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Abstract

The study was conducted to examine the phenotypic characteristics of rice
(Oryza sativa L.) and to study their variability. The experiment was carried out in a
randomized block system with 53 rice genotypes in three replications, with a plot
size of 3 m2 during the 2022 vegetative year. From each genotype, 10 plants were
randomly selected, and 9 phenotypic traits were examined for each of them. The
influence of genotypes is highly significant for all analysed traits: plant height, stem
height, panicle length, panicle weight, the number of filled grains in a panicle, the
number of unfilled grains in a panicle, the weight of filled grains, the weight of
unfiled grains, and the number of primary branches per panicle. The obtained results
were statistically analysed by ANOVA and were tested with the LSD test, with a
probability of 0.001. GN-104 showed the highest value for the panicle length (20.25
cm), the highest total number of grains (131), as well as the highest number of filled
grains (106.7). GN-119 had maximum values for the panicle weight (3.79 g) and the
number of filled grains (3.43), along with GN-102 (3.49). GN-152 had above
average values for all positive traits but belongs to tall genotypes. GN-153 had the
lowest weight per panicle (1.29 g), the lowest number of filled grains per panicle
(40.47), and the lowest weight of filled grains (1.10 g), while GN-103 had the lowest
number of unfilled grains per panicle. Also, the obtained results have shown that
there is phenotypic variation among genotypes for these traits. This wide phenotypic
variation can be used in rice breeding programs, i.e., crossing genotypes with desired
traits.
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Introduction

Phenotypic characterization of rice genotypes is a good approach to
assessing genetic and phenotypic variability among cultivars and is crucial in its
assessment (Kioko et al., 2015). The height of the plant in the rice crop is of
particular importance. According to the height of plants, varieties are divided into
three categories: semi-dwarf (<110 cm), medium (110-130 cm), and tall (>130
cm) (International Rice Research Institute [IRRI], 2002). Tall plants are not
desirable for cultivation as they are sensitive to lodging and thus will cause
reduced grain yield (Shahidullah et al., 2009). In the production of rice in North
Macedonia, taller rice varieties have dominated over the years (Andreevska et
al., 2012; Andov et al., 2012; 2017). Despite their ability for high yield, they
were not suitable for intensive production, mostly due to their susceptibility to
lodging, mostly when using high doses of inorganic fertilizers (Simeonovska et
al., 2019). Also, the level of lodging and the degree of complexity of harvesting
is highly correlated with the height of the plant (Bhadru et al., 2011). The panicle
length is one of the traits to which yield is attributed - this important trait has
been regularly studied in North Macedonia (Andreevska et al., 2012; Andov et
al., 2012; 2017). Rice plants with long panicles potentially have a high total grain
number and high yield, as there is a positive correlation between the panicle
length and the number of grains per panicle (Haryanto et al., 2008), and the 1000
grain weight (Akinwale et al., 2011).

Haryanto et al. (2008) and Hossain et al. (2005) reported that, in addition
to the panicle length and the 1000 grain weight, a high total number of grains per
panicle also increased rice yield. The grain yield is also determined by the
number of panicles per unit area, the number of grains in a panicle, the weight
and quality of the grains. In rice, there is maximum variation in the number of
grains per panicle (Chauhan et al., 1989; Xu et al., 2004; Mei et al., 2006). The
difference between the number of grains per panicle and the number of unfilled
grains per panicle is thought to be caused by the genetic influence of each
genotype. But, apart from genetic influences, environmental factors also affect
the number of grains in a panicle and the number of unfilled grains in a panicle
(Sadimantara et al., 2018; Espino, 2014). The denser the sowing assembly, the
lower the number of grains in panicles. The number of grains per panicle is
determined during panicle differentiation. Sparser sowing assembly will
encourage the formation of more grains in a panicle, as well as an increased
tillering. A rice plant with sparser sowing assembly will not be able to produce
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enough grains per panicle to compensate low panicle vigour because of the
genetic limitation. The percentage of filled grains in a panicle can depend on
several factors. Temperatures above 40°C during flowering can dry out the pollen
tube and cause empty, i.e., unfilled grains. Flower sterility occurs when
developing pollen grains are exposed to night time temperatures < 13°C for
several hours. Pollen is sensitive to low temperatures about 7-10 days after
panicle initiation (Leinfelder-Miles et al., 2014). Other factors that can reduce
the percentage of filled grains are excess nitrogen, rice panicle blast disease
(Pyricularia oryza), and paddy swarming caterpillars (Spodoptera mauritia) that
feed on developing grains. The grain weight is relatively constant; it cannot be
increased to compensate for small panicles and weak production of side shoots,
i.e., tillering. On the other hand, the weight of the grain can be negatively affected
by the premature discharge of water from the plot before harvest. Li et al. (2010)
presented the grain weight as one of the most important traits that improves
variability.

The panicle structure in rice has long been a key target in rice breeding and
includes the following organs: the panicle base (neck), primary and secondary
branches (lkeda et al., 2010). Each node on the main panicle axis gives rise to
primary branches which in turn bear secondary branches. Primary branches may
be arranged or in pairs (IRRI, 2002). Panicle branching patterns, which are
mainly governed by the number of primary and secondary branches, directly
determine the total number of grains. However, the improvement in grain
productivity by increasing panicle branching is limited, as the panicle and the
primary branches lengths are invariant. A few high-yield rice genotypes tend to
have longer primary branches and produce more secondary branches, compared
to standard genotypes. Therefore, the length of the panicle and the length of the
primary branches affect the total number of grains and the productivity of rice
(Agata et al., 2020).

The aim of this research is to examine the genetic diversity of 53 rice
genotypes for several traits using phenotypic characterization. The obtained
results will be used for proper conservation of these valuable genetic resources
and their further introduction in the rice breeding programs.

Material and Methods

The experiment was carried out in the experimental field of the Ss. Cyril
and Methodius University in Skopje, Agricultural Institute - Skopje, North
Macedonia during the 2022 vegetative year. It was set up in a randomized block
system with 53 rice genotypes in three replications, with a plot size of 3 m2.
From each genotype, 10 plants were randomly selected, and nine phenotypic
characteristics were examined for each of them (plant height - PH, stem height -
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SH, panicle length - PL, panicle weight - PW, the number of filled grains per
panicle - NFG, the number of unfilled grains per panicle - NUG, the weight of
filled grains - WFG, the weight of unfilled grains - WUG, and the number of
primary branches per panicle - NPB). The plant height was measured with a ruler
from the soil surface to the tip of the panicle at full grain maturity. The panicle
length was measured with a ruler from the base of the panicle to its top. The
height of the stem was obtained by the difference between the height of the plant
and the length of the panicle. The panicle weight was measured on a laboratory
analytical balance after the harvesting season, after several weeks of moisture
stabilization at room temperature tin the laboratory. The number of primary
branches in a panicle was determined by counting them. In conducting the field
experiment, standard agricultural techniques were applied. To observe
differences in the analysed traits between the genotypes included in this research,
as well as their relationship, the obtained results were processed statistically by
using the analysis of variance and tested with the LSD test, with a probability of
0.001.

Results and Discussion

The analysis of variance for the phenotypic traits examined in the rice
genotypes is shown in Table 1. It can be noted that the influence of genotypes is
highly significant for all 9 tested traits: the plant height, the stem height, the
panicle length, the panicle weight, the number of filled grains per panicle, the
number of unfilled grains per panicle, the weight of filled grains, the weight of
filled grains, and the number of primary branches per panicle. This indicates that
there is phenotypic variation among the genotypes for these traits.

Tab. 1 Analysis of variance of the traits studied in 53 rice genotypes

F Df SH PL PH PW NFG NUG WFG WUG NPB

R 2 57 1.832 76.2 0.3875 2119 68.87 0.2981 0.0006 2.360

G 52 659" 14.648" 813.0° 1.1585" 785.7" 148.29" 1.0477" 0.0258" 7.772"

E 104 209 0.804 26.4 0.1702 111.0 24.02 0.1394 0.0041 1.599
F - Factors, R - Repetitions, G - Genotypes, E - Error, Df - Degrees of freedom, *shows significance at
the 0.001 level

The average values of the 53 rice genotypes examined are presented in
Table 2. From the obtained results, the height of the plants ranged from 66 cm
(GN-122) to 142 cm (GN-152). According to the IRRI categorization, 44 rice
genotypes examined in this paper were semi-dwarf (66-109 cm), eight genotypes
were medium height (112-122 cm), and one was a tall genotype (142 cm). The
results for the height of the semi-dwarf genotypes agree with those investigated
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by Mosaad (2012) and Castro et al. (2003), while Javed et al. (2015) obtained
similar results for the height of tall genotypes. The length of panicles in the
studied genotypes ranged from 11 cm (GN-138) to 20.25 cm (GN-104) and is in
agreement with the studies of Javed et al. (2015). Panicle weight values ranged
from 1.29 g (GN-153) to 3.79 g (GN-119).

The average total number of grains per panicle was 87. Espino (2014)
obtained similar results for California rice varieties, which typically produced
70-100 grains per panicle. The number of filled grains in a panicle ranged from
40.47 (GN-153) to 106.70 (GN-104), and the weight of filled grains in a panicle
from 1.10 g (GN-153) to 3.49 (GN-102). The percentage of unfilled grains varied
between the genotypes and ranged from 0.6% (GN-128) to 3.8% (GN-145),
while the weight of unfilled grains per panicle ranged from 0.15 (GN-103 t0 0.70
(GN-121). The number of primary branches also affects the number and the total
weight of grains in a panicle. The average number of primary branches per
panicle in all studied genotypes was 9.89.

Tab. 2 Mean performance of 53 rice genotypes based on different phenotypic traits

Genotypes SH (cm) PL (cm) PH (cm) PW(g) NFG NUG WFG(g) WUG (g) NPB
GN-101 87.77 16.37 104 3.38 7127 1843 3.03 0.35 10.00

GN-102 8963 16.70 106 3.73 89.70 11.97 3.49 0.25 10.27
GN-103 81.83 15.63 97 199 5890 853 1.88 015 1043

GN-104 9453 20.25 115 3.44  106.70 24.03 3.11 033 1147
GN-105 91.13 17.93 109 3.33 83.17 24.87 2.97 036 1243
GN-106 9450 18.67 113 3.29 82.37 17.10 2.96 033 11.90
GN-107 101.10 16.33 117 3.04 90.87 1253 2.72 0.32 9.40
GN-108 95.93 16.53 112 2.90 93.30 10.43 2.58 0.32 9.50
GN-109 90.70 16.03 107 3.29 7190 13.97 2.94 0.35 8.87
GN-110 8223 17.33 100 3.30 79.00 16.03 2.97 0.36  10.53
GN-111 8570 16.43 102 281 7280 12.07 2.58 0.23 8.97
GN-112  88.77 16.83 106 3.02 73.00 19.30 2.75 0.27 9.13
GN-113  83.87 1555 99 2.98 8150 10.60 2.76 021  10.47

GN-114 9447 17.63 112 2.44 63.53 13.10 2.21 0.23 8.37
GN-115 60.88 14.57 75 1.84 59.33  20.57 1.60 0.24 8.67
GN-116  96.17 16.07 112 281 88.10 24.80 2.47 0.33  10.70

GN-117  67.27 11.88 79 1.88 65.20 28.03 1.55 033 10.13
GN-118 9140 17.63 109 2.65 81.30 1357 2.34 036  10.20
GN-119 98.80 17.60 116 3.79  105.67 24.37 3.43 036  11.23
GN-120 80.27 14.60 95 3.11 79.23 20.10 2.84 027 1113
GN-121  79.93 1443 94 2.37 79.10 28.10 2.00 0.70  11.50
GN-122  51.73 14.13 66 1.61 49.80 21.80 1.39 022 1263
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GN-123 7120 11.80 83 2.23 6430 9.43 2.02 0.21 9.17
GN-124  93.23 16.03 109 2.75 69.33 7.30 2.49 0.26 9.63
GN-125 91.10 15.93 107 3.07 7167 1517 2.69 038 1177
GN-126  90.00 15.60 106 2.65 63.60 10.70 2.36 0.28 8.40
GN-127 73.80 14.80 89 2.79 66.30 11.93 2.39 0.47 9.27
GN128 66.10 11.97 78 1.96 4520 5.00 1.72 0.25 7.07
GN-129  74.67 14.73 89 2.35 64.57 1187 2.04 0.31 9.13
GN-130 72.10 11.93 84 2.75 81.10 1853 242 0.33  10.40
GN-131 8253 13.83 96 1.94 4730 21.50 1.70 0.24 7.67
GN-132  77.83 14.63 92 1.94 48.73  22.60 1.65 0.29 9.07
GN-133  71.07 11.13 82 2.08 52.63 15.67 1.81 0.27 8.37
GN-134 7270 11.33 84 2.32 7177 1250 2.13 0.19 8.73
GN-135 63.20 14.52 78 3.34 88.13 32.63 2.87 047 1337
GN-136  80.03 13.45 93 1.99 60.17 12.67 1.81 0.18 9.03
GN-137 7548 11.37 87 2.09 66.87 14.73 1.93 0.16 9.90
GN-138 70.80 11.00 82 2.12 71.07 16.87 1.95 0.17 11.20
GN-139 53.85 12.25 66 1.62 51.73  30.07 1.37 0.25 9.90
GN-140 7857 14.18 93 293 67.83 1533 2.57 0.36 9.03
GN-141 7443 1298 87 2.71 7783 22.30 2.32 0.39  10.50
GN-142  61.52 16.32 78 2.65 65.70 19.13 2.26 0.39 8.57
GN-143 9347 15.00 108 2.46 58.83  15.90 2.16 0.30 8.67
GN-144  66.23 14.10 80 1.64 36.70 13.17 1.36 0.29 7.40
GN-145 55.03 12.10 67 1.62 5043 3427 1.27 0.35 9.90
GN-146  56.13 12.28 68 2.06 79.70  10.23 1.84 022  10.50
GN-147 105.40 17.00 122 2.78 4740 8.43 1.82 0.25 6.97
GN-148 9253 15.63 108 3.22 82.73  13.97 2.92 0.30 9.50
GN-149 6457 16.48 81 2.89 68.47  8.50 2.50 0.40 8.37
GN-150 63.67 13.40 77 2.96 83.37 11.87 2.64 032 1173
GN-151  64.03 14.08 78 1.70 4953 33.93 141 0.29  10.00
GN-152 12287 19.12 142 341  100.00 14.73 3.09 032 1533
GN-153  90.50 15.32 106 1.29 40.47 20.20 1.10 0.19 7.60

CV% 0.19 0.15 0.17 0.24 0.23 0.42 0.26 0.31 0.16
Min 51.73 11.00 66.00 1.29 40.47  5.00 1.10 0.15 6.97
Max 122.87 2025 14200 3.79 106.7 34.27 3.49 0.70  15.33
Mean 80.18 1494 95.29 2.58 70.15 17.06 2.27 0.30 9.89
SD 1490 223 1644 0.62 16.34 7.10 0.59 0.09 1.62
LSD (0.05) 1.03 0.20 1.16 0.09 2.37 1.10 0.08 0.01 0.28
SH - stem height, PL - panicle length, PH - plant height, PW - panicle weight, NFG - number of filled
grains per panicle, NUG - number of unfilled grains per panicle, WFG - weight of filled grains, WUG

- weight of unfilled grains, and NPB - number of primary branches per panicle. CV% - Coefficient of
variation, Min - minimum, Max - maximum, SD - standard deviation.

52 Mitrushev et al.



Conclusion

From the obtained results it can be concluded that there are significant
variations for all investigated traits among the genotypes. GN-119 and GN-102
had the highest values for the panicle weight and the filled grain weight. GN-104
was the genotype with the longest panicle and the highest total number of grains.
GN-128 had the lowest number of unfilled grains per panicle, while GN-103,
GN-137, and GN-138 had the lowest weight of unfilled grains. GN-152 had
values above the average for all positive traits except for the high plant height
which is generally a negative trait in rice production. The phenotypic analysis
performed in this study can serve as a basis for additional research included in
rice selection programs, i.e., hybridization of genotypes with desired traits.
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deHOTHUIICKA KapaKTepu3allija Pa3IHdUTHX TCHOTHIIOBA
nupunya (Oryza sativa L.)

MBo Murpyes?, bpankuna CraceBal, Mupjana Jankynoscka?,

Januna Angpeesckal, Jloope Anmos!

Y Vuueepsumem Cs. Fupuno u Memoouje y Cxonsmwy, Ilomonpuspeonu uncmumym,
Ckonme, Cjesepna Makedonuja
2 Vuusepsumem Ce. Hupuno u Memoduje y Cxonswy, Daxyimem 3a nomonpuspeone Hayke
u xpany, Cronmwe, Cjegepna Maxeoonuja

Caxerak

Crynuja je cipoBe[ieHa paay UCIHTHBama (PEHOTUTICKUX KapakTepucTrka ruprada (Oryza
sativa L.) u mpoydaBama FHHXOBE BapHjabHIHOCTH. EKCIEPHMEHT je W3BEICH Y
PaHIOMH30BaHOM OJIOK CHCTeMY ca 53 reHOTHIIa TUPHUHYA Y TPU OHAaBJbaka, Ca IOBPLIINHOM
oz 3 m? TokoMm BeretatuiHe 2022. ropune. M3 cBaKOr reHOTHIIA HACYMHUYHO je ofabparo 10
Omwbaka, a 3a CBaKy je UCIHUTAHO 9 (PEHOTUIICKUX OCOOMHA. YTHIId] TCHOTHIIOBA j¢ BeoMa
3HaYajaH 3a CBE aHaJM3MpaHe OCOOMHE: BHUCHHY OWJbKE, BUCHUHY CTaOJbHKE, IYXKHUHY
METJIHIE, Macy METIIHIE, OpOj HAIlyleHHUX 3pHA y METIMUH, OpOj HEHUCIYHEHUX 3pHa Y
METJIHIH, Macy HallylCHHX 3pHa, Macy HEIYHHUX 3pHa 1 Opoj MpUMapHHUX TpaHa 10 METJINIIH.
JloOmjeHn pe3ynTaTth Cy CTaTUCTHIKU aHanmm3upanud mMeronoM ANOVA u tectupanu LSD
TecToM, ca BepoBaTHohom o 0,001. 'H-104 je moka3ao HajBehy BpeIHOCT Ty>KUHE METIIHIIC
(20,25 cm), HajBehn ykyman Opoj 3pHa (131), kao u HajBehn Opoj HanymeHux 3pHA (106,7).
I'H-119 uma MakcuMaHe BpeTHOCTH 32 TexHHY MeTinie (3,79 g) u Opoj HaIymeHUX 3pHa
(3,43), 3ajenno ca 'H-102 (3,49). [H-152 uma u3HaAIpOCEYHE BPEAHOCTH 32 CBE TO3UTHBHE
oco0uHe, aly Npunaaa BUICOKUM reHotunoBumMa. ['H-153 uMa HajMamwy TeXHHY 10 METIIUIN
(1,29 g), HajMamu Opoj HamymeHux 3pHa nmo Mmemmiu (40,47) ¥ HajMamby TEXUHY
HanymweHux 3pHa (1,10 g), nok 'H-103 nma HajMabu Opoj HEHAYHCHUX 3pHA 110 METIIHIIH.
Takohe, moOuWjeHM pe3ynaTaTH TMOKa3yjy Ha TMocToju (EHOTHUIICKa Bapujanuja mehy
TEeHOTHIIOBMMA 3a oBe ocobmHe. Illupoka (heHOTHIICKa BapHjanyja ce MOXXe KOPHCTHTH Y
nporpamMuMa OIUIeMEHhHBaka MHPHHYA, OJHOCHO YKPIITamka TEHOTHIIOBA Ca JKEJbEHUM
ocobuHama.

Kwyune pujeuu: BucuHa Owibaka, Maca METIHMIE, OpOj HAYHEHNUX 3pHa Y METIHIH,
HpUMapHE TpaHe, JbYIITEHH TMPHHAY.
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