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Abstract

The aim of present study is In vitro germination of the pollen grains of five Citrus species belonging to the family
Rutaceae viz., Citrus aurantium L. var., aurantium Hook.f., C. limon (L.) Brum. f., C. paradisii Macfad, C. reticulata
Blanco and C. sinensis (L.) Osbeck. using “hanging drop” technique. The germination was checked up to 48 weeks, for the
pollen stored at different temperatures like 4°C, -20°C, -30°C and -60°C. The study indicates that low temperature and low
relative humidity is better than high temperature and humidity with respect to pollen germination capacity and viability.
Freeze dryer (-60°C) seems to be the best method to maintain pollen viability of stored pollen grains for a long period of
time. Among five species Citrus aurantium, C. limon and C. sinensis showed high percentage of germination as compared to

C. reticulata and C. paradisii.
Introduction

Rutaceae is a large, predominantly tropical and
subtropical family, consisting of 150-162 genera and
1500-2096 species, with three main centers of diversity
Tropical America, southern Africa, and Australia (Kubitzki
et al., 2011). The family is economically important for
edible fruits (especially Citrus, with many varieties of
oranges, lemons, tangerines, etc.), aromatic oils (Boronia
and Ruta), drugs (Pilocarpus, source of pilocarpine, used
against glaucoma), and bitter beverages used to treat fevers
(Angostura, Galipea). Species of Flindersia, Zanthoxylum,
Balfourodendron, and Euxylophora are sources of timbers.
More recently, the antimicrobial and antifungal properties
of rutaceous compounds are being exploited as natural
pesticides (Oliva et al., 2000), herbicides and
antimicrobials (Mandalari et al., 2007), while others are
medicinally useful (Moraes et al., 2003).

In Pakistan Rutaceae is represented by 11 genera and
27 species while the genus Citrus is represented by 10
species. Most or all the species of the genus Citrus are
neutralized cultivated and derived from the native species
of tropical and sub-tropical regions of SE. Asia because of
great economic importance, domestication, cultivation
and hybridization led to many varieties (Hassan &
Ghazanfar, 1980).

Citrus fruits have been recognized as an important
source of taste, food and integrated as a part of our daily
diet, playing key role in providing energy, nutrients and in
health promotion. Citrus fruits have low proteins and little
fat content, they mainly supply carbohydrates (Sucrose,
Glucose, Fructose). Fresh Citrus fruits are also a good
source of dietary fibers, which is associated with
gastrointestinal diseases, and also lower the circulating
cholesterol. Along with abundant vitamin “C” the fruits
also contain Vitamins “B” (Thiamine, Pyrimidine, Niacin,
Riboflavin, Pantothenic acid and Folate). Phytochemicals
like carotenoids, flavonoids and limonoids are of vital
importance in promoting human health due to their
antioxidant properties and protection from various chronic
diseases. Vitamin “C” prevents blood shortage and makes
the bones, teeth stronger and healthier. Citrus juices not
only promote skin but also increase hunger (Anon., 1994).

To increase the yield and requirement of desired
pollen, genetic conservation and storage is desirable for
plants breeders, since pollen is known to transmit
important heritable characters. Plant breeders could have
access to a facility called pollen bank, from where any
body can draw pollen of its own choice in the process of
breeding a new cultivar. Several methods of pollen
storage have been tried and employed of which the most
important factors are controlled temperature and
humidity. The literature on pollen storage has been
reviewed by Visser, (1955), Stanley & Linskens, (1974),
Goff, (2001), Aslantus & Pirlak, (2002), Zhang, (2002),
Bomben et al., (2006), Song & Tachibana, (2007) and
Dutta et al., (2013). The storage life of Clementine
Manderinin (C. reticulata) and Poncirus trifoliate pollen
was effectively extended in oxygen free atmosphere
(Sahar et al., 1980). Different investigators have same
consensus that low temperature and humidity are the two
major influencing factors in storage of pollen grains for a
long period of time (King, 1961; Ganeshan, 1986; Gill et
al., 1992; Malik & Thind, 1992; Shivanna &
Rangaswamy, 1992; Mesejo et al., 2006; Janick et al.,
2010). Pollen grains can germinate and grow readily in
water or in sugar medium, their growth can be accelerated
by adding vitamins and microelements such as boron,
magnesium, calcium, potassium etc. Pollen physiology
especially germination and viability has received
considerable attention for its application in plant breeding,
conservation, adaptation and understanding of the
physiological behaviour of the fertilizing pollen grains.

There are several reports on pollen germination and
viability of different taxa (Kapoor, 1976; Cohen et al.,
1988; Eti & Stosser, 1992; Mercado et al., 1994; Sato et
al., 1998; Dafni & Firmage, 2000; Vaknin et al., 2003;
Ateyyeh, 2005; Bermejo et al., 2011 and Khan et al.,
2013) with varied aims and objectives, however there is
little information about the pollen germination of
temperate vegetables, fruits and ornamental plants. Nair
(1964) correlated pollen morphology of Vitis vinifera
with physiological potential by studying pollen
germination in different types. Mesejo et al., (2006)
found out the inhibitory effect of CuSo4 on In vitro
pollen germination of “Manderin” and after 8 hrs of
incubation the development of pollen tube was stopped.
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The In vitro pollen germination of Citrus maxima and C.
paradisi was suppressed by adding olive oil to a medium
containing 0.8% agar, 10% sucrose and 50ppm Citric
acid, but the germination was significantly increased in
C. maxima in a medium having 0.8% agar and 20%
sucrose (Ateyyah, 2005).

This is the first attempt to study the In vitro pollen
germination of five Citrus species from Pakistan. Pollen
germination of these five Citrus species was assessed to
develop a pollen bank from where desired pollen may be
provided to farmer for hybridization.

Materials and Methods

In flowering period of the five Citrus species pollen
were collected in large quantity from cultivated fields of
Kalat (Khan of Kalat fields), Sindh (Khirpur) and KPK
(Swat, Buner). Pollen grains were stored in different
storage conditions in refrigerator, freezer and freeze
drier but before that fresh pollen were systematically
subjected to preliminary viability tests Alexander
(1969). For Pollen germination media was prepared
using standard technique of Brewbaker & Kwack
(1963). The germination was scored after 6-8 hours of
incubation at room temperature in humid chambers.
Pollen tube equal to twice the diameter of pollen were
counted as germinated while burst pollen were
considered ungerminated. The viability of stored pollen
was assessed in terms of percent germination. The
pollen grains slides were also prepared for light
microscopy (LM) using the standard procedure of
Erdtman (1952). Observations were made with a Nikon
type- 2 microscope.

Result and Discussion

Citrus limon (L.) Burm.f.: C. lemon species showed
67.30% of germination in fresh pollen and after 4 weeks
of storage nearly 70% germination was noted in all stored
conditions, refrigerated (4°C) freezed (-20°C, -30°C) and
freeze dried (-60°C) in 10% solution (Fig. 1). The
refrigerated pollen showed 64.20% after 4 weeks and
26.50% after 48 weeks of storage in 10% and 30%
solutions respectively (Table 1). Freezed pollen (-20°C)
showed 69.30% germination after 4 weeks in 10%
solution as compared to 72.10% of the other freezed
condition (-30°C), while after 48 weeks the germination
was 53.50% and 56.70% respectively. Freeze dried pollen
(-60°C) showed somewhat low germination after 4 weeks
(67.30%) but after 48 weeks this condition showed more
viability and germination, which was 62.00% in 20%
solution, so it seemed to be a better method as compared
to refrigerated and freezed. 10% solution may be
favourable for pollen germination. As the time progressed
pollen needed more concentrated solutions in late weeks
contrast to early weeks (Table 1).

C. aurantium L. var., aurantium Hook.f.: The bitter
orange showed 60.30% germination which is more than
that of lemon but lower germination and viability was
observed in stored pollen (Fig. 2). After 4 weeks of
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storage the refrigerated pollen showed 58% of
germination in 10% solution and after 48 weeks the
germination was 27.00% in 40% solution. The freeze
conditions (-20°C, -30°C) showed >60% germination after
4 weeks of storage in 10% solutions and after 48 weeks
percentage of germination was 29.40% and 30.00% in
20% solution. Freeze dried pollen (-60°C) showed 69.10%
of germination in 10% solution which is the highest after
4 weeks, while after 48 weeks 63.00% germination was
noted in 20% solution. So it seemed that 10% solution is
good in the start but later on 20% solution showed better
results and freeze dried (-60°C) looks to be better
condition as it could maintain the viability for a longer
period (Table 2).

C. paradisii Macfad: The grape fruit showed 50.60% of
germination in fresh pollen and after 4 weeks of storage
above 60% germination was noted in both refrigerated
(4°C) and freezed pollen (-20°C, -30°C) in 10% solution
(Fig. 3). Unexpectedly freeze dried pollen (-60°C) showed
49.00 % of germination in 10% solution. Refrigerated
pollen showed 59.00% of germination in 10% solution
and after 48 weeks only 3.10% of germination was
observed. The pollen in -20°C and -30°C showed 44.20%
and 48.00% of germination in 10% solution after 4 weeks
respectively, while 11.20% and 16.00% germination was
observed after 48 weeks of storage (Table 3). Again
freeze dried pollen showed good potential to maintain
pollen viability, after 4 weeks of storage 50.10% of
germination was noted and after 48 weeks the
germination was 42.70% (Table 3). Grape fruit showed
somewhat poor pollen germination compared to other
Citrus species.

C. reticulata Blanco: Tangerine also showed better pollen
germination like lemon. The fresh pollen showed 50.00%
of germination, while both refrigerated (4°C) and freezed
pollen (-20°C, -30°C) showed more than 60% of
germination after 4 weeks of storage in 10% solution (Fig.
4). Like grape fruit the freeze dried pollen of tangerine
also showed 49.00% germination after 4 weeks as
compared 63.40% and 63.00% in freezed pollen(-20°C, -
30°C) in 10% respectively. As viability concerned freeze
dried pollen showed better germination 39.00% as
compared to 24.70%, 34.50% and 22.69% in refrigerated
and freezed pollen (-20°C, -30°C). Like other species with
the passage of time more concentrated solutions showed
better germination like 30%, and 40% (Table 4).

C. sinensis (L.) Osbeck: Pollen of Sweet orange showed
more or less similar results like lemon both in fresh and
stored conditions in early weeks of storage. The fresh
pollen showed 62.00% of germination and after 4 weeks
the refrigerated pollen showed 61.50% germination in
10% solution and 23.40% after 48 weeks (Fig. 5). Freezed
pollen (-20°C) showed 65.20% of germination after 4
weeks in 10% solution and 26.00% after 48 weeks of
storage, the other freeze condition (-30°C) showed poor
results after 4 weeks 45.60% of germination was noted
and 7.20% after 48 weeks in 10% solution. Freeze dried (-
60°C) showed highest 72.00% of germination after 4
weeks and 20.00% after 48 weeks of storage in 10% and
30% solutions respectively (Table 5).
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Fig. 1. Germination percentage of Citrus limon (L.) Brum.f. (Rutaceae) pollen at different weeks.
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Fig. 3. Germination percentage of C. paradisii Macfad. (Rutaceae) pollen in different weeks.
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Table 1. Germination capacity of Citrus limon (L.) Brum.f. (Rutaceae) pollen in different sucrose and boric acid solutions.

Germination % Germination Germination % Germination Germination % Germination Germination % Germination
at storage noted in % at storage noted in % at storage noted in % at storage noted in %
Weeks  temperature solution temperature solution temperature solution temperature solution
4°C -20°C -30°C -60°C
4 64.20 10 69.30 10 72.10 10 67.30 10
8 62.10 10 70.00 20 70.00 10 72.00 10
12 60.10 10 72.10 10 74.00 10 73.00 10
16 62.10 10 70.00 10 72.10 10 70.40 10
20 50.40 20 67.40 10 70.10 20 72.00 10
24 46.10 20 70.00 10 76.00 10 70.10 10
28 42.00 20 65.20 10 72.00 10 67.50 10
32 41.10 20 59.60 10 68.20 10 68.00 20
36 40.00 30 58.20 40 68.00 10 66.00 10
40 36.00 30 57.40 20 63.40 10 65.00 30
44 31.70 30 56.10 20 60.00 10 63.10 10
48 26.50 30 53.50 30 56.70 30 62.00 20
Percentage of germination at fresh: 67.30%
Table 2. Germination capacity of C. aurantium L. (Rutaceae) pollen in different sucrose and boric acid solutions.
Germination % Germination Germination % Germination Germination % Germination Germination % Germination
at storage noted in % at storage noted in % at storage noted in % at storage noted in %
Weeks  temperature solution temperature solution temperature solution temperature solution
4°C -20°C -30°C -60°C
4 58.40 10 62.00 10 66.10 10 69.10 10
8 57.00 20 61.10 10 62.40 10 72.00 10
12 54.10 10 60.00 10 62.00 10 72.00 10
16 54.00 20 58.20 10 60.00 10 70.00 10
20 52.70 20 56.60 30 53.40 10 71.60 10
24 50.00 20 51.30 20 50.10 30 69.50 10
28 47.10 30 47.40 20 47.10 20 67.50 20
32 43.30 30 44.50 20 42.60 20 68.00 20
36 40.50 30 41.20 20 39.00 20 67.00 20
40 36.00 30 37.00 20 36.50 20 65.70 20
44 33,20 30 33.10 20 32.40 20 63.60 20
48 27.00 40 29.40 20 30.00 20 63.00 20

Percentage of germination at fresh: 60.30%

Table 3. Germination capacity of C. paradisii Macfad. (Rutaceae) pollen in different sucrose and boric acid solutions.
Germination % Germination % Germination % Germination %

Germination Germination Germination Germination
at storage b at storage h at storage b at storage .
Weeks  temperature ng:ﬁg tligr:% temperature n(;(t)elg tlirc])r:/o temperature ng:ﬁg tligr:% temperature nggelg tligr:%
4°C -20°C -30°C -60°C

4 59.00 10 44.20 10 48.00 10 50.10 10

8 40.70 10 41.30 10 44.10 10 52.00 10

12 40.00 20 40.00 10 53.00 10 52.10 10

16 39.00 20 38.70 10 42.10 10 51.70 10

20 37.20 20 36.00 10 40.00 10 51.00 10

24 34.50 20 32.60 20 37.50 10 50.00 10

28 31.60 20 28.40 20 34.00 10 49.10 20

32 26.40 30 25.00 20 30.70 20 47.50 20

36 21.80 30 21.50 20 26.50 30 46.50 20

40 17.00 40 18.00 20 22.60 30 43.00 20

44 10.20 40 13.60 20 19.50 30 45.60 20

48 03.10 40 11.20 30 16.00 30 42.70 20
Percentage of germination at fresh: 52.60%

Table 4. Germination capacity of C. reticulata Blanco (Rutaceae) pollen in different sucrose and boric acid solutions.
Germination % I Germination % I Germination % N Germination % N
Germination Germination Germination Germination
at storage b at storage b at storage b at storage b
noted in % noted in % noted in % noted in %
Weeks  temperature solution temperature solution temperature solution temperature solution
4°C -20°C -30°C -60°C

4 60.00 10 63.40 10 63.00 10 49.00 10

8 52.60 20 62.00 10 60.20 10 50.10 10

12 52.00 20 61.00 10 59.00 10 51.00 10

16 50.30 20 57.60 10 55.70 10 50.70 10

20 47.40 20 54.00 10 53.00 10 50.00 10

24 45.90 30 50.10 10 50.90 10 49.60 10

28 42.00 30 46.00 20 46.40 10 48.00 10

32 39.30 40 42.10 20 41.70 20 46.70 20

36 35.00 40 41.00 20 37.60 30 45.00 20

40 32.40 40 39.60 20 32.40 30 42.70 20

44 27.00 50 36.50 20 27.60 30 40.60 20

48 24.70 40 34.50 30 22.60 30 39.00 30

Percentage of germination at fresh: 50.00%
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Fig. 5. Germination percentage of Citrus sinensis (L.) Osbeck. (Rutaceae) pollen in different weeks.
Table 5. Germination capacity of Citrus sinensis (L.) Osbeck. (Rutaceae) pollen in different sucrose and boric acid solutions.
Germination % Germination Germination % Germination Germination % Germination Germination % Germination
at storage noted in % at storage noted in % at storage noted in % at storage noted in %
Weeks  temperature solution temperature solution temperature solution temperature solution
4°C -20°C -30°C -60°C
4 61.50 10 65.20 10 45.60 10 72.00 10
8 59.10 10 62.70 10 42.30 10 71.60 10
12 55.40 10 58.30 10 39.00 10 72.00 10
16 53.10 20 56.00 10 35.10 10 71.00 10
20 50.50 20 53.10 10 30.70 10 70.00 10
24 45.70 20 56.20 10 26.00 10 68.60 10
28 41.30 20 46.40 20 22.10 10 68.50 10
32 37.40 20 42.10 20 19.60 20 68.10 10
36 34.00 30 39.30 20 17.00 10 59.90 20
40 30.60 30 35.00 30 13.10 10 47.00 20
44 27.50 30 30.60 30 10.00 20 35.10 20
48 23.40 40 26.00 30 07.20 20 20.00 30

Percentage of germination at fresh: 62.00%

Conclusion

The study indicates that Citrus limon showed better
percentage of germination as compared to other species.
At fresh 67.30% germination was noted as compared to
that of 60.30% of C. aurantium, 52.60% of C. paradisii,

50.00% of C. reticulata and 62.00% of C. sinensis. At
stored conditions (4C, -20C, -30C and -60C) limon also
showed better percentage of germination comparatively as
well as the pollen showed viability for a longer period.
Among five Citrus species C. limon, C. sinensis and C.



956

aurantium showed better percentage of germination and
viability after 48 weeks. 10% and 20% solutions showed
better results but occasionally 30% and 40% also showed
reasonably good at results later weeks.
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