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The objectives of this study were to determine the genotype and location interaction for paddy yield and morpho-
logical traits. Two field trials were conducted in a randomized block design with 3 repetitions in the Kocani rice pro-
ducing region in two locations in 2014. The Turkish varieties, Halilbey, Gala and Goénen and standard San Andrea were
used in the experiment. The combined variance analysis for paddy rice yield, biological yield, harvest index (HI), plant
height, panicle length and the number of panicles per m? has been performed. Highly significant differences among
examined genotypes and locations were found for almost all the traits. Genotype x location interaction was significant
only for the biological yield and number of panicles per m2. The highest means for most of yield traits were observed
for Gala and Halilbey varieties. Due to their performances, Halilbey, Gala and G6nen can be recommended for the rice

production in the Republic of Macedonia.
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INTRODUCTION

In order to promote Macedonian rice produc-
tion, one of the measures is the introduction of new
rice varieties. The main criteria for their selection
are high yielding and quality performances, but also,
adaptability to local environmental conditions and
growing practices.

Beside the Macedonian registered rice varieties
(No. 51, No. 69, Osogovka, Kochanski, Biser 2,
Ranka, Nada 115, Prima riska and Montesa), in the
entire production, the Italian rice varieties dominate.
The oldest introduced and registered varieties are
Monticelli, R-76/6, Drago and Baldo (prevalent during
the nineties), then the last fifteen years San Andrea
was the most widespread. Within 20092013, the Ital-
ian varieties: Galileo, Bianca, Brio, Ellebi, Opale, Arpa
and Onice entered in the domestic rice production.

In 2013, the introduction of fourteen Turkish
rice varieties (TR-2121, TR-2024, TR-1981, Pasali,
Cakmak, Kiziltan, Gonen, Kirkpinar, Tunca,
Halilbey, Duragan, Gala, Hamzadere and Efe) started

through a joint Turkish-Macedonian project "Devel-
opment of production and quality of rice in the Re-
public of Macedonia 2013-2014" [1]. Three of these
varieties (Gonen, Halilbey and Gala) were registered
in the Macedonian National list of Varieties in 2016.

In all these stages, the new varieties were the
results of many fields and laboratory investigations,
with special attention to their yield performances
and morphological traits [2-9].

Paddy yield was always in the focus of all
these studies, since it considered as one of the most
important traits for the rice growers, besides the qual-
ity traits. In some trials, several introduced varieties
(Brio, Ellebi, Opale, Arpa and Onice) were lower
yielding, compared to control varieties Prima riska —
Macedonian variety and R-76/6, Italian domesticated
variety [6, 7]. In other research, where San Andrea
was used as a control variety, the Turkish rice varie-
ties Kiziltan, Gala, Halilbey, Gonen and Pasali
achieved better paddy yield than control [9].

Plant height of the new rice varieties was also
of particular interest. Over the years, in Macedonian
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rice growing, taller varieties dominated [5, 6, 8].
Beside their yielding ability, they were not very
suitable for intensive production systems mostly
because of their susceptibility to lodging, especially
in case of high doses of inorganic fertilizers. There-
fore, during the recent variety selection special at-
tention was done to semi-dwarfs, high-yielding and
good quality rice varieties.

Although biological yield, panicle length and
the number of productive panicles per m? were regu-
larly explored at the national level [5, 6, 8] - up to
now, harvest index of rice has not been the subject
of research under the conditions of the Republic of
Macedonia.

For grain crops, harvest index (HI) is the ratio
of harvested grain to total dry matter, and this can
be used as a measure of reproductive efficiency. In
agronomic terms, HI is calculated as the ratio of
harvested product to total aboveground biological
yield, which is an economic HI [10]. Harvest index
of rice is the result of various integrated processes
with involvement of the number of panicles per unit
area, the number of spikelets per panicle, the per-
centage of fully ripened grains, and 1,000 grain
weight [11]. HI is one of the yield determining fac-
tors. The partitioning of dry matter to grain and straw
varied among the genotypes [12]. The HI of crop
plants has increased over time due to breeding for
higher yield and more recently, specifically for HI.
Shorter-statured, modern crop cultivars have higher
harvest indices than their taller forebears, although
total dry matter production is most often very similar
[10]. However, the genetic control of the harvest in-
dex plays an important role in crop production [13].

The performance of the cultivar is mostly in-
fluenced by genotype, growth environment and the
response of genotype to the present environment
[14]. The study of genotype x environment interac-
tion is critical for accurate cultivar evaluation in
large multi-environmental trials. Cultivars that ex-
hibit high levels of mean performance and stability
across a wide range of environmental conditions are
desirable for rice production [15].

A genotype x environment interaction may be
defined as a change in the relative performance of a
“character” of two or more genotypes measured in
two or more environments. Interactions may there-
fore involve changes in rank order between envi-
ronments and changes in the absolute and relative
magnitude of the genetic, environmental and pheno-
typic variances between environments. These
changes in rank order and in variances are found
separately and together [16].

Regarding the rice grain yield, analysis of
variance showed highly significant differences

among genotypes (G), environments (E) and G x E
interaction in multi-location trials with several rice
genotypes [17]. The significant G x E interaction
effect demonstrated that the genotypes responded
differently to the variation in the environmental
condition of the testing sites and grain yield fluctu-
ated accordingly. This indicates the necessity of
multi-location testing of genotypes before recom-
mending for general cultivation.

The aims of this study were to determine the
influence of the genotype, location and their interac-
tion on several yields and morphological traits on
the rice varieties Halilbey, Gala, Gonen and San
Andrea.

MATERIALS AND METHODS

Three newly registered Turkish rice varieties:
Halilbey, Gala and Gonen were included in the ex-
periment, together with the standard variety San
Andrea (Italian rice variety, widely used and domes-
ticated in Macedonian rice production). During
2014, two identical field trials were set up on two
locations within the entire Kocani rice-producing
region. Location 1 was in Cesinovo village, on a
private rice plot, while location 2 in Kocani, on the
field of the Rice experimental Station Kocani, unit
of the Institute of Agriculture, Skopje. The distance
between locations is 15 km and both of them have
continental sub-Mediterranean climate characteris-
tics [18]. Thus, they don’t differ significantly re-
garding the climatic conditions and the data present-
ed in Table 1 for Kocani cite are considered as rep-
resentative for both locations as well as for the en-
tire rice producing region in the country.

The soil characteristics of the experiment lo-

cations were presented in Table 2. As it is seen in
the table, they have different soil contents.
The experiment was designed as a randomized
blocks system with 3 repetitions and 5m? plot size.
The seeding was manual - wet seeds were broad-
casted into standing water. The seed rate was 500
seeds per m2, Standard production technology was
applied during the rice cultivation period. The data
were recorded for plant height, panicle length, bio-
logical yield, harvest index, the number of panicle
per m? and paddy yield.

Using IBM SPSS Statistics 23 statistical pro-
gram, the variance analysis was conducted to deter-
mine the differences among the varieties for the ex-
amined traits and interaction between location and
genotype. The differences among mean values were
tested by using LSD test.
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Table 1. The average monthly temperatures and monthly sums of rainfalls during
the rice vegetation period in Kocani in 2014

Months Average
Year
v v Vi VI Vil IX er year er vegetation
Average monthly temperature [C°] pery P g
2014 12.4 16.8 20.8 23.2 23.8 183 138 13.8 18.4
Average
1998/2012 13.8 18.6 22.9 25.6 25.1 200 147 14.1 20.1
Average monthly maximum temperature [C°]
2014 18.0 23.0 28.1 30.9 31.8 25.0 207 20.1 25.4
Average
1998/2012 19.2 23.9 28.7 31.6 315 26.2 202 19.4 25.9
Average monthly minimum temperature [C°]
2014 7.4 10.8 14.0 16.5 16.6 13.4 8.7 8.5 125
Average
1998/2012 5.7 10.1 13.3 15.1 15.0 10.8 6.8 6.3 11.1
Monthly sum of rainfalls [mm]
2014 121.0 920 116.0  65.0 31.0 89.0 370 794.0 551.0
Average
1998/2012 39.7 49.4 54.5 27.6 345 427 604 489.5 308.9
Table 2. Chemical properties of soils from Cesinovo and Kocani
Easily available
Location Depth [cm] pH CaCos mg/100g of soil
H.O nKClI % P20s K20
Cesinov 0-20 7.9 6.8 1.24 26.51 24.86
esinovo 20-40 7.6 6.6 1.44 22.72 19.74
Kocani 0-20 5.9 5.1 0 16.88 14.03
20-40 6.2 5.6 0 12.66 11.15

RESULTS AND DISCUSSION

The variance analysis results (Combined
ANOVA) showed highly significant differences (P <
0.01) among investigated genotypes for all the traits,
except for the harvest index where the differences
among genotypes were significant (P < 0.05) (Table
3). The differences between locations were not sig-
nificant only for panicle length, while for all the
other characteristics were highly significant. Geno-
type x location interaction was highly significant (P
< 0.01) only for biological yield and significant (P <
0.05) for a number of panicles per m?,

The non-significant G x L interaction for
grain yield in this research contradicted the findings
of Tariku et al. [19], Upreti et al. [17], Bose et al.
[20], Siirek et al. [21] and Blanche et al. [15]. In
their studies, they all revealed highly significant
genotype x location interaction for rice grain yield
where the genotypes interacted considerably with
environmental conditions. Also, the non-significant
G x L interaction for plant height (Table 4) in this

study differs from the results of Tariku et al [19],
who reported highly significant G x E interaction
for this trait on the tested lowland rice varieties.

In this study, the paddy rice yield varied be-
tween 6.10 t/ha (San Andrea, Cesinovo) and 12.27
t/ha (Gala, Kocani), as presented in Table 4. The
highest average paddy yield was obtained with Gala
(9.96 t/ha) and the lowest with San Andrea (7.42
t/ha). The other Turkish varieties Halilbey and
Gonen also achieved higher mean paddy yield than
standard San Andrea, but not significantly. The lo-
cation of Kocani provided better environmental
conditions for grain yield to all the examined varie-
ties than the location Cesinovo, as it is obvious also
from Figure 1. The reported potential for paddy rice
yield of the related varieties from the Trakya Agri-
cultural Research Institute [22] was: 910,000 kg/ha
for Gala, 11.000 kg/ha for Halilbey and 8.500 kg/ha
for Génen. Akay et al. [14] recorded similar results
for Gala rice variety, as one of the best yielding cul-
tivars with 6.623 kg/ha.
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Table 3. Combined ANOVA for investigated traits of rice varieties
Sources of Padc.iy rice Biolpgical H_arvest Pl_ant Panicle 0;\';;2?;28
variation DF yield Yield index height length per m?
Mean Squares
Replication 2 0.267 1.5100 0.001 61.976 1.018 4245
Location 1 72.84**  2836.461**  0.031**  1985.62 ** 0.027 273920.67 **
Genotype 3 7.332 ** 29.071 ** 0.005 * 369.13 ** 12181 ** 3818.56 **
Genotype
x 3 1.053 22.515 ** 0.001 2.429 0.314 1117.889 *
location
Error 14 0.593 2.6250 0.001 13.344 0.749 317.357
Total 24 — — — — — —
*significant at level P < 0.05, ** significant at level P <0.01
Table 4. Mean values for examined traits of rice varieties
Genotypes _ Pad(_jy rice Biolggical Harvest Pl_ant Panicle Numt_)er
(Varieties) Locations yield Yield index height length of panicles
[t/ha] [t/ha] [cm] [cm] per m?
Cesinovo 6.10 18.67 0.32 108.10 16.70 287.00
San Andrea  Kocani 8.73 35.77 0.25 125.13 16.10 483.33
Mean 742D 27.22 ab 0.29a 116.62 a 16.40 ab 385.17b
Cesinovo 7.39 16.53 0.33 93.40 15.23 232.67
Halilbey Kocani 10.58 41.82 0.30 112.33 15.67 486.00
Mean 8.98 ab 29.18a 0.3la 102.87 b 15.45 ab 359.33¢
Cesinovo 7.65 18.18 0.41 92.37 14.33 321.33
Gala Kocani 12.27 42.75 0.30 109.57 14.50 516.33
Mean 9.96 a 30.47 a 0.35a 100.97 b 1442 b 418.83 a
Cesinovo 6.33 15.45 0.36 104.20 17.90 269.67
Gonen Kocani 9.82 35.46 0.29 123.80 17.63 479.67
Mean 8.08b 25.46 b 0.33a 114.00 a 1777 a 374.67b
LSD (0.05) 1.99 3.60 0.38 7.08 2.72 13.32
Distinct letters in the row indicate significant differences according to LSD test (P < 0.05)
Paddy rice yield [t/ha]
13
12
11
— 10
g
= 8
.a 7
E g : ® Cesinovo
= = Kocani
4
A3
2 -
1 -
0 -
San Andrea Halilbey Gala Ginen
Varieties

Figure 1. Paddy rice yield of the examined rice varieties
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The mean biological yield of the examined
varieties (Table 4) ranged from 15.45 t/ha (Gonen,
Cesinovo) to 42.75 t/ha (Gala, Kocani). Gala
achieved the highest mean biological yield (30.47
t/ha), significantly higher only from the lowest mean
found in Gonen (25.46 t/ha). The control variety San
Andrea did not differ significantly from Turkish rice
varieties, regarding the mean value of this trait. Bio-
logical yield values were strongly affected not only
by genotype but mostly by the environmental condi-
tions (location) and it was the only trait with highly
significant genotype x location interaction (Table
3). In general, higher total biomass in all cultivars
was obtained in the Kocani location compared to
Cesinovo (Figure 2). In Kocani, the highest value
was observed in Gala (42.75 t/ha), while in

Cesinovo, the most abundant biomass was produced
by San Andrea (18.67 t/ha). Génen was the variety
with the lowest biological yield in both locations
(15.45 t/ha in Cesinovo and 35.46 t/ha in Kocani).

Since biological yield was significantly af-
fected by location and genotype x location interac-
tion (Table 3), it suggests genotypic sensitivity to
differences in environmental conditions at the two
examined locations [13]. In some other trials con-
ducted in the Kocani region during 2013 and 2014
[9], in both years of research, San Andrea produced
significantly higher biological yield than Halilbey,
Gala and Gonen. Entirely, Unkovich et al. [10] re-
ported maximum values for rice biological yield
(DM) of 31.6 t/ha for dryland conditions of Austral-
ia.

Biological yield [t/ha]

45,00

40,00

— 35,00
30,00

25,00
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T 20,00

15,00 +

Biologic

10,00
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m Cesinovo

m Kocani

Gala

Varieties

Figure 2. Biological yield of the investigated rice varieties
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Figure 3. Harvest index in the rice varieties
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The values of the harvest index varied be-
tween 0.25 (San Andrea, Kocani) and 0.41 (Gala,
Cesinovo). The highest mean HI was observed in
Gala (0.35) and the lowest (0.29) in San Andrea, but
the differences among all cultivars were not signifi-
cant. All the cultivars in the Cesinovo location
gained better HI than in Kocani (Figure 3). In both
locations, Gala achieved the highest and San Andrea
the lowest harvest index. Harvest index (HI) was the
only trait where the variation among cultivar was
mainly influenced by the environment (location —
highly significant at level P < 0.01), less than by
genotype (significant at level P < 0.05) and no sig-
nificantly influenced by interaction genotype x loca-
tion (Table 3). These findings were in accordance of
those of Turner et al. [23], related to the conditions
of Australia, where the environment rather than
genotype was seen as the major determinant of har-
vest index for most field crops for a given site x
year x genotype. Li et al. [13] appointed that the
crop harvest index is also highly influenced by envi-
ronmental factors, such as soil condition and tem-
perature. In their research on two locations, they
obtained means of harvest index (expressed in %) of
30.44 % and 38.98 %. According to Jun [24], large
variation was observed for harvest index in rice:

about 0.25 among wild species, 0.30 among tall cul-
tivars and more than 0.40 for semi-dwarf cultivars.
Plant height of the investigated varieties (Ta-
ble 4) varied between 92.37 cm (Gala, Cesinovo)
and 125.13 cm (San Andrea, Kocani). The tallest
plants on average were observed in San Andrea
(116.62 cm), while the shortest was in Gala (100.97
cm). Actually, two groups of cultivars differentiated
regarding the plant height. San Andrea and Gonen
were taller and did not differ significantly, Gala and
Halilbey were shorter, also without significant dif-
ferences between them. In the same time, among the
means of each variety from a different group, signif-
icant differences were stated. Regarding different
locations, both in Cesinovo and Kocani, the ranging
for the plant height was the same: San Andrea >
Gonen > Halilbey > Gala. The bigger values for
plant height were observed in Kocani (Figure 4).
The similar results were obtained in another study in
the Kocani region during 2013 and 2014, conducted
by Andov et al. [8] where the varieties Halilbey,
Gala and Gonen were significantly shorter than San
Andrea in both years of the research. As a conclu-
sion, the registration of these three Turkish rice va-
rieties (especially Halilbey and Gala), was a positive
step from the aspect of including new rice genotypes
with lower plant height in the Macedonian rice
farming, suitable for intensive production systems.

Plant height of the rice varieties [cm]

140

120

100

80

60

Plant height [cm]

40

20

San Andrea

Halilbey

Varieties

H Cesinovo

m Kocant

Gala Gonen

Figure 4. Plant height of the examined rice varieties
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Panicle length of the rice varieties [cm]
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Figure 5. Panicle length of the investigated rice varieties

The number of panicles per m? in the investi-
gated rice varieties (Table 4) varied from 232.67
(Halilbey, Cesinovo) to 516.33 (Gala, Kocani). Gala
had the highest mean value (418.83) that was signif-
icantly higher than all the other varieties, while the
significantly lowest was the mean number of pani-
cles per m? in Halilbey (359.33). The comparison of
the locations showed greater values in Kocani than
in Cesinovo (Figure 6). Gala reached the highest
values in both locations (321.33 in Cesinovo, 516.33
in Kocani). The lowest panicles number in Kocani

(479.67) and Cesinovo (232.67), was observed for
Halibey and Gonen, respectively. In this study, the
analysis of variance for the number of panicles per
m?2 showed significant genotype x location interac-
tion, highly significant genotype and location varia-
tions (Table 3). In another two-years research con-
ducted in the Kocani region, for San Andrea, it was
observed a higher average number of panicles per
m? (527.17) compared to Gala (492.00), Halilbey
(489.17) and Gonen (448.50) [8].

Number of panicles per m?

o)
8

wu
8

B
8

Number of panicles per m?
[9%]
8

]
8

3

(=]
|

San Andrea Halilbey

Varieties

m Cesinovo

mKocani

Gala

Figure 6. Number of panicles per m? in the examined rice varieties
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Taking into account all the results obtained in
this study, the general conclusion could be done in
the sense that the genotype and location had a high-
ly significant influence on paddy yield, biological
yield, plant height and a number of panicles per m?,
Significant differences among genotypes by geno-
type x location interaction were found only for bio-
logical yield (P < 0.01) and a number of panicles per
m? (P < 0.05).

The newly registered Turkish rice varieties
Halilbey, Gala and Gonen, for most of the exam-
ined traits showed better results than the standard
San Andrea. Especially for Gala, higher mean val-
ues for paddy rice yield, biological yield, harvest
index and a number of panicles per m? were ob-
served. Similar values were found also for Halilbey.
These two varieties were significantly shorter —
statured compared to San Andrea, which is a desira-
ble characteristic. Génen had the longest panicles
among the varieties and also achieved some better
results from San Andrea for other traits (even none
significantly).

Regarding all the analyzed performances of
Halilbey, Gala and Gonen in this and in some previ-
ous studies at the national level, their implementing
in the entire rice production in the Republic of Mac-
edonia can be recommended. Also, there is an inter-
est for them to be included in some further investi-
gations.
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E®EKTHU HA TEHOTHUIIOT U JIOKAIIMJATA BP3 MOP®OJIOIIKUTE CBOJCTBA
KAJ COPTH OPU3

Emuinja Cumeonoscka’, Jlanuna Anapeescka, Jloope Annos, lopaana IiaTkosa,
Tpajue IumutpoBckn

13emjonencku nHCTUTYT, YHUBep3uteT ,,CB. Kupun u Meroauj“, Cxomnje, Pernry6ianka Makenonuja
i y P P ) ) y )

LlenTa Ha ucnuTyBamkeTO Oellle a ce yTBPAH BIIMjaHHETO Ha TeHOTHUIIOT, JJOKAllMjaTa i HUBHATA MHTEPaKIMja Ha
MIPOyKTUBHUTE U MOP(OJIONIKUTE CBOjCTBA HAa YEeTHPH copTh opu3. Bo 2014, nBa moncku omwra (paHIOMH3HpaHU
OJIOKOBH CO TpH MOBTOpEHHja) Oea MOCTaBeHH Ha JIBE JOKAIMU BO KOYAaHCKHOT PErHoH co TypckuTe coptu Halilbey,
Gala u Gonen u crangaprot San Andrea. IlomaTonmre ox cBojcTBaTa: MPUHOC Ha apria, OMOJIONIKH MPUHOC, KETBEH
UHJIEKC, BUCMHA HA pacTeHMja, NOKMHA HAa METIMYKa U Opoj Ha METIMYKH Ha M? Gea 0OpabOTEHH MO METOIOT
KOMOWHHUpaHa aHanm3a Ha BapujaHcara. Kaj HajromemuoT Opoj oX cBojcTBaTa Oea HajAeHH BHCOKO CHUTHH(DHKAHTHU
pa3iuKu Mel'y HCITUTYBAaHUTE T€HOTUIIOBH U JIOKalMu. VMIHTepakiijaTa TeHOTHN X JIOKaruja Oemre CHrHu(UKaHTHA caMo
3a OMOJIOMIKKOT TpruHOC 1 Opojot Ha Memmuku. Coprure Gala  Halilbey mocTuraaa HajBHCOKH MPOCEYHH BPEIHOCTH
3a MPOJYKTUBHUTE CBOJCTBA M MMaa MOHKUCKO CTe0II0, KAKO TIOTOJIHH KapaKTePUCTUKH. 3apaiyl MOKaKaHUTe MO3UTHBHU
0cOOWMHM Ha Pa3MYHK JIOKAIWTETH BO OBa McmuTyBame, coptute Halilbey, Gala u Gonen moxe ycmemHo ga 6umar
BKJIIy4€HH BO MaKeJOHCKOTO OPHU30IPOU3BOACTBO.

Kayunu 36opoBu: Opu3; TeHOTHIT, HHTEpPAKIIMja TE€HOTHUIT X JIOKAIlUja; MPOAYKTHBHU CBOjCTBa; MOP(OIOIIKU
CBOjCTBa
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