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ABSTRACT 

In a first-of-its-type study in the Nagaland region, 28 upland local landraces of rice were evaluated for 

drought resistance using root characteristics. The results showed that Longkhum Tsuk (SARS-2) 

exhibited the highest root length and volume, making it an ideal genotype for drought-prone areas. High 

genotypic and phenotypic coefficients of variation were observed for the root shoot ratio, root dry 

weight, root length, number of tillers per plant, effective spikelet per panicle, and grain yield per plant, 

with broad-sense heritability and genetic advance being high for root fresh weight, root dry weight, and 

root volume. Correlation and path analyses revealed positive associations between grain yield and root 

fresh weight, root dry weight, number of tillers per plant, effective spikelet per panicle, and 1000-grain 

weight, with root fresh weight, root dry weight, root length, and 1000-grain weight exhibiting positive 

direct effects on grain yield. These findings provide valuable insights for breeders in selecting traits for 

developing drought-tolerant rice varieties, highlighting the potential of root characteristics as key 

selection criteria for improving rice productivity in water-limited environments. 
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Introduction 

In Eastern India, where upland rice comprises a 

large fraction of the land and facilitates subsistence 

farming, it is an essential feature of the rainfed 

agricultural system (Gairola et al., 2024). The main 

limiting factors behind poor rice output worldwide are 

the escalation of drought intensity and the scarcity of 

high-yielding cultivars appropriate for growing during 

droughts. To become food self-sufficient by 2050, a 

high-yielding variety that is very resilient and tolerant 

to biotic and abiotic stresses is needed. 

The problem of global climate change is 

becoming increasingly severe. Water scarcity is a 

significant environmental pressure and a primary 

limitation on the yield of rice. The impact of water 

scarcity on rice yield is likely greater than the 

combined impact of all other factors (Dutta et al., 

2017). Rice plants require approximately 3000-5000 

liters of water to produce one kilogram of grain and are 

among the most water-demanding cereals. The 

intensity and length of water stress are key factors 

determining the magnitude of yield loss. The existing 

and projected global food demand is imperative for 

improving agricultural yields in rainfed areas that are 

prone to drought. To meet the demand for food for an 

increasing population, there is a need to develop rice 

varieties that can withstand drought conditions in 

rainfed regions (Abbas & Khalil, 2022). 

Therefore, enhancing the genetic traits necessary 

for drought tolerance should be a primary focus of 

future research. The root system is the primary organ 

that encounters many abiotic stimuli, making it 

essential for reacting to stressful conditions. Root 

morphology is often determined by factors such as the 

overall dry weight, volume, root: shoot ratio and length 

of the roots. Changes in root morphology and function 
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are crucial to rice performance during drought 

conditions and influence water uptake efficiency, 

hormone regulation, and nutrient absorption (Guo et 

al., 2024). A deep root system characterized by a high 

length at depth is advantageous for efficiently 

extracting water in upland settings (Willatt & Taylor, 

1978). Studying root traits, particularly under field 

conditions, is very challenging and thus very limited. 

Similarly, a few attempts have been made to study root 

traits using indigenous rice cultivars, but this is the first 

study in Nagaland in which root traits were studied to 

improve rice production 
 

Materials and Methods 

Experimental material and layout 

Twenty-eight upland rice genotypes from 

Nagaland were used in the study. This study was 

conducted during Kharif 2023-2024 at the Research 

Farm of the Department of Genetics and Plant 

Breeding NU, SAS Medziphema, Nagaland, with a 

geographical location of 20° 45' 43"N latitude and 93° 

53' 04" E longitude. The seeds were obtained from 

SARS Mokokchung and were maintained by the 

Department of Genetics and Plant Breeding. The 

genotypes are listed in Table 1. The genotypes were 

planted in PVC pipes 1 m in length and 10 cm in 

diameter under natural prevailing conditions during 

May 2023 in a completely randomized block design 

(CRBD) with 2 replications, as shown in Fig. 1, to 

study root and shoot traits to identify drought-tolerant 

genotypes and determine the associations between root 

characteristics and yield under stress conditions, as 

demonstrated in Fig. 2. Replication to replication had 

a spacing of 1.5 m. Plant-to-plant and row-to-row had 

50×75 cm spacing. Only life-saving irrigation was 

provided during the experiment. The meteorological 

data was recorded for the experiment period from May 

2023 to November 2023 Table 2 for temperature, 

rainfall, relative humidity and bright sunshine hours 

from the meteorological observatory of ICAR research 

farm Jharnapani. Soil nutrient analysis was conducted 

and presented in Table 3 

 

Table 1 : List of different genotypes and their codes used in the study 

Genotypes Code Genotypes Code 

Pfukhi Lha PL Thupfu Lha TL 

Sulijak SK Tungo TO 

Moya Chali MC Ngoni NI 

Moyatsak MK Sangmangtsuk     SARS-1 SS 

Chishoghi CG Ongpangsuk OK 

Thangmo Red TR Korean Tsuk KT 

Thangmo White TW Apuapa SARS-1 AS 

Chahashye CY RCM-9 RM 

Taposen Youli TY Toungmiki TI 

Kedayishefe KF Yarba SARS-3 YS 

Shyekenyii SI Chali CI 

Amusu AS Kezie SARS-94 KS 

Rosho Lha RL Tsushvuri TI 

Manen (Red) SARS-5 MR Longkhum Tsuk SARS-2 LT 

 

Table 2 : Meteorological data during the period of the experiment (May-November, 2023) 

Temperature (°C) Relative humidity (%) 
Week Range 

Max Min Max Min 

Rainfall 

(mm) 

Sunshine 

(hours) 

14
th
 -20

th
 May 35.8 22.8 85 49 2.5 9.2 

21
th
 -27

th
 May 36.9 24.1 84 61 77.1 5.1 

28
th
-03

rd
 June 30.2 23.6 93 80 107.2 0.8 

4th -10th June 30.2 23.6 92 77 63.2 2.5 

11
th
 -17

th
 June 34.1 25.1 91 75 25.0 4.0 

18
th
 -24

th
 June 34.0 24.9 90 65 59.6 4.6 

25
th
 -1

st
 July 33.0 25.1 92 73 4.4 1.7 

02
nd

 -08
th
 July 33.4 25.1 94 72 41.5 4.6 

09
th
 -15

th
 July 34.0 25.0 93 70 123.6 4.1 

16
th
 -22

nd
 July 34.2 25.1 92 74 112.3 3.2 
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23
rd

 -29
th
 July 32.3 25.1 91 76 73.2 1.4 

30
th
 -05

th
 August 33.0 25.3 92 74 41.9 2.9 

06
th
 -12

th
 August 31.5 24.6 93 81 70.6 2.1 

13th -19th August 32.6 24.5 93 67 16.2 7.2 

20th -26th August 35.3 25.1 92 68 21.3 6.8 

27
th
 -02

nd
 September 33.4 24.9 93 70 18.2 6.3 

03
rd

 -09
th
 September 32.3 24.3 94 75 48.4 4.3 

10
th
 -16

th
 September 33.5 24.1 92 70 70.9 7.1 

17
th
 -23

rd
 September 31.5 24.1 93 76 23.8 3.6 

24
th
 -30

th
 September 31.0 22.7 92 67 1.2 5.8 

01
st
 -07

th
 October 30.8 20.3 94 62 0.0 8.1 

08
th
 -14

th
 October 29.2 21.0 94 70 1.4 4.8 

15
th
 -21

st
 October 30.5 18.0 93 59 0.0 8.3 

22
nd

 -28
th
 October 28.7 16.6 95 62 0.0 7.5 

29
th
 -04

th
 November 27.7 17.7 95 67 29.1 5.2 

05
th
 -11

th
 November 27.0 15.5 95 60 0.1 6.8 

Source: ICAR Nagaland center, New Medziphema-797106, Dimapur, Nagaland. 
 

Observation recorded 

The observations of 11 morphological traits were 

recorded on randomly sampled plants from each pipe. 

viz., root length (RL), root volume (RV), root fresh 

weight (RFW), root dry weight (RDW), plant height 

(PH), root shoot ratio (RSR), days to maturity (DM), 

number of tillers per plant (NTPP), effective number of 

spikelets per panicle (ESPP), 1000-grain weight (GW) 

and grain yield per plant (GYPP). 

Statistical analysis 

Analysis of variance (ANOVA) was used to 

determine the statistical significance of the means of 

different variables between the lines according to 

Fisher's method (1954). The genotypic coefficient of 

variation was calculated by using the formula of 

Burton (1951), while the phenotypic coefficient of 

variation was calculated by using the procedure 

suggested by Sivasubramanian and Menon (1973). 

Heritability in the broad sense was calculated by the 

formula given by Hanson et al., (1956). The expected 

genetic advance for each characteristic was calculated 

by using the formula given by Allard and Alder (1960). 

Phenotypic and genotypic correlations were computed 

using the formula given by Chaudhary and Singh 

(1985). Path analysis was suggested by the procedure 

suggested by Wright (1921) and illustrated by Dewey 

and Lu (1959). However, statistical analysis was 

conducted in R studio using the variability package 

version 4.3.1 of 2023. 

Results and Discussion 

Analysis of variance and mean performance of the 

genotypes 

Five root characteristics (RL, RV, RFW, RDW, 

and RSR) and six yield attributing characteristics 

(NTPP, ESPP, DM, PH, GYPP, and GW) are currently 

being evaluated for the 28 upland rice genotypes. 

Analysis of variance revealed significant variability 

among the genotypes for all the characteristics (Table 

4). The data presented in Table 3 indicate that the LT 

genotype exhibited the highest RL, measuring 73.67 

cm, while the YS genotype had the lowest RL, 

measuring 47.50 cm (Figure 3 and Figure 4). The RV 

was highest in LT pigs at 100 cc, whereas the lowest 

value was observed in TI pigs at 50 cc (Fig. 5). The 

RFW ranged from 76.69 g in the YS to 35.31 g in the 

CG. The KT genotype had a maximum RDW at 65.75 

g, while the CG had a minimum RDW at 24.00 g. The 

RSR was highest in the SS at 3.61 g and lowest in the 

KF at 1.00 g. 

 

Table 3 : Soil characteristics and properties of the experimental plots. 

Physical Analysis Value 

Sand (%) 45.1 

Silt (%) 34.5 

Clay (%) 14.2 

Texture classes (United States Department of Agriculture) Sandy Loam 

Chemical Analysis Value 

pH 5.74 

Organic matter (%) 1.03 
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Table 4 : Analysis of variance with mean sum of squares for 11 characters 

For root traits 

Source Df RL RV RFW RDW RSR  

REP 1 138.19 20.06 0.83 0.04 0.12  

Genotypes 27 68.19** 412.18** 207.171** 171.545** 0.369**  

Error 27 25.271 31.517 4.004 7.258 0.050  

For shoot traits 

Source Df PH NTPP ESPP DM GYPP GW 

REP 1 95.94 0.680 73.280 1.34 8.976 6.03 

Genotypes 27 204.272** 0.835** 573.432** 40.312** 5.772** 8.119** 

Error 27 34.64 0.198 106.39 2.146 1.520 0.224 
Note: ** = Significant at the 1% level and * = Significant at the 5% level 

  

     
               Fig. 1 : At 60 days after planting (prestress)                    Fig. 2 : At time of maturity (poststress) 

    
 
                     Fig. 3 : Genotype LT with the longest RL                Fig. 4 : Genotype YS with the shortest RL 
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Fig. 5 : Root volume via the water displacement method 

 
Analysis of the shoot traits presented in Table 5 

revealed that the KF genotype currently exhibited the 

highest plant height, measuring 139.42 cm, whereas 

the KT genotype had the lowest value, at 99.25 cm. 

The number of tillers per plant was greatest in the RL 

treatment (4.84), while the AU exhibited the lowest 

value at 2.00. Genotype KT had the maximum number 

of effective spikelets per panicle (128.50), and MC had 

the minimum number of effective spikelets (71). The 

days to maturity ranged from 117.84 days in the TR to 

139.08 days in the TW. The grain yield per plant was 

highest in KT, at 10.59 g, while that in KS was the 

lowest, at 2.18 g. Furthermore, the yield per plant in 

KT had a maximum 1000-grain weight of 24.62 g, and 

that in MC had a minimum value of 14.21 g. 

Variability parameters for 11 traits 

Investigating root traits and their genetic 

variability provides valuable insights for the 

development of drought-resistant plant cultivars. The 

effectiveness of breeding programs and genetic 

enhancements largely relies on the level of genetic 

variability and the degree of heritability for desired 

traits in germplasm. Genetic variability arises from 

variations in either the genetic makeup of individuals 

within a population or the environmental conditions in 

which they are cultivated. This variability is essential 

for withstanding biotic and abiotic influences and for 

demonstrating broad adaptability. 

 
Table 5 : Mean performance of genotypes 

For root traits For shoot traits 

Genotype

s 
RL RV RFW RDW RSR PH NTPP ESPP DM GYPP GW 

PL 66.66 56.33 46.33 32.14 1.58 131.84 3.00 73.00 119.34 4.07 15.45 

SK 56.50 89.16 46.89 31.67 1.45 111.84 3.17 102.17 122.17 4.59 15.70 

MC 58.25 57.50 51.81 39.12 2.10 105.25 2.50 71.00 124.25 3.62 14.21 

MK 63.16 60.83 42.42 31.92 1.86 116.67 3.00 92.85 123.50 4.77 15.72 

CG 67.50 56.25 35.31 24.00 1.01 128.84 2.67 85.25 122.00 2.66 15.20 

TR 72.50 84.99 55.29 43.92 2.42 134.50 3.17 72.00 117.84 3.41 14.50 

TW 71.58 62.50 53.33 43.30 1.34 121.84 2.75 86.25 139.08 5.36 16.52 

CY 68.50 61.67 41.93 26.92 1.43 121.17 2.67 94.34 121.17 4.54 15.25 

TY 67.33 69.00 63.91 42.75 2.26 112.17 3.75 116.67 133.00 4.94 16.45 

KF 63.58 72.00 49.44 30.95 1.00 139.42 3.42 83.58 124.75 3.98 16.26 

SI 68.25 84.34 55.14 40.34 1.90 131.67 2.67 96.92 119.17 3.21 14.57 

AU 66.00 53.00 52.91 39.65 2.47 131.84 2.00 77.00 121.00 2.86 15.56 

RL 69.75 96.50 63.58 51.65 1.55 111.92 4.84 119.50 120.00 5.95 17.40 

MR 65.83 89.16 59.45 47.42 1.68 113.34 3.92 113.35 122.17 5.86 17.53 

TL 64.50 91.25 56.87 44.15 2.30 124.00 2.84 103.34 119.00 4.05 15.79 
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TO 66.67 70.06 55.84 43.01 1.75 119.50 3.00 108.50 120.00 5.09 15.83 

NI 68.67 80.83 57.75 48.34 1.83 118.00 3.67 95.83 123.17 5.86 14.85 

SS 68.50 80.84 57.75 45.84 3.61 119.17 2.67 98.17 123.00 5.28 15.06 

OK 67.00 80.00 43.92 31.67 1.30 107.83 3.00 109.34 122.34 3.10 13.20 

KT 66.00 91.25 75.59 65.75 1.87 99.25 3.75 128.50 125.75 10.59 24.62 

AS 71.00 84.34 62.16 49.75 1.81 118.83 3.67 93.00 121.00 6.44 15.99 

RM 57.50 88.33 73.73 50.45 2.23 120.50 3.17 109.00 120.50 3.77 15.38 

TI 62.34 88.00 66.18 38.50 1.47 126.92 3.75 106.67 123.75 3.84 15.65 

YS 47.50 82.50 76.69 59.00 1.36 105.67 4.67 128.34 120.50 6.23 18.50 

CI 61.00 75.00 65.73 43.00 1.96 123.00 3.50 124.50 127.75 2.19 15.70 

KS 65.12 81.00 62.00 46.20 2.30 126.50 2.42 98.08 125.75 2.18 14.57 

TI 54.71 50.00 62.73 44.10 2.04 110.25 3.17 124.08 119.34 5.12 16.75 

LT 73.67 100.00 57.89 44.30 1.51 134.34 2.67 110.00 126.75 3.13 14.74 

Overall 

mean 
64.98 76.48 57.01 42.13 1.83 120.21 3.19 100.75 123.14 4.52 15.96 

CD (%) 10.31 11.52 4.10 5.52 0.45 21.16 0.91 3.07 2.53 12.07 0.97 

CV 7.73 7.34 3.51 6.39 12.84 10.23 13.90 1.19 27.23 4.89 2.96 

                  Highest value                    Lowest value 

 

 

It is crucial to analyze the genetic variability 

parameters, including the mean, range, phenotypic 

coefficient of variation, genotypic coefficient of 

variation, heritability (broad sense), and genetic 

advance, for various characteristics. These parameters 

provide valuable information on the extent of genetic 

diversity present in the germplasm, which is essential 

for identifying potential breeding lines and predicting 

the response to selection. 

Table 6 provides insights into the genetic 

components of the variations. The root length (RL) 

exhibited a phenotypic coefficient of variation of 

46.73% and a genotypic coefficient of variation of 

21.46%, with a heritability of 45% and a genetic 

advance as a percentage of the mean of 9.95%. These 

findings are in accordance with those of Hoque et al. 

(2021), who reported moderate values for these 

coefficients, suggesting some degree of variability that 

could be exploited through selection. 

The root volume (RV) showed a phenotypic 

coefficient of variation of 19.45% and a genotypic 

coefficient of variation of 18.01%, with a high 

heritability of 85% and a genetic advance as a 

percentage of the mean of 34.35%. This indicates that a 

large portion of the phenotypic variation in root 

volume can be attributed to genotypic variation, which 

is a favorable condition for selection in breeding 

programs. The high genetic advance suggested that 

there is good potential for improving this trait through 

selection, as supported by Kanbar et al. (2009). 

The root fresh weight (RFW) and root dry weight 

(RDW) exhibited high heritability values of 96% and 

91%, respectively, with genetic advances as a 

percentage of the mean of 35.70% and 42.46%, 

respectively. These findings suggest that selection for 

these traits could be effective in breeding programs. 

The root: shoot ratio (RSR) showed a phenotypic 

coefficient of variation of 34.94% and a genotypic 

coefficient of variation of 21.73%, with a heritability 

of 38% and a genetic advance as a percentage of the 

mean of 27.85%. Similarly, Dong et al., (2006) 

reported that the root volume, root: shoot ratio, and 

root distribution pattern have various functional 

significance.

 

Table 6 : Genetic component of variations for all 11 traits. 

For root traits 

Traits Range Mean±Sem PCV (%) GCV (%) 
Heritability 

(%) 

Genetic 

Advance (%) 

RL 47.50-73.67 64.98±3.55 46.73 21.46 45.00 9.95 

RV 50.00-100.00 76.49±3.97 19.45 18.01 85.00 34.35 

RFW 35.31-76.69 57.01±1.41 18.01 17.67 96.00 35.70 

RDW 24-65.75 42.12±1.90 22.44 21.50 91.00 42.46 

RSR 1.005-3.615 1.86±0.35 34.94 21.73 38.00 27.85 
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For shoot traits 

PH 99.25-134.34 120.21±4.16 9.09 7.66 71.00 13.29 

NTPP 2.00-4.84 3.19±0.31 22.51 17.67 61.00 28.56 

ESPP 71-128.50 100.75±7.29 18.29 15.16 68.00 25.89 

DM 117.83-139.08 123.14±1.03 3.75 3.54 89.00 6.92 

GYPP 2.18-10.59 4.52±0.87 42.18 32.19 58.00 50.61 

GW 14.21-24.62 16.10±0.27 13.15 12.92 96.00 26.17 

 

It is essential to note that while high heritability 

and genetic advancement are promising for selection, 

they do not guarantee success in breeding programs. 

The effectiveness of selection also depends on the 

accuracy of the phenotypic measurements and the 

presence of any genotype–environment interactions 

that may affect the expression of the trait. 

When analyzing the shoot traits, the phenotypic 

and genotypic coefficients of variability for plant 

height (PH) were 9.09% and 7.66%, respectively, with 

a high heritability of 71% and a moderate genetic 

advance as a percentage of the mean of 13.29%. The 

number of tillers per plant (NTPP) exhibited 

phenotypic and genotypic coefficients of variability of 

22.51% and 17.67%, respectively, with a heritability 

(broad sense) of 61% and a genetic advance as a 

percentage of the mean of 28.56%. 

The phenotypic and genotypic coefficients of 

variability for the trait ear length per plant (ESPP) were 

18.29% and 15.16%, respectively, with a heritability of 

68% and a high genetic advance as a percentage of the 

mean of 25.89%. In addition, 3.75% and 3.54% of the 

dry matter (DM) samples exhibited phenotypic and 

genotypic variability, respectively, with a high 

heritability of 89% and a low genetic advance as a 

percentage of the mean of 6.92%. 

The phenotypic and genotypic coefficients of 

variability for the trait grain yield per plant (GYPP) 

were 42.18% and 32.19%, respectively, with a 

heritability of 58% and a genetic advance as a 

percentage of the mean of 50.61% under stress 

conditions. These findings are consistent with those of 

Tesfaye (2021), who reported high heritability and 

genetic advancement for traits such as the number of 

grains per spikelet and grain yield per plant due to 

additive genes. 

Grain weight (GW) exhibited phenotypic and 

genotypic coefficients of variability of 13.15% and 

12.92%, respectively, with the highest heritability 

(broad sense) of 96% and a genetic advance as a 

percentage of the mean of 26.17%. These results are in 

line with previous studies, which reported high 

heritability estimates for 1000-grain weight (Osman, 

2012; Bisne et al., 1970; Talekar et al., 2022). The 

high heritability and genetic advance of GW suggest 

that this trait is likely influenced by additive gene 

action and can be improved through selection. 

It is essential to note that while high heritability 

and genetic advancement are promising for selection, 

they do not guarantee success in breeding programs. 

The effectiveness of selection also depends on the 

accuracy of the phenotypic measurements and the 

presence of any genotype–environment interactions 

that may affect the expression of the trait. 

Association studies between different 

characteristics through correlation and path 

analysis 

The correlations of grain yield with root traits and 

other yield-related components are presented in Table 

7. Significant positive associations were detected 

between grain yield and root fresh weight, root dry 

weight, number of tillers per plant, effective spikelet 

per panicle, and 1000-grain weight at both the 

genotypic and phenotypic levels. These findings are in 

agreement with those of Kanbar et al. (2009), who 

suggested that selecting fresh root weight, the root: 

shoot ratio, and effective tillers per plant may be 

advocated for improving grain yield. 

There is substantial evidence supporting the 

significant association of grain yield with the number 

of tillers per plant, effective spikelet per panicle, and 

1000-grain weight in rice (Yadav et al., 1970; Yadav et 

al., 2011; Haradari, 2017). These traits are consistently 

identified as having a positive correlation and direct 

effect on grain yield, suggesting their importance in 

rice breeding programs aimed at yield improvement. 

Root length was significantly positively correlated 

with grain yield at both the genotypic and phenotypic 

levels. However, a negative correlation was observed 

between root length and fresh weight, as well as 

between root length and effective spikelet per panicle, 

at both the genotypic and phenotypic levels. This 

finding suggested that while root length is positively 

associated with grain yield, it may be negatively 

related to other root traits and yield components.
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Table 7 : Correlations among all 11 morphological characteristics of the 28 genotypes 
 GYP RL RV RFW RDW RSR NTP PH ESPP DM SW 

GYP 1 -0.217 0.258 0.495** 0.667** -0.114 0.763** -0.797** 0.444** 0.102 0.958** 

RL  1 0.09 -0.364** -0.155 0.003 -0.318* 0.471** -0.394** 0.246 -0.247 

RV   1 0.530** 0.548** 0.008 0.539** -0.088 0.525** -0.099 0.202 

RFW    1 0.910** 0.379** 0.652** -0.351** 0.694** 0.078 0.533** 

RDW     1 0.436** 0.602** -0.456** 0.598** 0.058 0.642** 

RSR      1 -0.422** 0.073 -0.053 -0.14 -0.171 

NTP       1 -0.451** 0.680** -0.063 0.557** 

PH        1 -0.590** -0.085 -0.525** 

ESPP         1 0.139 0.560** 

DM          1 0.136 

SW           1 

Note: ** = Significant at 1% and * = Significant at 5% level of significance 

                  Significant positive association                     Significant negative association 

 

It has been projected that rice genotypes with deep 

root systems will be more drought tolerant than those 

with shallow root systems. According to Mohd et al. 

(2019), deep and coarse roots are significant rice 

protection strategies for reducing the negative impact 

of drought on productivity. However, an extensive root 

system may not necessarily result in increased yield 

under limited water conditions (Sahebi et al., 2018). A 

larger root system may lead to faster extraction of 

available water, which could have a detrimental 

influence on grain output. 

Root volume showed a strong positive correlation 

at both the genotypic and phenotypic levels with root 

fresh weight, root dry weight, number of tillers per 

plant, and effective spikelet number per panicle. The 

correlation coefficient between root volume and root 

dry weight suggested a moderate positive relationship, 

suggesting that as the root volume increased, the root 

dry weight tended to increase as well, although the 

relationship was not very strong. These findings are in 

accordance with the results reported by Suwarto et al. 

(2019), Dey et al. (2021), and Kumar et al. (2023). 

Root fresh weight was significantly positively 

correlated at both the genotypic and phenotypic levels 

with root dry weight, number of tillers per plant, 

effective spikelet per panicle, and 1000-grain weight. 

However, there was a positive correlation only at the 

genotypic level with the root: shoot ratio. In contrast, it 

was negatively correlated with plant height at both the 

genotypic and phenotypic levels. This finding 

suggested that a healthy root system may contribute to 

improved reproductive development and grain filling 

but may not necessarily be associated with increased 

plant height. 

Root dry weight was significantly positively 

correlated at both the genotypic and phenotypic levels 

with the root: shoot ratio, number of tillers per plant, 

effective spikelet per panicle, and 1000-grain weight. 

However, it was negatively correlated with plant 

height. The root: shoot ratio was positively correlated 

at both the genotypic and phenotypic levels with only 

the fresh weight and dry weight of the roots but was 

negatively correlated at the genotypic level with the 

number of tillers per plant. 

Plant height was positively correlated at both the 

genotypic and phenotypic levels with maximum root 

length only. However, it was negatively correlated with 

the effective spikelet per panicle and 1000-grain 

weight. This suggests that taller plants may not 

necessarily contribute to a greater number of effective 

tillers or increased grain yield. 

The number of tillers per plant was positively 

correlated at both the genotypic and phenotypic levels 

with the effective spikelet per panicle and 1000-grain 

weight. However, it was negatively correlated with 

plant height at both the genotypic and phenotypic 

levels. This finding suggested that an increased tiller 

number, associated with increased yield, might be 

correlated with decreased plant stature. 

The effective spikelet number per panicle was 

positively correlated with the 1000-grain weight, root 

volume, fresh weight, dry weight, and number of tillers 

per plant at both the genotypic and phenotypic levels. 

However, it was negatively correlated with the 

maximum root length and plant height at both the 

phenotypic and genotypic levels. 

Days to maturity showed a non-significant 

association with all of the other characteristics at both 

the phenotypic and genotypic levels. This finding 

suggested that days to maturity are not significantly 

associated with other traits; therefore, we can focus on 

improving yield-related traits without directly affecting 

maturity timing. 
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These findings provide deeper insights into the 

correlation of characters and establish fruitful 

associations among them, which could be utilized in 

further breeding programs. 

 

Table 8 : Path analysis of the associations between root traits and yield 

 MRL RV RFW RDW RSR NTPP PH ESPP DM GW GYPP 

MRL 0.35 -0.02 -0.49 -0.17 -0.01 0.45 -0.36 0.19 -0.12 -0.01 -0.21 

RV 0.03 -0.22 0.72 0.63 -0.01 -0.77 0.06 -0.25 0.05 0.01 0.25 

RFW -0.12 -0.11 1.36 1.05 -0.66 -0.93 0.27 -0.33 -0.04 0.03 0.495** 

RDW -0.05 -0.12 1.24 1.15 -0.76 -0.86 0.35 -0.28 -0.03 0.04 0.667** 

RSR 0.002 -0.002 0.51 0.50 -1.77 0.61 -0.05 0.02 0.07 -0.01 -0.114 

NTPP -0.111 -0.119 0.891 0.696 0.752 -1.439 0.349 -0.328 0.032 0.041 0.763** 

PH 0.165 0.019 -0.479 -0.527 -0.135 0.648 -0.775 0.284 0.044 -0.042 -0.797** 

ESPP -0.138 -0.115 0.948 0.690 0.094 -0.979 0.457 -0.482 -0.073 0.042 0.444** 

DM 0.08 0.021 0.106 0.067 0.246 0.088 0.066 -0.067 -0.524 0.010 0.102 

GW -0.066 -0.05065 0.688 0.73 0.34 -0.83 0.45 -0.28 -0.07 0.07 0.958** 

Residuals 0.16 

Note: ** = significant at the 1% level and * = significant at the 5% level 

              Maximum positive direct effect                Minimum negative direct effect. 

 

Path analysis, as shown in Table 8, revealed that 

four out of eleven traits had positive and direct effects 

on grain yield at the genotypic level. The characteristic 

with the highest positive direct effects on grain yield 

was root fresh weight, followed by root dry weight and 

root length. 

Root fresh weight had the greatest positive direct 

effect on grain yield, which is consistent with the 

findings of previous studies. For example, Sasmal 

(1987) and Kumar et al. (2023) highlighted the positive 

direct effect of fresh root weight on grain yield across 

different generations and hybrid rice, respectively. 

Root dry weight also had a significant positive direct 

effect on grain yield, which is in agreement with the 

findings of Fageria and Oliveira (2014), who reported a 

positive association between root dry weight and grain 

yield in upland rice. 

On the other hand, the root-to-shoot ratio had the 

most negative direct effect on grain yield, followed by 

the number of tillers, plant height, days to maturity, 

effective spikelets per panicle, and root volume. These 

findings suggest that these traits may have a negative 

impact on grain yield; therefore, breeding programs 

should focus on improving root fresh weight, root dry 

weight, and root length to increase grain yield. 

Path analysis also revealed the greatest positive 

indirect effect on the trait root fresh weight via 

effective spikelets per panicle, and the greatest 

negative indirect effect was registered for the number 

of tillers per plant via effective spikelets per panicle at 

the genotypic level. The residual effect was 0.16, 

which indicated that 16% of the variability was caused 

by variable factors other than the different root traits 

and yield-attributing traits. 

These findings provide valuable insights into the 

relationships between root traits and yield-related 

components and can be used to develop more effective 

breeding strategies to improve grain yield in rice. 

Screening out of the genotypes best suited to 

drought conditions 

The genotypes best suited for drought-like 

situations can be identified and screened out by 

selecting those root characteristics that have a positive 

effect on grain yield per plant and are most essential 

for surviving in drought-like situations. 

The studies conducted and the results inferred in 

Table 9 provide information about the genotypes 

studied that could yield more and be the best suited for 

drought situations. In the present study, five genotypes-

longkhum Tsuk (SARS-2), Korean Tsuk, Yarba SARS 

3, Rosho Lha, and Toungmiki-appeared to be 

promising genotypes with drought resistance 

characteristics. 

These genotypes were identified based on their 

root characteristics, which have a positive effect on 

grain yield per plant and are essential for survival in 

drought-like situations. The selection of these 

genotypes can be useful in breeding programs aimed at 

developing drought-tolerant rice varieties. 

The identification of drought-tolerant genotypes is 

crucial for improving rice productivity in water-scarce 

environments. By selecting genotypes with desirable 

root traits, breeders can develop varieties that can 

thrive in drought-prone areas, ensuring food security 

and sustainability. 
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Table 9 : Screening out of the genotypes best suited to drought conditions 

Genotypes Identified 

suitable for drought 

situations. 

Characters selected for 

screening out 

genotypes. 

Remarks 

1 LT 

2. TR 

3. TW 

Root length 

 

Longer roots access deeper soil layers when moisture is 

limited in the upper layers of the soil. 

1. LT 

2. KT 

3. SK 

Root Volume 

 

Significant positive correlation with number of tillers 

per plant. 

1. KT 

2. YS 

3. RL 

Root dry weight 

 

Significant positive correlation with grain yield and 

maximum positive direct effect on yield. 

1. YS 

2. KT 

3. TI 

Root fresh weight 

 

Significant positive correlation with grain yield and 

maximum positive direct effect on yield. 

 

Karpagam et al. (2016) highlighted the 

significance of several root characteristics in enhancing 

drought resistance and identified various rice 

genotypes as superior in terms of combining these 

qualities. This finding is consistent with the findings of 

other studies that have shown that drought-resistant 

rice varieties often exhibit greater root thickness, 

volume, and deeper root systems, which enable better 

water uptake under drought conditions (Pushpam et al., 

2018). 

Root dry weight and fresh weight are also 

important indicators of root biomass and are associated 

with a plant's ability to access water from deeper soil 

layers and maintain yield stability during water stress 

(Thanh et al., 1999; Ferreira et al., 2020). Taken 

together, these findings suggest that breeding 

programmes aimed at developing drought-tolerant rice 

varieties should focus on selecting genotypes with 

desirable root traits, such as increased root thickness, 

volume, and depth, as well as greater root dry weight 

and fresh weight. 

The importance of root characteristics in drought 

resistance is well established, and selecting genotypes 

with these traits can be a key strategy for improving 

rice productivity in water-scarce environments. By 

combining these traits with other desirable 

characteristics, breeders can develop varieties that 

thrive in drought-prone areas, ensuring food security 

and sustainability. 

Conclusion 

In this pioneering study evaluating 28 upland rice 

landraces in Nagaland, we identified Longkhum Tsuk 

(SARS-2) as a promising genotype for drought-prone 

areas due to its superior root length and volume. Our 

findings emphasize the importance of root 

characteristics in breeding drought-tolerant rice 

varieties, offering valuable insights for future crop 

improvement. 
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