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Some morphological traits of the fruit and
apricot stone of Dagestan origin at the different
ripening periods

Dzhalaludin M. Anatov '™
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Abstract. The paper presents the results of a comparative study of the
cultivated and wild-growing apricot of Dagestan origin according to the
morphological characteristics of the fruit and stone at different ripening
periods. The pomological evaluation showed that the shape index of the
fruit changes by one gradation regardless of the origin of the genotype,
while the shape of the stone does not change and remains constant for all
genotypes. For example, the fruit of the Kamil cultivar has an ovate shape
at an early ripening period, and a circular one at late ripening. During
ripening, the weight of the fruit doubles (1.8-2.6 times), while the ratio of
stone mass to the weight of the fruit decreases (1.8-2.5 times). For
cultivars and wild-growing forms, differences in the change in the linear
dimensions and mass of the stone at different maturation periods were
noted. The morphological characteristics of the fruit and stone in terms of
the coefficient of variation (CV) vary more at the later stages of ripening,
and in general are higher in cultivars than in wild plants, and the endocarp
varies less than the fruit, at all periods of ripening.

Introduction

Apricot (Prunus armeniaca L.) as a fruit crop has a wide geographic distribution. The
significance of this culture for humanity is great [1, 2, 3].

The size and shape of fruits and apricot kernels affect the market value and are
important physical characteristics in the sorting, storage, packaging and transportation of
fruits and the design of appropriate equipment [4, 5, 6, 7, 8, 9]. The fruits of the wild-
growing apricot are a valuable source of nutrition for the regions of its growth [10, 11]

In addition, pomological traits of fruits and kernels, their shape are important in
determining the variety [12]. The indices of the ratio of width to length and thickness to
width are used as criteria. It is also important to determine the endocarp maturity of apricot
kernels, which affects the time of harvest, its physical and biochemical characteristics [13,
14, 15].

Based on this, the purpose of this study was to determine the morphological
characteristics of the fruit and stone of two cultivars and two wild forms of apricot at
different ripening periods using statistical methods of analysis.
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Material and methods

For measurements, fruits were taken from two cultivars (Seedling Shindahlana, Kamil) and
two wild-growing forms (Form 1, Form 2) in the conditions of the Tsudakhar experimental
base of the Mountain Botanical Garden of the DFRC RAS. To assess endocarp maturity,
fruits were harvested at two stages of ripening: the first group (early) was selected at the
end of June (green fruit), the second group (late) - a month later at the stage of
technological maturity.

For the fruit, length (Lf), width (W{), thickness (Tf), weight (Mf), and similar traits for
endocarp (Ls, Ws, Ts, Ms), as well as index indicators such as fruit stone percentage (Ms /
M), fruit shape index (Wf/ Lf) and stone (Ws / Ls), fruit thickening index (Tf/ W{) and
endocarp (Ts / Ws). Measurements of apricot fruits and stones were carried out using a
caliper and electronic scales with an accuracy of 0.01 mm and 0.001 g, respectively.

Morphological variability of fruit traits was assessed using univariate statistics for each
accession and maturity. Statistical processing of the obtained results and assessment of the
reliability of differences was carried out according to the Student's t-test, using the
Statistica v.13 software.

Results and discussion

Pomological evaluation of the genotypes according to the ripening time showed that the
shape of the fruit changes by one gradation, regardless of the origin of the genotype (table
1). Moreover, for cultivars, this ratio of width to length changes on average by 7%, and for
wild ones by 10%. In this case, the shape of the stone does not change and remains constant
for all genotypes.

Table 1. Gradation of apricot genotypes by fruit and stone shape at different ripening periods

Genotypes Category Shape Gradation
early late
Seyanets Shindakhlana Fruit circular oblate
Stone ovate ovate
Kamil Fruit ovate circular
Stone oblong oblong
Form 1 Fruit circular oblate
Stone ovate ovate
Form 2 Fruit circular oblate
Stone circular circular

Comparative results of the obtained data showed that the linear dimensions of the fruits
and their indices change significantly for apricots at different phases, while the traits of the
stone are almost indistinguishable (table 2). The mass of the fruit increases by 2 times (1.8-
2.6 times), while the ratio of the mass of the stone to the mass of the fruit decreases (1.8-2.5
times). The size and weight of the stone decreases slightly at the stage of full maturation,
which may indicate the outflow of some of the macronutrients from the endocarp towards
an increase in the mesocarp. In wild-growing forms, with a decrease in linear dimensions,
the mass of the endocarp slightly increases, i.e. the stone becomes denser, which may
indicate the outflow of macronutrients from the endocarp to the kernel as it ripens. Such
processes can speak about the adaptive strategy of wild-growing forms aimed at increasing
the macronutrients of the kernel, and hence the reproductive potential.

The variability of the fruit and stone in terms of the coefficient of variation (CV) is
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higher at late maturity, and is generally lower in wild-growing genotypes than in cultivars.
The size and weight of the endocarp vary less than the fruit, at all ripening periods.

Table 2. Descriptive statistics of morphological characteristics of the apricot fruit

Variable | Mean | St.d. | Cv | Mean | St.d. | CV | Mean | St.d. | Cv | Mean | St.d. | Cv
Seyanets Shindakhlana Kamil
early n=30 late n=20 early n=30 late n=30
Lf 28,10 | 1,56 | 5,5 | 33,62 | 2,57 | 7,7 | 29,67 | 1,71 | 5,8 | 33,28 [ 1,63 | 4,9
Wf 2727 | 1,43 | 52 | 35,07 | 3,14 | 9,0 | 2585 | 1,74 | 6,7 | 31,31 [ 244 | 7.8
Tf 23,47 12,02 8,6 | 32,85 | 2,63 [ 80 | 2230 1,74| 7,8 | 2845 [ 223 ] 7.8
Mf 10,12 [ 1,56 | 15,4 | 23,86 | 5,44 [ 22,8 | 9,57 | 2,11 [ 22,1 | 17,07 | 3,38 | 19,8
Ls 21,99 | 1,06 | 4,8 [ 22,10 | 1,59 [ 7,2 | 24,52 | 1,61 | 6,6 | 2427 | 1,10 | 4,5
Ws 18,00 [ 0,93 | 52 | 17,86 | 1,23 [ 6,9 | 18,02 | 1,13 | 6,2 | 18,30 [ 0,97 | 5.3
Ts 11,25 { 0,76 | 6,8 | 11,18 | 0,86 [ 7,7 | 12,01 | 0,76 | 6,3 | 12,10 | 0,98 | 8,1
Ms 1,83 1025 (13,6] 1,75 (031 ]17,8| 2,13 | 0,37 |174]| 2,07 | 0,30 | 14,5
Ms/Mf | 1824 | 2,05 | 11,3 7,44 | 094 [ 12,7 ] 22,80 | 4,52 [ 19,8 ] 12,33 | 1,62 | 13,2
WI/Lf | 97,13 | 3,64 | 3,8 [ 104,28 | 3,77 | 3,6 | 87,14 | 3,48 | 4,0 | 94,03 | 495 | 5,3
Ws/Ls | 81,89 | 2,68 | 3,3 | 80,91 | 3,15 | 3,9 | 73,61 | 3,50 | 4,7 | 75,44 | 3,24 | 43
TH/WE | 86,09 | 6,26 | 7,3 | 93,85 [ 4,34 | 4,6 | 86,24 [ 3,02 ]| 3,5 [ 90,95 | 3,54 | 3,9
Ts/Ws | 62,54 13,99 | 6,4 | 62,75 | 505 ] 8,0 | 66,78 | 4,14 | 6,2 | 66,15 | 4,67 | 7,1
Form 1 Form 2
early n=30 late n=30 early n=30 late n=30
Lf 24,15 1 1,00 | 4,2 | 29,76 | 1,64 [ 5,5 | 2047 |1 0,61 | 3,0 | 23,84 [ 1,32 ] 5,5
Wi 23,81 | 1,31 ] 5,5 [ 31,81 | 1,66 [ 5,2 | 19,83 10,76 | 3,8 | 25,72 [ 1,60 | 6,2
Tf 19,80 [ 0,89 | 4,5 | 29,19 | 1,61 | 5,5 | 16,66 | 0,52 | 3,1 | 24,18 | 1,31 | 5,4
Mf 6,34 1091 [143] 16,20 | 2,29 | 14,1]| 3,69 | 0,32 | 86 | 8,20 | 1,26 | 153
Ls 18,77 [ 0,75 | 4,0 | 1827 10,79 | 43 | 17,04 | 0,64 | 3,8 | 16,24 | 0,82 | 5,1
Ws 16,25 [ 0,75 ] 4,6 | 16,38 | 0,66 | 4,0 | 1562 ] 0,51 | 3,3 | 15,60 | 0,74 | 4,8
Ts 11,09 [ 0,38 | 3,5 [ 11,01 | 0,40 | 3,6 | 10,66 | 0,36 | 3,4 | 10,72 | 0,35 | 3.3
Ms 1,38 10,15 [11,0] 1,44 [0,16 108 1,18 [ 0,10 ] 8,1 1,25 [ 0,14 ] 11,3
Ms/Mf [ 2192 | 1,74 | 8,0 [ 895 | 0,61 | 6,9 | 32,14 | 3,79 [ 11,8] 1537 | 1,31 | 85
WH/LE | 98,59 | 3,33 | 3,4 [ 107,00 | 4,39 | 4,1 | 96,89 | 3,39 | 3,5 | 107,94 | 4,47 | 4,1
Ws/Ls | 86,62 | 2,55 2,9 | 89,74 | 3,23 | 3,6 | 91,75 ] 3,29 | 3,6 | 96,13 | 2,83 | 3,0
TH/WE | 8328 | 2,85 ] 3.4 | 91,84 | 4,09 | 4,5 [ 84,07 | 1,99 | 2,4 | 94,10 | 297 | 3,2
Ts/Ws | 6829 12,60 | 3,8 | 67,28 | 1,94 | 2,9 | 68,32 | 2,61 | 3,8 | 68,79 | 2,13 | 3,1

To investigate whether endocarp parameters change with maturity, an intergroup
comparison was performed for each genotype by Student's t-test (Table 3). We will not
focus on the differences in terms of maturation for the traits of the fruit, since these
parameters change significantly. In cultivars, there were no significant differences in
endocarp maturity, with the exception of Kamil, who had significant differences in the
stone shape index. For both wild-growing forms, slight significant differences were noted
in the length and shape of the stone, and in Form 2, in the mass of the stone. Differences in
index traits are higher in wild-growing genotypes relative to cultivated ones.
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Table 3. Significance of differences in the morphological characteristics of the fruit at different
periods of maturation according to criterion t-test

Variable Seyanets Kamil Form 1 Form 2 Cultivars Wild
Shindakhlana
Lf 9,46%** 8,35%** 15,97%%* 12,70%** 12,34%** 8,93 ***
Wt 11,92%%%* 9,97*** 20,73%** 18,22%%%* 12,76%** 12,99%**
Tf 14,27%** 11,91%%* 27,98*** 29,17*** 14,68*** 19,29%***
Mf 13,09%*** 10,32%%* 21,96*** 19,04 *** 13,28*** 11,90%***
Ls 0,29 0,68 2,52% 4,20%** 0,44 2,04 %%
Ws 0,46 1,03 0,70 0,10 0,56 0,40
Ts 0,28 0,38 0,71 0,63 0,57 0,09
Ms 1,09 0,62 1,54 2,20%* 0,57 2,14*
WL 6,70%** 6,24%** 8,36%** 10,79%*** 4,86*** 13,46%**
Ws/Ls 1,17 2,11%* 4,15%** 5,53%** 0,13 4,04%%*
TH/Wf 4,82%** 5,53%** 9,42%%* 15,34%** 6,84%** 16,12%**
Ts/Ws 0,16 0,55 1,71 0,77 0,15 0,62

Note: The significance of the differences at * — P <0,05; ** — P <0,01; *** — P <0,001

Conclusions

On the basis of a comparative study of the cultivated and wild-growing apricot of Dagestan
origin, the main morphological changes in the size and weight of the fruit and stone were
established at different periods of ripening. It was found that the shape of the fruit increases
by one gradation regardless of the origin of the genotype during pomological evaluation. In
this case, the shape of the stone does not change and remains constant for all genotypes.
From early to late ripening, the weight of the fruit increases approximately twofold (1.8-2.6
times), with a decrease in the ratio of the mass of the stone to the weight of the fruit (1.8-
2.5 times). For cultivars and wild-growing forms, differences in the change in the size and
mass of the stone were noted. In cultivars, a decrease in the size and mass of the stone may
indicate the outflow of some of the macronutrients from the endocarp to the mesocarp,
while in wild forms, the mass of the stone slightly increases, which may indicate an
adaptive strategy of wild-growing forms aimed at increasing the energy substances of the
kernel, and therefore the reproductive potential. Coefficient of variation (CV) traits of fruit
and stone vary more at late maturity, and are lower in wild forms than cultivars. The size
and weight of the endocarp varies less than the fruit, at all ripening periods.

The obtained results of research on the size, weight and shape of fruits and apricot
stones can be used for the identification of varieties, selection, as well as for determining
the parameters of the equipment of machines for collection, sorting and post-harvest
processing of fruits.
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