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Abstract

In this investigation we studied how yield-related traits of large-fruited (var. sativum) and
small-fruited (var. microcarpum DC.) coriander differ at the Southeastern Bulgaria
climatic conditions during 2010-2012. For this purpose, 20 genotypes from var.
microcarpum and 20 genotypes from var. sativum were tested using a randomized
complete block design with three replications at the Institute of Agriculture — Karnobat.
Plant height, number of primary branches per plant, number of umbels per plant, number
of fruits per umbel, fruit weight per plant of small-fruited coriander exceeded large-fruited
coriander. Large-fruited coriander had higher fruit weight per umbel and 1000-fruits
weight. According to variance analyses, the value of the 1000-fruits weight, fruit weight
per umbel, fruit weight per plant and number of primary branches were determined by
the coriander variety (var. microcarpum DC. or var. sativum) but other characteristics
were more affected by the weather conditions of a particular year. Plant height was
determined by the environment for both varieties of coriander. Number of primary
branches was influenced by the genotype for var. sativum and by the year for var.
microcarpum. The influence of the year was greater for the number of umbels per plant,
number of fruits per umbel, fruit weight per plant and 1000-fruits weight of var. sativum
compared with var. microcarpum.
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[Mpoy4yeHun ca pasnuuunaTa B NpMsHaum CBbp3aHu ¢ JoOvBa OT NrogoBse npu
egponnogHusa (var. sativum) n gpebHonnogHusa (var. microcarpum DC.) kopuaHabp npu
KnumaTtuyHuTe ycnosusa Ha KOoronstoyHa bbnrapus npes nepuoga 2010-2012 roguHa.
3a 1a3u uen B IHCTUTYT no 3emegenue —KapHobat ca nanutaHu 20 reHoTuna oT var.
microcarpum u 20 reHoTMna OT var. sativum no paHgomuaunpaH 6510koB METOA, B TpU
NOBTOPEHUS. YCTaHOBEHO €, Ye ApebHONNOaHUAT KopuaHabp ce OTnnyaBa C No-BUCOKK
CTOMHOCTU Ha Npu3HauuTe - BUCOYMHA Ha pacTeHUeTo, Bpon Ha NbPBUYHNUTE
pasKnoHeHnsa B 1 pacTeHune, 6por Ha ceHHuum B 1 pacTeHune, 6pon Ha nnogose B 1
CeHHuK. TernoTto Ha nnogoseTe OT 1 ceHHUK 1 MacaTta Ha 1000 nnoga ca no-BUCOKM Mpu
egponnogHusa KopuaHabp. 3HaYnTeNHa YacT OT BapMpaHeTo Ha Npu3HauuTe - maca Ha
1000 nnioga, Terno Ha nniogoBeTe OT 1 CEeHHMK, Terno Ha nnogoseTte oT 1 pacteHune u
Opon Ha MbPBUYHUTE Pa3KNoHeHWs B 1 pacTeHue ce AbMKM Ha BapyeTeTa Ha
KopmaHgbpa (var. microcarpum DC. nnu var. sativum), JokaTo BapupaHeTo Ha
oCTaHanuTe npusHauu ce obycnass npean BCUYKO OT KITMMaTUYHUTE YCNOBUS Ha
roguHaTa. YcnoBusita Ha rognHaTta ca JOMUHMpaLLnA pakTtop 3a BapupaHeTo
BMCOYMHATA Ha pacTeHusaTa U Npu gBaTa Bapueteta kopuaHabp. bposaTt Ha nbpBuYHUTE
pasKNoHeHNs e NOBMANAH Han-CUMHO OT reHoTUMna npwu var. sativum v oT roguMHaTa npu
var. microcarpum. BnnsHueTo Ha rognHaTa Bbpxy BapupaHeTo Ha 6posi Ha ceHHMunTe B
1 pacTteHue, 6posi Ha nnogoBeTe B 1 CEHHMK, 6post Ha nnogoBeTe B 1 CEHHUK 1 mMacaTta
Ha 1000 nnoga e no-rofiiMo npu var. sativum B cpaBHeEHWe C var. microcarpum.

KnrouyoBu gymu: kopnaHabp, NnpMsHaum cBbp3aHu ¢ 4obuea, var. microcarpum, var.
sativum

PaswunpeHo pestome

LlenTa Ha HacToALWETO NpoyyYBaHe € Aa Ce CPaBHAT NpM3HaunTe CBbp3aHu ¢ Jobmea
nnogose npu egponnogHua (var. sativum) n gpebHonnogHus (var. microcarpum DC.)
KopuaHAabp; Aa ce OLUEeHN BIIMSHUETO Ha BapueTeTa U roauHaTta Ha oTrnexnaHe Bbpxy
NPoSsIBIEHNETO Ha Te3M NpU3HaLM; Aa Cce CpaBHU edpekTa Ha reHoTuna 1 rogmMHaTta Ha
oTrnexgaHe npu opebHONNoOAHNA 1 egponIoAHNA KopuaHabp. NpoyyBaHeTo e
npoBeAeHo B ONUTHOTO none Ha MHcTutyT no 3emeaenue — KapHobar npes nepuoaa
2010-2012 raguHa. B nscnegeaHeTo ca BktoyeHn 20 reHoTMNa oT var. microcarpum u
20 reHoTuna oT var. sativum. OnuTbT € 3anoXeH No paHgomMu3npaH 6nokoB MeTos, B
Tpu noBTOpeHus. Bbpxy 10 pacTeHus OT BCEKM FEHOTUM N OT BCAKO MOBTOPEHUe ca
OTYETEHU: BUCOYMHA HA pacTEHNETO, BpoN Ha MbPBUYHUTE Pa3KITIOHEHUATA B 1
pacTteHue, Opon Ha ceHHuunTe B 1 pacTeHue, 6pon Ha nnogoBeTe B 1 CEHHUK, TErno Ha
nrnogoseTe OT 1 CeHHUK , Terno Ha nnogoseTe OoT 1 pacTteHue n maca Ha 1000 nnopga.
YCTaHOBEHO €, Ye Npu KNnumaTuyHuTe ycnosusa Ha KOoronstoyHa bbnrapus
reHOTUMNOBETE KOpMaHAbp OT var. microcarpum nmart no-BMCOKN NPOAYKTUBHM
Bb3MOXXHOCTM B CpaBHEHME C Te3n OT var. sativum. [JpebHonnogHuAT KopuaHabp ce
OoTNnn4aBa C No-BUCOKN CTOMHOCTU Ha Npu3HauuTe - BUCOYMHA Ha pacTeHueTo, 6pon Ha
NbPBUYHUTE Pa3KNoOHEeHUs B 1 pacteHme, 6pon Ha ceHHnuuTe B 1 pacteHne, 6pon Ha
nnogoseTe B 1 CEHHUK, TErno Ha nnogoeeTe oT 1 pacTeHue. TernoTo Ha NnogoBeTe OT
1 ceHHuK n macata Ha 1000 nsioga ca no-BUCOKWU NMpu e4ponioaHNa KopuaHabp.
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3HauMTenHa YyacT OT BapMpaHeTo Ha npu3HauumTe — maca Ha 1000 nnoga, Terno Ha
nnogoBeTe OT 1 CeHHUK, TEMNO Ha NNoAoBeTe OT 1 pacTeHne n 6pon Ha NbPBUYHUTE
pasKkroHeHUsITa B 1 pacTeHne ce AbIKN Ha BapMeTeTa Ha kopuaHabpa (var.
microcarpum DC. unu var. sativum), 4OKaTO BapupaHeTo Ha ocTaHanuTe NpusHauu ce
obycnasAT Nnpeaun BCUYKO OT KNMMaTUYHUTE YCNOBUA Ha roauHaTa. YcrnoBusTa Ha
roguMHaTa ca JOMUHMpPALLMA haKkTop 3a BapMpaHeTO Ha BUCOYMHATA Ha pacTeHusTa u
npwv asarta BapueteTta kopuaHabp. bpoaT Ha NbpBUYHMUTE Pa3KITOHEHNSA € NOBITNSAH HaK-
CWUINHO OT reHoTuna npwu var. sativum u oT rogmMHaTa npu var. microcarpum. BnvsHmeTto
Ha rogmMHaTa Bbpxy BapupaHeTo Ha 6posi Ha ceHHuuuTe B 1 pacteHme, 6pos Ha
nnogoseTe B 1 ceHHuK, 6post Ha nnogoBeTe B 1 ceHHMK M MacaTa Ha 1000 nnoga e no-
rofisiMo npu var. sativum B cpaBHEHWE C var. microcarpum.

Introduction

Coriander (Coriandrum sativum L.) is a member of the Apiaceae with a broad diversity of
uses (Diederichsen, 1996; Maroufi et al., 2010; Chawla and Thakur, 2013). Coriander is
divided into two types according to the size of the fruit (Purseglove et al., 1981). Fruit
size is an indication of volatile oil content and suitability for particular end uses. The
large-fruited types (var. vulgare Alef. = var. sativum) has a fruit diameter of 3-5 mm while
var. microcarpum fruits have a diameter of 1.5-3 mm. Large fruited types are grown
mainly in tropical and subtropical climatic conditions and contain low volatile oil content
(0.1-0.4%). Types with smaller fruit (var. microcarpum DC.) are produced in temperate
regions and usually have a volatile oil content of around 0.4-1.8%, and are therefore
highly valued as a raw material for the preparation of essential olil.

In Bulgaria, coriander presently covers about 85% of the area of medicinal and aromatic
crops and it is an important export crop. There is little information available on yield
performance of coriander accessions with diverse geographic origin in the agro-
ecological conditions in Bulgaria (Dyulgerov and Dyulgerova, 2013a).

The aim of this work was the comparison of yield traits and variation of these traits in
small-fruited and large-fruited coriander; the comparison of the influence of coriander
variety and environment (growing year) on these traits; the comparison of the influence
of genotype and environment separately on small-fruited and large-fruited coriander
characteristics.

Material and method

The study was conducted at the Institute of Agriculture - Karnobat during the period
2010-2012. The experimental area is located in Southeastern Bulgaria. Average
temperature and precipitation during the experimental period are shown on Figure 1 and
2. The soil of experimental field is leached chernozem-smolniza, slightly acid (pH is 6.2).

The experiment consisted of 39 coriander accessions obtained from the gene bank of
IPK, Gatersleben (Germany) and 1 local cultivar — Mesten drebnoploden. These
accessions were selected based on their botanical variety (Coriandrum sativum L.
subsp. microcarpum DC. var. microcarpum (DC.) Hegi or Coriandrum sativum L. subsp.
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sativum var. sativum) and their origin from different geographical regions worldwide
(Table 1).

The experiment was laid out in a randomized complete block design with three
replications. Spacing between plants and rows were kept as 15 and 30 cm, respectively.
At maturity ten plants were randomly selected from each plot and data were collected for
plant height (PH), number of primary branches per plant (NB), number of umbels per
plant (NU), number of fruits per umbel (NFU), fruit weight per umbel (FWU), fruit weight
per plant (FWP) and 1000-fruits weight (FW).

Statistical analyses were performed using the statistical package SPSS 16.0 (SPSS Inc.,
2007, Chicago, IL, USA). The analyses of variance and the estimates of the component
of variance due to coriander variety (var. microcarpum and var. sativum), environment
(growing year) and genotypes were calculated and was expressed as % of the total
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Figure 1. Temperature dates, °C of 2010-2011 years and long-term average in
Karnobat, Southeastern Bulgaria
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Figure 2. Precipitation dates, mm of 2010-2013 years and long-term average in
Karnobat, Southeastern Bulgaria

Table 1. List of Coriadrum sativum L. accessions used in this study

Accession Origin Accession Origin

var. microcarpum var. sativum
Cori 14 Germany Cori 25 Hungary
Cori 20 unknown Cori 280 Peru
Cori 21 Former USSR* Cori 292 Holland
Cori 28 India Cori 384 unknown
Cori 30 Former Czechoslovakia Cori 410 unknown
Cori 114 unknown Cori 412 unknown
Cori 177 unknown Cori 36 Italy
Cori 186 Germany Cori 105 Italy
Cori 209 unknown Cori 144 Iraq
Cori 215 Former USSR Cori 165 Netherlands
Cori 270 USA Cori 176 unknown
Cori 272 Germany Cori 202 unknown
Cori 282 Madagascar Cori 223 Russian Federation
Cori 333 unknown Cori 242 Spain
Cori 340 USA Cori 269 Mexico
Cori 337 Morocco Cori 287 Portugal
Cori 313 Azerbaijan Cori 308 Russian Federation
Cori 315 Kazakhstan Cori 458 Germany
Cori 316 Uzbekistan Cori 448 Belgium
Mesten drebnoploden  Bulgaria Cori 442 Germany

*Former Union of Soviet Socialist Republics
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Results and Discussion

Results of analysis of variance revealed that effects of coriander variety (var.
microcarpum and var. sativum) were statistically significant for all yield components
(Table 2). The traits with which year and variety x year interaction were found significant
were plant height, number of umbels per plant, fruit weight per umbel, fruit weight per
plant and 1000-fruits weight.

Component of variance for each trait expressed as percentage illustrates the relative
contribution of each source to total variation (G+E+GEIl). The results showed a strong
influence of the year on plant height and number of umbels per plant. Variety had strong
impact on 1000-fruits weight and fruit weight per umbel. Fruit weight per plant and
number of primary branches demonstrated a nearly equal effect of variety and sum of
effects of year and interaction variety x year. Variety by year interactions was mainly
observed for number of fruits per umbel.

Table 2. The portion of sums of squares (SS) attributed to variety, year, and variety x
year interaction as a percentage of the total sums of squares remaining after removing
sums of squares due to replication and error.

Source of PH NB NU NFU FWU FWP 1000FW
variation

Variety 11.63**  51.25%  10.70%* 27.16%* 84.26%* 5] 14%*  QQ.B3*+
Year 87.35%*  31.01ns 79.47**  26.74%*  274%  30.37%* 4 29w

Variety x Year 1.02**  17.74ns  9.82***  46.10*** 12.99**  18.49*** 5.07***

ns, *, ***: non-significant at the 0.05 and significant at 0.05 and 0.001 level, respectively; PH - plant
height, NB - number of primary branches per plant, NU - number of umbels per plant, NFU - number of
fruits per umbel, FWU - fruit weight per umbel, FWP - fruit weight per plant and 1000 FW -1000-fruits
weight.

The effects of genotype, year, and genotype x year interaction were significant for all
traits except for number of primary branches per plant in microcarpum accessions
(Table 3) and for all studied traits in sativum genotypes (Table 4).

The influence of genotype was greater than the influence of year and genotype x year
interaction for number of fruits per umbel, fruit weight per umbel and plant, and 1000-
fruits weight in microcarpum accessions. For accessions from var. sativum genotypic
effects were mainly observed for the traits number of primary branches, fruit weight per
umbel and per plant.

Plant high was significantly affected by year conditions in both coriander varieties,
explained in 87.95% in var. microcarpum and 78.95% in var. sativum of the total
variation. There are reports indicating that plant height was tightly associated with
coriander yield (Diederichsen, 1996; Tripathi et al., 2010; Kassahun et al., 2013).
Reducing plant height allows producers to seed at higher rates, makes cultivation
practices easier, and preventing lodging. The plant height of microcarpum accessions
was higher compared to sativum genotypes (Table 5). According to the means of the
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three years plant height was determined between 80.87 and 101.83 cm (average 92.50
cm) in microcarpum accessions and between 55.17 and 99.50 cm (average 75.75cm) in
sativum accessions. The variation of plant high between sativum genotypes
(CVv=12.78%) was more than two time higher compare to microcarpum accessions
(CV=6.01%).

Table 3. Analysis of variance of 7 yield-related traits of 20 coriander accessions from
var. microcarpum. The portion of sums of squares (SS) attributed to genotype, year, and
genotype x year interaction as a percentage of the total sums of squares remaining after
removing sums of squares due to replication and error

Source of PH NB NU NFU FWU FWP  1000FW
variation

Genotype 415" 36.36** 39.98%* 62.76** B4.T1** 7051 65 64%%
Year 87.95%* 277ns 33.67* 1.30%* 530F% D AQE D AGH*
$§2r°typex 7.90%%  60.87** 26.35%* 35.03%* 309.090%* 27.01** 31.00%*

ns, ** , ***: non-significant at the 0.05 and significant at 0.01 and 0.001 level, respectively; PH - plant
height, NB - number of primary branches per plant, NU - number of umbels per plant, NFU - nhumber of
fruits per umbel, FWU - fruit weight per umbel, FWP - fruit weight per plant and 1000 FW -1000-fruits
weight.

Table 4. Analysis of variance of 7 yield-related traits of 20 coriander accessions from
var. sativum. The portion of sums of squares (SS) attributed to genotype, year, and
genotype x year interaction as a percentage of the total sums of squares remaining after
removing sums of squares due to replication and error

Source of PH NB NU NFU FWU FWP  1000FW
variation

Genotype 15.84% 51 96** 31.62%* 38.75%* 64.16"* 52.30%* 4] 75+
Year 78.86%*  1.03%  26.87%* 42.99%* 12 07** 17.69%% 33 78%
$§;‘r°typex 5.20%%  46.11%* 41 52% 18.25%* 23774 30.01%* 24.46**

ns, ** , ***: non- significant at the 0.05 and significant at 0.01 and 0.01 level, respectively; PH - plant
height, NB - number of primary branches per plant, NU - number of umbels per plant, NFU - number of
fruits per umbel, FWU - fruit weight per umbel, FWP - fruit weight per plant and 1000 FW -1000-fruits
weight.

Traits number of branches per plant and umbels per plant are in particular interest in
coriander breeding because correlation and path coefficient analysis indicated that these
traits were ones of the most important traits as they exerted positive direct effect on
seed yield (Singh et al., 2006; Dyulgerov and Dyulgerova, 2013b). Number of primary
branches was found to have a moderate genotypic effect, as well as a relatively large
genotype x year interaction in var. microcarpum (Table 3). While this trait in var. sativum
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demonstrated a nearly equal effect of genotype and environment (52% vs. 46%), with
little genotype x year interaction (Table 4). Number of primary branches per plant varied
from 6.58 to 9.57 in microcarpum genotypes and from 5.31 to 9.33 in sativum genotypes
(Table 5).

Number of umbel per a plant was determined by the environment and interaction
genotype x year for both varieties of coriander. Number of umbel per a plant ranged
from 20.83 to 46.52 with an average of 34.89 in accessions from microcarpum variety
and ranged from 23.99 to 39.54 with an average of 34.89 in accessions from sativum
variety (Table 5).

Table 5. Average date for accessions from var. microcarpum and var. sativum (2010-
2012)

PH NB NU NFU FWU FWP 1000F

lem/ g/ g/ W

/gl

var. microcarpum
Mean 92,50 8,12 35,78 34,89 0,18 3,05 5,37
Mininum 80,87 6,58 21,44 20,83 0,12 1,19 3,80
Maximum 101,83 9,57 50,80 46,52 0,29 4,30 7,17
CV% 6,01 11,32 32,88 23,14 28,39 28.48 18,46
var. sativum

Mean 75,75 7,65 31,62 28,94 0,24 2,22 9.75
Mininum 55,17 531 23,99 19.19 0,10 1,47 7.08
Maximum 99,50 9,33 39,54 46.43 0,39 4,97 11,33
CV% 12,78 14,48 19,70 22.90 30.67 44.44 13,51

PH - plant height, NB - number of primary branches per plant, NU - number of umbels per plant, NFU - number of
fruits per umbel, FWU - fruit weight per umbel, FWP - fruit weight per plant and 1000 FW -1000-fruits weight.

Average number of fruits per umbel was 34,89 in microcarpum genotypes compared to
28,94 in sativum accessions (Table 5). The genotype has lower impact on the number of
fruits per umbel in sativum accessions (Table 3) compared to microcarpum accessions
(Table 4). According to Diederichsen (1996) low temperature and rainfall in flowering
periods limited insect visiting and pollination. Since var. sativum flowered earlier than
var. microcarpum, often period of flowering of this variety coincides with late spring
rainfalls in Southeastern Bulgaria. Poor pollination and abortion of flowers due to spring
rainfalls in flowering stage reduce the number of fruits per umbel in var. sativum. Yield
losses caused by pollination problems in the years with late spring rainfall in var. sativum
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for semi-arid climatic conditions of the Central Black Sea Region, Turkey has also been
reported by Telci et al., 2006.

The influence of the genotype was greater for the fruit weight per umbel in var. sativum
than in the var. microcarpum. Average fruit weight per umbel was 0.24 g in var. sativum
and 0.18 g in var. microcarpum.

The effect of genotype for fruit weight per plant was greater in var. microcarpum
(70.51%) than in var. sativum (52.30%). Fruit weight per plant in small-fruited
accessions varied from 1.19 to 4.30 g with a CV=28.48%. This trait in large-fruited
accessions range from 1.47 to 4.97 g with a CV=44.44%.

The 1000-fruits weight was between 3.80 and 7.17 g in var. microcarpum and between
7.08 and 11.33 g in sativum accessions. According Diederichsen and Hammer, 1994
Coriandrum sativum L. var. sativum has weight of 1000 fruits more than 10 g and
Coriandrum sativum L. var. microcarpum DC. less than 10 g. In our study 4 of 20
accessions of var. sativum had average 1000-fruits weight more than 10 g, 5 genotypes
between 9 and 10 g and 1 accession less 9 g. This can be explained by drought during
the fruit maturation in 2011 and 2012 (Figure 2).

Conclusion

The results, based on the data of the 20 microcarpum and 20 sativum accessions
indicated that var. microcarpum had higher yield potential under Southeastern Bulgaria
climatic conditions. There were significant differences between the plant height, number
of primary branches per plant, number of umbels per plant, number of fruits per umbel,
fruit weight per umbel, fruit weight per plant and the 1000-fruits weight between the two
coriander types.

The value of the 1000-fruits weight, fruit weight per umbel, fruit weight per plant and
number of primary branches were determined by the coriander variety but other
characteristics were more affected by the environment (year).

If the two coriander varieties are compared separately plant height was determined by
the environment for both varieties of coriander. Number of primary branches was
influenced by the genotype for var. sativum and by the year for var. microcarpum. The
influence of the year was greater for the number of umbels per plant, number of fruits
per umbel, fruit weight per plant, and 1000-fruits weight of var. sativum compared with
var. microcarpum.
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