Ekstrak

https://doi.org/10.29165/ajarcde.v10i3.1210

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

LOPMENT AND EMPOWERMENT. VoL 10 (2026), No.3

Gulma Bandotan (Ageratum conyzoides) dan Pegagan
(Centella asiatica) sebagai Biopestisida Terhadap Hama
Empoasca flavescens pada Tanaman Teh,” J. Sains Teh
dan Kina, vol. 3, no. 1, pp. 816, Feb. 2024, doi:
10.22302/pptk.jur.jstk.v3il.182.

A. Rahmah, “Effect of Extract Euphorbia hirta Linn.
Against Leaf and Fruit Pests on Plants Cucumber
(Cucumis sativus Linn.),” Int. J. Environ. Agric.
Biotechnol., vol. 8, no. 2, pp. 121-126, Apr. 2023, doi:
10.22161/ijeab.82.11.

M. Septiyanti, N. Fauziyah, R. Putri, and Y. Meliana,
“Stability Study of Eugenol and Kitolod Extract
(Isotoma Longiflora) Nanoemulsion Concentrate for
Botanical Pesticide Application,” vol. 10, no. 5, pp.
6389-6397, 2020.

T. Saha and S. Modi, “Extracts from Weed Plants a
Better Resource for Biopesticides Formulation: A
Review,” vol. 44, no. 2, pp. 193-200, 2024, doi:
10.18805/ag.D-5659.Submitted.

E. Septiono, “Effectiveness of Babandotan ( Ageratum
conyzoides L .) to Control Larvae of Spodoptera litura
and Plutella xylostella,” Lentera Bio, vol. 9, no. 3, pp.
233-238, 2020.

C. Panneerselvam, K. Murugan, K. Kovendan, P. M.
Kumar, and J. Subramaniam, “Mosquito larvicidal and
pupicidal activity of Euphorbia hirta Linn. (Family:
Euphorbiaceae) and Bacillus sphaericus against
Anopheles stephensi Liston. (Diptera: Culicidae). Asian
Pac. J. Trop. Med., vol. 6,no. 2, pp. 102-109, Feb. 2013,
doi: 10.1016/S1995-7645(13)60003-6.

A. A.S.P.R. Andriani, I. G. M. Arjana, 1. Bagus, and
K. Mahardika, “Combination of Weed Solution and
Concentrate to Control Thrips sp and Aphis sp Pests in
Chrysanthemum Plants,” Asian J. Appl. Res. Community
Dev. Empower., vol. 9, no. 3, pp. 04, 2025.

K. Untung, Pengantar Pestisida Nabati. Yogyakarta.:
Gadjah Mada University Press, 2014.

H. Hanudin and B. Marwoto, “Prospek Penggunaan
Mikroba Antagonis sebagai Agens Pengendali Hayati
Penyakit Utama pada Tanaman Hias dan Sayuran,” J.
Penelit. dan Pengemb. Pertan., vol. 31, no. 1, 2012, doi:
10.21082/jp3.v31n1.2012.p%p.

J. M. Renkema, K. Krey, S. Devkota, O. E. Liburd, and
J. Funderburk, “Efficacy of insecticides for season-long
control of thrips (Thysanoptera: Thripidae) in winter
strawberries in Florida,” Crop Prot.,vol. 127, p. 104945,
2020, doi:
https://doi.org/10.1016/j.cropro.2019.104945.

A. Andriani, I. Arjana, I. Mahardika, M. Dede, and M.
Todo, “The Effect of Weed Solution Type and
Concentration to  Control ~ Aphid  Pests in
Chrysanthemum Plants,” AJARCDE (Asian J. Appl. Res.
Community Dev. Empower., Jul. 2024, doi:
10.29165/ajarcde.v8i3.468.

H. Arsyad, C. Komariah, and M. Hasan, “The Effect of
Isotoma longiflora Leaves Extract to The Cornea
Neovascularization of Wistar Rats Chemical Trauma
Model,” J. Agromedicine Med. Sci., vol. 6, p. 92, May
2020, doi: 10.19184/ams.v6i2.6853.

I. L. B. Pabuayon, J. J. B. Bicaldo, Z. A. Alemar, I. C.
M. Pabuayon, and G. L. Ritchie, “Dynamics of source-
sink relationships in crops under marginal
environments,” Curr. Plant Biol., vol. 44, p. 100563,
2025, doi: https://doi.org/10.1016/j.cpb.2025.100563.
W. Hu et al., “The reduction in leaf area precedes that in
photosynthesis under potassium  deficiency: the
importance of leaf anatomy.,” New Phytol., vol. 227, no.
6, pp. 1749-1763, Sep. 2020, doi: 10.1111/nph.16644.

Andriani et al 637



[17]

[18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

[30]

A.A.S.P.R. ANDRIANI/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL 10 (2026), N0.3

W.J.Jo and J. H. Shin, “Effect of leaf-area management
on tomato plant growth in greenhouses,” Hortic.
Environ. Biotechnol., vol. 61, pp. 1-8, Oct. 2020, doi:
10.1007/s13580-020-00283-1.
P. M. Ngegba, G. Cui, M. Z. Khalid, and G. Zhong, “Use
of Botanical Pesticides in Agriculture as an Alternative
to Synthetic Pesticides,” 2022. doi:
10.3390/agriculture12050600.
P. A. Divekar et al., “Plant Secondary Metabolites as
Defense Tools against Herbivores for Sustainable Crop
Protection,” 2022. doi: 10.3390/ijms23052690.
M. Qasim et al., “Impact of plant monoterpenes on
insect pest management and insect-associated
microbes,” Heliyon, vol. 10, no. 20, p. €39120, 2024,
doi: https://doi.org/10.1016/j.heliyon.2024.e39120.
D. Kumar, “Sub-Lethal Effects of Insecticides on
Growth and Reproduction of Insects,” J. Sci. Innov. Nat.
Earth, vol. 6, pp. 34-38, Mar. 2026, doi:
10.59436/jsiane.v6i1.07.2583-2093.
M. F. Ahmad et al., “Pesticides impacts on human health
and the environment with their mechanisms of action
and possible countermeasures.,” Heliyon, vol. 10, no. 7,
. €29128, Apr. 2024, doi:
10.1016/j.heliyon.2024.e29128.
M. M. Qaderi, A. B. Martel, and S. L. Dixon,
“Environmental Factors Influence Plant Vascular
System and Water Regulation.,” Plants (Basel,
Switzerland), vol. 8, mno. 3, Mar. 2019, doi:
10.3390/plants8030065.
E. Hellmann, D. Ko, R. Ruonala, and Y. Helariutta,
“Plant Vascular Tissues—Connecting Tissue Comes in
All Shapes,” 2018. doi: 10.3390/plants7040109.
B. Zhang et al, “Differential responses of leaf
photosynthesis to insect and pathogen outbreaks: A
global synthesis,” Sci. Total Environ., vol. 832, p.
155052, 2022, doi:
https://doi.org/10.1016/j.scitotenv.2022.155052.
A. Cheaib and N. Killiny, “Photosynthesis Responses to
the Infection with Plant Pathogens,” Mol. Plant-Microbe
Interact., vol. 38, pp. 9-29, Jan. 2025, doi:
10.1094/MPMI-05-24-0052-CR.
R. Chahal et al, “Ageratum conyzoides L. and Its
Secondary Metabolites in the Management of Different
Fungal Pathogens,” 2021. doi:
10.3390/molecules26102933.
W. Khan, S. Jan, and R. Khan, “Phytochemical And
Biological Studies on Ageratum Conyzoides L.,” Lat.
Am. Appl. Res. - An Int. J., vol. 51, pp. 139-144, May
2021, doi: 10.52292/j.1aar.2021.719.
R. Lahlali et al., “Biopesticides for a sustainable
agriculture: Prospects and challenges in disease
management,” Physiol. Mol. Plant Pathol., vol. 142, p.
103096, 2026, doi:
https://doi.org/10.1016/j.pmpp.2025.103096.
M. Han et al., “Plant Extracts as Biostimulant Agents: A
Promising Strategy for Managing Environmental Stress
in Sustainable Agriculture,” Phyton-International J.
Exp. Bot., vol. 93, no. 9, pp. 2149-2166, 2024, doi:
https://doi.org/10.32604/phyton.2024.054009.

638 Andriani et al.

https://doi.org/10.29165/ajarcde.v10i3.1210



