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ABSTRACT
Study was conducted at experimental area of Citrus Research Institute, Sargodha, Punjab, 
Pakistan during 2016-18 to examine the response of exogenous growth regulator and fungicide 
against fruit drop of Kinnow before harvesting. Ten years old kinnow plants grafted on rough 
lemon rootstock were selected for spray of growth regulators and fungicides for three successive 
seasons 2016-18.  Exogenous application of growth regulators and fungicide were applied at 
three different times during growth season i.e. first application in July, second in August and third 
application in October every year. Data indicated that maximum physiological fruit drop (6%) 
was recorded in control and minimum fruit drop (1.76%) was recorded in T6: 2, 4-D @ 20 ppm 
+ Topsin – M 1.5 g L-1 treatment. Similarly, maximum (6.01%) pathological fruit drop occurred in 
control whereas effective results depicted by T6 2,4-D @ 20 ppm + Topsin-M 1.5 g L-1 with 0% 
fruit drop. Correspondingly, minimum fruit due to insect attack was recorded in T6: 2, 4-D @ 20 
ppm + Topsin-M 1.5 g L-1 despite of that control depicted maximum fruit drop with 5% value. This 
experiment concluded with a good degree of success. Out of various and alone combination of 
growth regulator and fungicide treatments 2, 4-D + Topsin-M @ 20ppm and 1.5 g L-1 reduced 
the drop significantly.
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INTRODUCTION
Kinnow (Citrus reticulata Blanco) is a main fruit amongst 
its group (Khan et al., 2016). It is especially enjoyed by 
people because of its amazing taste, dietary qualities, 
high value of ascorbic acid and juice percentage. In 
Pakistan citrus fruit contributed 95% yearly in export 
(Tahir, 2014). Pakistan is ranked 12th among citrus 
growing countries with 2.41 metric tons annually 
along 183849 hector area (Anonymous, 2018). In 
citrus production, Punjab is contributing 94%, Sindh 
2.3%, KPK 2.4% while Baluchistan producing 1.3%. 
Maximum share of Punjab is because of its promising 
climate. In Punjab Sargodha, Toba Tek Singh and 
Sahiwal are main districts that are producing Kinnow. 
At present, Sargodha is the main citrus supplying 
region that is contributing almost 23% citrus plantation 
of all Pakistan (Niaz, 2004).
Drop of kinnow fruit at growing stages is a typical 
problem even with various managing practices and 
too much drop documented at specific times. Even 
though drop of fruit happens in various manners, 
however pre-harvest fruit drop is the major problem as 
it directly affects economic losses to farmer (Ashraf et 
al., 2013).Fruit drop at this stage is terrific and this drop 
is approximately 50% of the fruit yield (Nawaz et al., 
2008).The dropped fruit may not be consumed despite 

they have drawn metabolites from the tree. At different 
stages fruit drop may be due to fruit fly, pathological 
attack like stem-end rot, water stress and imbalance of 
hormones (Anonymous, 2011).

Pre-harvest fruit drop begins in month of August and 
proceeds till last harvesting. Fruit drop happens at the 
peduncle and calyx joint, prompting to fruit drop without 
peduncle. In Pakistan, pre harvest fruit drop is the 
significant cause of low yield in kinnow crop (Marinho 
et al., 2005).
Plant growth regulators (PGRs) are stimulant to 
retain fruit on citrus tree and reduce the fruit drop. An 
irregularity of growth regulators like auxins, cytokinnins 
and gibberellins may prompt the process of abscission 
film on the stem and fruit drop in the end (Chen et al., 
2006). Foliar application of auxin found more suitable 
to control the fruit drop (Kaur et al., 2007).
Fungicides are mostly active when used at the initial 
flowering stage and with several intervals if rainy 
season prevails during flowering. When the infected 
blossom starts to form fruit, the fungus causes it to 
drop very quickly. Deficient information is available 
about the use of plant growth regulators (PGRs) and 
fungicides under present study agro climatic conditions 
in citrus orchard. In addition, the current research 
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findings are not useful as such in kinnow because of 
its hybrid nature.
Consequently, this research was directed to determine 
the impact of fungicides and plant growth regulators 
(PGRs) to overcome fruit drop in kinnow. While this 
study conducted at just fundamental level but it gives 
very useful information regarding response of kinnow 
plant towards these chemicals to control the fruit drop.

MATERIALS AND METHODS

Research location and climate
The research work was arranged at the experimental 
research area of Citrus Research Institute, Sargodha 
(Latitude: 32°5’1.47”N; Longitude: 72°40’18.69”E) 
Pakistan in 2016-18. Average rainfall of 6.65 mm was 
recorded during 2 years of research along with 29.53% 
relative humidity. Average maximum and minimum 
temperature throughout the cropping season was 
33.86°C and 22.36°C, respectively.

Layout of experiment
The research work was laid out in Randomized 
Complete Block Design (RCBD) with seven treatments 
and control. Each treatment was replicated three time 
and one tree was considered as experimental unit. 

Treatments plan
The plant growth regulators and fungicides used in 
foliar applications were:-

T1 : 2-4 D @ 10 ppm;
T2  : 2-4 D @ 20  ppm;
T3 : Benomyl  @ 1 g L-1 water;
T4  : Topsin-M @ 1.5 g L-1 water;
T5 : 2-4 D @ 20  ppm +  Benomyl @ 1 g L-1 water;
T6 : 2-4 D @ 20  ppm +  Topsin-M @ 1.5 g L-1 water
T7  : control. 

Plants
Ten years old, 21 plants of kinnow mandarin (C. 
reticulata) grafted on rough lemon (Citrus jambhiri) 
rootstock of even size and age were chooses for this 
experiment. All the experimental trees were maintained 
under similar cultural conditions.

Application of chemicals
Each treatment was applied in three selected trees 
of kinnow to determine their effect in prevention of 
fruit drop. Exogenous spray of growth regulators and 
fungicides were applied at three different times during 
growth season i.e. first application in July, second in 
August and third application in October every year. 
Moreover, 2,4-D was first dissolved in ethanol and then 
required water quantity added. The control trees were 
sprayed with simple water.

Pre-harvest fruit drop categories
Pre-harvest fruit drop was categorized into three types: 
physiological drop (e.g. due to hormonal imbalance), 
entomological drop (e.g. due to insect pests) and 
pathological drop (e.g. due to diseases attack). 

Estimation of fruit drop and data analysis
Fruits existing on each selected tree were counted 
before the application of chemicals. The fruits dropped 
from the selected trees were counted at 7 days interval 
starting from 1st August and up to the 15th of February. 
The dropped fruits after chemical application were 
calculated in percentage given as under:- 

 Percent fruit drop =   Total number of fruits dropped per tree × 100
                                          Initial number of fruits per tree

Statistix software version 10 was used for analysis 
of variance (ANOVA) and comparison between the 
treatments by least significant difference (LSD) test 
(P≤0.05) Steel et al. (1997). 

RESULTS AND DISCUSSION

Physiological fruit drop
The analyzed data depicted that the effect of different 
growth regulators and fungicides on kinnow mandarin 
fruit significantly reduced pre harvest fruit drop 
percentage. Minimum fruit drop (1.76%) depicted in T6 
(2,4-D @ 20 ppm + Topsin-M 1.5g L-1 water) whereas, 
highest percentage (6%) of fruit drop was observed 
in T7 (control) as shown in Fig.1. Pre-mature and 
pre-harvest fruit drop started from month of August 
was due to physiological stress (water stress, high 
temperature, nutrient deficiency and poor plant health) 
and continually dropping of fruit almost mature to 
harvestable stage.
Our research findings are firmly correlated with the 
conclusions of Modise et al. (2009) who noted that 
application of 2, 4-D @ 20 mg L-1 decreased the ratio 
of fruit drop in navel oranges in contrast to control. Our 
outcomes were additionally in correspondence with 
prior researcher (Davies and Zalman, 2006; Kaur et al., 
2016; Mollapur et al., 2016) which revealed application 
of 2,4 - dichlorophenoxyacetic  acid and other PGRs 
considerably decreased the pre harvest fruit drop in 
citrus species. 
Our conclusions are in accordance with Rattanpal et al. 
(2009) who defined that 2,4 -dichlorophenoxyacetic acid 
alone application is less successful when contrasted 
with mixture of 2,4-D and fungicide. The reason for  
fruit drop in Punjab is mostly due to pathological attack 
on fruit and physiologically stress.

Pathological fruit drop
Fruit drop due to pathogen attack generally begins 
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during mid-September to end of harvesting season 
because of citrus scab melanose, citrus canker, stem 
end rots and citrus greening. The fruit drop at this 
step is the most unfavorable, because fruit is just 
near maturity and have drained nutrition from the tree. 
Pathological fruit drop is initiated via various plant 
pathogens, most common of these are Xanthomonas 
axonopodis, Colletotrichum gloeosporioides, Diplodia 
natalensis and Alternaria citri.
The results clearly indicate that T6 (2,4-D @ 20 ppm 
+ Topsin-M 1.5 g L-1 water) showed more effective 
results along with 0% fruit drop due to pathological 
attack. In contrast, T7 (Control) showed highest fruit 
drop with 6.01% followed by T1 (2, 4-D @ 10 ppm)  
and T5 (2,4-D @ 20 ppm + Benomyl @ 1 g L-1 water) 
with 5 and 2.95% fruit dropped due to disease attack. 
Combination of fungicides Topsin-M with growth 
regulator 2,4-D gave the highly significant results. Our 
findings are matching with the results of Patil and Ingle 
(2011) Rattanpal et al. (2009) and Saini et al. (1997) 
who observed that increased proportion of pathological 
fruit drop observed in T7 (control) as compared to the 
foliar application of fungicide + 2,4-D.

Entomological fruit drop
Sucking moth and fruit fly are significant insect pest in 
citrus fruits. Fruit fly showed highest activity in month 
of August to November though, moth begin attack 
in July to October. Data (Fig.3) described that the 
growth regulators and fungicides significantly effected 
on drop of entomologically defected fruit in Kinnow. 
Significantly minimum drop of fruit (0%) was observed 
in T6 (2, 4-D @ 20 ppm + Topsin-M @ 1.5 g L-1 water) 
and T4 (Topsin-M 1.5g L-1 water). However, maximum 

fruit drop (5%) was perceived in control treatment (T7) 
highly significant followed by T1 (2-4 D @ 10 ppm)
and T5 with value 4 and 3%, receptively. Our results 
were in agreement with earlier workers (Davies and 
Zalman, 2006; Kaur et al., 2016; Mollapur et al., 2016) 
described that spray of 2,4-D and other plant growth 
regulators(PGRs) considerably reduced the fruit drop 
due to insects damage in citrus species.
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