
 

 

Dissecting the genetic relationship between Root morphological traits with 

grain yield of ILs derived from wild rice (Oryza rufipogon Griff) 

under low soil phosphorous condition 

 

Abstract: Soil phosphorous (P) deficiency is one of the limiting factors in rice production in 

both upland and rainfed lowland ecosystems. Since P is diffusion limited in depleted root zones, 

understanding the link between root morphological traits and yields is crucial for improving rice 

productivity. To understand this link, phenotypic screening experiment was conducted for the 38 

ILs (BC1F6) derived from the wild rice (Oryza rufipogon Griff) along with the six checks in 

specialized low P plots and normal soil P (RDF) plot at ICAR-IIRR, Hyderabad during rice 

growing season Kharif-2020 by adapting augmented block design. The genotypes were screened 

for grain yield along with root traits such as tiller number per plant (TN), shoot length (SL), root 

length (RL), root volume (RV), shoot fresh weight (SFW), shoot dry weight (SDW), root fresh 

weight (RFW), root dry weight (RDW), root to shoot ration on wet weight basis (RSRWW), root 

to shoot on dry weight basis (RSRDW), SPAD chlorophyll meter reading (SCMR). The results 

from ANOVA revealed that, MSS due to genotypes, (checks + genotypes) were significant 

((p<0.01 and p<0.05)) for most of the root architectural traits and for two different regime of P 

under investigation. Wide range of genetic variation was recorded for the traits such as RL, RV, 

SFW, SDW, RFW, RDW, RSRWW, RSRDW and GYP with high GCV and PCV and high 

coupled with high GAM under both P gradient conditions. Strong inter-correlation among the 

component traits was observed for the root traits such as RV (0.43**: 0.50**), 

SFW(0.81**:0.60**), SDW (0.65**: 0.81**), RFW (0.87**:0.64**), RDW (0.83**: 0.87**) and 

RL (0.36**: 0.43**) along with GYP (0.52**) under low soil P and normal soil P. Principal 

component analysis with first four PCs revealed existence of 69.40 and 70.30% of total variance 

and clustering analysis identified the promising genotypes as IL-9-10, IL-11-2, IL-21-8, IL-19-3, 

IL-22-1, IL-23-2, IL-23-7, IL-31-3, IL-42-3, IL-67-2, IL-69-1, IL-75-2, Swarna and Rasi with 

root traits RV, RDW, RFW, RL, and GYP are effective traits for rice cultivation. 
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Introduction: 



 

 

Rice (Oryza sativa L.), the staple food plant with the highest demand worldwide, provides daily 

sustenance to more than half of the global population. The Asian wild rice, Oryza rufipogon 

Griff (2n=24, AA) commonly known as red rice or brown rice, is a wild ancestor for cultivated 

rice which is used as a valuable germplasm resource in introgression and transferring of novel 

traits into the commercial bred elite cultivated rice lines due to its richness in genetic diversity 

Londo et al., 2006 [21]. Phosphorus (P) is an essential element for normal cell growth and cell 

division in all organisms. P is essential to plants and their roots acquire P from the rhizosphere 

solution as phosphate (Pi), primarily in the form of H2PO4. Phosphorus deficiency is a common 

mineral nutritional issue in calcareous and acidic soils, drought-prone areas, high pH soils, due to 

the formation of poorly soluble P complexes with calcium in alkaline soils and Al and Fe in 

acidic soils Tiessen, 2008 [37]. Long back ago Batjes, 1997 [3], estimated that P availability to 

plant roots is limited in nearly 67% of the cultivated soils, causing an important constraint to 

crop production. Most of the P applied to soils to meet P demand of plants is converted into 

unavailable forms of P that cannot be easily used and taken up by plant roots. Development of 

plant genotypes (e.g., ‗P-efficient‘ genotypes) with greater ability to grow and yield under P-

deficient soil conditions is, therefore, an important goal in plant breeding Hash et al., 2002 [16]; 

Wissuwa et al., 2002 [44]; Yan et al., 2004 [47], Manoj et al., 2023 [27]. Development of P-

efficient genotypes in both high- and low-input production systems would reduce the production 

costs associated with P fertilizer applications, minimize environmental pollution and contribute 

to maintenance of world P resources globally Vance et al., 2003 [38]. Plant species and 

genotypes develop diverse adaptive responses under P deficiency stress, to overcome the stress 

conditions by developing two major mechanisms: (i) P acquisition (root morphology, root 

exudation and P uptake mechanisms) and (ii) P utilization (internal mechanisms associated with 

better use of absorbed P at cellular level).  

The root system is described as the ―hidden half‖, because it performs a pivotal function in 

overall crop development as well as in advancement. The root systems have long been 

considered to be a vital part of plants, as they supply nutrition. Root characteristics influence the 

development and improvement of shoot parts via the reformed root-to-shoot distribution of 

nutrient elements which subsequently regulates shoot development and seed yield. The 

development and advancement of above ground plant parts are closely related to root 

morphology and root traits and represents a potential source of genetic variation to improve P 



 

 

acquisition for breeding such crops Lynch, 2007 [24],  Powlson et al., 2011 [30]; De Smet et al., 

2012 [8]; Lynch and Brown, 2012 [22]. Assessment of root traits in crop breeding material can 

be slow and expensive, involving a combination of field, glasshouse- and laboratory-based 

screens Clark et al., 2011 [6]. The latter of these is amenable to high-throughput screens to 

identify germplasm with altered root growth and morphology. Genetic loci associated with these 

traits have the potential for use in breeding new crop varieties with improved root phenotypes. 

Increases in the number and length of lateral roots are observed under low Pi availability, density 

and length of root hairs increased when plants are grown on a low Pi supply, thus increasing the 

capacity for Pi acquisition. Biochemical adaptations, including the release of organic anions to 

release Pi bound to clay particles Brown et al., 2012 [4]. 

Currently, P deficiency occurs to about 50% of the agricultural soils in many Asian, African and 

South America countries Lynch, 2011 [23]. Therefore, the balanced and sustainable use of P 

fertilizer is of paramount importance Vinod and Heuer 2012 [41], Basavaraj et al., 2021 [2]. P-

deficient tolerance, or P-efficient uptake, in rice is a useful trait to improve. Rice usually 

develops morphological, physiological, biochemical, and molecular adaptations to overcome P 

deficiency Raghothama and Karthikeyan, 2005 [32], Koyama et al, 1973 [20] reported the first 

genotypic difference for P-deficient tolerance in rice. Since then, the development of cultivars 

with improved P uptake is considered more effective than relying only on strategic fertilizer 

application. So far, rice breeders have concentrated their efforts on screening the existing 

cultivars and lines under P-deficient conditions and evaluating the variable traits related to the 

tolerance. Information on the inheritance of P-deficient tolerance and P-efficient uptake traits is 

valuable in initiating an effective breeding program in rice. Chaubey et al.1994 [5] ; Majumder et 

al.1989 [26] found that P-deficient tolerance is a quantitatively inherited trait with a mostly 

additive gene action. Since the reports of Wissuwa et al. in 1998 [45], ‗Kasalath‘ (O. sativa)—a 

lowland landrace of rice from Karimganj, Assam, India—has been used as a donor parent in 

consecutive studies on P uptake. Detection of the phosphorus uptake 1 (Pup1) quantitative trait 

loci (QTL) was discovered to relate to high P-uptake, an increase in tillering ability, and an 

improvement in root growth under P-deficient upland conditions, Wissuwa and Ae 2001 [42] and 

Wissuwa et al., 2002 [44], Shimizu et al., 2004 [34] ; Shimizu et al., 2008 [33]. There are data 

available on root characteristics and yield in general, but less information on the interaction 

between root traits and yield under low soil P conditions, such insights are crucial for 



 

 

determining the root attributes that will facilitate the selection and breeding of high-yielding rice 

lines. Therefore, this study aimed to screen the introgression lines (ILs) of oryza rufipogon and 

Samba mahsuri for root morphological characteristics with grain yield under gradient soil P 

conditions, to assess the extent of genetic variability in P efficiency, to explore the 

comprehensive links between root and yield attributes through multivariate analysis. 

Material and methods: 

Plant Material:  

In the present study thirty eight BC1F6 introgression lines (ILs) derived from the cross 

between Samba Mahsuri, a low soil P (P0) sensitive cultivar used as recipient parent and O. 

rufipogon used as donor parent, along with low soil P sensitive checks like., BPT- 5204, 

Ratnachudi, ISM, Tanu and low P tolerant checks such as Swarna and Rasi were evaluated for 

root traits under both normal soil P and low soil P conditions during Kharif-2020. The 

experiment was carried out at ICAR-IIRR, Hyderabad, India, which is located at an altitude of 

542.3 m above mean sea level, 17°19′ North and 78°23′ East, and positioned in the southern zone 

of Telangana state, India. The low P plot at ICAR-IIRR was developed by not applying P for a 

quite long time (>20 years). At present, the available P (that is, Olsen P) in this plot is estimated 

to be <2 kg/ha. The seeds were sown in a nursery bed and 21-day old seedlings were transplanted 

to the main field. The seeds were planted following a spacing of 20 cm × 10 cm in augmented 

block design, no P fertilizer was applied to the low soil P plot. However, the recommended dose 

of P fertilizer was applied to a normal soil P plot (P: 60 kg/ha). Other essential nutrients like 

nitrogen (100 kg/ha) and potash (40 kg/ha) were applied as per recommended agronomic 

practices to raise a good crop.  

Determination of root morphological Traits by destructive method: 

At maximum tillering stage (45 to 50) days after transplanting (DAT) three competitive 

plants were selected and uprooted from the field by destructive method without causing much 

damage to the roots system, roots were washed with running water to remove soil debris and 

excess water that remained on the surface of the roots was removed by blotting with absorbent 

paper. The root attributing traits along with yield such as tiller number per plant (TN), shoot 

length (SL), root length (RL), root volume (RV), shoot fresh weight (SFW), shoot dry weight 



 

 

(SDW), root fresh weight (RFW), root dry weight (RDW), root to shoot ration on wet weight 

basis (RSRWW), root to shoot on dry weight basis (RSRDW)were recorded. In the main field, 

SPAD chlorophyll meter reading (SCMR) and grain yield per plant (GYP) were recorded. 

 Root volume was measured by using measuring cylinder as a water displacement method 

containing known initial volume of water with rise in the final volume and it is expressed in 

‗mL‘. The root and shoot length were measured in ‗cm‘ by using meter scale reading and root 

and shoot fresh weight along with their dry weight were measured in ‗g‘ by using electronic 

balance meter. The root and shoot ratio on both wet and dry weight basis were calculated from 

fallowing formulae.  

 

 

 

 

 

Statistical analysis: 

The mean data for each character was subjected to statistical analysis. The estimates of genotypic 

and phenotypic coefficient of variation and ANOVA, correlation, principle component analysis 

(PCA) was carried out by using standard protocol package called (ggplot, agricolae, corrplot,) R 

software (version 4.3.2) R Core Team 2020 [31], cluster analysis were done by UPGMA method 

using Paleontological Statistics Software (PAST) version 4.03 Hammer et al., 2001 [15] package 

for education and data analysis.  

Results and discussion 

ANOVA: A source of variation  

The results of ANOVA from mean sum of squares (MSS) for root architectural traits in 



 

 

38 ILs along with the checks were given in Table 1. The results revealed that MSS due to entries 

(ILs + checks) were highly significant (p<0.01 and p<0.05) for the traits under study, viz., SL 

(81.28**:62.18**), RV (3.78*:5.68**), SFW (23.6**:15.50**), RFW (4.82**:5.24*), RDW 

(0.04*:0.08**), RSRWW (0.06*:0.04**), RSRDW (0.02**:0.04*) and GYP (1.76**:3.18*) 

under both low soil P and normal soil P respectively. Similarly the MSS due to genotypes alone 

has revealed presence of significant difference (p<0.01 and p<0.05) for all the traits viz., TN 

(0.38*:0.30*), SL (87.81**:49.12**), RL (18.97**:5.83*), RV (3.56*:3.69*), SFW 

(25.06**:13.48*), SDW (0.49**:0.34*), RDW (0.02*:0.05*), RSRWW (0.06*:0.03**), RSRDW 

(0.02**:0.09*) and GYP (1.29**:3.24*), except for RFW and SCMR under both low soil P and 

normal soil P respectively. The size of the observed significant differences suggested that the 

genotypes under investigation exhibit a greater amount of genetic diversity. The coefficient of 

variation (CV %) was substantial heterogeneity for root related traits, for instance, the CV were 

reasonably higher for RSRDW (28.26) under normal soil P and  RDW (26.48) under low soil P 

with the least CV obtained for SL (2.42 : 3.28) under both normal soil P  and low soil P 

respectively. The overall result of ANOVA revealed that, MSS due to genotypes, checks and 

entries (checks + genotypes) were significant for most of the root architectural traits and for two 

different regime of P under investigations, as a whole, root length, root volume, shoot dry weight 

and root dry weight plant had larger significant difference or effect than other traits studied and 

variability among the genotypes were significant for root architectural traits, especially under 

low P, so these findings confirm the presence of significant differences for root attributing traits 

in the experimental material and offers scope for further investigations to the variability studies. 

Similar finding were reported by da-Silva et al. 2016 [7] and observed existence significant 

difference among 42 wheat cultivars for root traits such as root dry matter, root length, root 

volume and diameter, root density and root to shoot ratio under low and high P levels. Fageria 

and Knupp, 2013 [10] reported significance difference (P < 0.01) among the genotypes for plant 

height, root length shoot dry weight and root dry weight.  Deng et al. 2018 [9] reported 

significant difference in the cultivar for above ground plant dry weight and grain yield with 

different levels of P; Ahadiyat et al., 2014 [1] reported significant difference among the test 

genotypes for shoot biomass and grain yield under different level of P (0, 0.20, 0.40 and 0.55 kg 

P2O5). Swamy et al., 2019 [36], reported significant difference in root traits for rice germplasm 

lines. 



 

 

Evaluation for the average performance for grain yield and genetic plasticity for root 

traits: 

Selection criteria for breeder preference depends on the extent of variation in studied traits, so 

the recorded data for root architectural traits of ILs under low soil P and control soil P conditions 

were examined for the mean value ( ), range, genetic variance components such as genotypic 

and phenotypic coefficient of variation (GCV and PCV) (  and , broad sense heritability 

( ) and genetic advance percent mean (GAM) as shown in Table 2 along with box plot showing 

graphical representation of frequency distribution for each traits under both P regimes. The box 

indicating the existence of the 50% of our data within the box, the lower end of the box is 1
st
 

quartile (Q1), the upper end of the box is 3
rd

 quartile (Q3) which shows the existence of the 25% 

of our data above the Q3 and below the Q1 we find remaining 25% of the data distribution, the 

range between Q1 and Q3 are called inter-quartile range with solid line indicating the median 

value of the data distribution, the points above the outlier are the maximum value for the traits as 

shown  in Figure 1. Genetic variability revealed existence of wide spectrum of variability in the 

mean performance among the 38 ILs for all the root traits indicating the presence of sufficient 

genetic variability, TN was varied from 1.50  to 3.29 cm with  =72.71 cm and  1.69  to 4.00 cm 

with  =3.13 cm, GCV and PCV for the traits was 10.97 and 23.44 with   of 21.90 and GAM 

of 10.59 under low soil P, 9.94 and 18.23 with   of 29.77 and GAM of 11.19 under normal soil 

P respectively. SL was varied from 28.89 to 60.07 cm with =37.45 cm under P0 and  39.28  to 

69.50 cm with  =57.59 cm under normal soil P, GCV and PCV for the traits was 15.75 and 

16.97 with   of 86.11 and GAM of 30.15 under P0, 12.15 and 12.39 with   of 96.17 and 

GAM of 24.57 under normal soil P respectively. RL was varied from 11.30 to 24.80 cm with 

=17.50 cm under P0 and  13.92  to 25.92 cm with  =20.96 cm under normal soil P, GCV and 

PCV for the traits was 19.18 and 20.29 with   of 89.33 and GAM of 37.39 under P0, 10.57 and 

12.77 with   of 68.52 and GAM of 18.05 under normal soil P.  RV was varied from 2.00 to 

9.00 ml with =4.69 ml under P0 and  4.50  to 13.00 ml with  =7.86 ml under normal soil P, 

GCV and PCV for the traits was 33.44 and 38.54 with   of 75.27 and GAM of 59.84 under P0, 

25.79 and 27.88 with   of 85.57 and GAM of 49.21 under normal soil P.  SFW was varied 



 

 

from 3.71 to 20.19 g with =9.17 g under P0 and  4.10  to 22.36 g with  =11.98 g under normal 

soil P, GCV and PCV for the traits was 52.23 and 55.02 with   of 90.10 and GAM of 58.28 

under P0, 31.42 and 33.54 with   of 87.72 and GAM of 60.70 under normal soil P.  SDW was 

varied from 0.34 to 0.91 g with =0.63 g under P0 and  0.53  to 1.30 g with  =0.92 g under 

normal soil P, GCV and PCV for the traits was 40.89 and 44.05 with   of 86.15 and GAM of 

78.29 under P0, 28.01 and 31.72 with   of 77.98 and GAM of 51.02 under normal soil P.  RFW 

was varied from 1.14 to 11.83 g with =3.89 g under P0 and  3.06  to 13.24 g with  =7.50 g 

under normal soil P, GCV and PCV for the traits was 52.25 and 56.84 with   of 84.51 and 

GAM of 99.09 under P0, 28.39 and 33.48 with   of 71.93 and GAM of 49.67 under normal soil 

P. RDW was varied from 0.13 to 0.81 g with =0.32 g under P0 and  0.20  to 0.98 g with  

=0.52 g under normal soil P, GCV and PCV for the traits was 59.95 and 60.57 with   of 

97.95 and GAM of 82.40 under P0, 47.25 and 50.45 with   of 87.71 and GAM of 91.30 under 

normal soil P.  RSRWW was varied from 0.11 to 0.70 with =0.41 under P0 and  0.32  to 0.96 

with  =0.66 under normal soil P, GCV and PCV for the traits was 29.36 and 30.49 with   of 

92.75 and GAM of 58.33 under P0, 25.16 and 26.21 with   of 90.18 and GAM of 47.24 under 

normal soil P. RSRDW was varied from 0.20 to 0.89 with =0.50 under P0 and  0.32  to 0.90 

with  =0.55 under normal soil P, GCV and PCV for the traits was 28.97 and 33.41 with   of 

75.16 and GAM of 51.81 under P0, 71.06 and 76.78 with   of 85.66 and GAM of 35.68 under 

normal soil P. SCMR was varied from 31.60 to 44.80 with =39.05 under P0 and  25.30  to 

40.12 with  =32.51 under normal soil P, GCV and PCV for the traits was 8.28 and 9.47 with  

 of 76.36 and GAM of 14.92 under P0, 8.56 and 9.18 with   of 81.39 and GAM of 15.41 

under normal soil P. GYP was varied from 3.86 to 14.70 g with =8.13 g under P0 and  10.91  to 

23.15 g with  =16.41 g under normal soil P, GCV and PCV for the traits was 22.65 and 22.59 

with   of 66.14 and GAM of 23.90 under P0, 20.42 and 22.66 with   of 84.66 and GAM of 

37.82 under normal soil P respectively. The maximum range of variability reported in the current 

study's was reported by SL, RL, RV, SFW, RFW, SCMR and GYP while the minimum range of 

variability was found in the TN, SDW, RDW, RSRWW and RSRDW (Table 2), most of the root 

traits exhibit a wide range of variance, which provides room for enhancement of desirable types.  



 

 

The traits RV, SFW, SDW, RFW, RDW, RSRWW, RSRDW and GYP showed high genotypic 

and phenotypic coefficients of variation (GCV and PCV), while, TN, SL and RL revealed 

moderate to high GCV and PCV, however SCMR showed low GCV and PCV. In the present 

study SL, RV, SFW, SDW, RFW, RDW, RSRWW, RSRDW and GYP were demonstrated to 

have high heritability in a broad sense (>60%) paired with high GAM (>20%). While, SCMR 

and PL revealed high heritability with moderate to high GAM, TN shows low heritability with 

low GAM. Since heritability value alone does not have much significance because it does not 

take into account the magnitude of absolute variability, the genetic progress is still a more 

meaningful assessment. In order to determine the projected genetic gain through selection, it is 

consequently required to use heritability in conjunction with selection differential or genetic 

advance and the expected genetic advance in per-cent mean were shown in Table 2. In the 

current study, the gain ranged from 10.59 Po: 11.19 normal soil P (TN) to 99.09 under Po  

(RFW) 91.30 under normal soil P (RDW) and could be reached by choosing the genotypes that 

make up the top 5% of all genotypes.  

Since high heritability estimates for quantitative traits have been found to be helpful for selection 

based on phenotypic performance, the present study's  estimates were high for most of the 

studied traits and ranged from 21.90% under Po : 29.77% under normal soil P (TN) to 97.95 %, 

under P0 (RDW) to 96.17% under normal soil P (SL) indicating that a greater proportion of 

phenotypic variance was attributed to the genotypic variance and was less influenced by 

environmental effects, and the characters are effectively transmitted to the progeny, suggesting 

major role of genetic constitution in the expression of a character and thus selection based on 

phenotypic expression could be relied upon, hence, selection can bring worthwhile improvement 

in these traits (Table 2) and this variation indicated the possibility of obtaining very high 

selection response with respect to these traits. From the literature similar kind work on root 

related traits and their genetic variation were reported by Fegeria, et al., 1988a [12]; and 

Chaubey et al., 1994 [5], Fageria et al., 2013 [11]; Zai- Hua et al., 2006 [48]; Wissuwa et al., 

2002 [44]; Vejchasarn et al., 2016 [39]; Wissuwa et al., 1998 [45]; and Deng et al., 2018 [9]. 

Increased root length is associated with longer and more branched roots per unit of root dry 

matter Hill et al., 2006 [17]. Matsuo et al. 2009 [28] reported that morphological characters such 

as shoot weight tends to vary among different nutrient conditions. Similarly Ozturk et al. 2005 



 

 

[29] and Gunes et al. 2006 [14]; Madhusudan et al., 2022 [25] selected P efficient genotypes 

based on ratio of biomass weight between deficient to sufficient conditions. 

Phenotypic correlation matrix:  

Phenotypic correlation ie., the nature of mutual association of root related traits along 

with yield under low soil P and normal soil P for the 44 genotypes including checks were   

presented in Figure 2. In the present study, correlation coefficients ranged from -0.63 (SFW vs. 

RSRWW) under normal soil P to 0.87 (RFW vs. RDW) under P0 and (RDW vs. RSRDW) under 

normal soil P, for all root traits examined. Under normal soil P, RFW (0.64**) showed highest 

positive significant association with grain yield per plant fallowed by SDW (0.59**), GYP under 

P0 (0.52**), RDW (0.42**) under normal soil P, RSRWW under P0 (0.40**), TN under normal 

soil P (0.36*) and RV under normal soil P (0.29*). Similarly under low soil P RSRWW (0.46**) 

reported highest positive significant association fallowed by RV under normal (0.36*), SDW 

under P0 and SDW under normal (0.30*) finally with RL under P0 (0.28*). 

On the other hand the overall inter correlation among the important root attributing traits 

contributed to grain yield per plant through the influence of following independent traits as 

fallows. Under low soil P TN revealed highest positive significant association with SFW under 

P0 (0.57**) fallowed by TN under normal soil P (0.42**), RFW under P0 (0.42**), RSRDW 

under P0 (0.40**) and RDW under P0 (0.34**), while under normal soil P TN revealed highest 

positive significant association with RFW under normal soil P (0.37**) fallowed by GYP under 

normal soil P (0.36**), RL under P0 (0.35**), RSRDW under normal soil P (0.29*) and RDW 

under P0 (0.28*). Similarly under low soil P RL revealed positive significant association with 

RDW under P0 (0.36**), followed by RFW under normal soil P (0.33**), RDW under normal 

soil P (0.31**), RSRWW under normal soil P (0.28*) and vice versa is true, while, under normal 

soil P RL revealed positive significant association with RDW with P0 (0.46**), followed by 

RSRDW under P0 (0.42**), RFW under P0 (0.40**) and finally with RSRWW under P0 

(0.35**) vice versa is true. Root volume under P0 revealed positive significant association with 

RFW under P0 (0.43**) fallowed by RSRWW under P0 (0.42**) and SDW under P0 (0.32**), 

while under normal soil P RV revealed positive significant association with RFW under normal 

soil P (0.50**), followed by GYP under P0 (0.36**), RSRWW under normal soil P (0.34**) and 



 

 

finally with the GYP under normal soil P (0.29*) and vice versa is true. Shoot fresh weight under 

P0 showed positive significant association with RFW under P0 (0.81**), fallowed, by RDW 

under P0 (0.68**), RSRDW under P0 (0.58**), RSRDW under normal soil P (0.36**), SDW 

under P0 (0.35**) and RDW under normal soil P (0.33**), while, shoot fresh weight under 

normal soil P revealed positive significant association with RFW (0.50**), RDW (0.29*) and 

RSRDW under normal soil P respectively and vice versa is true. Shoot dry weight under P0 

revealed positive significant association with RDW (0.55*), RFW (0.46**), GYP under P0, 

while, shoot dry weight under normal soil P showed positive significant association with RDW 

under normal soil P (0.81**), RFW (0.71), GYP (0.59**), RSRDW (0.42**) and RSRWW under 

normal soil p (0.35**) respectively and vice versa is true. Root fresh weight under P0 revealed 

positive significant association with RDW (0.87**), RSRDW (0.74**), RSRWW (0.66**) under 

P0, RSRDW (0.37**) and RDW (0.34**) under normal soil P, while root fresh weight under 

normal soil P revealed presence of positive significant association with GYP (0.64**), RDW 

(0.57**), RSRWW (0.32), RSRDW (0.29*) under normal soil P respectively and vice versa is 

true. Root dry weight under P0 showed positive significant association with RSRDW (0.83**), 

RSRWW (0.58**) under P0 and RSRDW (0.48**), RDW (0.41**) under normal soil P, while, 

under normal soil P root dry weight revealed positive significant association with RSRDW 

(0.87**), GYP (0.42**) under normal soil P and RSRDW (0.36**) under P0 and vice versa is 

true. From the correlation analysis the present study revealed that highest positive association 

were observed for the traits such as RDW vs. RSRDW under normal soil P, SDW vs. RDW 

under normal soil P, RFW vs. RDW under P0, RDW vs. SDW under P0 and SFW vs. RFW 

under P0 (Fig. 2). In literature similar results were reported from Gunes et al. 2006 [14] who 

studied correlation for root traits and revealed that selection of genotypes under low P 

availability in soils could use dry weight of shoot and root as indicators. Wissuwa et al. 2015 

[43] studied and reported correlation for total weight, leaf weight, stem weight, root weight, dry 

leaf number, dry leaf weight and plant height under low P (800 μg P) and high P (1550 μg P). 

Georg et al. 2001 [13] revealed negative correlation of root/shoot ratio (r = -0.32, p = 0.004) with 

yield. Wissuwa, 2005 [46] correlations between P uptake under P deficiency and relative root 

growth were higher (r = 0.48) than between P uptake under P deficiency and non-stress root 

growth potential (r = 0.27), concluded that P deficiency reduced root growth by 41% in the most 

tolerant genotype, but that reduction increased to 88% in intolerant genotypes. Wissuwa et al. 



 

 

1998 [45], correlation co-efficient for root traits related to P deficiency tolerance were reported 

in BILs of japonica and indica. 

Clustering and Principal Components Analysis: 

For selecting the desired plant types, estimation of existing diversity among the genotypes 

through genetic diversity analysis plays crucial role. The compiled information on the kind and 

extent of genetic variability is important for selecting the best breeding lines. Analysis was 

carried out for root attributing traits in order to describe and to gain the better understand the 

source of genetic variation among the studied genotypes. The scree plot of the PCA under low 

soil P and normal soil P showed in Fig. 3A and 3B explained both per cent explained variation 

associated with each principle component obtained by drawing a graph. The first four component 

viz., PC1, PC2, PC3 and PC4 revealed 36.40%, 12.40%, 11.50% and 9.10% of variations among 

the studied parameters respectively (Table 3; Fig.3A) under low soil P. The first four main PCAs 

are extracted from the complicated twelve PCA components, the total cumulative variance of 

these first four principal components (PC1, PC2, PC3 and PC4) account for 69.40% of the total 

variation. Similarly under normal soil P, the first four component viz., PC1, PC2, PC3 and PC4  

revealed 31.90%, 16.20%, 12.40% and 9.70% of variations among the studied root parameters 

respectively (Table 3; Fig.3B). The first four main PCAs are extracted from the complicated 

twelve PCA components, the total cumulative variance of these first four principal components 

(PC1, PC2, PC3 and PC4) account for 70.30% of the total variation. 

The eigenvectors decreased significantly from PC1 (4.373: 3.824) to PC5 (1.038:0.980) under 

low soil P and normal soil P respectively,  it indicates that decrease in the eigenvalues after PC5, 

the remaining principal components did not described much variation, thus only the first four 

PCs were considered which explaining much of the variation for the studied population. Elbow 

type with semi curve line is obtained after PC5 tended to straight with minute difference 

observed in each PC and from the graph, it is clear that maximum variation was observed in PC1 

in comparison to the other four PCs, therefore the selection of lines for characters under PC1 may 

be desirable, further principal components having more than one eigenvalue that showed more 

variation which act as key factor for selection of diverse breeding lines. The principle component 

with <1 Eigenvalue should be eliminated due to their minimum contribution towards variability. 



 

 

In literature similar results obtained from the Verma et al., 2019 [40], revealed PCA analysis 

with maximum diversity in a population of 114 rice germplasm was governed by fresh shoot 

weight, root volume, dry shoot weight, fresh root weight, they confirmed that the sufficient 

diversity and genotypes identified to be superior for one or more traits from different clusters 

might be useful in the hybridization programme to identify desirable segregants for the traits 

under study. 

Results from rotated component matrix showed that the PC1 and PC2 which accounts for the 

maximum variability of 36.44%: 12.36% under P0 with cumulative proportion of 36.44%: 

48.80%. PC1 is highly loaded with characters such as RFW (0.458), RDW (0.449), RSRDW 

(0.381), SFW (0.374), RSRWW (0.300), SDW (0.240), TN (0.235), RV (0.212), RL (0.185) and 

GYP (0.125) while, PC2 is loaded with characters such as GYP (0.489), SDW (0.429), SCMR 

(0.420), SL (0.358), RL (0.271) and SFW (0.128) contributed in positive direction as shown in 

Table 3 and Fig. 6A &B in variable PCA plot explaining most contribution of each traits towards 

both dimensions of PCs. Further PC1  and PC2 confirmed the maximum variability in association 

with the following 14 genotypes in the positive direction (IL-11-2, IL-43-3, IL-11-4, IL-1-6, IL-

42-3, IL-4-9, Rasi, IL-43-7, IL-11-4,  IL-49-5, IL-21-8, IL-22-1, IL-28-1 and IL-83-6) with high 

degree of variability to the root traits as shown in Fig.4A with PCA biplot and Fig. 8A 

explaining individual genotypes contribution in the both dimensions. It clearly indicated that 

under low soil P genotypes belongs to the PC1 and PC2 with positive association related to the 

major traits like SL, GYP, SDW, RL SFW, TN, RDW, RSRWW, RSRDW and RFW as 

explained in PCA variable plot in Fig. 4B. Similarly under normal soil P results from rotated 

component matrix showed that the PC1 and PC2 which accounts for the maximum variability 

36.86%: 16.16% with cumulative proportion of 31.86%: 48.02%. PC1 is highly loaded with 

characters such as RFW (-0.442), SDW (-0.440), RDW (-0.438), GYP (-0.361), RSRDW (-

0.312), while, PC2 is loaded with characters such as RSRWW (0.632), SFW (-0.541), RSRDW (-

0.300), RL (0.173), RV (0.215), all the loaded characters in PC1 contributed in negative direction 

and in PC2  RSRWW, RL and RV are contributed in the positive direction while, SFW, RSRDW 

contributed in the negative direction as shown in Table 3 and Fig. 7A &B in variable PCA plot 

explaining most contribution of each traits towards both dimensions of PCs. Further PC1  and PC2 

confirmed the maximum variability in association with the following 13 genotypes in the 

negative direction (IL-23-3, IL-19-6, IL-69-1, IL-43-3, IL-23-2, IL-43-1, IL-1-6, IL-42-3, IL-11-



 

 

4, IL-82-1, IL-42-2 and IL-43-7) with high degree of variability to the root traits as shown in 

Fig.5A with PCA biplot and Fig. 8B explaining individual genotypes contribution in the both 

dimensions. It clearly indicated that under normal soil P genotypes belongs to the PC1 and PC2 

with negative association related to the major traits like RSRWW, RV, GYP, SDW, RFW, RL, 

TN, RDW and SFW as explained in PCA variable plot in Fig. 5B. Kaysar et al., 2022 [19], with 

the help of PCA biplot revealed that root attributes such as RDW, RV, RFW, and RN, as well as 

yield-related traits including TDM, SY and GY made significant contributions to both PCs. 

Thus, these attributes could effectively be used as selection criteria for the genetic improvement 

of rice cultivars. 

Cluster analysis was carried out for IL under both low soil P and normal soil P by using UPGMA 

hierarchical algorithm based on K means clustering, by using software Pasta 4.0 version and it is 

classified 44 ILs into five  hierarchy (level)  in P0  and six clusters in normal soil P (Fig. 9A & B; 

Table 4),based on the degree of similarity further the members in one group are more 

homogeneous than members outside the group genotypes in the same group have narrow genetic 

diversity, the pattern of clustering confirmed the existence of a significant amount of diversity as 

shown in the Fig. 9A & B.  Under P0 the genotypes in cluster I consisted of eight ILs (ISM, IL-9-

10, IL-28-3, IL-9-21, IL-23-2, IL-42-5, IL-49-5, IL-67-3), genotypes in cluster II consisted of six 

genotypes namely Rasi, IL-23-7, IL-21-8, IL-22-1, IL-31-3, IL-42-3. Similarly the genotypes in 

cluster III is grouped into 16 genotypes based on the homogeneity such as IL-1-6, IL-9-1, IL-22-

6, IL-20-1, IL-28-1, IL-67-1, IL-69-2, IL-19-6, IL-82-1, IL-42-2, IL-19-3, IL-43-1, IL-83-6, IL-

43-7, Swarna, IL-62-2. The genotypes in cluster IV is grouped into 9 ILs based on the 

homogeneity such as IL-69-1, IL-75-2, IL-86-4, IL-4-7, IL-86-1, IL-4-5, IL-11-4, IL-11-2, IL-

43-3. Genotypes with least grouping were observed in cluster V with only 4 genotypes grouped 

namely, Tanu, Samba Mahsuri, Ratnachudi, IL-23-3. The genotypes belongs to the cluster II and 

III are consisting of promising genotypes under low soil P tolerance with the traits such as GYP, 

SDW, RV, RL and RDW. In literature Verma et al., 2019 [40], studied 114 Noth East Indian rice 

genotypes for root traits and revealed that the clustering pattern obtained is determined by mainly 

fresh shoot weight, root volume, dry shoot weight, fresh root weight, further they grouped as 

Cluster I genotype was characterized by the highest root volume, fresh root weight and dry root 

weight. Cluster II genotype is characterized by the highest fresh shoot weight. Under normal soil 

P the genotypes in cluster I consisted of eight ILs and one check genotype (IL-9-10, IL-19-3, IL-



 

 

23-2, IL-75-2, IL-42-3, IL-11-2, IL-67-2, IL-69-1, Swarna,), in cluster II consisted of four 

genotypes namely Ratnachudi, IL-43-7, IL-82-1, IL-86-1. Similarly the genotypes in cluster III is 

grouped into eleven genotypes based on the homogeneity such as Tanu, IL-9-1, IL-23-7, IL-42-

5, IL-9-21, IL-22-6, IL-49-5, IL-67-1, ISM, IL-31-3, IL-42-2. The genotypes in cluster IV is 

grouped into ten ILs based on the homogeneity such as IL-4-7, IL-22-1, IL-28-1, IL-28-2, IL-11-

4, IL-21-8, IL-43-1, IL-20-1, IL-28-3, IL-43-3. Genotypes in cluster V with six genotypes 

grouped namely, Samba Mahsuri, IL-4-5, IL-67-3, IL-69-2, IL-83-6, IL-86-4, in cluster VI with 

six genotypes grouped Rasi, IL-1-6, IL-23-3, IL-19-6. The genotypes belong to the cluster I and 

V are consisting of promising genotypes under normal soil P with higher grain yield and root 

traits. 

Conclusions: 

Our results demonstrated a significant variation in root morphological traits among ILs of O. 

rufipogon, as well as a substantial and positive association between root traits and grain yield.. 

The association studies of grain yield with root related traits reveals that, inter-correlation among 

the component traits such as root length, shoot length, root volume, shoot fresh and dry weight, 

root fresh and dry weight and root to shoot ratio on wet and dry weight basis exhibited strong 

association between them, even considering under stress (P0) and control conditions. These results 

showed that boosting rice yields requires improved root properties.  PCA indicated that the root 

volume, root biomass, and grain yield are important and effective traits for selection criteria in 

rice breeding. Hierarchical clustering based on the measured traits grouped the genotypes into five 

and six clusters considering both P0 and normal soil P regimes respectively, further identified the 

promising genotypes as IL-9-10, IL-11-2, IL-21-8, IL-19-3, IL-22-1, IL-23-2, IL-23-7, IL-31-3, 

IL-42-3, IL-67-2, IL-69-1, IL-75-2, Swarna and Rasi with root traits  such as RV, RDW, RFW, 

RL, and GYP, indicating some useful synergies for selecting for high yields plus root traits in rice 

genotypes for low P tolerance. 
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Table 1. Analysis of variance for root architecture trait of introgression lines under two soil 

P gradient conditions during Kharif-2020 

    Mean sum of squares 

Traits 
Environment  

/conditions 
Blocks Entries Checks Genotypes 

Genotypes  

vs. Checks 
Residuals CD0.05 D CV (%) 

Degrees of freedom 1 43 5 37 1 5    

TN Low soil P 0.02* 0.40 * 0.12 0.38 * 0.46 0.07 1.75 10.43 



 

 

  Normal soil P 0.05 0.39 0.31 0.30* 0.01 0.21 1.49 15.29 

SL 

  

Low soil P 
454.57 

** 
81.28 ** 

122.01 

** 
87.81 ** 88.85 ** 3.24 11.29 3.28 

Normal soil P 73.84 ** 62.18 ** 46.08 ** 49.12 ** 7.19 1.88 4.45 2.42 

RL 

  

Low soil P 27.75 ** 18.69 ** 15.77 ** 18.97 ** 50.64 ** 1.30 4.60 5.37 

Normal soil P 2.31* 5.64 5.73 5.83* 0.03 1.83 4.37 7.17 

RV 

  

Low soil P 1.09 3.78 * 3.34 * 3.56 * 15.29 ** 0.60 3.03 16.25 

Normal soil P 1.77* 5.68 ** 4.67 * 3.69 * 42.22 ** 0.53 2.37 10.26 

SFW 

  

Low soil P 22.51 * 23.6 ** 9.29 25.06 ** 62.74 ** 2.15 5.06 17.61 

Normal soil P 5.41 15.50 ** 13.16 * 13.48 * 6.59 1.66 4.17 11.66 

SDW 

  

Low soil P 0.001 0.47 **  0.23 **  0.49 **  1.28 **  0.01 0.85 4.95 

Normal soil P 0.64 *   0.33 0.32 0.34 *   0.14 0.08 0.90 14.78 

RFW 

  

Low soil P 5.21 **  4.82 **  2.80 4.91 **  16.77 **  0.26 2.83 14.76 

Normal soil P 1.83 5.24 *   4.98 3.44 63.69 **  0.96 3.19 16.90 

RDW 

  

Low soil P 0.09 *   0.04 *   0.01 0.02 *   0.06 *   0.01 0.10 26.48 

Normal soil P 0.12 **  0.08 **  0.06 **  0.05 *   0.38 **  0.01 0.26 16.89 

RSRWW 

  

Low soil P 0.03 0.06 *   0.02 0.06 *   0.03 0.01 0.13 22.19 

Normal soil P 0.05 **  0.04 **  0.06 **  0.03 **  0.41 **  0.00 0.13 7.88 

RSRDW 

  

Low soil P 0.06 **  0.02 **  0.01 **  0.02 **  0.18 **  0.00 0.21 7.38 

Normal soil P 0.17 **  0.04 *   0.02 *   0.09 *   0.05 *   0.01 0.26 28.26 

SCMR 

  

Low soil P 4.24 14.98 * 20.15 * 13.38 40.84 * 3.16 5.76 4.58 

Normal soil P 3.84 16.93 56.37 ** 8.70 * 127.69 ** 1.62 4.11 3.91 

GYP 

  

Low soil P 0.58** 1.76 **  3.19 *   1.29 **  11.85 **  0.63 2.57 15.47 

Normal soil P 0.57* 3.18 *   2.93 *   3.24 *   1.21 0.50 2.28 8.44 

Note1:  TN: Tiller numbers/plant; SL: Shoot length (cm); RL: Root length (cm); RV: Root volume (cm); SFW: 

Shoot fresh weight (g); SDW: Shoot dry weight (g); RFW: Root fresh weight (g); RDW: Root dry eight (g); 

RSRWW: Root to shoot ratio on wet weight basis; RSRDW: Root to shoot ratio on dry weight basis; SCMR: SPAD 

Chlorophyll Meter Reading; GYP: Grain yield per plant (g) 

 Note 2: * Indicate significance @ 5% level; ** Indicate significance @ 1% level; Entries (checks + Genotypes), CD  

(0.05) D: Test treatment and control treatment, CV (%): Coefficient of variation; Low soil P (P0): P level:3-5ppm; 

Normal soil P: RDF for rice 



 

 

Table 2. Genetic plasticity and mean performance for root architectural traits of ILs under two soil P gradient 

conditions during Kharif-2020 

      Phenotypic variability Coefficient of variation (%)     

Sl. No. Traits 
Environment  

/conditions 
Min Max Mean GCV PCV h

2
(bs) GAM (5%) 

1 TN 
Low soil P 1.50 3.29 2.47 10.97 23.44 21.90 10.59 

Normal soil P 1.69 4.00 3.13 9.94 18.23 29.77 11.19 

2 SL 
Low soil P 28.89 60.07 37.45 15.75 16.97 86.11 30.15 

Normal soil P 39.25 69.50 57.59 12.15 12.39 96.17 24.57 

3  RL 
Low soil P 11.30 24.80 17.50 19.18 20.29 89.33 37.39 

Normal soil P 13.92 25.92 20.96 10.57 12.77 68.52 18.05 

4  RV 
Low soil P 2.00 9.00 4.69 33.44 38.54 75.27 59.84 

Normal soil P 4.50 13.00 7.86 25.79 27.88 85.57 49.21 

5 SFW 
Low soil P 3.71 20.19 9.17 52.23 55.02 90.10 58.28 

Normal soil P 4.10 22.36 11.98 31.42 33.54 87.72 60.70 

6 SDW 
Low soil P 0.34 0.91 0.63 40.89 44.05 86.15 78.29 

Normal soil P 0.53 1.30 0.92 28.01 31.72 77.98 51.02 

7  RFW 
Low soil P 1.14 11.83 3.89 52.25 56.84 84.51 99.09 

Normal soil P 3.06 13.24 7.50 28.39 33.48 71.93 49.67 

8 RDW 
Low soil P 0.13 0.81 0.32 59.95 60.57 97.95 82.40 

Normal soil P 0.20 0.98 0.52 47.25 50.45 87.71 91.30 

9  RSRWW 
Low soil P 0.11 0.70 0.41 29.36 30.49 92.75 58.33 

Normal soil P 0.32 0.96 0.66 25.16 26.21 90.18 47.24 

10 
RSRDW 

Low soil P 0.20 0.89 0.50 28.97 33.41 75.16 51.81 

Normal soil P 0.32 0.90 0.55 71.06 76.78 85.66 35.68 

11 
SCMR 

Low soil P 31.60 44.80 39.05 8.28 9.47 76.36 14.92 

Normal soil P 25.30 40.12 32.51 8.56 9.18 81.39 15.41 

112 GYP 
Low soil P 3.86 14.70 8.13 22.65 25.59 66.14 23.90 

Normal soil P 10.91 23.15 16.41 20.42 22.66 84.66 37.82 

Note1: PCV and GCV: Phenotypic and genotypic coefficient of variation h
2
(bs): Heritability (broad sense), GA: 

Genetic advance, GAM: Genetic advance as per cent of mean 

 

Note2:  TN: Tiller numbers/plant; SL: Shoot length (cm); RL: Root length (cm); RV: Root volume (cm); SFW: Shoot 

fresh weight (g); SDW: Shoot dry weight (g); RFW: Root fresh weight (g); RDW: Root dry eight (g); RSRWW: Root 

to shoot ratio on wet weight basis; RSRDW: Root to shoot ratio on dry weight basis; SCMR: SPAD Chlorophyll 

Meter Reading; GYP: Grain yield per plant (g); Low soil P (P0): P level:3-5ppm; Normal soil P: RDF for rice 

 

Note 3: GCV, PCV and GAM was classified as High (> 20%); Moderate (10-20%); Low (<10%) as proposed by 

Sivasubramanian and Madhavamenon (1973) [35]; (h^2) estimates were categorized as: High (> 60%); Moderate (30-

60%); Low (0-30%); GAM estimates were categorized as: High (> 20%); Moderate (10-20%); Low (<10%)  

suggested by Johnson et al. 1955 [18]. 



 

 

 

 

Figure 1: Box plots showing frequency distribution for root architectural traits of introgression lines under 

two soil P gradient conditions during Kharif-2020 

 

Note: Red colour box showing the frequency distribution of rice population‘s low soil P 

          Blue colour box showing the frequency distribution of rice population‘s normal soil P 

 

 

 



 

 

 

 

 

Figure 2: Phenotypic correlation coefficient matrix for root architectural traits of ILs under two soil P 

gradient conditions during Kharif-2020 

Note1: Traits details: TN: Tiller numbers/plant; SL: Shoot length (cm); RL: Root length (cm); RV: Root volume 

(cm); SFW: Shoot fresh weight (g); SDW: Shoot dry weight (g); RFW: Root fresh weight (g); RDW: Root dry eight 

(g); RSRWW: Root to shoot ratio on wet weight basis; RSRDW: Root to shoot ratio on dry weight basis; SCMR: 

SPAD Chlorophyll Meter Reading; GYP: Grain yield per plant (g); Low soil P (P0): P level:3-5ppm; Normal soil P: 

RDF for rice 

Note2: Positive and negative correlations are indicated by blue and red ellipses. A greater coefficient is reflected by 

a color of higher intensity; Significance level:  0.05 (*) = 0.287; 0.01 (**) = 0.372 



 

 

Table 3: Eigen values, Per cent variance, cumulative proportion and component loading for 

root architectural traits of ILs under two soil P gradient conditions during Kharif-2020 

Traits 
Environment 

/conditions 
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 

 

TN 

Low soil P 0.235 -0.020 0.548 0.153 -0.196 0.214 -0.360 0.057 -0.628 0.097 -0.015 -0.028 

Normal soil P -0.260 -0.005 0.006 0.133 -0.257 -0.744 0.496 0.021 -0.151 -0.160 0.006 -0.021 

SL 

 

Low soil P 0.012 0.358 0.016 -0.770 -0.232 0.010 0.032 -0.441 -0.150 0.081 0.002 -0.012 

Normal soil P -0.062 0.026 0.017 -0.369 -0.881 0.268 -0.006 -0.073 -0.074 0.003 0.017 -0.001 

RL 

 

Low soil P 0.185 0.271 0.094 -0.331 0.585 -0.128 -0.461 0.392 0.108 -0.186 0.048 -0.022 

Normal soil P 0.023 0.173 -0.539 -0.124 0.157 0.324 0.671 -0.272 0.067 0.059 0.027 -0.032 

RV 

 

Low soil P 0.212 -0.087 -0.438 0.000 -0.066 0.620 -0.460 -0.090 0.233 0.300 -0.042 0.032 

Normal soil P -0.210 0.215 0.383 -0.469 0.216 0.157 0.267 0.497 0.144 -0.363 -0.031 0.006 

SFW 

 

Low soil P 0.379 0.128 0.283 0.020 -0.285 0.242 0.169 0.054 0.392 -0.359 0.517 0.196 

Normal soil P -0.200 -0.541 0.336 0.075 0.061 0.212 0.243 -0.085 -0.061 0.164 0.630 -0.073 

SDW 

 

Low soil P 0.240 0.429 -0.395 0.097 0.038 0.169 0.397 0.337 -0.370 0.094 0.181 -0.336 

Normal soil P -0.440 0.079 -0.102 0.071 0.109 0.155 -0.213 -0.337 -0.370 -0.532 0.098 0.400 

RFW 

 

Low soil P 0.458 -0.019 -0.049 0.036 -0.147 -0.038 0.033 -0.103 0.100 -0.468 -0.648 -0.320 

Normal soil P -0.442 0.046 0.268 0.017 0.096 0.136 0.109 -0.077 -0.318 0.554 -0.522 0.054 

RDW 

 

Low soil P 0.449 -0.024 -0.033 -0.076 0.042 -0.167 0.249 0.173 -0.047 0.339 -0.288 0.685 

Normal soil P -0.438 -0.145 -0.336 0.028 0.021 0.072 -0.209 0.153 -0.030 -0.140 -0.066 -0.759 

RSRWW 

 

Low soil P 0.300 -0.257 -0.417 0.078 0.084 -0.342 -0.205 -0.358 -0.343 -0.287 0.387 0.141 

Normal soil P -0.165 0.632 -0.086 -0.105 0.046 -0.147 -0.185 0.109 -0.156 0.382 0.559 -0.044 

RSRDW 

 

Low soil P 0.381 -0.327 0.174 -0.120 0.001 -0.309 0.052 -0.016 0.235 0.504 0.204 -0.504 

Normal soil P -0.312 -0.300 -0.453 -0.009 -0.059 -0.022 -0.076 0.486 0.253 0.210 0.022 0.503 

SCMR 

 

Low soil P -0.052 0.420 -0.152 0.214 -0.551 -0.473 -0.389 0.181 0.154 0.127 -0.002 0.025 

Normal soil P 0.087 0.236 0.051 0.714 -0.210 0.360 0.181 0.420 -0.171 -0.109 0.017 -0.003 

GYP 

 

Low soil P 0.125 0.489 0.178 0.438 0.381 -0.019 0.018 -0.567 0.135 0.188 -0.028 0.006 

Normal soil P -0.361 0.235 0.197 0.279 -0.110 0.030 -0.029 -0.313 0.766 -0.003 -0.006 0.002 

Eigen value 
Low soil P 4.373 1.483 1.386 1.090 1.038 0.860 0.722 0.500 0.358 0.163 0.017 0.011 

Normal soil P 3.824 1.930 1.480 1.150 0.980 0.820 0.760 0.450 0.320 0.210 0.020 0.004 

Proportion 

of variance 

 

Low soil P 36.44 12.36 11.54 9.08 8.64 7.16 6.01 4.16 2.98 1.36 0.14 0.08 

Normal soil P 31.86 16.16 12.35 9.65 8.18 6.84 6.37 3.82 2.68 1.81 0.17 0.04 

Cumulative 

proportion 

Low soil P 36.44 48.80 60.34 69.43 78.08 85.24 91.26 95.42 98.41 99.77 99.91 100.00 

Normal soil P 31.86 48.02 60.38 70.03 78.22 85.07 91.45 95.28 97.97 99.78 99.95 100.00 

Note1:  TN: Tiller numbers/plant; SL: Shoot length (cm); RL: Root length (cm); RV: Root volume (cm); SFW: 

Shoot fresh weight (g); SDW: Shoot dry weight (g); RFW: Root fresh weight (g); RDW: Root dry eight (g); 

RSRWW: Root to shoot ratio on wet weight basis; RSRDW: Root to shoot ratio on dry weight basis; SCMR: SPAD 

Chlorophyll Meter Reading; GYP: Grain yield per plant (g); Low soil P (P0): P level:3-5ppm; Normal soil P: RDF 

for rice; PC1 to PC12: Principal components 

 



 

 

 

 

Fig. 3 (A&B): Scree plot showing percentage of explained variance for root architectural traits of introgression lines 

under two soil P gradient conditions during Kharif-2020; Fig.3A: percentage of explained variance under low soil P; 

Fig.3B: percentage of explained variance under normal soil P; Note: 1 to 10 number = component numbers 

Fig. 3A 

Fig. 3B 



 

 

 

 

Figure 4: A and B showing the PCA Biplot for genotype clustering and PCA variable showing the contribution of the root 

traits in PC1 and PC2 on the axes for introgression lines under low soil P gradient conditions during Kharif-2020 

Note: 1: Swarna, 2: Ratnachudi, 3: Tanu, 4: ISM, 5: Rasi, 6: Samba mahsuri, 7: IL1-6, 8: IL4-5, 9: IL4-7, 10: IL9-1, 11: IL9-10, 12: IL9-21, 13: 

IL11-2, 14: IL11-4, 15: IL19-6, 16: IL20-1, 17: IL19-3, 18: IL21-8, 19: IL22-1, 20: IL22-6, 21: IL23-3, 22: IL23-7, 23: IL28-1, 24: IL28-2, 25: 

IL28-3, 26: IL31-3, 27: IL23-2, 28: IL42-2, 29: IL42-3, 30: IL42-5, 31: IL43-1, 32: IL43-3, 33: IL43-7, 34: IL49-5, 35: IL67-1, 36: IL67-2, 37: 

IL67-3, 38: IL69-1, 39: IL69-2, 40: IL75-2, 41: IL82-1, 42: IL83-6, 43: IL86-1, 44: IL86-4 

 

B 

Fig. 4A 

Fig. 4B 



 

 

 

Figure 5: A and B showing the PCA Biplot for genotype clustering and PCA variable showing the contribution of the root 

traits in PC1 and PC2 on the axes under normal soil P during Kharif-2020 

Note: 1: Swarna, 2: Ratnachudi, 3: Tanu, 4: ISM, 5: Rasi, 6: Samba mahsuri, 7: IL1-6, 8: IL4-5, 9: IL4-7, 10: IL9-1, 11: IL9-10, 12: IL9-21, 13: 

IL11-2, 14: IL11-4, 15: IL19-6, 16: IL20-1, 17: IL19-3, 18: IL21-8, 19: IL22-1, 20: IL22-6, 21: IL23-3, 22: IL23-7, 23: IL28-1, 24: IL28-2, 25: 

IL28-3, 26: IL31-3, 27: IL23-2, 28: IL42-2, 29: IL42-3, 30: IL42-5, 31: IL43-1, 32: IL43-3, 33: IL43-7, 34: IL49-5, 35: IL67-1, 36: IL67-2, 37: 

IL67-3, 38: IL69-1, 39: IL69-2, 40: IL75-2, 41: IL82-1, 42: IL83-6, 43: IL86-1, 44: IL86-4 

 

Fig. 5A 

Fig. 5B 



 

 

 

 

Figure 6: A and B showing the PCA showing most contributing variables for each dimensions and contributions of the 

variables for 1st two PCs under low soil P during Kharif-2020 

 

 

Fig. 6A 

Fig. 6B 



 

 

 

 

 

 

Figure 7: A and B showing the PCA showing most contributing variables for each dimensions and contributions of the 

variables for 1st two PCs under normal soil P during Kharif-2020 

 

Fig. 7A 

Fig. 7B 



 

 

 

 

Figure 8: A and B showing the PCA graphs for individual genotype contributing to the variability through first two PCs 

for root architectural traits of introgression lines under two soil P gradient conditions during Kharif-2020 

Note: 1: Swarna, 2: Ratnachudi, 3: Tanu, 4: ISM, 5: Rasi, 6: Samba mahsuri, 7: IL1-6, 8: IL4-5, 9: IL4-7, 10: IL9-1, 11: IL9-10, 12: IL9-21, 13: 

IL11-2, 14: IL11-4, 15: IL19-6, 16: IL20-1, 17: IL19-3, 18: IL21-8, 19: IL22-1, 20: IL22-6, 21: IL23-3, 22: IL23-7, 23: IL28-1, 24: IL28-2, 25: 

IL28-3, 26: IL31-3, 27: IL23-2, 28: IL42-2, 29: IL42-3, 30: IL42-5, 31: IL43-1, 32: IL43-3, 33: IL43-7, 34: IL49-5, 35: IL67-1, 36: IL67-2, 37: 

IL67-3, 38: IL69-1, 39: IL69-2, 40: IL75-2, 41: IL82-1, 42: IL83-6, 43: IL86-1, 44: IL86-4 

Fig. 8B normal soil p 

Fig. 8A low soil P 



 

 

  

Figure 9: (A&B): Relationship among root architectural traits of introgression lines under 

two soil P gradient conditions during Kharif-2020 using K means clustering on UPGMA 

method.  

Note:1: Fig.9A: clustering of root traits under low soil P; Fig.9B: clustering of root traits under 

normal soil P 

 

 

 

 

 

 

 

Fig. 9A Fig. 9B 
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Table 4. Grouping of introgression lines based on root traits by using K means clustering 

on UPGMA method 

 Low soil P  Normal soil P 

Clusters Genotypes Clusters Genotypes 

I 

ISM, IL-9-10, IL-28-3, IL-9-21, 

IL-23-2, IL-42-5, IL-49-5, IL-67-

3 

I 
IL-9-10, IL-19-3, IL-23-2, IL-75-2, IL-42-3, IL-

11-2, IL-67-2, IL-69-1, Swarna,  

II 
Rasi, IL-23-7, IL-21-8, IL-22-1, 

IL-31-3, IL-42-3 
II Ratnachudi, IL-43-7, IL-82-1, IL-86-1 

III 

IL-1-6, IL-9-1, IL-22-6, IL-20-1, 

IL-28-1, IL-67-1, IL-69-2, IL-19-

6, IL-82-1, IL-42-2, IL-19-3, IL-

43-1, IL-83-6, IL-43-7, Swarna, 

IL-62-2 

III 
Tanu, IL-9-1, IL-23-7, IL-42-5, IL-9-21, IL-22-

6, IL-49-5, IL-67-1, ISM, IL-31-3, IL-42-2 

IV 

IL-69-1, IL-75-2, IL-86-4, IL-4-

7, IL-86-1, IL-4-5, IL-11-4, IL-

11-2, IL-43-3 

IV 
IL-4-7, IL-22-1, IL-28-1, IL-28-2, IL-11-4, IL-

21-8, IL-43-1, IL-20-1, IL-28-3, IL-43-3 

V 
Tanu, Samba Mahsuri, 

Ratnachudi, IL-23-3 
V 

Samba Mahsuri, IL-4-5, IL-67-3, IL-69-2, IL-

83-6, IL-86-4 

  VI Rasi, IL-1-6, IL-23-3, IL-19-6 

 

 

 

 

 

 

 

 

 


