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ABSTRACT

Introduction: Plant roots are important in minimizing the yield gap and underpinning the second green revolution that must meet human
food demand. This hidden half of the plant is a conduit for resource uptake from the soil. It is logically a valuable target in breeding to
improve crop productivity in nutrient-deficient soils. The continuous breeding of shoots in the past decades has ignored the root's
phenotypic, morphological and anatomical diversity despite the available genetic resources. However, the changes in root characteristics
according to their genetic background in rice have not been fully characterized. Few cultivars or stands with unknown genetic backgrounds
were used in the studies. This research aimed to investigate the phenotypic diversity of some root traits in rice genotypes, evaluating
correlations between root traits and grouping varieties based on root morphological traits.

Materials and methods: This research was conducted to evaluate the root characteristics and screen varieties with superior root traits at
Rice Research Institute of Iran (Rasht) in 2022. In this research, 40 genotypes, including local varieties and modified Iranian and exotic
genotypes, were grown in pots in a completely randomized design (CRD) with three replications. At the end of the rice growth period, root
traits including root length, root volume, root area, and root-to-shoot ratio, were measured. Statistical analysis was performed with SAS
software (9.4 version).

Results: The analysis of variance showed that the genotype effect was significant at the 1% probability level in root length, root volume,
root area, and root-to-shoot ratio. The mean comparison results showed that the Kapa genotype had the largest root length (53.7 cm), the
Avangard genotype had the largest volume (92 cm3) and root area (245.9 cm2), and the Dijla genotype had the highest root-to-shoot ratio
(0.49). Cluster analysis placed the studied genotypes into three separate groups. The first group had values almost equal to the total average
of studied root traits. The second group had root volume and area lower than the total average and the third group had root volume and area
greater than the total average. Correlation evaluation between investigated root traits showed that root length positively and significantly
correlated with root area. A positive and significant correlation was observed between root volume, root area, and root-to-shoot ratio. The
root area also positively and significantly correlated with other studied traits.

Conclusion: The results of this study indicated the existence of diversity in root architectural traits in the evaluated genotypes. Based on
cluster analysis, the genotypes of the second group had root volume and area less than the total average, and the genotypes of the third group
had root area and volume greater than the total average. Therefore, genotypes of the third group of cluster analysis, such as the Avangard,
due to their larger root volume and area, are recommended for use as parents in breeding programs.
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Figure 1- Rice root (Gonzalez ef al., 2021)
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Table 1- Names and origin of the studied genotypes
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Origin Genotype Number Origin Genotype Number
Iraq Dijla 21 Iran Tarom 1
Iraq Ghadeer 22 Iran Hashemi 2
Iraq Sumer 23 Iran Gilaneh 3
Iraq BT7 24 Turkey Osmancik-97 4
Iraq HT1 25 Turkey Halilbey 5
Iraq C10 26 Turkey Cakmak 6
Iraq M1 27 Kyrgyzstan Kapa 7
Iraq Al6 28 Kyrgyzstan Ak-ypyk 8
Iraq D3 29 Uzbekistan Hikkan Hasimi 9
Afghanistan Shalawangi 30 Uzbekistan Okean 10
Afghanistan Atai-1 31 Uzbekistan Avangard 11
Afghanistan Shisham Bagh-2014 32 Uzbekistan Xazaz Hazar 12
Afghanistan Sela-Zodras 33 Azerbaijan Mustakillik 13
Afghanistan Jalal Abad Indica-2014 34 Azerbaijan Tarona 14
Kazakhstan Marjan 35 Azerbaijan Iskander 15
Kazakhstan V20-8-2 36 Azerbaijan Tantana 16
Kazakhstan QazNIIR-7 37 Azerbaijan Labypma 17
Kazakhstan (V20-48 (awn 38 Iraq Anber33 18
Kazakhstan Syl Sulu 39 Iraq Mishkabl 19
Kazakhstan V20-53-2-2 40 Iraq Mishkab?2 20
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Table 2- Soil chemical properties of the studied pots before cultivation
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Table 3- Variance analysis for studied root traits in rice genotypes
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Root Length  Root Volume Root Area Root/Shoot
w55 39 39.41%* 880.16%*  2530.81** 0.0158**
Genotype
Uas
80 8.24 223.61 511.98 0.0037
Error
Sl ey 6.15 23.17 11.73 20.36
CcVv

oy S Jlaisl mhaws jo o pxe 7
**: Significant at the 1 % probability level.

CASE o 5 10 15 20 25
Label Nurm

Gilaneh 3

Mishkab2 20
Sumer 23

i16 28 —
Syl Sulu 39 —
Okean 10 —
n 27 —
Sela-Zodras 33 T
Kapa 7 -
Xazaz Hazar 1z =
Ghadeer 2z —
Tarom 1

BT7 24 —
c10 26 —
Mustakillik 13 —
Tantana 16 o
Jalal Abad Indica-2014 34
QazNIIR-7 37
Shisham Bagh-2014 32
Marjan a5 —
V20-48 (awn) 38—
Osmancik-97 4 ]
Halilbey 5 -
vz0-8-2 36 —
Hashemi 2 =
V20-53-2-2 40
Ak-ypyk 8
Hishkabl 19 3—
Avangard 11
Hikkan Hasimi 9 =
Shalawangi 30 —
Dijla 21 —
Atai-1 31 —
Cakmak 6 =
Iskander 15 —
Labypma 17 -
D3 29 —
HT1 25 —
Anber3s 18 —
Tarona 14 i
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Figure 2- Cluster analysis based on the studied root traits in rice genotypes
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Table 4- Mean comparison for studied root traits in rice genotypes

ady; Job Ado) pn> Aoy glaws
D] Grogile) (oo jotle) (oo jragile)  (lo plail g aty) Cons
Genotype Root Length  Root Volume Root Area Root/Shoot
cmy cmd) cm?)

Tarom 47.00 68.45 199.02 0.26
Hashemi 44.90 49.23 166.36 0.24
Gilaneh 41.33 64.93 182.13 0.40
Osmancik-97 49.16 35.07 155.18 0.18
Halilbey 44,90 44,53 157.25 0.22
Cakmak 50.00 77.33 219.96 0.37
Kapa 53.66 48.00 178.48 0.25
Ak-ypyk 51.33 86.50 235.79 0.34
Hikkan Hasimi 51.33 80.33 227.57 0.34
Okean 49.20 53.97 182.58 0.29
Avangard 52.33 92.00 245.88 0.47
Xazaz Hazar 48.66 70.17 206.80 0.25
Mustakillik 42.00 73.00 195.63 0.34
Tarona 42.00 88.00 214.94 0.30
Iskander 52.66 76.67 223.84 0.38
Tantana 44.66 67.00 193.74 0.30
Labypma 46.00 81.00 214.37 0.35
Anber33 48.66 74.33 212.76 0.27
Mishkabl 50.66 91.33 239.43 0.33
Mishkab2 41.66 64.33 181.53 0.27
Dijla 48.00 83.67 221.13 0.49
Ghadeer 50.00 68.67 207.40 0.41
Sumer 38.00 67.33 178.95 0.26
BT7 44.66 71.67 199.83 0.34
HT1 45.66 78.33 210.75 0.32
Cc10 46.66 71.10 203.76 0.32
M1 45.66 57.50 180.96 0.29
Al6 49.00 51.57 177.54 0.22
D3 48.00 77.80 215.65 0.28
Shalawangi 49.66 83.13 227.71 0.34
Atai-1 48.33 82.47 221.81 0.36
Shisham Bagh-2014 44.86 33.50 137.30 0.14
Sela-Zodras 50.00 58.67 186.65 0.33
Jalal Abad Indica-2014 45.16 35.97 141.43 0.16
Marjan 49.50 41.97 160.73 0.32
V20-8-2 42.66 45.33 155.64 0.25
QazNIIR-7 45.66 37.23 144.89 0.22
\V20-48 (awn) 51.66 38.83 158.48 0.25
Syl Sulu 48.33 53.33 179.65 0.28
V20-53-2-2 38.00 8.33 177.08 0.35
LSD19 6.25 32.21 48.75 0.10
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Table 5- Group average and deviation from the total mean for studied root traits in rice

genotypes
c Slas
Loy ,S o) i
Groups Genotypes Traits
RL RV RA R/S
Gr(lJup 3,20, 23, 28, 39, 10, 27, 33, 7, 46.28 63.11 189.67 0.30 Gr_ou_p average
- 12,22, 1, 24,26, 13 and 16 -0.76 021 3.34 0.00 Deviation from the
n=16 i i ' ) total mean
Grgup 40,2, 36,5, 4, 38, 35, 32, 37 45.65 37.00 155.43 0.23 DGr.oiJ.p a\;erag(tah
and 34 - . } ) eviation from the
n=10 1.39 26.32 37.58 0.07 total mean
Grgup 8,19, 11, 9, 30, 21, 31, 6, 15, 48.90 82.35 223.68 0.35 Gr.ou.p a\]:erageh
=14 17,29, 25,18 and 14 1.86 19.04 30.67 005  Deviaton fromthe
n total mean
Axile olsp Al s iy ) G g Ay rla iy ) e sy Jsb saiaolis i 4 RIS gRA RV RL
RL, RV,

RA and R/S: Root Length, Root Volume, Root Area and Root/Shoot, respectively.
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Figure 3- Distribution of different countries genotypes in the cluster analysis method
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Table 6- Correlation between studied traits of the root in rice genotypes

ady) Job o) > ady, mhow  ale plal 4 ady ) cos
Root Length  Root Volume  Root Area Root/Shoot
) Job 1 0.28" 0.37* 0.17"
Root Length
A 2 1 0.89* 0.60%*
Root Volume
3] G]"“’ 1 0.73**
Root Area
o plal @ at ) cos 1
Root/Shoot

", *and **: Non-Significant, Significant at the 5 % and 1 % probability level, respectively.
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