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In this study, the experiment was carried out in a completely randomized
design to discover the diversity among 300 Ali Kazemi rice populations from
three provinces (ten populations) in the north of Iran using SPSS, Past, Graph
Pad, and Excel software. The studies were conducted based on 30
morphological traits. Quantitative traits, like panicle traits, grain length, 100-
grain weight, and number of spikelets, demonstrated high variation between
populations. Cluster and ordination analyses were performed on
morphological characters. The cluster analysis made it possible to divide the
Ali Kazemi rice into three sub-clusters of different geographical regions,
showing this local variety’s adaptability to the environment. Of the three
populations, Guilan appeared to be more variable than the Qazvin and Zanjan,
as variability was observed among populations for some characters, such as
awn length, number of spikelets, blade length, and panicle traits between
populations. GLNO1 had the highest and shortest average plant height
(1185.60 mm). The populations of Guilan also had the longest leaf blade and
stem length. The highest value for grain size was also recorded from the
Guilan populations. For the ten Ali Kazemi rice populations, the ordinal
analysis revealed the traits that cause the greatest variation between
populations. Highly significant correlations were found between awn length
and traits such as grain length (r = 0.395), panicle length (r = 0.477), panicle
weight (r = 0.349), and 100-grain weight (r = 0.440). The highest correlation
was between the number of spikelets and some traits, such as plant height,
leaf length, culm outer diameter, number of tillers, and panicle traits,
indicating that a selection advantage for panicle traits occurs mainly for
quantitative traits. Overall, the data collected in the present study could have
valuable implications for improving Ali Kazemi rice cultivars in farmers'
fields.
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Introduction

and Ishizaki, 1997; Rivai et al., 1990). This crop
is grown in at least 114 countries and grows up

Rice is the second most important cereal after
wheat and provides more than two billion people
with 60-70% of their daily energy needs,
especially in Asia (FAO, 2008). The daily
consumption of rice in Asian countries varies
between 158 and 178 grams per day (Nogawa

to an altitude of 4,750 meters above sea level
(Sharif et al., 2013; International Rice Research
Institute, 2017). Rice is also the second most
consumed food by the Iranian population. In
Iran, most rice is grown in the provinces of
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Guilan and Mazandaran (northern Iran), which
supply 75% of the country's total rice
production. The major area of fields under
agriculture across different rice varieties belongs
to local and aromatic varieties such as Ali
Kazemi, which is characterized by the highest
values for plant height, panicle length, tillering
abilities, 100 g weight, and long awns (Jihad
Agriculture Organization of Mazandaran and
Guilan, 2018).

Morphological characteristics, especially
qualitative ones, are the most important step in
plant classification and description (Smith et al.,
1991). Many studies have been conducted on the
relationships and diversity of local rice varieties
by way of systematic sampling, using statistical
analysis of morphological traits (Oppong-
Sekyere et al., 2011; Afiukw et al., 2016;
Sorkheh et al., 2016). General phenotypic traits
such as plant and blade length, blade width,
number of tillers, panicle length, spikelets, grain
length, grain width, and 100-grain weight were
introduced (Ranawake et al., 2013).

Evaluation and characteristics of rice varieties
are of great importance due to the growing need
for varietal furtherance. The morphological
examination of rice genotypes from different
geographic regions indicated patterns of
character variation, like 100-grain weight and
number of spikelets. Besides, it was reported that
the size and shape of grain, as well as secondary
branching traits, showed the most diversity (Hien
et al., 2007). The morphological diversity of rice
has been analyzed in different studies (Patra &
Dhua, 2003).

Pearson's correlation (r) is the most common
method that measures the strength and direction
of the relationship between morphometric traits.
The maximum correlation among the
morphometric quantitative traits studied is linked
to the length and width of leaf, plant height,
panicle length, 100-grain weight, length and
width of grain, panicle exertion, panicle
secondary branching, the color of awn, grain
lemma, and palea color (Sinha and Mishra,
2013). There are strong positive relationships
between traits that are useful in improving yield,
such as length and weight of panicle, number of
grains and productive tillers per plant, and
biomass (Tanekar et al., 2008).
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Since panicle traits are utilized in estimating
yield and quality, the association of these
characters was quantified, and significant
associations, such as the number of spikelets,
number of tillers, and panicle length, were
demonstrated. In addition, extensive
morphological diversity of the panicle traits was
illustrated (Wu et al., 2016; Yamagishi et al.,
2003; Sasahara et al., 1985; Lei et al., 2018).
Local rice is important in agriculture because
developments in diversity depend on the
prevalence of genes that are likely to be extant
only in local varieties. Besides, morphological
traits were helpful for the initial assessment of
crop development programs and can be used to
assess genetic diversity among morphologically
recognizable rice populations (Sinha and Mishra,
2013). Therefore, the present study used traits
from Ali Kazemi rice samples collected from
three provinces in the North of Iran. To find out
the diversity among populations of Ali Kazemi
rice (O. sativa), this research also tried to show
the various patterns of traits and samples in
different geographical agricultural fields.

Materials and Methods
Field experiments and character evaluation

The plant material for this study comprised 300
Ali Kazemi rice (Oryza sativa L.) accessions
collected from ten Ali Kazemi cultivation areas
(five major farmlands of Guilan: Lakan, Fuman,
Sowme' eh Sara, and Lowshan), two areas in
Qazvin (Tarom, Sofla), and three productions in
Zanjan province (Zanjanrud) in the north of Iran
(Table 1 and Fig. 1). All specimen locations
were recorded wusing a handheld Global
Positioning System (GPS). In sampling at each
place, a distance of 20 meters was evaluated
between samples, and three samples were taken.
Voucher specimens were deposited in the
Herbarium of Islamic Azad University (IAUH)
(Table 1).

Morphological traits

Thirty morphological traits (22 quantitative and
eight qualitative) were objected to in evaluating
ten Ali Kazemi Rice populations. The traits were
classified into three categories: whole plant,
panicle traits, and grain characters.
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Fig. 1. Collection areas from local Ali Kazemi rice (Oryza sativa L.) specimens.

Table 1. Ali Kazemi rice (Oryza sativa L.) population list and their localities.

Populations  Code Locality Longitude Latitude Altitude  Voucher No.
Pop 1 GLNO1 Guilan; Lakan, Tekhsem 49°35'4.289" 37°10'13.478" 48 IAUH-1610
Pop 2 GLNO02  Guilan; Lakan, Siah Golvandan 49°29'53.383"  37°11'55.728" 18 IAUH-1611
Pop 3 GLNO03  Guilan; Fuman, Rud Pish 49°23'14.060"  37°14'2.213" 12 IAUH-1612
Pop 4 GLNO04  Guilan; Sowme' eh Sara, Fashkham 49°19'56.770"  37°17'4.866" 3 IAUH-1613
Pop 5 GLNO05  Guilan; 90 km from Qazvin to Guilan, Lowshan 49°27'44.687"  36°38'43.946" 310 IAUH-1616
Pop 6 QZNO01 Qazvin; 104 km from Qazvin to Guilan 49°23'23.665"  36°46'7.933" 256 IAUH-1614
Pop 7 QZNO02  Qazvin; Tarom Sofla, Khandan, Namakin 49°10'56.230"  36°45'45.505" 282 IAUH-1615
Pop 7 ZGNO1 Zanjan; 104 km from Zanjan to Tabriza, 47°53'32.671"  37°7'15.394" 1151 IAUH-1617
Zanjanrud, Chorouke Sofla
Pop 7 ZGNO2 Zanjan; 104 km from Zanjan to Tabriza, 47°53'28.771"  37°7'20.361" 1145 IAUH-1618
Zanjanrud, Chorouke Sofla
Pop 7 ZGNO03 Zanjan; 104 km from Zanjan to Tabriza, 47°5328.771"  37°7'19.668" 1150 IAUH-1619
Zanjanrud, Chorouke Sofla
Statistical analysis Results
The statl_stl_cal analyses _for the morphologlcal Morphological traits
characteristics were carried out using SPSS 26,
Past 4.17, and Excel software programs. The The quantitative traits varied from one

differences were calculated by one-way
ANOVA, and cluster analysis was carried out to
obtain a  dendrogram  indicating  the
morphological association of the Ali Kazemi rice
populations. Results are revealed as mean *
standard error observations (mean * SE).
Statistical significance was applied at the 5%
level (p< 0.05). Cluster analysis was done to
yield a dendrogram depicting the morphological
relatedness of the Ali Kazemi rice populations.
Correlation analyses were constructed using
Pearson’s correlation coefficient using the Graph
Pad Prism version 8.0 (Graph Pad Software Inc.,
San Diego, CA, USA).

13

population to another (Table 3). It was found that
Guilan populations were observed to have the
highest awn length, culm length, plant height,
grain length, 100-grain weight, panicle, and
panicle weight, while QZN02 was found to have
the shortest of them. Among the populations, the
highest blade length (504.10 mm) and awn
length (50.07 mm) were obtained for the GLNO1
population, in addition to the GLNO02 and
QZNO02 populations, which had the maximum
and minimum panicle weight (2.41 and 0.79 g,
respectively). The GLNO1 population showed
the highest variation for 100-grain weight, in
contrast to the lowest for grain width, which was
for the population of ZGNO1 (2.54 mm), and
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illustrated the same template for the length of the
glumes. The highest last internode length
(431.93 mm) was obtained for the GLNO02
population, and the lowest (296.93 and 293.82
mm) belonged to ZGNO1 and ZGNO02. It was
also observed that ZGNO2 had the lowest
amount of ligule length (10.43 mm); however,
there was no compelling difference among the
populations of Qazvin in ligule length. There

were no significant differences in the number of
internodes or primary branch numbers. In this
review, Guilan populations have the longest
awn, and Zanjan is in the second rank (Table 3).
The distribution of panicle traits was also high in
Guilan populations. The results revealed a
significant variation among the ten groups of Ali
Kazemi rice from various regions in the North of
Iran (Fig. 2).
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Fig. 2. Distributions of panicle and some morphological traits: Ten populations of Ali Kazemi rice divided by the
Guilan (GLNO01, GLNO02, GLNO03, GLN04 and GLNO05), Qazvin (QZNO01 and QZNO02) and Zanjan (ZGNO1,

ZGNO02 and ZGNO03).

According to the results, the length and color of
the awn conveyed great variability between
populations of provinces, so the populations
were divided into three groups. In Qazvin, it was
““Straw’’, whereas in Guilan, it was ‘‘Brown",
and in Zanjan, it was ‘‘Gold”’. Populations of
Guilan (GLNO03, GLN02, GLNO01, GLNO04, and
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GLNO5) presented the higher means, 50.07,
42.38, 37.12, 31.7, and 27.07 mm, respectively,
while populations of Qazvin (QZNO02 and
QZNO01) manifested the lower means for this
character (16.92 and 24.39 mm, respectively)
(Table 3).



1)

Table 3. Descriptive statistics in ten populations of Ali Kazemi rice for quantitative traits.

Pops Gl GW WG LG PL PW Ml RL MP EL

GLNO1 9.70+ 0.47 2.85+0.14 1.35+0.10 2.83+1.08 268.8+31.24 1.82+0.56 43.73+5.87 162.76+35.44 143.63+21.64 68.90+18.67
GLNO03 10.07+0.41 2.85+0.17 1.39+0.09 2.42+0.31 291.10+24.75 2.01+0.46 44.1345.42 185.23+27.21 137.47+15.88 74.62+13.97
GLNO04 9.96+ 0.40 2.67+0.16 1.32+0.10 2.69+0.43 272.3+17.47 1.96+0.48 42.7+ 4.53 174.37+20.31 139.70+11.84 84.65+15.98
GLNO05 9.71+0.39 2.67+0.17 1.19+0.17 2.57+0.71 245.93+13.93 1.85+0.32 36.13+5.28 145.13+16.70 129.90+14.76 33.96+19.95
QZNo01 9.53+ 0.34 2.61+0.15 1.10+0.06 2.18+0.37 263.4+17.87 1.79+0.23 40.93+5.37 166.57+14.67 130.17+11.93 102+21.78
QZN02 9.36+ 0.33 2.44+0.19 0.99+0.06 2.33+0.33 230.67+24.00 0.79+0.30 37.9+ 4.07 153.72+21.33 117.57+11.63 92.11+28.09
ZGNO01 9.51+0.32 2.54+0.16 1.14+0.12 2.15+0.35 251.45+18.22 1.71+0.39 39.7+6.35 162.03+20.48 135.6+15.76 29.89+12.30
ZGNO02 9.70+ 0.41 2.67+0.18 1.24+0.11 3.71+0.91 213.37+21.04 1.25+0.22 35.65+4.80 137.15+20.64 104.81+15.44 338.09+15.06
ZGNO03 9.65+ 0.52 2.69+0.15 1.32+0.22 3.91+0.68 256.57+33.74 2.30+0.53 42.7445.80 170.82+26.27 143.32+19.27 60.08+29.66
Total 9.72+ 0.45 2.67+0.20 1.25+0.17 2.73+0.85 261.11+35.26 1.80+0.60 40.69+5.87 166.54+29.38 133.70+20.11 69.22+31.45
Pops NS AL LL UL NT BL BW PH NI LI

GLNO1 75+ 13.07 37.12+10.24 13.60+2.40 908.70+147.41 17.22+3.10 504.10+85.49  7.78+1.23 1185.60 +156.98 4+ 3.57 389.43 +41.84
GLNO3 77.67+£13.96 50.07+11.44 12.90+2.13 1011.23+78.41 12.20+2.40 401.58+44.46 6.97+0.58 1283.47 £84.02 3.70+ 0.47 414.86 +26.01
GLNO04 84.60+15.80 31.70+9.97 14.59+1.73 964.20+65.22 15.30+3.55 437.534£61.78 6.64+0.44 1237.20 +66.90 3.63+0.49 422.93 +28.57
GLNO05 87.33+2.10 27.07+8.01 14.32+2.23 836.07+42.19 23.10+5.35 414.89£77.71  8.09+1.02 1091.13 +46.59 4+ 0.00 304 +21.18
QZNO01 81.93+5.52 23.72+7.69 13.98+2.19 941.80+77.49 19.20+6.20 393.58+29.08 7.51+0.82 1211.43 £77.05 4+ 0.00 400.23 +18.49
QZN02 62.48+0.00 16.91+5.53 13.38+2.05 859.97+87.23 12.31+2.22 380.36x72.67  7.39+0.49 1090.53 +93.60 4+0.00 365.33 £46.12
ZGNO1 89.37+15.29 24.56+9.39 15.56+2.47 896.90+76.57 20.80+10.34 414+46.13 7.86+1.29 1160.55 +88.70 3.83+0.38 296.93 £30.17
ZGNO02 56.54+11.01 21.93+9.52 10.43+2.60 695.64+77.94 7.20+2.17 305.11+22.21  5.42+0.76 913.37 £84.49 3.48+0.51 293.82 £37.76
ZGNO03 89.74+17.29 26.11+10.69 11.92+2.64 832.50+96.70 12.20+5.98 400.50£32.10 8.72+1.37 1094.43 £132.29 3.7+ 0.53 342.57 £47.08
Total 79.62+17.55 30.16+13.19 13.70+2.53 904.76+133.45 15.50+6.78 419.014£77.72  7.45%1.20 1168.66 +155.41 3.79+ 041 366.41 +61.44

Note: GLNOL: Tekhsem; GLNO2: Siah Golvandan; GLNO3: Fuman; GLNO04: Sowme' eh Sara; GLNO5: Lowshan; QZNO01: Qazvin to Guilan; QZN02: Tarom Sofla; ZGNO01.:
Zanjanrud; ZGNO02: Zanjanrud; ZGNO03: Zanjanrud. NS: Number of spikelets per panicle; AL: Awn Length; LL: Ligule Length; UL: Culm Length; CD: Culm Outer diameter; NT:
Number of tillers; BL: Blade length; BW: Blade width; PH: Plant height; NI: Number of Internodes; LI: Last Internode Length; GL: Grain length; GW: Grain width; WG: 100grain
Weight; LG: Length of glumes; PL: Panicle Length; PW: Panicle Weight; PN: Primary branch number; MI: Max internode length; RL: Rachis length; MP: Max primary branch
length; EL: Exsertion length.
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For the other traits, such as blade width, GLNO1
and GLNO5 had the highest among the Guilan
populations (504.1 and 8.09 mm, respectively).
Moreover, the population of GLNO5 (Lowshan),
which is located between Guilan and Qazvin,
showed a middle range of values between
populations of Qazvin and Guilan in many traits;
for instance, awn length, last internode length,
grain length, and width, panicle length and
panicle weight, maximum internode length,
rachis length, and max primary branch length
(Table 3).

Cluster and ordination analyses

Two main groups were formed in the cluster
analysis (Ward method phenogram of
morphological characters): Group A and B. The
subgroups Al and A2 mainly comprised
populations from the Guilan region (GLNO02,
GLNO4, GLNO03, GLNO1, and GLNO05),
respectively. These populations displayed the
longest awn length, long culm length, plant
height, longest and widest grain, and longest
panicle length (Fig. 3A). Cluster B comprised
two populations from Qazvin and Zanjan; they
have short awn, short culm, short plant, short
panicle, and small grain size. The Qazvin
populations (QZNO01 and QZNO02), placed in
subgroup B1, displayed the shortest awn,
shortest blade, smallest grain size, and shortest
value for 100-grain weight. B2 comprises Zanjan
populations (ZGN01, ZGNO02, and ZGNO03) with
the shortest ligule, longest glumes, and shortest
last internode. They are separated from the
Qazvin group in awn length, blade length, length
of glumes, grain size, and 100-grain weight,
which is higher in Zanjan populations but not in
culm length, culm outer diameter, plant height,
and last internode length (Fig. 3A). In ordination
analysis, PCA phenogram of morphology
characters shows mostly a similar pattern of
results with Ward method phenogram and
populations of three provinces divided from each
other. Separated characters of the populations are
the number of spikelets, blade width, plant
height, panicle length, length of glumes, grain
length, grain width, 100-grain weight, awn
length, primary branch number, and panicle
weight, which show high diversity in ten
populations of Ali Kazemi rice (Fig. 3A). Scree
test illustrated the maximum variance of the total
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amount explained by PCA 1 about 43.41% (Fig.
3B).

Correlation analysis

The phenotypic correlation coefficients among
the 30 morphological characters of the Ali
Kazemi rice populations are shown in Fig. 4. In
the present review, culm length (mm) and
panicle length (mm) were positively correlated (r
= 0.640). In short, the higher plants always
showed longer awn (r = 0.379), number of
spikelets (r = 0.317), longer last internode (r =
0.703), thicker culm (r = 0.240), and longer
blade (r = 0.370), higher for 100-grain weight (r
= 0.177) and panicle weight (r = 0.362), but low
for the length of glumes (r = -0.334). The
correlation coefficients of the samples were
demonstrated along with their grain traits: grain
length and grain width (r = 0.176). Characters
that show a most remarkable correlation with
these two traits were positively correlated with
length of grain, awn, and culm (r = 0.208 and
0.395, respectively), and also grain width with
awn length (r = 0). .311), awn color (r = 0.429),
and hulls color (r = 0.353), respectively. For the
relationship between ligule lengths and grain
traits, such as awn length (mm), awn color, 100-
grain weight, and length of glumes, an
appreciably negative association was found;
however, this association is significantly positive
with the number of spikelets, plant height, and
blade length (mm). A strong positive association
was found between the length of the glumes and
100-grain weight (r = 0.253). In comparison, a
remarkably negative relationship was found
between the length of glumes (mm) and a set of
data like culm length (r = -0.334), last internode
length (r = -0.217), panicle length (r = -0.174),
primary branch number (r = -0.248), exsertion
length (r = -0.223), and number of tillers (r = -
0.252). The correlation analysis revealed positive
associations between some traits, independent of
the panicle traits, such as panicle length, panicle
weight, number of primary branches, maximum
internode length, rachis length, maximum
primary branch length, and exsertion length (Fig.
4). According to the results of analysis, a
significantly positive association between
panicle traits and grain traits (grain length
and 100-grain weight) was revealed.
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Fig. 3. A) PCA and B) scree plot of morphology characters and separated characters the populations of Ali Kazemi
rice: Populations abbreviations: GLNO1= Tekhsem, GLN02= Siah Golvandan, GLNO3= Fuman, GLN04= Sowme'
eh Sara, GLNO5= Lowshan, QZN01= Qazvin to Guilan, QZN02= Tarom Sofla, ZGN01= Zanjanrud, ZGN02=
Zanjanrud, ZGNO3= Zanjanrud, Characters abbreviations: NS= Number of Spikelets, AL= Awn Length, AC= Awn
Color, LL= Ligule Length, UL= Culm Length, BL= Blade Length, PH= Plant Height, NI= Number of Internodes,
LI= Last Internode Length, GW= Grain width, WG= 100grain Weight, LG= Length of Glumes, PL= Panicle
Length, PW= Panicle Weight, HC= Hulls Color, PN= Culm OQuter diameter, MI= Max internode length, RL=

Rachis length, MP= Max primary branch length.

Discussion

In the present study, the value of the ten Ali
Kazemi rice groups from Iran was investigated
in terms of phenotypic diversity and the
dissection of morphological traits contributing to
variability.  This seems to be consistent with
what was indicated in previous research (Yawen
et al, 2003; Chakravorty et al., 2013;
Mangosongo et al.,, 2019). Traits for plant
height, tillering ability, and panicle phenotypes
such as total grain weight, grain number, and
grain size led the most to morphometric diversity
and intimated distinct distributions among
populations of rice, which is compatible with the
earlier results (Sakamoto & Matsuoka, 2008;
Ikeda et al., 2004; Kobayashi et al., 2003; Li et
al., 2003; Crowell et al., 2016). In the current
analysis, awn length, grain length, and 100-grain
weight had similar patterns (populations of
Guilan with the highest values); however, this
pattern was not seen regarding the number of
spikelets per panicle (populations of Zanjan
exposed with the highest values) (Table 3). It
appears that an increase in the number of
spikelets is affected by increasing leaf area or
photosynthesis sources, which are related to
blade length and blade width traits. However,
ecological and cultural factors influence plant
height and the number of grains per panicle. This
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finding is supported by Saif-Ur-Raisheed et al.
(2002) and Ghosh et al. (2004). Cluster analysis
successfully classified samples into two main
clusters based on morphological characteristics
(Fig. 3A). The fact that populations mostly
varied in panicle weight, 100-grain weight,
number of spikelets, color, and length of awn
may indicate the highest variation, and there
were effective and grouped genotypes, indicating
the reliability of the classification. Related
findings were revealed by earlier research
studies in rice for various morphological traits
(Sarwar et al., 2015; Babajanpour et al., 2018;
Islam et al., 2018). It should be noted that grain
length and width determine the grain shape,
which is a flavor preference characteristic for
consumers. It has been shown that there is a
positive relationship between traits such as awn
length and grain length, number of spikelets with
plant height, panicle traits, and length of glumes
with grain weight and width, along with other
reports (Bessho-Uehara et al., 2016; Zhang et al.,
2019; Wang et al., 2018; Sun et al., 2016;
Akram et al., 1982; Eidi Kohnaki et al., 2013;
Ranawake et al., 2013; Huang et al., 2017,
Wang et al., 2017; Guo et al., 2020a). Chen et
al. (2021) revealed the various biochemical
pathways involved in grain weight, leading to
expanded glume cells and, finally, increased
grain weight.
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Fig. 4. Heatmap illustrated Pearson’s correlation coefficients between ten populations of Ali Kazemi rice: NS=
Number of Spikelets, AP= Awn Presence, AL= Awn Length, AC= Awn Color, LL= Ligule Length, ML= Marginal
of Ligule, UL= Culm Length, BL= Blade Length, BW= Blade Width, PH= Plant Height, NI= Number of
Internodes, LI= Last Internode Length, GC= Grain color, GL= Grain length, GW= Grain width, WG= 100grain
Weight, LG= Length of Glumes, CG= Color of Glumes, PL= Panicle Length, PT= Panicle Type, PF= Panicle
Form, PW= Panicle Weight, HC= Hulls Color, CD= Culm Outer diameter, PN= Culm Outer diameter, MI= Max
internode length, RL= Rachis length, MP= Max primary branch length, EL= Exsertion length, NT= Number of

Tillers.

Ordination analysis showed the separated
characters of ten Ali Kazemi rice populations—
the traits that cause the most variation among
populations. Separated characters of the ten
populations are the number of spikelets, awn
color, length of glumes, grain width, 100-grain
weight, awn length, culm outer diameter, number
of internodes, and ligule length (Fig. 3A). The
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results of PCA indicated that traits such as
number of spikelets, awn color, length of
glumes, grain width, 100-grain weight, awn

length, culm outer diameter, number of
internodes, and ligule length were the most
important  discriminating traits (Fig. 3A).

Together with other rice diversity studies, PCA
would allow the selection of desirable
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recombinants for different traits (Govintharaj et
al., 2018). This clarification of the relative value
of the traits could thus be a reliable guide for
formulating an effective selection strategy for
further rice improvement programs.
Additionally, a positive correlation was obtained
between 100-grain weight and panicle length,
panicle weight, max internode length, rachis
length, and max primary branch length (Fig. 4)
(Xu et al.,, 2002; Sakamoto and Matsuoka,
2008). Positive associations were also observed
between traits such as culm length, panicle
length, and primary branch number (r = 0.240,
0.243, and 0.228, respectively) (Chakravorty et
al., 2013). Counting them all and the variables of
morphological  characters  between  these
populations is important to farmers, especially to
spread risk during critical unpredictable climate
changes such as dehydration and the global
warming phenomenon. This clustering pattern
will help formulate conventional breeding
strategies for crop advancement. Moreover, with
the relatively high diversity of Ali Kazemi rice
characters in the cultivation areas that are not
limited to the north of Iran, such as Qazvin and
Zanjan, it is possible to cultivate it in other
provinces with similar climatic conditions, and it
is better to include this favorable traditional rice
in the future research program of this favorable
traditional rice.

Conclusion

The clearest finding obtained from this study is
significant statistical differences between all ten
examined populations of Ali Kazemi rice in
terms of morphological characteristics. Most of
them were related to each other. Cluster analysis
of the traits placed all ten populations into three
groups (Fig. 3A). Notable differences were
observed in all 30 morphological characters,
confirming the existence of diversity among 300
Ali  Kazemi rice accession samples. The
characters showed variabilities, such as plant
height, culm length, blade length, awn color,
awn length, and panicle length. Of course,
separated characteristics of ten Ali Kazemi rice
populations, such as length of glumes, grain
width, 100grain weight, awn length, culm outer
diameter, number of internodes, and ligule
length, showed variability —among ten
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populations, which separated them from each
other.

Correlations among all morphological traits were
significant, especially among panicle traits,
encouraging rapid improvement in yield. As the
results showed, the superiority of selection
would be suggested for quantitative and panicle
traits in our collection. These primitive data can
be used for future breeding enhancement
programs in traditional rice cultivars.

The diversity of Ali Kazemi rice traits denoted a
relatively high level of variation among the 30
traits studied. It can be concluded that Ali
Kazemi has become a very diverse traditional
variety in different growing areas due to the use
of self-seeding and possibly physical mixing of
seeds of different varieties and, thus,
recombination between them. Consequently, it is
recommended that these accessions be preserved
in the lIranian rice gene bank and use their
advantageous  characteristics in  breeding
programs. This variety is also recommended to
be purified to provide farmers with pure seeds of
the best accessions.
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