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ABSTRACT

Citrus fruits are grown all over the world, including Pakistan. However, the poor storage conditions for citrus seeds in
tropical and sub-tropical regions compromise their viability during growth. In this study, M. olifera (Moringa) and A.
niger (Neem) leaves were used as seed coating agents and were utilized for the first time without any deep treatment
of such leaves with an objective to reduce the cost of botanical fungicides and to control the harmful effects of
synthetic fungicides. Topsin-M, a synthetic fungicide, was used as a reference compound to compare the results of
fungicides from botanical sources than that of a traditionally available synthetic fungicide. Three different
concentration of fungicide solutions (C1, C2 and C3), that were coated on the surface of seeds for different duration of
time (8, 10 and 12h), were prepared. It was observed that the coating of seeds with fungicides, either botanical or
synthetic, significantly improved the horticultural (germination %age and number of days required for germination)
and pathological (fungi %age and number of contaminated seeds) parameters of rough lemon, as compare to control
or non-coated seed samples. It is expected that the findings of this study will promote the use of botanicals as seed
coating agent as they are readily available to famers and are also acceptable for the cultivation of organic crops.
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INTRODUCTION

Citrus belongs to Rutaceae family. Tropical and sub-
tropical climate are ideal for the growth of citrus fruit.
The annual production of citrus crop, on global scale,
was reported to be 124 million tones (FAO, 2017).
Pakistan ranks 13 among the top citrus growing
countries in the world. Over 95% of citrus is grown in
Punjab province of Pakistan due to its favorable soil and
optimum climatic conditions (Javeed, 2017). However,
delayed seed germination severely affects the yield and
quality of the citrus crop (Misra and Dwivedi, 2004).
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Actually, germination of seeds and the growth of citrus
plant is affected by different biotic and abiotic factors
including diseases, drought, salinity and insects-pests
attack (Sarlikioti et al, 2010; Farooq et al, 2007).
Furthermore, occurrence of any such factor hampers the
productivity of citrus fruits (Kaur et al., 2005). Selection
of good quality seeds could be helpful in controlling
delayed seed germination and resisting harsh weather
conditions.

Seed germination and emergence is the vital phase in
plant’s life. Furthermore, the selection of good quality seeds
provide assurance for fast germination and better
resistance against critical weather conditions (El-Keblawy
and Al-Rawai, 2006). Pre-sowing seed treatments, either
alone or in combination with other invigoration
procedures, has been used successfully to improve the
quality of seeds for several different crops (Basra et al,
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2002). On the other hand, citrus seeds belong to
recalcitrant group that can’t withstand freezing or drying
temperature (Khan et al, 2003). Actually, the longevity of
recalcitrant seeds depends on optimum storage conditions
(i.e., ambient temperature and low moisture). However, the
environmental conditions in tropical and sub-tropical
regions are generally inferior for seed storage than that of
temperate regions. Consequently, the maintenance of the
viability of citrus seeds throughout the storage is usually a
bigger issue in tropical and sub-tropical regions. Seed
priming is another strategy widely employed for rapid
germination of several crops (Farooq et al, 2007, 2008)
under ideal as-well-as harsh environmental conditions
(Nascimento, 2003; Sedghi et al, 2010). Numerous pre-
sowing seed treatment methods have been utilized till date
including seed coating, seed priming and seed pelleting, etc.
(Gamboa-de Buen et al, 2006; Capron et al, 2000).
Compared to other priming and pelleting techniques, seed
coating is used very often traditionally since it is convenient
to use, readily available in the market and more economical
than other techniques. In one of the previous study, it was
observed that the deterioration of seed vigor reduced the
germination percentage while coating with organic extracts
and fungicides enhanced the invigoration of the low life
seed lots (Selvarani et al, 2011).

The use of organic extracts has long been used as an
attractive alternative to synthetic chemicals for pest
management and disease resistance, since the organic
compounds pose little threat to the environment or to
human health. Several plant substances have been
considered for use as insect anti-feedants or fungus
repellents and can potentially limit the use of synthetic
chemicals. It has been reported that the moringa leaves
are rich in zeatin (El-Hamied and El-Amary, 2015) that
promotes cell division and elongation; it can therefore
potentially enhance the germination of citrus seeds. It has
also been reported that the neem leaves are rich in
nimonol (Mahmoud et al, 2011) that demonstrates toxic
behavior against several fungal pathogens. However, the
extraction of such compounds from botanical sources is
an expensive treatment that limit the use of such
botanical extracts. In this study, the neem and moringa
leaves were ground to small particles and were used
directly as pre-sowing treatment of citrus seeds for the
first time, without any deep treatment, to reduce the cost
of such priming agents. Topsin-M, a traditional and
synthetic fungicide, was utilized as a reference priming
agent to compare the germination percentage and
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percentage of decayed seeds with that of botanical
sources. It is expected that the findings of this study will
promote the use of botanicals as seed coating agent as
they are easily available to famers and are also acceptable
for the cultivation of organic crops.

MATERIALS AND METHODS

Freshly harvested fruits of rough lemon (Citrus jambhiri)
were collected from the Experimental Fruit Garden,
Institute of Horticultural Sciences, University of Agriculture,
Faisalabad, Pakistan. Topsin®M WSB Fungicide (denoted
as Topsin-M in this work) of United Phosphorous Inc.
(Pennsylvania, United States) was procured from the local
market. Moringa (Moringa olifera) and Neem (Azadiractha
indica) leaves were taken from Forestry Experiment Side of
University of Agriculture Faisalabad, Pakistan. A small
concentration of wood ash was kindly donated by a local
bakery in Faisalabad, Pakistan.

Preparation of fungicide solutions: Figure 1 is
showing the step by step guide that was followed to
prepare samples. Initially, Moringa and Neem leaves
were disintegrated into small particles using locally
fabricated grinding machine. Disintegrated leaves were
then stored in refrigerated conditions (4°C) for 24h,
followed by preparation of solutions at different
concentrations (25, 50 and 70%). Solution of Topsin-M
was also prepared using three different concentrations
(1, 2 and 3%) to compare the results of botanical
fungicides with that of synthetic fungicide. A small
concentration of wood ash was added in all the solutions
to ease the coating process.

Neem
(A. indica)

Moringa
(M. olifera)

Leaves

disintegration

Fungicide solution Wood ash
g "

preparation
(C1,C2,C3) [ Topsin-M

Seeds collection

Seeds coating S
(Twisting method)

(8, 10, 12h)

Storage
(7 days)

Rough
lemon

I Characterization |

————> Germination %age
5 Days required for

seed germination
———> Fungi %age

No. of contaminated
’ seeds

Figure 1. Flow line of sample preparation.
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Collection of seeds: Collection of seeds was carried out by
twisting method. A cut was applied on the rind of rough
lemon with the help of a knife that twisted the fruit. After
dividing the fruit in two halves, seeds were collected
manually with the help of hand. All the seeds were then
stored in air tight bags and were stored under controlled
conditions of temperature and humidity to avoid any
probability of moisture uptake.

Coating of seeds and storage: The coating of seeds with
different coating solutions conducted in the
inoculation room of Plant Tissue Culture Cell, University of
Agriculture, Faisalabad. Initially, the inoculation chamber
was sterilized with UV light. Later on, the seeds were
dipped in coating for 8, 10 and 12h. The seeds were then
taken out from the solutions and were then placed in petri
plate in growth room of Plant Tissue Culture Cell,

was

Percectage of contaminated seeds

Germination of seeds: All the coated seeds were sown in
germination trays and the trays were placed in the growth
room of Plant Tissue Culture Cell, University of Agriculture,
at room temperature. Germination percentage of seeds was
calculated after 10 days of sowing the seeds using
mentioned below formula, as proposed elsewhere (Khan et
al, 2002).
No. of seeds germinated

Germination (%) = Total no. of seads x 100
STATISTICAL ANALYSIS
Five replicates of each treatment were studied using
completely randomized design under factorial

arrangement. Statistix 8.1 software was utilized to analyze
the data. Analysis of variance was used to determine the
significance of the data while least significance difference
(LSD) was used to study the significance in the data.
RESULTS AND DISCUSSION
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University of Agriculture, Faisalabad at room temperature
for seven days to let them dry completely. Finally, the seeds
were packed in air tight bags and were stored in the same
growth room for seven days to check the incidence of
contamination on seeds. On the other hand, non-coated
seeds were also used as control to compare the results of
different botanicals and fungicides used in this study.
Characterization

Decaying of seeds: Treated rough lemon seeds that were
stored in air-tight bags previously were examined under
microscope after seven days of seed coating to check the
incidence of fungal contamination on rough lemon seeds.
Following formula was utilized to determine the
percentage of contaminated seeds, as reported elsewhere
(Zubbair, 2009).

No. of contaminated seeds
x 100

Total number of seeds
Percentage of fungi: Table 1 is showing the effect of

interaction between botanicals and fungicides on the
percentage of fungi after seven days of storage in room
temperature. Non-treated seeds showed the highest
percentage of fungi. On the other hand, the coating of seeds
significantly reduced the percentage of fungi, irrespective
of the fungicide utilized to coat the seeds. Among all the
fungicides utilized to coat the seeds, Topsin-M coated seeds
expressed minimum percentage of fungi (0.22% with C3
conc., 0.24% with C1 conc. and 0.25% with C1 conc. after 8,
10 and 12h of treatment, respectively) followed by A. indica
coated seeds (0.56% with C1 conc, 1.24% with C1 conc.
and 1.15% with C2 conc. after 12, 10 and 8h of treatment,
respectively) while M. oleifera coated seeds expressed
maximum percentage of fungi (4.14% with C3 conc,, 3.13%
with C1 conc. and 2.24% with C3 conc. after 10, 8 and 12h
of treatment, respectively).

Table 1. Effect of interaction of botanicals and fungicides on percentage of fungi

Treatments Percentage of fungi

8 hours 10 hours 12 hours
Conc. C1l C2 C3 C1 C2 C3 C1 C2 C3
Control 9.45 ab 9.75a 9.24b 9.45b 9.75 a 9.24 c 9.45b 9.75 a 9.24 c
M. oleifera 3.13¢c 1.16f 2.36d 3.28¢ 3.10f 4.14d 0.721i 146f 2.24d
A. indica 2.83 c 1.15f 1.59 e 1.24j 2.27h 241g 0.56 1.13 g 2.13 e
Topsin-M 2.40d 1.02 f 0.22g 0.24 k 2.24h 1.361i 0.25k 1.06 h 0.751i
LSD 0.3234 0.0569 0.0456

*Mean values in a column sharing similar letters do not differ significantly as determined by the LSD test (P < 0.05).
M. oleifera = (C1= 25%, C2= 50% and C3= 75%)
A. indica = (C1= 25%, C2=50% and C3= 75%)

Topsin-M = (C1=1g, C2= 2g and C3= 3g)
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Germination percentage: Table 2 is showing the effect
of interaction between botanicals and fungicides on
germination percentage of rough lemon seeds. It was
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observed that the non-coated seeds or control samples
demonstrated least germination percentage. Coating of
seeds significantly increased the germination
percentage, irrespective of the fungicide used to coat the
seeds. Topsin-M coated seeds exhibited maximum
germination percentage (99.37% with C2 conc., 98.46%
with C3 conc. and 96.86% with C2 conc. after 10, 12 and

DOI: 10.33866/phytopathol.030.02.0444

8h of treatment, respectively), followed by A. indica
coated seeds (97.72% with C1 conc, 96.67% with C1
conc. and 94.57% with C1 conc. after 10, 12 and 8h of
treatment respectively) and M. oleifera coated seeds
expressed minimum germination percentage (97.67%
with C1 conc., 96.34% with C3 conc. and 89.97% with C2
conc. after 10, 12 and 8h of treatment, respectively).

Table 2. Effect of interaction between botanicals and fungicides on germination percentage of rough lemon seeds

Treatments Germination percentage

8 hour 10 hour 12 hour
Conc. C1 C2 C3 C1 C2 C3 C1 C2 C3
Control 50.021 50.36 k 50.57j 50.021 5036k 50.55] 50.021 50.36 k 50.55j
M. oleifera 88.87h 8997g 87.941 97.67e 96.65h 96.84g | 9533h 94351 96.34f
A. indica 94.57d 94.26e 93.46f | 97.72d 95.361 97.42f | 96.67d 9641le 95.66g
Topsin-M 96.23b  96.86a 95.55¢ 9842c 99.37a 98.75b | 9735c 97.68b  98.46a
LSD 0.0424 0.0338 0.0418

*Mean values in a column sharing similar letters do not differ significantly as determined by the LSD test (P < 0.05).

M. oleifera = (C1= 25%, C2= 50% and C3=75%)

A. indica = (C1= 25%, C2=50% and C3=75%)

Topsin-M = (C1=1g, C2= 2g and C3= 3g)

Days required for seed germination: Table 3 is
showing the effect of interaction between botanicals and
fungicides on the number of days required for
germination of rough lemon seeds. It was observed that
the non-coated seeds or control samples required
maximum number of days to germinate. Coating of seeds
reduced the number of days required for germination of

seeds. Topsin-M coated seeds germinated in least
number of days (15.68 days with C3 conc., 16.16 days
with C2 conc. and 20.04 days with C3 conc. after 8, 10
and 12h of treatment, respectively), followed by A. indica
treated seeds (16.91 days with C1 conc., 17.79 days with
C1 conc. and 23.57 days with c3 conc. after 10, 8 and 12h
of treatment, respectively) and M. oleifera treated seeds
(27.56 days with C3 conc., 19.42 days with C2 conc. and
18.95 days with C2 conc. after 12, 8 and 10h of
treatment, respectively).

Table 3. Effect of interaction between botanicals and fungicides on days required for germination of rough lemon

seeds

Treatments Days to seed germination

8 hour 10 hour 12 hour
Conc. C1 C2 C3 C1 C2 C3 C1 C2 C3
Control 28.68 a 28.15c¢ 28.36b 28.68 a 28.15¢ 28.36Db 28.68 a 28.15¢ 28.36Db
M. oleifera 1893 e 19.42d 15.76 17.41h 18.95d 18.56 f 26.69 e 2547 f 27.56d
A. indica 17.79g 17.84 f 17.96 f 16.91j 1785¢g 18.68 e 2534g  24.13h 23.571i
Topsin-M 16.67 i 16.75h 15.68k 16.70k 16.161 17.001 22.24] 21.13 k 20.041
LSD 0.0588 0.0334 0.0404

*Mean values in a column sharing similar letters do not differ significantly as determined by the LSD test (P < 0.05).

M. oleifera = (C1= 25%, C2= 50% and C3= 75%)

A. indica = (C1= 25%, C2=50% and C3= 75%)

Topsin-M = (C1=1g, C2= 2g and C3= 3g)

Number of contaminated seeds: Rough lemon seeds
were examined under optical microscope to identify
the seed-borne fungi that contaminated rough lemon
seeds during storage period. Seeds that showed the
incidence of fungi were donated as contaminated seeds.
Rest of the seeds were donated as healthy seeds.
Following four fungi were mainly detected under
microscope on the surface of contaminated seeds: (a)
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Aspergillus flavus; (b) Aspergillus niger; (c) Rhizophus
stolonifera; and (d) Alternaria alternate. Table 4 is
showing the effect of interaction between botanicals
and fungicides on the number of contaminated seeds
after seven days of storage in room temperature.
Highest number of contaminated seeds were observed
in case of non-coated seeds or control samples. Topsin-
M coated seeds were found to be least contaminated
with fungi (0.16% with C2 conc., 0.38% with C1 conc.
and 1.00% with C1 conc. after 12, 8 and 10h of
treatment, respectively) followed by A. indica coated
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seeds (0.43% with C2 conc., 0.83% with C3 conc. and
1.23% with C3 conc. after 12, 8 and 10h of treatment,
respectively) M. oleifera coated seeds had maximum
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number of contaminated seeds (2.46% with C3 conc.,
2.23% with C2 conc. and 1.50% with C3 conc. after 12,
10 and 8h of treatment, respectively).

Table 4. Effect of interaction between botanicals and fungicides on number of contaminated seeds of rough lemon
seeds after seven days of storage in room temperature.

Treatments Number of contaminated seeds

8 hours 10 hours 12 hours
Conc. C1 C2 C3 C1 C2 C3 C1 C2 C3
Control 3.22a 3.44a 3.86a 3.22 abc 3.44 ab 3.86a 3.22b 3.44 ab 3.86a
M. oleifera 1.00b 1.13b 1.50b 2.16 bcd 2.23 bcd 1.80 cd 2.24c 1.54 de 246 ¢
A. indica 0.83 b 1.03b 0.83 b 1.33d 2.13 bed 1.23d 1.10e 0.43fg 2.14 cd
Topsin-M 0.38b 0.83 b 0.733 b 1.00d 1.70 cd 1.00d 0.96 ef 0.16g 1.29e
LSD 1.1679 1.5949 0.6207

*Mean values in a column sharing similar letters do not differ significantly as determined by the LSD test (P < 0.05).

M. oleifera = (C1=25%, C2=50% and C3=75%)

A. indica = (C1= 25%, C2= 50% and C3=75%)

Topsin-M = (C1=1g, C2= 2g and C3= 3g)

DISCUSSION

Percentage of fungi and contaminated seeds: In this
work, we studied two different pathological parameters
(i.e, fungi percentage and number of contaminated
seeds) and found that the coating of seeds with
fungicides, either botanical or synthetic, significantly
reduced the number of contaminated seeds and fungi
percentage during storage. For example, the number of
contaminated seeds after 12h of C2 treatment were
found to be 0.16, 0.43 and 1.54% for Topsin-M, A. indica
and M. olefera coated seeds, respectively, that were
significantly less than that of control or non-coated
samples (3.86%). Similarly, the percentage of fungi after
10h of C3 treatment were found to be 1.36, 2.41 and
4.14% for Topsin-M, A. indica and M. olefera coated
seeds, respectively, that were significantly less than that
of control samples (9.24%). The findings of this study
suggested that the coating of seeds with fungicides,
either botanical or synthetic, can be used as a viable
strategy to protect the seeds from fungal attack. The
low-quality seeds are at risk to various types of diseases
and require any kind of seed treatment to survive
(Howell, 2007). Coating of seeds with fungicides cover
the sensitive sites of such seeds and protects them from
pathogen attack by releasing the fungicides on those
sites of the seeds that are attacked by pathogens
(Kibinza et al., 2011). Generally, the coating of seeds
with Topsin-M was found to be more efficient in
resisting the growth of fungi and decaying of seeds than
that of fungicides from botanical sources. This was
expected since the mode of action for synthetic
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fungicides is faster than that of botanical fungicides
(Nascimento, 2003). Findings of our research fits well
with previous studies whereby the coating of Cleoptra
mandrin or Rangpur lime seeds with soybean leaf extract
and sorghum leaf extract significantly improved the
resistance of seeds against pathogen attack during
storage (Rehman et al, 2012; Gade, 2012; Armarkar,
2011). It should be noted here that the botanical
fungicides that we utilized in our study were taken
directly from botanical sources, without any further
purification to extract fungicidal compound of interest,
in order to reduce the cost of such fungicides.
Furthermore, the botanical fungicides used in our study
demonstrated reasonably good control against seed
borne pathogens. Mahmood and Sheikh (2006) observed
that the retention of chemical fungicides is less for flat
surfaced seeds than that of uneven or rough surfaced
seeds. This shows that the efficiency of botanicals
against pathogens might get lost slightly due to smooth
surface of rough lemon seeds. It can be concluded
therefore that the botanical fungicides can also be used
as an alternative to synthetic fungicides to control the
growth of seed borne fungi or pathogen attack during
storage of rough lemon seeds. It is expected that the
efficiency of such non-purified botanical fungicides can
be enhanced with the combined use of 2 or more
fungicides from different botanical sources. Further
studies are therefore required in this area with an
objective to enhance the efficiency of such fungicides
against pathogen attack.

Germination percentage and days required for seed
germination: Several seed treatment practices have
been reported to improve the germination of seeds. In
this study, it was observed that the seed coating method
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momentously improved seed germination and plant
strength. For example, the germination percentage of
rough lemon seeds after 10h of C3 treatment were found
to be 98.75, 97.42 and 96.84% for Topsin-M, A. niger and
M. olifera treated seeds, that were
significantly higher that of control (50.55%). Similarly,
the number of days required for germination of rough
lemon seeds after 10h of C2 treatment were found to be
16.16, 17.85 and 18.95 days for Topsin-M, A. niger and
M. olifera treated seeds, that were
significantly less than that of control or non-treated
samples (28.15 days). However, the synthetic fungicide
that exhibited fast releasing action demonstrated
significantly different results than that of botanical
fungicides. The reduction in germination time was
because of short lag phase during imbibition that
enabled to germinate quickly and
germination process was found to be shorter for treated
seeds because of the approachability of readily
accessible food during germination (Farooq et al., 2009).
In another study, improved germination time was
attributed to improved cell division inside the apical
meristem. The treating agent binds to nearby soil during
sowing that provides pathogen free media to speed up
the growth of plant cells (Vanangamudi et al., 2000). The
findings of our research agree with previous reports

respectively,

respectively,

seeds more

whereby moringa leaf extracts and sesame leaf extracts
were found to be effective in terms of reducing
germination time for sorghum seeds (Shehzad et al,
2012) and onion seeds (Zenab and Inallou, 2011),
respectively.

CONCLUSION

The findings of this study suggested that the coating of
rough lemon seeds with fungicides, either synthetic or
botanical, significantly improve the horticultural
(germination %age and number of days required for
germination) and pathological (fungi %age and number
of contaminated seeds) parameters of the seeds during
growth. For example, the number of contaminated seeds
after 12h of C2 treatment were found to be 0.16, 0.43
and 1.54% for Topsin-M, A. indica and M. olefera coated
seeds, respectively, that were significantly less than that
of control or non-coated samples (3.86%). Similarly, the
percentage of fungi after 10h of C3 treatment were
found to be 1.36, 2.41 and 4.14% for Topsin-M, A. indica
and M. olefera coated seeds, respectively, that were
significantly less than that of control samples (9.24%).
Likewise, the germination percentage of rough lemon
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seeds after 10h of C3 treatment were found to be 98.75,
97.42 and 96.84% for Topsin-M, A. niger and M. olifera
treated seeds, respectively, that were significantly
higher that of control (50.55%). Similarly, the number of
days required for germination of rough lemon seeds
after 10h of C2 treatment were found to be 16.16, 17.85
and 18.95 days for Topsin-M, A. niger and M. olifera
treated seeds, respectively, that were significantly less
than that of control or non-treated samples (28.15 days).
It can be concluded therefore that the fungicides from
botanical sources can be used as a suitable alternate to
synthetic fungicides for the coating of rough lemon
seeds. The findings of this study would encourage the
use of fungicides from botanical sources without any
deep treatment of such fungicides.
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