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The study was carried out to characterize morphological parameter of twelve Z. 
mauritiana genotypes using randomized block design with three replications during the year 
2017-18 and 2018-19 at Department of Horticulture, University of Agricultural Science, 
Raichur 584104, Karnataka. The results revealed a significant variability across the Z. 
mauritiana genotypes for all the characters under study exception of thorn base width. Low to 
comparatively moderate environmental variations for the characters were observed from 
1.98% to 16.85%. Among the genotypes, Chhuhara and Mehrun showed excellent thorn 
characteristics and produced chocolate brown colour fruit, round fruit base, less numbers of 
fruit drop and highest number of fruits per kg. Thus, these recognized genotypes might be 
considered as prominent for growing or further utilization as a source of desirable gene in 
future for Z. mauritiana improvement. 

 
1. Introduction 
The Ber (Ziziphus mauritiana L.) also called as Indian 

Jujube, Chinese date, Indian cherry and Indian date, a fruit 
crop from the family Rhamnaceae which consists of 
approximately 45 genera and 550 species (Ezz et al. 2011). It 
can withstand under alkaline soil condition and moderate 
water-logged condition. Ziziphus species are highly 
potentially to check soil erosion and desertification and has 
therefore, been planted in India and many more countries. 
However, indiscriminate felling of Z. mauritiana trees in the 
last 50 years has caused serious state of deterioration in their 
genetic resources (Morton, 1987).   

Z. mauritiana L. is often spiny, evergreen tree and grows 
to a height of 15 m having a trunk diameter of greater than or 
equal to 40 cm; spreading crown; stipular spines and many 
droopy branches. It grows vigorously and starts bearing 
within three years (Mukhtar et al. 2004). The leaves are 
variable, alternate in two rows and oblong to elliptic. The 
fruits of Z. mauritiana are rich source of vitamin (viz., C, A 
and B complex) and mineral (viz., calcium and potassium) 
(Tiwari and Banafar, 1995). The fruit contain 81-83 % 
moisture, 17.0 % carbohydrates, 0.8 % protein, 65-76 mg 
ascorbic acid, 22g sugar, 1.3g fiber, 0.2g fat per 100g of fruit 
(Morton, 1987). The various parts of the plant have numerous 
practical utility. The leaves and twigs are rich in protein 

content and can be used as nutritious fodder for livestock 
(Ngwa and Mafeni, 2000). The plant also has several 
medicinal uses like fruits are utilized on cuts of ulcers, are 
implemented in pulmonary ailments and fevers indigestion 
and biliousness. The leaves are beneficial for the liver 
troubles, asthma and fever. Juice of the root bark is used to 
alleviate gout and rheumatism.  

The wide geographical and climatic distribution is 
an indicative of a tremendous variation in Z. mauritiana, 
which needs to be identified and catalogued. The commercial 
genotypes of Z. mauritiana have been evolved through 
selection of promising types from this wide spread natural 
variability followed by budding on suitable rootstocks. The 
plant morphological characters have been identified as 
invariably undisputed descriptors for DUS testing and varietal 
characterization of crop genotypes (Joshi et al., 2011). To 
distinguish distinctive genotypes, morphological descriptions 
and physiological characteristics in successive approaches is 
more adventitious. Exhibiting self incompatibility in Z. 
mauritiana leads to wide range of variation for several 
qualitative and quantitative characters. Therefore, this 
investigation was performed to characterize the selected Z. 
mauritiana genotypes for identification of superior genotypes 
for future crop improvement programme. 
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2. Materials and methods 

This investigation was carried out with twelve 
cultivars of Z. Mauritiana L. (Umran, Kadaka, Chhuhara, 
Dandan, Sanaur-2, Illaichi, Seb, Jogia, Mehrun, Manuki, Gola 
and Sanaur-6) considering randomized block design (RBD) 
with three replications during the year 2017-18 and 2018-19 at 
Department of Horticulture, University of Agricultural 
Sciences, Raichur 584104, Karnataka. The plant to plant and 
row to row spacing was 7×7 m2 and pruning was carried out 
for evenly removal of 1st order shoots to encourage new 
reproductive shoots. To maintain a uniform growth and 
development of the trees a recommended package of practices 
was followed (Meghwal et al. 2007). The observations were 
noted down on sum of nineteen qualitative and quantitative 
characters. The data collected from each plant selected 
randomly from various parts of plants at the maturity stage. 
The qualitative characters like thorn base, leaf shape, leaf 
apex, fruit apex, fruit base and pulp texture at maturity were 
recorded visually according to the nature of morphology. The 
genotypes were grouped in different maturity period viz., very 
early (100 to 120 days), early (120 to 140 days), mid (140 to 
150 days), late (150 to 170 days) and very late (>170 days) 
from the day of 50 percent flowering (Saran, 2005). The fruit 
colour was described on the basis of Royal Horticultural 
Society (RHS media, 2015) colour chart for observation. The 
quantitative parameters like thorn base width, thorn length, 
stone length and stone width was measured using a 
verniercaliper with an accuracy of 0.10 mm. The fruit set and 
fruit drop percentages were determined according to the 
following equation given by (Ezz et al., 2011). 

 

Fruit set % =
Number of developing fruitlets

Number of flowers at full bloom
×100 

 

Fruit drop % =
No. of developing fruitlets-No. of remained fruits

No. of developed fruitlets
×100 

 
The two years’ data obtained from the 

experimentation were based on the pooled analysis of variance 
utilizing SPSS software and results were evaluated at 5% level 
of significance. 
 

3. Results and discussion 

Qualitative character:  
The variations in 12 jujube genotypes for eight 

qualitative characters are shown in fig.1 and fig. 2. Thorns 
base varied from narrow to broad among the genotypes. 
Thorns are one of the morphological adaptation traits of plants 
to overcome abiotic stresses such as heat and drought, 
eventually to reduce the water loss (Khakdaman et al. 2007). 
Therefore, thorns are evolved in Z. mauritiana as they are  

tropical tree and well adopted in dry situations. Most of 
the genotypes except Jogia and Mehrun had medium 
pulp texture which is suitable for long storage and 
transport without much deterioration (Krishna et al. 
2014). The wide range of variation was recorded with 
respect to leaf shape and leaf apex. The genotype Kadaka 

had broadly pointed fruit apex and rest of the genotypes had 
round to beaked fruit apex. The genotypes Illaichi and Seb 
had broad fruit base whereas, Mehrun, Manuki and 
Chhuhara expressed round fruit base (Fig. 2). The genotype 
Umran and Jogia expressed greenish with pink tinge fruit 
colour at maturity which is distinct from all other genotypes. 
The genotypes Chhuhara, Illaichi, Mehrun and Sanaur-6 had 
chocolate brown colour of fruit which is desired by 
consumer and increase market value (Fig. 2). Chocolate 
brown colour of fruit could be considered as desirable for 
processing and value addition. The genotypes Chhuhara, 
Mehrun, Kadaka and Dandan shows very early to early 
maturity. Considering all the qualitative characters, 
Chhuhara and Mehrun are found to be prominent and 
distinct with respect to fruit colour, fruit base and maturity. 
 

Quantitative character:  
 Pooled analysis of variance showed significant 
genotype x year interaction in  leaf length to width, fruit set 
percentage, fruit drop percentage, fruits retention per cluster 
and the ratio of fruit length to width revealed year to year 
environmental fluctuation which affects the phenotypic 
performance of the genotypes (Table 1). The environmental 
coefficient of variation (ECV) ranged from 1.98% to 16.85% 
indicating low to comparatively moderate environmental 
variations for the characters.  
 The frequency distribution illustrate on the 
histogram for different characters, it was evident that not any 
of those followed the accurate normal distribution pattern 
(Fig. 3). All of the Z. mauritiana genotypes are at par 
performing among themselves for thorn base width 
(supplementary table 1). The genotype Seb had highest thorn 
length and at par with Kadaka, Dandan, Sanaur-2, Jogia and 
Gola. Highest leaf length to width ratio was recorded in 
Kadaka. Highest fruit set were observed in Umran which 
was at par with Kadaka, Jogia and Gola. A few ecotypes in 
comparable climates exhibited differences reproductive 
behaviors which can be associated to the variation in 
pollination system (high rate of cross compatible) of 
Ziziphus spp. (Khakdaman et al., 2007). Fruit set also 
depends on physiological and environmental conditions 
(Corelli-Grappadelli and Lakso, 2002). The genotype 
Kadaka showed lowest fruit drop per cent followed by 
Illaichi, Umran, Chhuhara, Sanaur-2, Dandan and Mehrun. 
Illaichi retained highest fruits per cluster. Heavy fruit drop in 
Sanaur-6 and Gola during early stages of fruit development  
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may be attributed to unsuccessful fertilization or ovule 
degeneration (Tarai and Ghosh, 2010). Fruit length to width 
ratio was highest in Kadaka which is at par with Gola and 
Sanaur-2.  

The genotype Mehrun produced the highest 
number of fruits per kg. The increase in the number of fruits 
per kg might be due to less fresh weight of fruit (Kumar and 
Bhusan, 2001). The highest pulp to stone ratio was recorded 
in Gola. Similarly, Illaichi produced the shortest stone 
whereas the narrowest stone was recorded in Gola (Fig. 4). 
The genotypes with superior performance for these 
characters can be used as a basis of selection or as a source 
of desirable gene for genetic improvement of Z. mauritiana. 
 

4. Conclusion 

The Z. mauritiana genotypes under study showed 
ample variation in the qualitative and quantitative 
characters. Very early maturing genotypes Chhuhara and 
Mehrun are found to be prominent as they have wide 
adaptation, preferable fruit colour, lower fruit drop and 
medium to higher fruits per kg. Identified genotypes can be 
further employed for gene pool conservation or varietal 
improvement programme.    
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Figure 1.Assessment of physio-qualitative characters among ber genotypes 
[Note: Thorn base (TB), Pulp texture at maturity (PTM), Leaf shape (LS), Fruit apex (FA), Leaf apex (LA), Fruit base (FB), 
Fruit colour at maturity (FCM) and Maturity group (MG)] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Variations in shape and colour of fresh fruits of selected ber genotypes 

 

 

 
Thorn base width                   Thorn length                                            Leaf length to width ratio 

Genotype TB PTM LS FA LA FB MG FCM

Umran

Kadaka

Chhuhara

Dandan

Sanaur-2

Illaichi

Seb

Jogia

Mehrun

Manuki

Gola

Sanaur-6

Thorn base (TB) Narrow Broad 

Pulp texture at maturity (PTM) Medium Soft

Leaf shape (LS) Obovate Eliptical Ovate

Fruit apex (FA) Beaked Round Broadly pointed

Leaf apex (LA) Obtuse Truncate Apiculate Cuspidate

Fruit base (FB) Depressed shallow Grooved Round Broad

Fruit colour at maturity (FCM) Greenish with pink tinge Greenish yellow Chocolate brown Golden yellow

Maturity group (MG) Late Early Very early Mid Very late 
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Fruit set percentage                                       Fruit drop percentage                                           No. of fruits retained per cluster 

  

  

  

 

 

 

Fruit length width ratio    Number of fruits per kg       Pulp to stone weight ratio 

 

 

 

 

  

 

 

Stone length                                                                         Stone width 
 

Figure 3.Assessment of physio-quantitative characters among ber genotypes 

 

 

 

 

 

 

 
Figure 4.Variation in stone length and width of ber genotypes 
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Table 1.Pooled analysis of variance for different morphological characters of ber genotypes 

 
** Significant at 5% level: TBW: torn base width, TL: thorn length, LLWR- leaf length to width ratio, FSP: fruit set percentage, FDP: fruit drop percentage, NRFC: number of retained fruits per 
cluster, FLWR: fruit length to width ratio, NFPK: number of fruits per Kg, PSWR: pulp to stone weight ratio, SL: stone length SW: stone width. 
 
 

 

 

 

 

 

 

 

  

Source df TBW TL LLWR FSP FDP NRFC FLWR NFPK PSWR SL SW 

Year 1 0.038 9.798 0.631** 0.472 800.133** 47.126** 0.007 6.272 2.22 5.184** 0.454** 

Replication × Year 4 8.443** 24.456** 0.006 97.313 148.211 0.631 0.006 28.121 0.000** 0.981** 0.224 

Genotype 11 2.113 22.822** 0.110** 313.132** 271.186** 16.721** 0.220** 100513.78** 0.011** 213.913** 16.212** 

Genotype × Year 11 0.435 0.705 0.064** 166.374** 216.463** 7.230** 0.018** 21.027 6.16 0.225 0.147 

Error 44 1.464 3.376 0.013 38.32 78.878 0.246 0.005 16.534 7.18 0.216 0.096 

CV (%) 
 

16.85 16.30 9.17 12.32 16.62 11.06 5.63 2.59 7.63 1.98 3.27 


