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A B S T R A C T 

Pathological fruit drop in citrus is a widespread disease in Punjab causing huge economic losses to kinnow mandarin 
growers. The disorder was significantly higher during the second fortnight of September and the first fortnight of October 
in the Punjab. In current research, mature fruit-bearing 10 years old, 28 plants of kinnow mandarin (Citrus reticulata L.) 
grafted on rough lemon (Citrus jambhiri) rootstocks were selected. To examine the fruit drop, 6 different fungicides were 
applied in April, August, and September in a season. Amistar Top @ 1 ml /L of water, Nativo @ 0.5 g/L of water, Topsin M 
@ 2 g/L of water, Cabrio Top @ 1.5 g/L of water, Rally @ 0.5 g/L of water, Success @ 2 g/L of water were applied on ten 
years old kinnow plants. It was observed that the significantly (P<0.01) lowest (7.75%) fruit drops were recorded when 
Topsin. M (Thiophanate methyl) 2 g/litter of water was applied and the highest (39.86%) were dropped was observed 
when Success (Chlorothalonil+Metalaxyl) @ 2 g/litter of water was applied. The highest fruit yield per plant was recorded 
in Topsin. M (85.5 Kg) followed by Amistar Top (81.3 Kg), while the lowest was recorded in untreated plants (58.3 Kg). 
The highest fruit juice was recorded in Topsin M (53%) followed by Amistar Top (52%), while the lowest fruit juice was 
found in control (44%) where plants were left untreated and treated with Success (43%). Topsin M and Amistar Top were 
more effective than others in controlling fruit drop and improving the quality of the fruit of kinnow. Similar impact was 
observed by selected pre-harvest application of fungicide on yield and fruit quality attributes e.g., fruit length, fruit breadth, 
and fruit weight. 
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INTRODUCTION

Kinnow mandarin is the largest fruit of Pakistan 

regarding area and production. The fruit tree is one of the 

vital positions among citrus types (Khan et al., 2016). 

Agriculture is the backbone of Pakistan’s economy which 

contributes almost 23.4% (Usman, 2016; Khan et al., 

2023). According Ministry of National Food Security & 

Research, total production of citrus is 2321802 tons on 

area of 152716 ha. Total annual citrus production in 

Punjab is 2246473 tons on 14117 ha, Sindh has a total 

annual production of 34059 tons on 5818 ha KPK has 

30383 tons on 3930 ha, while Baluchistan has 10887 

tons’ annual production on 1790 ha (GOP, 2023). 
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Citrus, one of the most important fruit crops of the sub-

tropical region, is the world’s leading tree fruit crop 

belonging to the family Rutaceae (Bharti et al., 2020.) 

Citrus fruits constituting approximately 34% of the total 

fruit production in the country. Notably, over 93% of the 

cultivated area dedicated to citrus in Punjab is specifically 

allocated to Kinnow mandarin. The cultivation of Kinnow 

is primarily driven by its favorable attributes including 

high yield, superior processing characteristics, suitability 

for fresh consumption, aromatic flavor profile, and 

adeptness in adapting to the agro-environmental 

conditions prevalent in Punjab (Ahmed et al., 2006). Pre-

harvest fruit dropping is a common problem in kinnow 

cultivation that reduces the yield and profitability of the 

crop. Pre-harvest fruit dropping refers to the premature 

shedding of fruits from the trees before they are ready to 

be harvested (Maude and Bouageois, 2013). This can 

occur due to various factors such as environmental 

stresses, pests and diseases, nutrient deficiencies, and 

hormonal imbalances (Ahmad et al., 2024). 

Pakistan has natural resources favorable for growing 

citrus (Cheema and Jamali, 2020). Citrus fruits grown in 

Pakistan are valued due to their distinctive qualities 

(Cheem, 2021). With 2.41 metric tons produced annually 

in an 183849-hectare area, Pakistan ranks 12th among 

nations that grow citrus (Anonymous, 2018). However, 

Baluchistan produces 1.3%, Sindh 2.3%, KPK 2.4%, and 

Punjab 94% of citrus. Punjab has the most significant 

percentage because of its ideal climate. However, the 

significant districts that produce kinnow include 

Sargodha, Toba Tek Singh, and Sahiwal. Nearly 23% of 

Pakistan's citrus orchards are in Sargodha, the primary 

citrus-supplying region (Niaz, 2004).  

 Lopes et al. (2015) conducted a study to evaluate the 

effectiveness of various antagonistic microorganisms for 

managing Colletotrichum acutatum on preharvest citrus 

fruits, yielding encouraging outcomes. Additionally, a 

range of plant extracts, essential oils, gums, resins, and 

similar substances have demonstrated significant 

biological activity against fungal pathogens affecting 

plants, both in laboratory settings (in vitro) and in real-

world conditions (in vivo). Consequently, these 

substances hold potential for utilization as bio-fungicidal 

agents (Fawzi et al., 2009; Jalili et al., 2010; Romanazzi et 

al., 2012).  

Citrus blooms profusely in the spring, but only a few 

flowers develop into fruit, which remains on the tree and 

ripens until harvest. At Kinnow, less than 1.0% of the 

flowers develop into harvestable ripe fruit (Agustí  et al., 

2022). Fruit decline at different stages can be caused by 

fruit flies, pathogen attacks such as late bloom rot, water 

stress, and hormonal imbalance (Anonymous, 2018; 

Mahawar et al., 2020). At this stage, a massive fruit drop 

contributes to around 50% of the fruit yield. All fruits 

ripen at different times rather than at the same time, and 

they are all susceptible to several diseases, most of which 

are fungal diseases. Diplodial stem-end rot of citrus fruits 

is one of the most common post-harvest diseases (Zhang, 

2014). From August until the final harvest, a pre-harvest 

fruit drop occurred. The fruit drop occurs at the stem-

calyx joint, propelling the fruit without the stem. Pre-

harvest fruit deterioration in Pakistan is a major threat of 

less production in the pedigree (Marinho et al., 2005). 

Keeping in view its importance there was need to it 

comprehensively. So, present study is designed to 

evaluate the fungicides against fruit drop, causing twig 

dieback and stem end rot problems in kinnow. 

MATERIALS AND METHODS 

This experimental study was conducted in the research 

area CRI Sargodha 40100. (32° 7' 4.3",72° 40' 35.73") in 

2014-2017. Mature fruit-bearing 10 years old, 28 plants 

of kinnow mandarin (C. reticulata) grafted on rough 

lemon (Citrus jambhiri) rootstocks were selected in the 

research area of Citrus Research Institute (CRI) Sargodha. 

All the selected plants were given the same horticultural 

practices during the experiment work.  

The experiment was conducted in a Randomized 

Complete Block Design (RCBD) with one control and six 

treatments of different fungicides. Each treatment was 

applied in 4 replications. The fungicides used were 

Amistar Top (azoxystrobin+difenoconazole) @ 1 ml/L of 

water; Nativo (Tebuconazole+Trifloxystrobin) @ 0.5 g/L 

of water, Topsin. M Thiophanate methyl) @ 2g/L of water, 

Cabrio Top (Pyraclostrobin+metiram) @ 1.5 g/L of water, 

Rally (Myclobutanil) @ 0.5 g/L of water, and Success 

(Chlorothalonil+Metalaxyl) @ 2 g/L of water (Table 1). 

The effect treated plants with funjicides were compared 

with untreated plant (control). 

Each fungicide was applied on four selected plants of 

kinnow to evaluate the heir effect on stem end root that 

causes fruit drop. Each treatment was applied three times 

in a seasonal year. 1st application in 2nd week of April 2nd 

application in 1st week of August and 3rd time repeat in 

September of the same year.  
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Table 1. Detail of fungicides with active ingredients and its dose applied for controlling fruit drop in kinnow 
Sr. No Name of fungicide Active ingredient Dose 

1 Amistar Top azoxystrobin+difenoconazole @ 1 ml/L of water 

2 Nativo  Tebuconazole+Trifloxystrobin @ 0.5 g/L of water 

3 Topsin. M  Thiophanate methyl @ 2 g/L of water 

4 Cabrio Top  Pyraclostrobin+metiram @ 1.5 g/L of water 

5 Rally  Myclobutanil  @ 0.5 g/L of water 

6 Success  Chlorothalonil+Metalaxyl  @ 2 g/L of water 

 
Fruits on each selected plant were counted before and 

after fungicide application. The dropped fruits were 

counted every week from the fungicide application to the 

harvesting (till the 15th of February). The dropped fruits 

after chemical application were calculated in percentages 

given as under: - 

Percent fruit drop =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑢𝑖𝑡𝑠 𝑑𝑟𝑜𝑝𝑝𝑒𝑑 𝑝𝑒𝑟 𝑡𝑟𝑒𝑒

Initial number of fruits per tree 
× 100 

An analysis of variance (ANOVA) of means was conducted 

using Statistix software (10th version), and the least 

significant difference (LSD) test (P<0.01) was used to 

compare treatment means (Steel et al., 1997). 

RESULTS 

A significant difference (P<0.01) was observed 

between pre-harvest fungicide treatments. The 

highest fruit drop was recorded in control (21.25%) 

where plants were left untreated. All fungicides 

reduced the fruit drop. However, among fungicide 

treatments, the mean comparison showed that 

Success had the highest fruit drop (15.5%), while 

Topsin M had the minimum fruit drop (5.75%). 

However, other treatments are ordered in ascending 

order i.e., Amistar Top (7.0%), < Nativo (8.25) < 

Caprio Top (8.75) < Rally (10.5%) (Figure 1). 

 

 
Figure 1. Effect of various fungicides treatment on fruit drop percentage in citrus. The different lettering on error bars 

shows significance at P<0.01  
 
Pre-harvest fungicide treatments showed a significant 

difference in fruit yield in citrus (P<0.01). The highest 

fruit yield per plant was recorded in Topsin. M (85.5 Kg) 

followed Amistar Top (81.3 Kg) and by Nativo (80.2 Kg), 

while the lowest fruit yield was in control (58.3 Kg) where 

plants were left untreated. However, Cabrio Top, Rally, 

and Success resulted in 74.3 Kg, 66.5 Kg, and 60.2 Kg, 

respectively (Figure 2). 
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Figure 2. Effect of various fungicides application on fruit yield per plant in citrus. The different lettering on error bars 

shows significance at P<0.01  
 
A significant difference was observed in fruit weight by 

pre-harvest fungicide treatments (P<0.01). The highest 

fruit weight was recorded in Amistar Top (188 g) and 

Topsin M (184 g). However, among treatments mean 

comparison showed two groups success (168 g) and 

control (166 g) had the least fruit weight (Figure 3). 

 

 
Figure 3. Effect of various fungicides application on fruit weight in citrus. The different lettering on error bars shows 

significance at P<0.01  
 
Pre-harvest application of fungicide showed a significant 

difference in fruit breadth (mm) in citrus (P<0.01). The 

highest fruit breadth was recorded in Topsin M. (72 mm) 

followed by Amistar Top (71 mm), while the lowest fruit 

breadth (59 mm) was found in control (58 mm) where 

plants were left untreated. Among other treatments, the 

fruit breadth was Nativo, Cabrio Top, Rally, and Success, 

respectively (Figure 4). 
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Figure 4. Effect of various fungicides application on fruit breadth in citrus. The different lettering on error bars shows 

significance at P<0.01 
 
A significant difference was observed between pre-

harvest fungicide treatments (P<0.01). The highest 

fruit length was recorded in Amistar Top (79 mm) 

and Topsin M. (69 mm). However, success (57 mm) 

and control (57 mm) had the least fruit length 

(Figure 5). 

 

 
Figure 5. Effect of various fungicides application on fruit length in citrus. The different lettering on error bars shows 

significance at P<0.01  
 

Pre-harvest application of fungicide showed a significant 

difference in fruit juice in citrus (P<0.01). The highest 

fruit juice was recorded in Topsin. M (53%) followed by 

Amistar Top (44%), while the lowest fruit juice was found 

in control where plants were left untreated and treated 

with Success (43%) (Figure 6). 
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Figure 6. Effect of various fungicides application on fruit length in citrus. The different lettering on error bars shows 

significance at P<0.01 
 
Correlation between fruit drop percentage and fruit 

yield in citrus: The correlation analysis showed a highly 

negative correlation (r=-0.825) between fruit drop 

percentage and fruit yield in citrus. Fruit drop and fruit 

yield showed an inverse relation as fruit drop percentage 

increases the total fruit yield decreases. 

 

Table 1. Pearson’s correlation analysis among fruit drop 

percentage and fruit yield in citrus 

  Fruit drop% Yield 

Fruit drop% 1  

Yield -0.82586 1 

 P-value 0.000  

 

DISCUSSION 

Selection and time of application of fungicides are vital for 

control of preharvest fruit drop in citrus (Silva-Junior et 

al., 2014). The incidence of pre-harvest fruit drops due to 

pathological factors reached its peak between September 

and December, resulting in a decline in both yield and 

quality of the harvested crops. Hence, the implementation 

of integrated management strategies is crucial for 

efficiently addressing fruit drop sustainably. 

Consequently, it can be inferred that integrated plant 

disease management (IPDM) represents an ecologically 

and economically feasible approach to augment both the 

quantity and quality of crops (Bharti et al., 2020). 

Various preharvest fungicides application impact the 

post-harvest decay, shelflife and various post-harvest 

attributes of citrus (Feliziani et al., 2013). Thiophanate 

methyl has been proven to be very effective in previous 

studies in alleviating fruit drop in citrus which is used in 

the present study (Kaur et al., 2015). The Kinnow 

mandarin has emerged as a dominant citrus cultivar 

within the citrus industry, owing to its high productivity 

and superior fruit attributes. Consequently, researchers 

endeavored to assess the impact of multiple applications 

of specific fungicides and plant growth promotors on fruit 

drop in Kinnow mandarin. It was determined that the 

foliar application of plant growth regulators proved to be 

an efficacious approach for enhancing both the fruit set 

and quality of Kinnow mandarin (Atiq et al., 2022). 

Notably, foliar sprays of Topsin M. and Amistar Top and 

other fungicides exhibited maximal effectiveness in 

promoting fruit set and fruit retention, respectively. 

Furthermore, fruits of superior quality were observed in 

terms of both size and biochemical characteristics (Kaur 

et al., 2022). 

Pathological fruit drop in citrus, a prevalent ailment in 

Punjab, causes substantial economic detriment to Kinnow 

mandarin cultivators (Atiq et al., 2023). The affliction 

peaks notably in the latter half of September and the 

initial half of October (Kaur et al., 2015). The malady is 

attributed to two fungal pathogens, specifically 

Colletotrichum gloeosporioides and Diplodia natalensis, 

which have been identified as linked to the fruit drop 

syndrome. A significant difference was observed between 

pre-harvest fungicide treatments (Usman et al., 2023). 
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The highest fruit weight was recorded in Amistar Top and 

Topsin M. However, among treatments mean comparison 

showed two groups success and control had the least fruit 

weight. The outcomes aligned with those reported by 

Nawaz et al. (2008), indicating significant effects on fruit 

weight from growth regulators 2, 4-D, GA3, and their 

respective combinations. The positive impact of Topsin M 

in controlling fruit drop has been previously recognized 

by Iqbal et al. (2020) which might be due to management 

of Phytophthora species by its foliar application.  

Pre-harvest application of fungicide showed a significant 

difference in fruit juice in citrus. The highest fruit juice 

was recorded in Topsin M. followed by Amistar Top, while 

the lowest fruit juice was found in control where plants 

were left untreated and treated with Success. The findings 

about juice percentage corresponded with previous 

studies by Zhang and Timmer (2007) and Matthew et al. 

(2002), demonstrating that the utilization of growth 

regulators during flowering and preharvest stages 

resulted in a significant augmentation of juice percentage 

across diverse citrus species. Current findings in line with 

the study of preharvest fungicides application on oranges 

by Besil et al. (2019).  

CONCLUSION 

Fom above results and discussion it could be concluded 

that fruit drop could be best control by the selection of 

fungicide. Topsin M having an active ingredient of 

Thiophanate methyl with a dose of 2 g/L of water 

followed by Amistar Top having an active ingredient of 

Azoxystrobin + difenoconazole with a dose of 1 ml/L of 

water was the most effective in mitigating fruit drop, 

improving yield and fruit quality of kinnow. 
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