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The field investigation was carried out at Horticultural Research Station, Mondouri,
North 24 Parganas, B.C.K.V., West Bengal, India during 2015-16 with an objective
to understand and provide a wealth of usable information of ber flowering and sex
ratio in relation to ber breeding programme. Plant breeders look for ideal plant
types or ideotypes in order to combine maximum desirable traits in a cultivar. For
efficient and purposeful breeding programme, it is necessary to have knowledge
of the floral morphology and biology of the parents. Keeping this in view, the
experiment was laid out by Randomized block design (RBD) with three replication
and fourteen varieties (Apple Kul, Banarasi Karaka, BAU-1 Kul, Chhuhara, Dandan,
Gola, Illaichi, Jogia, Kaithali, Madhavpur, Mundia, Sanur-2, Topa and Umran).
There was an appreciable variation of cyme emergence (1st August – 23rd August),
number of flowers cyme-1 (11.2-34.6), number of cymes branchlet-1 (8.9-21.4)
and number of flowers branchlet-1 (99.8-739.9). The variation of hermaphrodite
flowers was remarkable both in early flowering season (4.1-38.7%) and peak
flowering season (24.9-90.8%). In general, percentage of hermaphrodite flowers
was more with a low sex ratio (male: hermaphrodite) in Umran, Illaichi, Gola,
Sanur-2, Banarasi Karaka and Jogia variety. All the varieties showed wide variation
of fruit set (3.9 to 31.4%). Further fruit set percentage is directly correlated with
the sex ratio. This study provides the basis for understanding the floral biology,
thus expanding the prospects for Z. mauritiana breeding programs and for further
molecular and genetic studies of this species.
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1. Introduction
Z. mauritiana is an important fruit crop of economic importance which
can be cultivated on marginal lands on a commercial scale, especially in
India, where it is indiginious (Arndt et al., 2001). Ziziphus (Rhamnaceae)
comprises about 170 species of spiny shrubs and small trees distributed
in the warm-temperate and subtropical regions throughout the World
(Islam and Simmons, 2006). Ber is a deciduous tree and flowering starts
from August to October, its fruit mature from January to March in India
(Shukla et al., 2004). Flowering period lasted for about one month long
(Mishra et al., 2004). Flowers of Ziziphus are hypanthium (a cup or tube
bearing the ﬂoral parts above the base of the ovary of the ﬂower) type
and inflorescences are cyme or small panicle (Tel-Zur, 2009). The flowers
are small and inconspicuous; their most noticeable part is a pale yellow
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calyx which is 6-8 mm in diameter. The life of an individual
flower is very short (2-3 days) and many flowers remain
unpollinated in an inflorescence, eventually dropping down.
Ziziphus ﬂowers exhibit synchronous protandrous dichogamy,
i.e., ﬂowers of an individual plant mature in synchrony and
anther dehiscence precedes stigma receptivity with little or
no overlap between the sexual stages (Renner, 2001). Such
temporal separation of sexual functions has been referred to as
a ‘‘temporal dioecism’’ (Cruden, 1988). Till date no information
is available on the genetic and molecular factors which can
control synchronous dichogamy. According to Singh et al.
(1982) the stamens were well developed with rudimentary
style in male flowers. While in hermaphrodite flowers both
style and stigma were well developed. During early part of
season, percentage of hermaphrodite flowers remained low
which increased with the advancement of the season. Flowers
are greenish-cream in colour. The nectar quantity seems to
be very less but swollen floral disc of hermaphrodite flowers
deceitfully created impression of nectar drop, which shines
in the light, creating sufficient stimulus to attract a number
of insect species (Mishra et al., 2004).
In India, cultivated ber has more than 300 varieties but only
a few are commercially important (Pareek and Nath, 1996).
The majority of varieties of Indian jujube are selection from
heterogeneous population. Plant breeders look for ideal plant
types or ideotypes in order to combine maximum desirable
traits in a cultivar. For efficient and purposeful breeding
programme, it is necessary to have knowledge floral biology.
Aspects that related to the timing, frequency, and synchrony of
flowering are directly related to the breeding success of plant
populations. A detailed morphological description of ﬂoral
biology would therefore provide a vital foundation, that would
ultimately give a better understanding of the mechanisms that
regulate synchronous dichogamy. The aspects of flowering
phenology particularly important in monoecious plants
because temporal differentiation in the expression of unisexual
flowers determines the mating patterns within and among
populations (Bullock, 1981). Knowledge of flowering and
fruit set is also essential to formulate the appropriate cultural
practices that may influence the fruit yield and quality. There
is a little knowledge about the relationship between sexual
expression patterns and the reproductive success of rare ber.
For the above reason the experiment of flowering intensity
and sex expression of ber was carried out.
2. Materials and Methods
The present field investigation was carried out on the ber
orchard at Horticultural Research Station, Mondouri of Bidhan
Chandra Krishi Viswavidyalaya, Nadia, West Bengal during the
year 2015-16. The ber orchard is situated at the eastern side
of this research station having 22.43 ON latitude and 88.34
O
E longitude, with an altitude of 9.75 m above the MSL. The
metrological data regarding rainfall, humidity, temperature are
mentioned in Figure 1. The experiment was laid out with 14
© 2019 PP House
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Figure 1: Meteorological data of experimental area during
period of investigation
varieties (Apple Kul, Bnarasi Karaka, BAU-1 Kul, Chhurahara,
Dandan, Gola, Illaichi, Jogia, Kaithali, Madavpur, Mundia,
Sanur-2, Topa, and Umran) in a randomised block design. Each
variety was replicated thrice.
Intensity of flowering is calculated by counting number of
flowers cyme-1 and number of cymes branchlet-1 from four
branchlets in four directions of a plant which were tagged.
Number of flowers branchlet-1 was calculated by multiplying
number of flowers cyme-1 with number of cymes branchlet-1.
There are two types of flower Male and Hermaphrodite
flowers. Four branchlets were selected and tagged for
recording number of male and hermaphrodite flowers. About
100 flowers branchlet-1 were closely observed in early and
peak flowering season by characteristics of morphological
characteristics. Further the sex ratio was calculated.
Branchlets were tagged consisting of about 200 open flowers
in all directions for each plant during peak flowering season.
Remove all flower buds and tiny fruits from branchlets, if any.
Fruit set were counted at fruits of lentil size.
The quantitative or measured data obtained were analysed
statistically by the analysis of variance method as suggested by
Panse and Sukhatme (1978) and the significance of different
source of variation was tested by error mean square by Fisher’s
‘F’ test of probability level of 0.05%.
3. Results and Discussion
3.1. Flowering habit
The flowers of all the cultivars borne in cluster in the axil of
leaves. Ber possess mixed bud, give rise to both flowering and
vegetative buds simultaneously. The inflorescence was axillary
cyme. The flowers on lower portion of branch were first to
open and progressed onwards to apex. The central flower
within the cluster opened earlier than those on edges. Flowers
are borne both current season growth and mature wood.
Except Banarasi Karaka, Gola, Jogia and Mundia, flowers of
most of the cultivars borne in current season growth. Awasthi,
2009 also reported that the flowers are borne on the current
seasons growth in leaf axil, the inflorescence is cymose.
3.2. Emergence of cyme
The date of emergence of cyme varied from 1st August to
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23rd August among different varieties, being earliest both in
Chhuhara and Illaichi (1st August) followed by Jogia and Sanur-2
(2nd August). The emergence of cyme was late in Apple Kul (20th
August), BAU Kul-1 (21st August), Banarasi Karaka (22nd August)
and Madhavpur (23rd August) in alluvial; zone of West Bengal.
Parek et al., 2007 reported that in India, the flowering period
of ber varies from early June to late November in different
varieties under different agroclimatic conditions. According
to Mishra et al., 2004 Zizyphus mauritiana is a post-monsoon
bloomer. Flower buds appeared during the second week of
the September and started opening by the last week of the
same month.

Table 1: Intensity of flowering in different varieties of ber
Variety

3.3. Flowering intensity
Different varieties of ber in the present studies showed wide
variation in number of flowers cyme-1 (11.2-34.6), number of
cymes branchlet-1 (8.9-21.4) and number of flowers branchlet-1
(99.8-739.9). Number of flowers cyme-1 and number of cymes
branchlet-1 were much higher in Apple Kul than remaining
varieties although number of cymes branchlet-1 in Banarasi
Karaka was same as that of Apple Kul. The maximum number
of flowers branchlet-1 in Apple Kul was due to higher number
of flowers cyme-1 and higher number of cymes branchlet-1.
Number of flowers branchlet-1 was also higher in Banarasi
Karaka and Gola. Variation in number of flowers cyme-1 was
also reported earlier by Neeraja et al. (1991), they obtained
higher number of flowers cyme-1 and number of cymes
branchlet-1 in variety Seb. Although the number of flowers
cluster-1 was reported just 10-14 by Garhwal (1997). The
variation was upto 15-28 flowers cyme-1 in the findings of
Awasthi 2009. In Z. lotus inflorescence is a contracted cyme
with 6 to 11 flowers cited by Nasri-Ayach and Nabi, 2009.
In the studies of Kulkarni, 2016, the number of flowers
inflorescence-1 in Z. mauritiana was dependent on genotype,
Umran having an average of 9.4 and Seb with 17.7. Though
the number of flowers are much higher per cyme but the
fruit set percentage is much lower in every varieties of ber
under study. This results also agreed with the results of Liu
et al. (2008) where they found 91.5% of 180 genotypes in Z.
jujube, bear only one fruit per inflorescence.
Wide and significant variation of number of cymes in a
branchlet had been found among different varieties of ber
which was presented in Table 1. The Varieties like Chhuhara
(8.5) Kaithali (8.9), Umran (10.3), Jogia (10.8), Topa (11.8),
Mundia (12.5), Illaichi (13.4), BAU Kul-1 (13.4) and Sanur-2
(14.6) showed lesser cymes in a branchlet. The higher cymes
in a branchlet were recorded in Gola (18.5), Dandan (19.3),
Madhavpur (20.0), Apple Kul and Banarasi Karaka (21.4).
Table 1 revealed huge number of flowers branchlet-1 in Apple
Kul (739.9) followed by Gola (334.5) and Baranashi Karaka
(333.1). Moderate number of flowers in a branchlet was
noticed in Sanur-2 (204.7), Illaichi (222.4), Mundia (233.5),
Madhavpur (242.2) and Dandan (269.8). Remaining varieties
showed lesser number of flowers in a branchlet with least
value (99.8) in Kaithali. Neeraja et al. (1991) studied the ber
© 2019 PP House

No. of
flowers
cyme-1

No. of
cymes
branchlet-1

No. of
flowers
branchlet-1

Apple Kul

34.6

21.4

739.9

Banarasi Karaka

15.6

21.4

333.1

BAU Kul-1

12.6

13.5

169.9

Chhuhara

19.4

8.5

164.0

Dandan

14.0

19.3

269.8

Gola

18.1

18.5

334.5

Illaichi

16.6

13.4

222.4

Jogia

14.8

10.8

159.4

Kaithali

11.2

8.9

99.8

Madhavpur

12.1

20.0

242.2

Mundia

18.7

12.5

233.5

Sanur-2

14.1

14.6

204.7

Topa

16.4

11.8

193.5

Umran

13.1

10.3

138.2

SEm±

0.913

0.774

-

LSD (p=0.05)

2.668

2.263

-

cultivar Seb, and found that number of flower cluster shoot-1
was 164 and number of flowers shoot-1 was 4105. Flowering
in ber in general was very profuse but the life of individual
flower was very short and many flowers apparently are not
pollinated during their receptive period.
3.4. Types of flower
Ziziphus consists of two types of flower Hermaphrodie and
males. In the findings of Mishra et al., 2004, they found
that the flowers are hermaphrodite and reveal protandry
(dichogamy). Intensity varies from cultivar to cultivar. High
hermaphrodite to male ratio helps in high production of a
cultivar. Inflorescence consists of male and hermaphrodite
flower (Pareek, 2001, Singh et al., 1982, Asatryan and Tel-Zur,
2013, Cerinoa et al., 2015). According to Singh et al. (1982),
Pareek et al. (2007) the stamens were well developed with
rudimentary style in male flowers. While in hermaphrodite
flowers both style and stigma were well developed. During
early part of season, percentage of hermaphrodite flowers
remained low which increased with the advancement of the
season. Umran had the highest percentage of hermaphrodite
flowers (22.22%) while the lowest was recorded in Chhuhara
(13.60%). The species exhibits a definite female bias in its
numerical sex ratios (Mishra, 2004).
It is clear from Table 2 that hermaphrodite flowers ranged
widely from 17.3 to 64.2% among different varieties with
maximum value in Umran (64.2%) and minimum in Chhuhara
(17.3%). Higher hermaphrodite flowers were also recorded
in Gola (63.8%), Illaichi (62.3 %), Sanur-2 (59.6%), Banarasi
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Table 2: Type of flowers, sex ratio and fruit set of different varieties of ber
Variety

Male Herma* M:H*
flowers flowers ratio
(%)
(%)

Early flowering season
(August-September)

Peak flowering season
(September-October)

Male
Herma*
M : H*
Male
Herma*
flowers (%) flowers (%) ratio flowers (%) flowers (%)

M:H*
ratio

Fruit set
(%)

Apple Kul

81.2

18.8

4.3:1

95.9 (78.3)

4.1 (11.7)

23.3:1 66.6 (54.8)

33.4 (35.2)

2:1

5.4 (13.4)

Banarasi
Karaka

45.4

54.5

0.8:1

79.3 (63.0)

20.6 (27.0)

3.8:1

11.5 (19.1)

88.4 (70.9)

0.1:1

24.8 (29.8)

BAU Kul-1

57.5

42.4

1.4:1

77.7 (61.8)

22.2 (28.1)

3.5:1

37.3 (37.3)

62.7 (52.7)

0.6:1

26.5 (30.9)

Chhuhara

82.7

17.3

4.8:1

90.3 (71.9)

9.6 (18.1)

9.4:1

75.0 (60.0)

24.9 (30.0)

3:1

3.9 (11.5)

Dandan

80.6

19.4

4.1:1

95.1 (77.3)

4.8 (12.7)

19.7:1 66.1 (54.4)

33.8 (35.6)

2:1

23.3 (28.8)

Gola

36.2

63.8

0.6:1

61.2 (51.5)

38.7 (38.5)

1.6:1

11.1 (18.8)

88.8 (71.2)

0.1:1

14.3 (22.2)

Illaichi

37.7

62.3

0.6:1

66.2 (54.5)

33.7 (35.5)

2:1

9.2 (17.6)

90.8 (72.4)

0.1:1

21.4 (27.4)

Jogia

47.1

52.9

0.9:1

63.9 (53.1)

36.1 (37.0)

1.8:1

30.2 (32.2)

69.7 (57.7)

0.4:1

20.4 (26.8)

Kaithali

78.4

21.6

3.6:1

95.5 (77.8)

4.5 (12.2)

21:1

61.3 (51.6)

38.7 (38.4)

1.6:1

12.4 (20.7)

Madhavpur

73.7

26.3

2.8:1

84.6 (66.9)

15.4 (23.1)

5.5:1

62.9 (52.6)

37.1 (37.4)

1.7:1

20.8 (27.1)

Mundia

67.1

32.9

2:1

83.2 (65.8)

16.8 (24.2)

5:1

50.9 (45.5)

49.0 (44.4)

1:1

7.0 (15.3)

Sanur-2

40.4

59.6

0.7:1

61.8 (51.8)

38.1 (38.1)

1.6:1

18.9 (25.5)

81.0 (64.5)

0.2:1

31.4 (34.0)

Topa

68.7

31.3

2.2:1

93.8 (75.7)

6.2 (14.3)

15.1:1 43.6 (41.4)

56.3 (48.6)

0.8:1

23.1 (28.7)

Umran

35.8

64.2

0.5:1

62.1 (52.0)

37.8 (38.0)

1.6:1

90.6 (72.8)

0.1:1

26.1 (30.7)

SEm±

-

-

4.3:1

0.99

0.99

23.4:1

3.81

3.81

2:1

0.979

LSD
(p=0.05)

-

-

0.8:1

2.90

2.91

3.8:1

11.13

11.13

0.1:1

2.862

9.4 (17.2)

Figures with in parenthesis are angular transformed value
Karaka (54.5%) and Jogia (52.9%). On the other hand, it was
less in Apple Kul (18.8%), Dandan (19.4%), Kaithali (21.6%)
and Madhavpur (26.3%). According to Singh and Jindal (1982)
cultivar Umran had highest number of hermaphrodite flowers
(22.2%), followed by Gola Gurgaon with 20.1%. Similar findings
also reported by Parek 2001 that Umran had highest no of
hermaphrodite flowers followed by Gola. Different varieties
produced 35.8 to 82.7% male flowers. Lesser male flowers
were recorded in Umran (35.8%), Gola (36.2%) and Illaichi
(37.7%) and higher in Chhuhara (82.7%), Apple Kul (81.2%),
Dandan (80.6%), Kaithali (78.4%) and Madhavpur (73.7%).
Remaining varieties produced moderate percentage of male
flowers. These results were supported by the similar findings
of Pareek et al. (2007); Nath et al. (2002).
3.5. Sex ratio (Male:Hermaphrodite)
Table 2 showed that sex ratio (M:H) ranged from 0.6:1 to 4.3:1
among different varieties of ber. Wide variability in flower
sex ratio among the cultivars of mango was also observed by
Getha et al. 2016. It was obtained highest in Apple Kul (4.3:1)
and lowest and at par Gola and Illaichi (0.6:1). Almost similar
types of findings was observed by Vishal et al. (2002).
Hermaphrodite flowers at early flowering season (Aug-Sep)
ranged from 4.1 to 38.7% (Table 2). Hermaphrodite flowers
© 2019 PP House

at early flowering season were less in Apple Kul (4.1%),
Kaithali (4.5%), Dandan (4.8%), Topa (6.2%), Chhuhara (9.6%),
Madhavpur (15.4%) and Mundia (16.8 %). It was comparatively
higher in remaining varieties (20.6–38.7%) with maximum
hermaphrodite flowers in Gola (38.7%). It is evident from Table
2 that all the varieties showed higher male flowers (61.2–95.9)
in early flowering season (Aug-Sep). The male flowers were
comparatively lesser in Gola (61.2%), Sanur-2 (61.8%), Umran
(62.1%), Jogia (63.9%) and Illaichi (66.2%) as compared
to remaining varieties. It was more than 90% in Chhuhara
(90.3%), Topa (93.8%), Dandan (95.1%), Kaithali (95.5%) and
Apple Kul (95.9%). Sex ratio (M:H) in early flowering season
(Aug-Sep) was highest in case of all ber varieties. Maximum sex
ratio was obtained in case of Apple Kul (23.3:1) and minimum
in case of Sanur-2 and Chhuhara (1.6:1).
Table 2 clearly revealed that the variety Illaichi produced
maximum hermaphrodite flowers (90.8%) in peak flowering
season (Sep-Oct) followed by Umran (90.6%), Gola (88.8%),
Banarasi Karaka (88.4%) and Sanur-2 (81.0%). Moderate
amount of hermaphrodite flowers was noted in Jogia (69.7%),
BAU Kul-1 (62.7%) and Topa (56.3%). Remaining varieties had
less than 50% hermaphrodite flowers with minimum in Apple
Kul (33.4%). Wide variation of male flowers (9.2–75.0%) was
found among different ber varieties at peak flowering season
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(Sep-Oct) shown in Table 2. The male flowers were less in
Illaichi (9.2%), Umran (9.4%), Gola (11.1%) and Banarasi Karaka
(11.5%). On the contrary, it was much higher in Chhuhara
(75.0%), Apple Kul (66.6%), Dandan (66.1%), Madhavpur
(62.9%) and Kaithali (61.3%). It is clear from Table 2 that sex
ratio (M:H) at peak flowering season (Sep-Oct) was found
maximum in Chhuhara (3:1) followed by Apple Kul and Dandan
(2:1). Minimum sex ratio (M:H) was found in Topa (0.8:1)
followed by BAU Kul-1 (0.6:1), Jogia (0.4:1), Sanur-2(0.2:1) and
Banarasi Karaka, Gola, Illaichi, Umran (0.1:1).The variation of
hermaphrodite flowers was remarkable both in early flowering
season (4.1-38.7%) and peak flowering season (24.9-90.8%).
More than 60% to 90% flowers at early flowering season
was male and with the advancement of season (at peak
flowering season) hermaphrodite flowers increased. The
effect of the environment on the sexual expression of plant
species has been well documented (Brunet, 1992). Tel-Zur,
2009 also reported two phases viz. Female and male phases
in Z. mauritiana and after completion of male phase female
phase was prevalent. Increased hermaphrodite flowers with
the advancement in season were also obtained earlier (Singh
and Jindal, 1982). Similar findings was also illustrated Devi et
al., 1989 where in both early and late types, the ratio of male
to female gradually increased as the flowering progressed. The
higher hermaphrodite flowers during peak flowering season
might be due to lowering of temperature. However, average
hermaphrodite flower in the present studies was recorded
Flower per cyme
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higher in Banarasi Karaka, Gola, Illaichi, Sanur-2 and Umran.
3.6. Fruit set
Flowering in ber, in general, was very profuse but the life span
of the hermaphrodite flower was very short and many flowers
apparently were not pollinated during their receptive period
resulted in such a low fruit set. Kulkarni 2016 also observed
that although Ziziphus spp. produced numerous flowers on
each inflorescence, fruit set was very low irrespective of
species or genotypes From Table 2. It can be observed that
there was a marked variation in fruit set in different cultivars
depending upon the percentage of the hermaphrodite flower
which ranged from 3.9% Chhuhara to 31.4% in Sanur-2. The
higher fruit set was also recorded in BAU Kul-1 (26.5%),
Umran (26.1%), Banarasi Karaka (24.8%), Dandan (23.3%),
Topa (23.1%), Illaichi (21.4%), Madhavpur (20.8%) and Jogia
(20.4%). According to Pareek 2001 the peak flowering and
fruit set in Banarashi Karaka, Illaichi and Gola was SeptemberOctober which was coincide the highest hermaphrodite
percentage in our study. Figure 2 clearly shows that the no
of flowers per cyme does not necessarily effect the fruit set
percentage but the hermaphrodite flower percentage has
direct correlation on the percentage of fruit set in most of the
varieties. Experiment done by Getha 2016 in Mango where
they found fruit set is influenced by both sex ratio and period
of flowering and the fruit set percentage was more when the
hermaphrodite flower proportion was higher.

Hermaphrodite flower

Fruit set

60
50
40
30
20
10
0

Apple Banarasi BAU-1 Chauhara Dandan Gola
Kool karaka kool

Illaichi

Jogia Kaithali Mad- Mundia Sanur-2 Topa
habpur

Umran

Figure 2: Relationship among flower intensity, percentage of hermaphrodite flower and fruit set percentage
4. Conclusion
Flowers cyme-1 and flowers branchlet-1 were much higher in
Apple Kul than remaining varieties although cymes branchlet-1
was same in Apple Kul and Banarasi Karaka. Hermaphrodite
flowers was more in Illaichi, Gola and Umran. Higher % of fruit
set was noted in Sanur-2 (31.4%), BAU-1 Kul (26.5%), Umran
(26.1%), Banarasi Karaka (24.8%) that is directly correlated
© 2019 PP House

with lower sex ratio (M:H). This knowledge of reproductive
characters will be useful for efficient breeding programme for
using these varieties as desirable parent.
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