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ABSTRACT

Shot-hole disease (SHD) is a widely spread and devastating disease of apricots that leads to severe yield loss and poor
quality of fruit. However, limited research has been conducted on SHD management using trunk injection delivery
systems in Gilgit-Baltistan, Pakistan. In this study, the efficacy of individual (Bordeaux mixture (BM), Capparis spinosa
(CP), Mentha piperita (MP), Artemisia vulgaris; (AV) and in combination (BM + MP, BM + CP, BM + AV) of BM and
plant extracts treatments were evaluated against SHD. The experiment was conducted in the apricot orchards during
2022-23 as a complete randomized block design under factorial arrangement. The analysis of variance showed
significant (P < 0.5) variation in SHD incidence among the treatments. Among individual treatments, BM was the most
effective against SHD with 27.4% incidence, followed by 4V (39.8%), whereas CP and MP were moderately efficacious
(means: 43.03% and 43.14%, respectively). The control treatment showed extremely high disease occurrence (73.77%).
Moreover, the highest effectiveness was found in the combination treatments. BM + MP reduced the disease incidence
rate to 29.67%, followed by BM + CP (47.32%), which provided a more stable form of disease suppression. Hence, BM
alone and in combination with plant extracts effectively reduce SHD. These results highlight the potential of plant-based
trunk injection treatments for SHD management, with BM + MP offering the most effective control.
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INTRODUCTION crown rot, collar rot, brown rot, and shot hole disease,

which significantly reduces yields and causes substantial

Apricot (Prunus armeniaca L.) is a widely economic losses (Abbas et al., 2023). It is caused by a
cultivated and significant fruit crop worldwide, serving as fungus known as Wilsonomyces carpophilus, which is
a key agricultural product of local economies, with most destructive worldwide, including GB. Several
numerous health benefits. The production of apricots is studies have reported high prevalence (>70%), incidence
concentrated in several key countries worldwide, with (>40%), and severity ( >25%) of the disease in dominant
Turkey, Iran, Uzbekistan, Italy, and the United States apricot-producing valleys of GB (A;har et al., 2023;
leading the way in terms of production volume. Muhammad et al., 2022). SHD manifests as spots on
According to the Food and Agriculture Organization apricot fruit and leaves in spring (April to June), with
(FAO, 2020), apricots contribute to the livelihoods of ~ severe cases leading to leaf drop. Fruit symptoms include
millions of farmers worldwide. They offer nutritional light brown lesions Wit_h dark purplc? margins, often
benefits, such as high levels of vitamins A and C serve as ~ clustered on the upper side of the fruit (Saleem e al,
an essential ingredient in many food products (USDA, 2020). Managing apricot shot hole disease has been
2020; Chen et al., 2020). Apricots are one of the major challenging due to varying canopy sizes, which reduce
fruits in Pakistan, with around 300,000 tons produced the effectiveness of disease control methods. In GB,
annually, primarily in Gilgit-Baltistan (GB) and apricot growers rely on chemical spray using handheld
Balochistan. About 96% of the income from apricot sales sprayers, but this method is often ineffective, as studies
goes to small farmers, supporting sustainable livelihoods show thgt up to 70% of the proFective mat.eria.l drifts into
and poverty alleviation in these regions (PBS, 2023). the environment. At the same time, npgatwe impacts are
However, apricot is severely affected by various diseases, borne on human heqlth,. the environment, apd the
including crown gall, gummosis, Phytophthora root and economy by the marginalized farming community. To
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address this issue, the trunk injection system offers a
more targeted, cost-effective, and environmentally
friendly solution. This method directly delivers treatment
into the tree's vascular system, reducing pesticide drift
and ensuring active ingredients reach the infection site
(Hu et al., 2018; Archer et al., 2022). Hence, the
objective of this study is to manage SHD in apricots
using a trunk injection delivery system. Trunk injection
minimizes pesticide spray, thereby reducing pesticide
waste and risks to non-target organisms, such as
beneficial insects (Werrie et al., 2021). The current state
of knowledge regarding the control of apricot shot hole
disecase (Wilsonomyces carpophilus) in the region,
particularly within agricultural research and extension
departments, is minimal. Traditional control methods,
such as foliar fungicide sprays and cultural practices, are
commonly used but often fail to provide effective and
long-lasting management. There is a significant
knowledge gap in exploring innovative, precise, and
environmentally friendly disease control strategies. This
study introduces trunk injection technology as a method
to control shot hole disease in apricots. The novel aspect
of this research lies in its targeted application, which
minimizes environmental contamination and ensures
efficient uptake of fungicides directly into the tree’s
vascular system. If successful, this technology could be
extended to other fruit crops, such as apples and grapes,
as well as for the control of various pests, offering a new
and sustainable approach to tree health management.

MATERIALS AND METHODS

Study area: The experiment was conducted in Gilgit
District, GB, from 2022 to 2023 to manage SHD in
apricot trees. A high disease incidence was observed
during the 2020-21 field survey (Azhar et al., 2023).
Prior to applying treatments via trunk injection, consent
was obtained from the orchard owners.

Experimental design: In 1 experiment, water extracts
of individual treatments (B1) such as Capparis spinosa
(SP), Mentha piperita (MP), Artemisia vulgaris (AV),
and Bordeaux Mixture (BM) were injected into the trunk
to manage SHD on three apricot cultivars viz. Habi,
Shakanda and Halman. However, water was injected as a
control. This experiment was laid out following a
randomized complete block design (RCBD) under
factorial arrangement and replicated three times. In 2"
experiment, BM was combined with every plant extract
at a 50:50 ratio (BM + SP, BM + MP, BM + AV) along
with water (as control) as combination treatments (B2)
injected in the above-mentioned apricot cultivars to
manage SHD. The 2" experiment was also RCBD with
factorial arrangement and replicated three times. About
10 ml of each protective agent (BM, SP, MP, AV) was
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applied to three trunk ports in each apricot tree. Each
treatment was applied to three trees per replication.

Preparation of plant extracts: Fresh leaf samples from
three medicinal plants were collected in the vicinity of
District Gilgit and brought to the Laboratory of the
Department of Agriculture and Food Technology,
Karakoram International University Gilgit, Gilgit-
Baltistan, Pakistan. Samples were thoroughly washed
under running water, submerged for 20 minutes in a 2%
sodium hypochlorite solution, and then rinsed thoroughly
with distilled water prior to air drying at room
temperature. After drying, the leaves were milled into a
fine powder. A total of 100 g of each finely ground dry
plant material was extracted in 100 ml of ethanol
following the method described by Neela et al. (2014).
The solution was allowed to stand at room temperature
for the entire night prior to filtering using Whatman filter
paper No. 1.

Preparation of Bordeaux mixture: BM was prepared
by combining copper sulfate, lime, and distilled water at
aratio of 1:1:100 (1 kg CuSOs, 1 kg Ca (OH),, and 100
liters of H,O).

Development of trunk injection port: The apricot trunk
injection port was developed by following the procedures
reported by Acimovic et al. (2015). Firstly, the
circumference of the tree trunk was measured in inches to
determine diameter at breast height (DBH). Then, the
obtained value was divided by 3.14 to obtain DBH in
inches. Now, the number of injection sites was
determined by dividing DBH by 2. For individual
treatment, 10 mL of the treatment was injected into each
port. The number of ports on each apricot tree was
calculated as described by Acimovic et al. (2015). For the
combined treatment, the amount of protective material
injected was determined based on the number of ports. Of
the total, 50% was made up of selected plant-based
biopesticides, and the remaining 50% was the BM.

The efficacy of the plant protective material
against SHD was evaluated by determining the incidence
in each apricot fruit. Treatments were applied to each tree
based on the disease incidence observed in marked trees
during the field survey. The percentage of disease
incidence reduction after treatments was calculated using
the formula given below (Arafat et al., 2012).

DIMT — DITT
DIR (%) = ——————X 100

DIMT
DIR (%): Disease incidence reduction percentage;

DIMT: Disease incidence marked trees; DITT: Disease
incidence treated trees.

Data analysis: A two-way ANOVA was performed to
evaluate the significance of individual and interactive
effects in both experiments using Statistix 8.1. In case of
significant effect, the means were compared using the
Least Significant Difference (LSD) at p<0.05.



Hussain et al.,

RESULTS

Experiment 1: Effect of individual plant water
extracts and Bordeaux mixture on SHD disease
incidence in different apricot cultivars: The analyzed
data indicated that trunk injected individual plant water
extracts and Bordeaux mixture (T), apricot cultivars (C)
and interaction among them (TxC) had a significant
effect on SHD incidence in apricot (Table 1). Trunk
injected plant water extracts and Bordeaux mixture (BM)
had significantly lowered the SHD incidence in all tested
apricot cultivars compared with control. The control

: ot 7
Figure 1. Field activities to apply trunk inj
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ection fechndiogy in apricot orchards

treatment recorded the highest mean values of SHD
incidence for all three varieties, i.e., Habi (78.22),
Shakanda (70.88), and Halman (72.22), compared with
plant water extracts and BM. Nonetheless, trunk-injected
BM recorded the lowest SHD incidence in all three
cultivars (Habi: 25.77, Shakanda: 24.88, Halman: 31.54).
Moreover, the trunk-injected plant water extracts lowered
the SHD incidence compared with only control in all
tested cultivars; however, they were not compared with
BM application. In general, the results indicate that BM,
compared to plant extracts, significantly reduced more
SHD incidence (Table 2).

Table 1. ANOVA table for the individual plant protection treatments and cultivars effect on SHD incidence in

apricot
Sources of variations Sum of Squares df Mean Square F-value P-value
Treatments (T) 13097.69 4 3274.42 185.42 0.000™
Cultivars (C) 117.62 2 58.81 3.33 0.050"
Interaction (T x C) 465.01 8 58.13 3.29 0.009™
Error 494.47 28 17.66

df: Degree of freedom; **: Significant at p<0.01; *: Significant at p<0.05

Table 2. Effect of individual plant protection treatments on shot hole disease incidence of different apricot

cultivars.
Treatments Habi Shakanda Halman
Control 7822 a 70.88 a 72.22a
BM 25.77 ef 2488 f 31.54 d-f
C. spinosa (CP) 39.10 b-d 40.65 a-d 49.33 a
M. piperita (MP) 44.22 a-c 43.88 a-c 41.33 ad
A. vulgaris (4V) 35.77 c-e 37.54 b-d 46.22 ab

Means, within the same column or row, followed by the same letter (s) are not significantly different at p< 0.05
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Experiment 2: Effect of combination application of mean values of 25.32, 28.22, and 35.48, respectively. The

plant water extracts and Bordeaux mixture on SHD second combined treatment that had significantly reduced
disease incidence in different apricot cultivars: The SHD incidence compared to the control was BM + AV
analyzed data indicated that the occurrence of SHD in (Bordeaux mixture + Aloe vera extract), with average
apricots was significantly influenced by combination values of 39.32, 40.00, and 48.22 for the cultivars Habi,

treatments (CT), apricot cultivars (C), and their Shakanda, and Halman, respectively. Also, BM + CP
interaction (CT x C) (Table 3). The CTs significantly (Bordeaux mixture + Calotropis spinosa) reduced SHD

reduced SHD incidence across the three cultivars incidence compared to control and was lower to an extent
compared to the control treatment. The control treatment between BM + MP and BM + A4V, with recorded mean
had the highest SHD incidence as compared to values of 46.66, 45.10, and 50.22 in the cultivars of Habi,
combination treatments (Table 4). Among the Shakanda, and Halman respectively. The results indicate
combination treatments, the BM and MP (Bordeaux that overall, BM + MP was the best combination
mixture + M. piperita) combination significantly lowered treatment in order to reduce SHD incidence in all apricot
the SHD incidence in all tested apricot cultivars, with cultivars tested (Table 4).

Table 3. ANOVA table to check the significance of cobined application of plant water extracts with BM and

cultivars effect on SHD incidence in apricot

Source of variations Sum of Squares (SS) df Mean Square (MS) F-value P-value
Combination Treatment (CT) 9868.46 3 3289.49 169.17 0.000™
Cultivar (C) 364.68 2 182.34 9.38 0.001™
Treatment x Cultivar (CT x C) 504.23 6 84.04 4.32 0.005"
Error 427.79 22 19.44

df: Degree of freedom; **: Significant at p<0.01

Table 4. Effect of combined application of plant water extracts and BM on SHD incidence in apricot cultivars.

Treatments Habi Shakanda Halman
Control 78.22 a 70.88 a 7222 a
BM + MP 25.32d 28.22d 3548 c
BM + CP 46.66 ab 45.10b 50.22 a
BM + AV 39.32 ¢ 40.00 ¢ 48.22 ab

Means, within the same column or row, followed by the same letter (s) are not significantly different at p< 0.05
Here BM: Bordeaux mixture; MP: M. piperita; CP: C. spinosa; AV: A. vulgaris

DISCUSSION that boosts antimicrobial activities along with more

substantial host resistance (Acimovic, 2015). BM + CP

In this study, trunk injection of plant-based also showed promising protection outcomes, which
treatments was very effective against the SHD incidence, translated to consistent performance over various
especially among apricot cultivars. Among all the varieties. However, BM +'AV offe'red only mpderate
individual treatments, BM appeared to be the most potent efﬁcacy but was mostly Varlable. tending, suggesting that
in suppressing the disease, indicating its great scope for while it dOQ? cause suppression O_f the dl.sease, 1ts
use as a possible biocontrol agent. These findings performance is not stable across apricot cultivars. The
corroborate several studies that reveal the utility of BM in estimations present significantly different results among
plant disease management through their antimicrobial treatments, with individual and combination treatments
properties and improving the host resistance (; Hu ef al., working effectively compared to the control. Here, the

2018; Archer et al., 2022; Benigno et al., 2024). In effect of replication was not statistically significant (P =
contrast, moderate effects were exhibited by C. spinosa 0.260), thereby elucidating the reproducibility of the

and M. piperita. Similar performance of these two entire work since the differences that took place were due
treatments suggests the interplay of a common to the treatments only (Archer et al., 2022; Hue et ql.,
mechanism, either through antifungal activity or induced 2018). This study upd.erh.nes a numbe'r' of major
resistance in the host plant. The use of combination advantages of trunk injection over traditional foliar
treatments in experiments was revealed to play a role Spraying techmqu;s for the d'ehvery of protective
above and beyond either alone, with BM + MP being substances. According to Acimovic (2015), conventional
rated the best treatment. This implies that the mixture of grO}lnd sprayers are not Xery effective in pesticide
biomaterial with plant extracts induces a combined effect delivery, and as little as 0.4% reaches the targeted pest.
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Air blast sprayers are also inefficient at getting materials
to their target (Zhu et al., 2006). Only 29 to 56% of the
applied spray solution settles on the tree canopy, with the
remainder drifting to the ground or non-target areas.
Pesticide drift poses significant threats to ecosystems,
contaminating air, water, and soil and harming non-target
organisms like pollinators and aquatic life. Such drift can
disrupt biodiversity and ecosystem balance, leading to
long-term ecological damage (Mineau and Whiteside
2013). Effective mitigation strategies are imperative to
safeguard the environmental health and economic use of
the pesticide. In the current study, a BM and plant-based
biopesticide were used to manage SHD in field
conditions. The efficacy of BM against fruit diseases has
been well-documented. Previous studies (Dang et al.,
2017; Patil et al., 2023; Mudassir et al., 2019) have
demonstrated their effectiveness in managing various
pathogens, reducing disease incidence, and improving
fruit quality. Bordeaux offers a promising solution for
disease management in fruit orchards, contributing to
higher yields and healthier crops. In the present study,
plant-based bio-pesticides (Capparis spinosa, Mentha
piperita and Artemisia vulgaris) were used to fight SHD.
Results revealed that these extracts showed high efficacy
in managing the disease incidence in the field. The study
suggests that these extracts can be utilized effectively to
reduce disease incidence and insect infestation as
alternatives to chemical pesticides. These findings also
align with previous studies on the genus Mentha, which
exhibits high biopesticide activity due to its fungicidal
and insecticidal potential (Singh and Pandey, 2018; De
Clerck et al.,, 2020). C. spinosa has been tested
previously against fungal growth (Rajhi er al., 2021;
Benzidane et al., 2020; Al-Askar, 2012) which exhibited
its effectiveness in inhibiting disease development.
Compounds (phenols, tannins, steroids, flavonoids, fatty
acids, saponin, terpenoids, alkaloids, and volatile oils)
present in C. spinosa offer potential as natural
alternatives for fungal diseases. Plant extracts of A.
vulgaris have also demonstrated efficacy against shot
hole fungus in all observed apricot cultivars during the
study. A. vulgaris has shown notable efficacy against
plant diseases. The fungal efficacy of the selected plant
(Singh et al, 2023; Obistioiu et al., 2014). Several
researchers have identified compounds such as
sesquiterpene lactones, flavonoids, and essential oils that
possess strong antifungal activities (Andreu et al., 2018;
Sepahvand ef al., 2017).

Conclusion: In conclusion, SHD was managed using a
trunk injection delivery system. Bordeaux mixture alone
and combined with plant extracts were effective in
managing SHD compared to other treatments. Overall,
BM + MP shows the highest efficacy among the
treatments tested and must, therefore, be considered a
promising alternative to traditional control approaches.

795

J. Anim and Plant Sci., 35 (3) 2025

Future studies should optimize trunk injection work,
study the long-term influences of these treatments on tree
health and yield, and determine their sustainability for the
environment. Carrying out additional field trials in
various climates and incorporating other bioactive plant

compounds might certainly improve management
strategies for SHD in apricot orchards.
Funding: Higher Education Commission Pakistan

funded this study under the National Research Grant for
Universities (NRPU) Grant No: 20-
11429/NRPU/RGM/R&D/HEC/2020.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within
the article.

Conflicts of Interest: The authors declare no conflict of
interest.

REFERENCES

Abbas, A., M. Mubeen, W. Younus, Q. Shakeel, Y.
Iftikhar, S. Bashir, M.A. Zeshan and A. Hussain
(2023). Plant diseases and pests, growing threats
to food security of Gilgit-Baltistan, Pakistan.
Sarhad J. Agric. 39(2): 510-520. DOI:
10.17582/journal.sja/2023/39.2.510.520

Acimovic, S.G., Q. Zeng, G.C. McGhee, G.W. Sundin
and J.C. Wise (2015). Control of fire blight
(Erwinia amylovora) on apple trees with trunk-
injected plant resistance inducers and antibiotics
and assessment of induction of pathogenesis-
related protein genes. Front. Plant Sci. 6(16): 1-
10. DOI: 10.3389/fpls.2015.00016

Al-Askar, A.A. (2012). In vitro antifungal activity of

three Saudi plant extracts against some
phytopathogenic  fungi. J. Agri. Chem.
Biotechnol. 3(8): 277-284. DOI:

10.21608/jacb.2012.54983

Andreu, V., A. Levert, A. Amiot, A. Cousin, N. Aveline
and C. Bertrand (2018). Chemical composition
and antifungal activity of plant extracts
traditionally used in organic and biodynamic
farming. Envi. Sci. Pol. Res., 25(30): 29971-
29982 DOI: 10.1007/s11356-018-1320-z

Archer, L, JJH. Crane and U. Albrecht (2022). Trunk
injection as a tool to deliver plant protection
material: an overview of basic principles and
practical considerations. Horticulturae 8(6):552.
552. DOI: 10.3390/horticulturae8060552

Azhar, H., A. Sartaj, M. Muhammad, A. Wasim, M. Syed
and D. Khalida (2023). Spatial distribution and
risk associated with shot hole disease in apricot
(Prunus armeniaca L.) in Northern Pakistan.



Hussain et al.,

Arch Phytopathol Plant Prot. 56(6): 433-451.
DOI: 10.1080/03235408.2023.2203330

Badea, M.L. and E. Delian (2014). In vitro antifungal
activity of the essential oils from Artemisia spp.
L. on Sclerotinia sclerotiorum. Romanian
Biotechnol. Lett., 19(3):9345-9352.

Benigno, A., C. Aglietti, S.O. Cacciola and S. Moricca
(2024). Trunk injection delivery of biocontrol
strains of Trichoderma spp. effectively
suppresses Nut Rot by Gnomoniopsis castancae
in Chestnut (Castanea sativa Mill.). Biology.
13(3):143. DOI: 10.3390/biology13030143

Benzidane, N., R. Aichour, S. Guettaf, N. Laadel, S.
Khennouf, A. Baghian and L. Arrar (2020).
Chemical investigation, the antibacterial and
antifungal activity of different parts of Capparis
spinosa extracts.J. Drug Deliv. Therap.
10(5):118-125. DOI: 10.22270/jddt.v10i5.4388

Chen, Y., A.A. Al-Ghamdi, M.S. Elshikh, M.H. Shah,
M.A. Al-Dosary and A.M. Abbasi (2020).
Phytochemical profiling, antioxidant and HepG2
cancer cells’ antiproliferation potential in the
kernels of apricot cultivars. Saudi J. Biol. Sci.
27(1):163—-172. DOI: 10.1016/j.5jbs.2019.06.013

Dang, J.L., M.L. Gleason, C.K. Niu, X. Liu, Y. Guo, R.
Zhang and G.Y. Sun (2017). Effects of
fungicides and spray application interval on
controlling Marssonina blotch of apple in the
loess plateau region of China. Plant Dis.
101(4):568-575. DOI: 10.1094/PDIS-04-16-
0464-RE

De Clerck, C.S.D. Maso, O. Parisi, F. Dresen, A. Zhiri
and M.H Jijakli (2020). Screening of antifungal
and antibacterial activity of 90 commercial
essential oils against 10 pathogens of
agronomical importance. Foods. 9(10):1 418
DOI: 10.3390/foods9101418

FAO. (2020). FAOSTAT Statistical Database. Food and
Agriculture Organization of the United Nations.
Retrieved from http://www.fao.org/faostat.

Gentile, S., D. Valentino and G. Tamietti (2009). Control
of ink disease by trunk injection of potassium
phosphite. J. Plant Pathol. 91(3): 565-571.

Hernandez-Ramos, F., M. Abderrabba, M.T. Ben Dhia, S.
Ayadi and J. Labidi (2021). Antioxidant,
antifungal and phytochemical investigations of
Capparis spinosa L. Agriculture. 11(10): 1025.
DOI: 10.3390/agriculture11101025.

Hu, J., J. Jiang and N. Wang (2018). Control of citrus
Huanglongbing via trunk injection of plant
defense activators and antibiotics.
Phytopathology.  108(2): 186-195. DOI:
10.1094/PHYTO-05-17-0175-R

Mineau, P. and M. Whiteside (2013). Pesticide acute
toxicity is a better correlate of US grassland bird
declines than agricultural intensification. PloS

796

J. Anim and Plant Sci., 35 (3) 2025

One. 8(2):e57457.
10.1371/journal.pone.0057457
Muhammad, M., A. Hussain, S. Ali, W. Akram, I
Roomi, F. Faiz and 1. Hussain. (2022).
Geostatistical analysis of apricot shot hole
disease and influence factors in District Nagar,
Gilgit-Baltistan. Int. J. Phytopathol. 11(3): 227-
238. DOLI: 10.33687/phytopath.011.03.4241.

Mudassar, N., M.S. Imran, A. Sna, R.S. Muhammad,
S.U. Muhammad and A. Ishtiaq (2019).
Evaluation of various chemicals against citrus
canker on grapefruit cv. Shamber. JHST. 2(3):
75-77.

Obistioiu, D., R.T. Cristina, I. Schmerold, R. Chizzola,
K. Stolze, I. Nichitaand and V. Chiurciu (2014).
Chemical characterization by GC-MS and in
vitro activity against Candida albicans of
volatile fractions prepared from Artemisia
dracunculus, Artemisia abrotanum, Artemisia
absinthium and Artemisia vulgaris. Chem Cent
J. 8(1): 1-11. DOI: 10.1186/1752-153X-8-6

Pakistan Bureau of Statistics (PBS). (2023). Agricultural
Statistics of Pakistan. Government of Pakistan.
Retrieved from http://www.pbs.gov.pk

Patil, B., S. Sridhara, H. Narayanaswamy, V. Hegde and
A K. Mishra (2023). Efficacy of new generation
oomycete-specific fungicides on life stages of
Phytophthora meadii and field evaluation
through bunch spraying system. Crop Prot. 168,
106232. DOI: 10.1016/j.cropro.2023.106232

Rajhi, L., F. Hernandez-Ramos, M. Abderrabba, M.T. Ben

DOI:

Dhia, S. Ayadi and J. Labidi (2021).
Antioxidant, antifungal and phytochemical
investigations of  Capparis  spinosa L.
Agriculture. 11(10), 1025. DOLI:

https://doi.org/10.3390/agriculture11101025

H., F.S. Fateh, Z.U. Rehman and M.A.B.

Siddique (2020). Apricot shot hole disease

prevalence in the markets of federal capital

territory, Pakistan. Pakistan J. Agric. Res. 33(2):

224-227. DOLI:

10.17582/journal.pjar/2020/33.2.224.227

Sepahvand, A., B. Ezatpour, F. Tarkhan, M. Bahmani, A.
Khonsari and M. Rafieian-Kopaei (2017).
Phytotherapy in fungi and fungal disease: a
review of effective medicinal plants on
important fungal strains and diseases. IJPSR.
8(11): DOI: 4473-4495. 10.13040/1JPSR.0975-
8232

Singh, N.B., M.L. Devi, T. Biona N. Sharma, S. Das J.
Chakravorty and Y. Rajashekar (2023).
Phytochemical composition and antimicrobial
activity of essential oil from the leaves of
Artemisia vulgaris L. Molecules., 28(5): 2279.
DOI: 10.3390/molecules28052279

Saleem,



Hussain et al.,

Singh, P. and A.K. Pandey (2018). Prospective of
essential oils of the genus mentha as
biopesticides: a review. Front. Plant Sci. 9:1295.
DOI: 10.3389/fpls. 2018.01295.

USDA National Nutrient Database. (2020). Apricots,
raw. United States Department of Agriculture.
Retrieved from https://fdc.nal.usda.gov.

Werrie, P.Y., C. Burgeon, G.J. Le Goff, T. Hance and
M.L. Fauconnier (2021). Biopesticide trunk

797

J. Anim and Plant Sci., 35 (3) 2025

injection into apple trees: a proof of concept for
the systemic movement of mint and cinnamon
essential oils. Front Plant Sci. 12, 650132. DOI:
https://doi.org/10.3389/1pls.2021.650132

Zhu, H., R.C. Derksen, H. Guler, C.R. Krauseand and
H.E. Ozkan (2006). Foliar deposition and off-
target loss with Different techniques in nursery
applications. Trans. ASAE. 49(2): 325-334.
DOI: 10.13031/2013.20400.



