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Abstract

A comparative agrobiological evaluation of grapevine varieties for white and red wines from different
ecological-geographic groups have been done through application of mathematical methods - analysis of
variance, cluster and factor analysis using R language for statistical processing. It has been established that
the varieties Feteasca alba, Feteasca regala, Pamid, Dimiat and Mavrud differ materially according to almost
all examined characteristics. The analysed indicators in the structure of the yield in the case of the oriental
varieties are summarized in five factors, in the case of those from the Black Sea - in four, which are enough
to explain more than half of their total variability. The indicators from factor F3are with the biggest essential
direct impact on the yield in the case of all varieties from the first group, and in the case of those from the
second - F1. Other factors, which are not analysed, have also an impact on the formation of their yield.
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INTRODUCTION

The agrobiological characteristics of
each vine variety contain extremely important
indicators revealing its economic value. The
most popular and most spread local varieties
for white and red wines in Bulgaria are mainly
from the Black Sea ecological-geographic group
(convarietas pontica Negr.), Balkan subgroup
(subconvarietas balcanica Negr.). There are
rarely varieties from the Eastern ecological-
geographic group (convarietas orientalis Negr.)
(Bulgarian  Ampelography, 1990; Roychev
2012). When grown on appropriate terrains and
according to the corresponding technology,
they can produce good and quality produce

(Donchev 1990). The application of factor
analysis in agrobiological studies of wine grape
varieties allows economically most important
indicators for the formation of their yield to be
determined (Simeonov et al,, 2015, Simeonov
et al., 2016, Roychev 2017). Comparison of
different agrobiological factors impact on
the yield of grapes in the case of grapevine
varieties from different ecological-geographic
groups is of interest for ampelography and
applied viticulture. The purpose of this study is
to establish the possibilities for application of
factor analysis in comparative agrobiological
studies of wine grape varieties.

MATERIAL AND METHODS

Two varieties for white wines from the
Eastern ecological-geographic group - Feteasca
alba and Feteasca regala, two varieties for red
wines-Mavrud and Pamidand oneforwhite wines
- Dimiat, which are grown in the ampelographic
assortment of the Department of Viticulture -
Agricultural University-Plovdiv are included in
the study. The ampelographic indicators - shoot
fertility coefficient (C), millerandage berries (%),

average cluster weight (g), cluster length (cm),
cluster width (cm), seeds in 100 berries (number),
weight of seeds in 100 berries (g), grapevine
yield (kg), average weight of 100 berries (g),
berry length (mm), berry width (mm), sugars (%),
acids (g/dm3) of 25 typical grapevines of each
variety in the respective phenophases have been
determined in the course of five consecutive
years.
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Experimental data processing has been
performed with the functional programming
language and environment for statistical data
analysis R. The R open source principles allow
access to software applications for solving
specific statistical tasks. The presence of reliable
variance between the varieties in the analysed
indicators has been determined by single factor
analysis of variance and evaluation of averages
according to the Duncan’s method. In the case
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of the Black Sea varieties the cluster analysis has
been also applied. The inter-group connection
method has been chosen as an agglomeration
method for clustering, and a similarity measure
is the quadratic Euclidean distance. The distance
between two clusters A and B is defined as the
average value of nA.nB of number of distances
between nA points from A and nB points from B
by the formula:

where the sum changes in all xi and xj from A and B. With
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we denote the quadratic Euclidean distance between two vectors X; (X;15X,5,--,X;, ) and
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With the use of the R language statistical
techniques a check for presence of the
necessary conditions for application of a factor
analysis has been done. A complex study of
the factors (indicators) impact on the yield

of grapes per grapevine has been carried out
using R.The coefficients of the regression model
are statistically significant at rates of statistical
significance (Sig.) less than 0,05.

RESULTS AND DISCUSSION

Data from the multidimensional compa-
rative analysis shows that the studied varieties
from the Oriental ecological-geographic group
differ materially in almost all biometric indicators,
exceptforthe percentage of millerandage berries,
yield, berry size and acids (Tab. 1). Feteasca alba
differs with greater cluster length and seeds in
100 berries, and Feteasca regald - with higher
values of the indicators fertility coefficient,
average cluster weight, cluster width, weight of
seeds in 100 berries, sugars content. In the case
of the varieties from the Black Sea group, the
variances between the studied agrobiological
indicators have not been proven only for weight
of seeds in 100 berries. Statistical groups two and
three are formed in the case of both varieties.

According to the dendrogram-clustering,
the Pamid and Dimiat varieties form a cluster
of the first level of similarity (Fig. 1). The relative
distance between them is from 0,0 to 0,5. They
are characterized by a high degree of closeness
in the values of the studied indicators. Mavrud
differs with a high degree of remoteness from
the other two varieties in terms of the values of

the studied indicators and is considered different
fromthem.Therelative distance between Mavrud
and the rest of the varieties is in the range from
0,5 to 25,0.

The analysis of the factor distribution of the
obtained agrobiological data shows that on the
formation of the yield per grapevine in the case
of the varieties Feteasca alba and Feteascad regala
impact five summarizing factors (60,7% and
60,7%), as each of them covers more often two
and rarely one indicator (Tab. 2). In F1 in the case
of both varieties are included berry length and
berry width with factor impact of 15,8% -15,8%
and positive impact on the amount of grape
yield. In F2 - in the case of the first variety (12,4%)
are the average cluster weight and acids, and in
the case of the second (15,2%) - cluster length
and cluster width. The third factor - F3 covers the
following indicators: fertility coefficient (with a
negative value), millerandage berries (12,0%)
and seeds in 100 berries, weight of seed in 100
berries (15,0%). In F4 the diversity of the studied
indicators increases but their factor impact on
the formation of the yield decreases - cluster
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length, weight of seeds in 100 berries (with a
negative value) (10,5%) and millerandage berries,
sugars (10,1%). In the case of the first variety in
F5 fall the indicators seeds in 100 berries (with
a negative value) and sugars (10,0%), and in
the case of the second - only average weight of
100 berries (9,9%). The formation of the yield in
the case of the studied varieties from the Black
Sea group is determined by four factors - Pamid
(62,6%), five - Dimiat (61,8%) and seven - Mavrud
(83,4%). The correlation coefficients for all the
factors of Pamid have positive values, as for
Dimiat there is one indicator with a negative
value, and in the case of Mavrud - they are three.
The agrobiological specificity between these
varieties is demonstrated by the fact that the
individual indicators fall into different factors.
The fertility coefficient in the case of the first and
the second varieties is in F4, and in the case of the
third one in F6; millerandage berries - only in F6
of Mavrud; average cluster weight - F3 of Dimiat
and F7 of Mavrud; cluster length and cluster
width - F3 of Pamid and F2 - Dimiat and Mavrud;
number and weight of seeds in 100 berries - F1
of Pamid, F5 - Dimiat and F3 - Mavrud; average
weight of 100 berries - only in F5 of Mavrud;
berry length and berry width - in the case of the
three varieties sequentially in F2, F1 n F1; sugars
- only in F4 of Mavrud and acids - F4 of Pamid, F3
- Dimiat and F4 - Mavrud.

The direct impact of the factors expressed
by the standardized regression coefficient (Beta)
shows that with the highest proven positive
significance for the yield per grapevinein the case
of Feteasca alba is F5 (0,013), Feteasca regala — F4
(0,173), Pamid - F4 (0,213), Dimiat — F2 (0,020),
Mavrud -F7 (0,143) (Tab. 3). The coefficients of
the regression model are statistically significant.
The low coefficients of determination in the case
of all varieties mean that the grape yield is not
determined solely by the studied indicators in
the summarizing factors.

The analysis of the main components in
the varieties from the Oriental group shows that
five of them are sufficient to explain 59,8% of the
total variation of the studied indicators (Tab. 4).

Their relative degree of variation correlates most
strongly with the first major component. With
berry length and berry width is explained 15,4%
of the total variation. The second component
explains 13,0% of the total variation, as with the
highest correlation coefficients are the fertility
coefficient and seeds in 100 berries, which is
with a negative sign. The third major component
explains 11,3% of the total variation, mostly with
cluster length and weight of seed in 100 berries,
as the second indicator has a negative impact
on the total variation. The fourth component
explains 10,1% of the total variation, as with the
highest correlation coefficient are millerandage
berries and sugars. With the highest correlation
coefficients for the fifth major component is the
cluster width, which explains 10,0% of the total
variation. In the case of the varieties from the
Black Sea group, four of the major components
are sufficient to explain 63,8% of the total
variation of the studied indicators. With average
cluster weight, cluster length and cluster width
is explained 21,0% of the total variation of the
characteristics in the first basic component, in
the second - with berry length and berry width
(19,6%), in the third - number and weight of
seeds in 100 berries (12,2%) and in the fourth
- shoot fertility coefficient and millerandage
grains (11,0%).

The coefficients of the regression model of
variation of the studied indicators Beta show that
a negative value and impact in the case of the
oriental varieties is found only in F4 (-0,046) n F5
(-0,094) (Tab. 5). With the biggest direct impact
on yield are the indicators of the summarized
factor F3 (0,179). In the case of the varieties from
the Black Sea group, there are no negative values
for the summarized factors. Biggest direct impact
has F1 - 0,323. The coefficients of the regression
model in the case of both groups of varieties
are statistically significant. The low values of the
coefficient of determination - 4,9% and 15,9%
show that on the formation of the grape yield in
the case of the varieties from both of the groups
impact have indicators other than the studied
ones.

CONCLUDING REMARKS

1. The wine grape varieties Feteasca alba,
Feteasca regala - Oriental ecological-
geographic group and Pamid, Dimiat and
Mavrud - Black Sea ecological-geographic

group differ statistically proven according to
almost all studied agrobiological indicators.
The varieties Pamid and Dimiat form a
cluster of first level of similarity, and Mavrud
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is farthest from them.

Economically most important indicators
having positive impact on the yield of
grape in the case of the studied varieties
are grouped in four to seven summarizing
factors, as with the greatest proven positive
significance are F2, F4, F5, and F7. The yield
in the case of most of the varieties is mainly
determined by the indicators cluster and
berry length and cluster and berry width,
followed by average cluster weight.

3. The importance of the studied indicators

in the structure of the yield in the case of
the oriental varieties is summarized in five
factors, in the case of those from the Black
Sea - in four, which are enough to explain
more than half of their total variability.
With the biggest proved direct impact on
the yield in the case of all varieties from
the first group are the indicators from
the summarized factor F3, and from the
second group - F1. Other factors which are
not analysed have also an impact on the
formation of their yield.

REFERENCES

Bulgarian Ampelography (1990). General
Ampelography. Publishing House of the
Bulgarian Academy of Sciences. Agricultural
Academy. Institute of Viticulture and Enology —
Pleven, Bulgaria, Sofia, |, 296

Donchey, A. (1990). Characteristics of Local
and Introduced Grapevine Varieties according
to Their Ecological-Geographic Belonging.
Habilitation work, Pleven, 273

Roychev, V. (2012). Ampelography. Academic
Publishing House of Agricultural University -
Plovdiv, 574

Roychev, V. (2017). Ampelographic
Evaluation of the Cultivars from the West

European Ecological-Geographic Group. Pycckui
BUHOrpag. COOpPHMK HayuHblXx TpyZos, Tom 6,
Hosouepkacck, BHNINBuB, Poccua, 51-60.

Simeonoy, |, Roychev, V. & Mokreva, T.
(2015). Application of the Factor Analysis for
Comparative Evaluation of Agrobiological and
Technological Indicators of the Population and
Clones of Dimiat Variety. Agricultural Academy.
Crop Sciences, Sofia, LII(4), 43-58.

Simeonov, |, Mokreva, T. & Roychev, V. (2016).
Ampelographic Evaluation of the Population and
Clones of Misket Vrachanski Variety. Bulgarian
Journal of Agricultural Science, Agricultural
Academy, Bulgaria, Sofia, 22 (2), 234-244.



S'6 L'6 86 | SOL | L'EL| 0L | 89L f v'OL | L'LL | T'LL | €11 | 8'ZL | L'EL | T'SL | Z'9L | 9'LL 6'6| L'oL| 0'sL| z'st|gsLfooL | soL |oTL|¥eL|8sL | (%)ioedwriorey

9190 8/9'0- 6190 6£9'0 (swp/B) spy

0880~ 0’0 87/'0 (%) s1ebng

(W)

0£6'0 8960 0980 8060 2060 yIpIm ALiag

(ww)

6760 796'0 §/8'0 7€6'0 L£80 yibua| Ausg

(B) sa1aq 001 4O

S68°0- 8180 1yb1am abesany

(B) sauaq 0oL Ut

L2L'0 8v9'0 6060 9680 veL0- spaas Jo 1ybBIam

(Joquinu) saL1aq

L/8°0 80£°0 6160 6680 LEL’0- 001 Ul SpPaas

(wd)

€60 0€80 280 9980 Yipim 1aisnpd

(wd)

G880 899'0 LESO 6¥8°0 VL0 yibua| Ja3sND

(6) ybram

8160 6v9'0 €6L°0 1315n)> abeiany

(%) sau1aq

90 oLLo 59L0 abepuess|iy

jus1dy4e0d

€18%- €720 (44 veLo- Ayinasy300ys

9 K] i3 € T T S i4 € [4 T i3 € 4 T S v 4 T S i3 € [4 T

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

('€8) (819) (9'29) (%£'09) (%£'09) slojedipuj
pninepy 1elwIg piwed ejebas edsesla eq|e edseala K1ouep

AGROBIOLOGICAL EVALUATION OF GRAPEVINE VARIETIES FOR WHITE AND RED WINES

S1391IeA P3IPNIS BY3 JO dsed a3 ul sulaadesh Jad plaih ayy uo 1edwi buiaey s101eDIpUI JO UOIINGLASIP 10308 *Z d|qeL

G0'0 = D JOJId UM poylaw s,ueoun( 8y 0} buipioooe jooud jo saibep e 2‘q‘e

e 8.9 160’6l €€V aGEVL 218l e8L/ e 699 e 91C e €8°CL 29821 e LGE a¥2'c a 80°} pniAe

a¥09 1€9'8l e 677Gl e 969l e L6 e9/°/ 0.9 e Ll avlol abl'vl q 00C 0LV e V'l jeluid

1909 e9.°0C | -18Cl 1 €8°Cl q¥1e a9€G e 189 q 181 0 /€8 2 08°Cl 2611 a9/l = 9€° plwed

dnoub jeoiydeiboab-060j008 eag Moelg
e 6.9 0'6l e 621 e 86°Cl e 89} e €G' e 18'9 q 191 AN a eyl e VGl 9L e 06°L g|eba. gosesia
2699 aGL8L | e6EPL = 08°Cl q /Gl 2829 1 €€9 e 8L 1898 e 81°€C a Vel elV'l a 821 eq|e eoses}a
dnoub [eoiydeiboab-060[099 |ejual
6)
(6) ( (1oquinu) (6) Aouep
wuw wo wo 9 :
(p/B) | (%) | () | ) seusg | (By) | goueq (wo) - (ww) . (%)
LHPIM ybus | 00140 oobur | SY L yom | wbusy HEIoMm seleq 0 dnoio
spoy | siebng | Ausg Ko Wblom | PIOIA 001 u! 19)sN[o
q spoass Jo JLisnD | Jesn|n abepuels||ip
abeiany BB speeg abeliany

palpnis sanaliea auiaadelt ay3 Jo sioledipul pIaIA pue A31]11494 Jo siskjeue aAeiedWOD [RUOIDAIIPINA L 3]qel

77



Venelin Roychev, Angel Ivanov, Neli Keranova, Nikolay Tsaykin

Table 3. Coefficients of the regression model of the variation of indicators having impact on the yield per
grapevine in the case of the studied varieties

Regression Standardized regression
Variety Factors coefficient coefficient
(B) (Beta)
(Constant) 6,532
F. -0,072 -0,113
. s F, -0,041 -0,064
Feteasca alba 3 0,011 0017
F, -0,083 -0,130
F. 0,008 0,013
Coefficient of determination R?=3,4%
(Constant) 6,285
F, 0,199 0,133
Feteasca regala F, 0,239 0,160
F, -0,018 -0,012
F, 0,258 0,173
F. -0,066 -0,044
Coefficient of determination R*=7,5%
(Constant) 5,363
F. 0,185 0,107
Pamid F -0,160 -0,092
F. 0,106 0,062
F, 0,375 0,213
Coefficient of determination R?=6,7%
(Constant) 7,756
F. -0,046 -0,021
Dimiat F, 0,044 0,020
F, -0,136 -0,062
F, -0,213 -0,096
F. 0,023 0,010
Coefficient of determination R?=1,4%
(Constant) 7,776
F. 0,172 0,086
F. 0,207 0,103
F. 0,246 0,122
Mavrud F 20,398 0,195
F. -0,089 -0,045
F, 0,030 0,015
F, 0,290 0,143
Coefficient of determination R?=8,8%
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Table 4. General factor distribution of the indicators impact on the yield per grapevine in the case of all
studied grapevine varieties

Varieties groups Oriental varieties Black Sea varieties
Indicators

F F F F, | F F F F F

1 2 3 4 5 1 2 3 4

C Shoot fertility coefficient 0,703 0,690

Millerandage berries (%) 0,812 0,625
Average cluster weight (g) 0,713
Cluster length (cm) -0,643 0,838
Cluster width (cm) 0,611 | 0,866
Seeds in 100 berries (number) -0,750 0,784
Weight of seeds in
100 berries (g)

Average weight of
100 berries (g)

Berry length (mm) 0,899 0,902
Berry width (mm) 0,907 0,916
Sugars (%) 0,677
Acids (g / dm?3)
Factor impact (59,8%); (63,8%) | 154 | 13,0 11,3 | 10,1 | 10,0 21,0 19,6 12,2 11,0

0,752 0,891

Table 5. Coefficients of the regression model of the variation of indicators having impact on the yield per
grapevine in the case of all studied grapevine varieties

Regression Direct impact of Regression Direct impact
Factors coefficient the factors coefficient of the factors
(B) (Beta) (B) (Beta)
Oriental varieties Black Sea varieties
. (Constant) 6,411 6,965
Varieties
F, 0,086 0,075 0,729 0,323
F, 0,006 0,005 0,468 0,214
F, 0,207 0,179 0,245 0,114
F, -0,053 -0,046 0,229 0,107
F. -0,108 -0,094 6,965
Coefficient of
determination Ri=4,9% R?=15,9%

Figure 1. Dendrogram-clustering of the studied grapevine varieties from the Black Sea ecologo-geographical
group

Dendrogram using Average Linkage (Between Groups)
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ATPOBUONOLWUKA EBANTYALIUJA HA COPTU TPO3JE 3A NMPOU3BOACTBO HA
BEJIN N UPBEH/ BUHA

BeHenuH PojueB’*, AHren BaHoB', Henu KepaHoBa', Hukonaj LlajkuH
AepapeH YHusepsumem - [1nosous, P. byzapuja
*Konmakm asmop: roytchev@yahoo.com

Pesnme

KomnapaTvBHa arpobuonoluka eBanyauuja Ha COpPTM 3a MPOM3BOACTBO Ha Oenu u UpBEHM BMHa
ofl pasfMyHu ekosnolKko-reorpadckn rpynu 6Gele m3paboteHa CO MpMMeEHa Ha MaTeMaTUUKW MeToau ”
TOa: aHanM3a Ha BapujaHCa, Knactep aHanmsa 1 GakTop aHanM3a co KopucTerbe Ha P ja3uk 3a cTaTMCTMYKa
obpaboTka. YTBpAeHO e fieka copTuTe Feteasca alba, Feteascd regala, Pamid, Dimiat u Mavrud ce pa3nukysaat
cnopep peyuncum cuTe UCNUTYBaHW KapaKTepuUCTUKN. AHanM3npaHuTe MHAMKATOPY BO CTPYKTypaTa Ha NPMHOCOT
BO C/lyyYaj Ha OpUEeHTaNHNTe COPTY Ce CyMupaHu Bo neT daktopu, oHne of LipHoTto Mope - Bo ueTupu, kou ce
[OBOJSIHM fia 06jacHaT noBeKe of NOSIOBMHa Of HUBHAaTa BKyMHa BapujabunHocT. Co HajroneMoTo CyLUTECTBEHO
LOVPEKTHO BNMjaHKe BP3 NPUHOCOT BO CJlyYaj Ha CTe COPTY Off NpBaTa rpyna ce uHgmkatopute of Gaktopot
F3, a Bo cniyyaj Ha oHure of BTopuroOT - F1. [lpyru GpakTopm Kom He ce aHanmsmpaart, UCTO Taka, MMaaT BiunjaHue
Bp3 dopmMmparbeTo Ha HUBHNOT NPUHOC.

KnyuHun 360poBu: aHa1u3a Ha 8apujaHca, kiacmep aHaau3a, azpobuosIowKu NoKkasamesiu, BUHCKU cOpmu
2posje
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