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Abstract: Indirect selection for deep-rooted rice varieties via shoot-related traits could help the breeder
in identifying drought tolerant lines. This study was conducted to determine the effectiveness of
discriminant analysis in recognizing deep-rooted types of rice on the basis of a few plant
measurements. The F2 population was divided into two groups based on maximum root length of the
female deep-rooted parent ‘Moroberekan’. Mean performance of deep-rooted group was always higher
than the shallow-rooted group for all the traits. The most important variable for discriminating between
the two groups was shoot dry weight followed by plant height and days to 50% flowering. These
three characters together were explained about 25.1% of the variability between two groups. The
discriminant coefficient for shoot dry weight was approximately four times more than the magnitude
relative to plant height. By mean of shoot dry weight, plant height and days to 50 % flowering as
predictors, 78.6% of the observations were correctly classified into their true groups as deep rooted
lines. A 78.6% correct classification was the best achieved and was as good as that obtained with all
10 original variables in the analysis simultaneously. Three canonical variables were generated to find
the optimal combinations of variables needed to discriminate between two groups. Canonical variable
one had the highest correlation with shoot dry weight followed by plant height. To confirm the result,
89 F2 deep-rooted lines were forwarded to next generation and evaluated for root length in the same
way. Out of that 76.4% of the F2:3 population were deeper rooted than the Moroberekan parent and
was not significantly different from the expected result. These results show that discriminant analysis
may be an efficient and useful tool for predicting the deep-rooted genotypes on the basis of a few
plant measurements that are routinely assessed by breeders.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important staple food crops in the world (Anonymous, 2009).
The potential yielding ability of the currently available rice varieties has to be increased to meet the existing
demand for rice through utilizing the valuable yield genes and genes conferring resistance to abiotic stresses
which are residing in our rice seed repositories (Atlin and Frey, 1990). Drought frequently causes loss of yield
in rice (Fukai and Cooper, 1995). Grain yield can be drastically reduced if drought stress occurs during tillering
or flowering stages. Hence, developing drought resistant cultivars, especially with good performance under late
season drought stress is one of the major objectives in rice breeding programs (Boonjung, and  Fukai, 1996;
Champoux, et al 1995; Courtois, and Nguyen, 2000; Cruz-Castillo, et al 1994; Das, et al 1991; Ebdon, et al
1998; Ekanayake, et al 1985; Fisher, 1936; Fukai and Cooper, 1995; Hemamalini, et al 2000; Ingram, et al
1994; Kanbar, 2009; Kanbar, et al 2006; Kanbar, 2002; Kanbar, 2004; Kato, 2009; Khattree,  and Naik, 1999;
Lafitte and Courtois, 1999; Manickavelu, 2006; Nguyen, 1997; O'Toole and Soemartono, 1981; Pantuwan,
2002). The identification of deep-rooted genotypes is an important objective in aerobic upland rice breeding
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programs (Fukai and Cooper, 1995; Nguyen, et al 1997). but selection of rice varieties with deep-rooted has
been difficult because roots are grown underground, which make the measurement of root–related traits are
relatively labor intensive and not well suited for mass screening (Yadav, et al 1997; Price and Tomos, 1997;
Lafitte and Courtois, 1999; Cruz-Castillo, et al 1994.; Hemamalini, et al 2000; Zhang, et al 2001; Venuprasad,
et al 2002; Kanbar, et al 2002; Steele, et al 2006). Different techniques were used to evaluate the root system
in different crops. The use of polyvinyl chloride (PVC) pipes was the most common method for many rice
researchers (Hemamalini, et al 2000; Shashidhar, et al 2000; Toorchi, et al 2002; Kanbar, et al 2002; Kanbar,
et al 2004; Kanbar, et al 2006; Steele, et al 2006; Kanbar, et al 2009).

Indirect selection for deep-rooted rice varieties via shoot-related traits could help in identifying drought
tolerant lines. Shoot characters associated with maximum root length include plant height and shoot dry weight
were reported by several scientists (Ekanayake, et al 1985; Salam and Subramanian, 1988; Zuno-Altoveros,
et al 1990; Champoux, et al 1995; Price, et al 1997; Toorchi, et al 2002; Hemamalini, et al 2000; Toorchi,
et al 2002;  Kanbar, et al 2004; Kato, et al 2009). These studies demonstrate that drought tolerant is a
multivariate problem; the tolerance of the plant to the water limited is affected by several morphological and
growth characteristics. These characteristics operate simultaneously, but their effects on drought tolerance are
not independent (O'Toole and Soemartono, 1981; Kato, et al 2009). As a result, the efficiency of identification
of deep-rooted rice genotypes can be improved by considering simultaneously several plant attributes that are
correlated with maximum root length. 

The multivariate technique of discriminant analysis developed by Fisher (Fisher, 1936). provides an
effective method for this purpose when groups are of interest, e.g., comparative root length groups.
Discriminant analysis has been used successfully in horticulture in classifying plant material (Cruz-Castillo, et
al 1994; Ebdon, et al 1998; Pydipati, et al 2006). The method has seen little application because computations
are complex and time consuming. However, the use of discriminant analysis in classifying plant material has
become more convenient because of the increasing speed of personal computers and the availability of
statistical software that performs discriminant analysis. This study was conducted to determine the effectiveness
of discriminant analysis in recognizing deep-rooted types of rice on the basis of several plant measurements,
including plant height and biomass. 

MATERIAL AND METHODS

Plant Material:
The F2 and F2:3 lines derived from crossing divergent parents viz, Moroberekan and IR20 were used in

experiments. While, the female parent Moroberekan was an African japonica processing a deep and thick root
and is tolerant to drought, the male parent is IR20, an indica type, having short stature and shallow root
system and susceptible to drought. Japonica parent was higher yielding under aerobic condition. Field
experiments for the present study were conducted in the experimental field of Hebbal Research Campus,
University of Agricultural Sciences, Bangalore, India. The city of Bangalore is located in the heart of the South
- the Deccan Plateau, with an average elevation of 900 m above sea level, it has pleasant weather, with
temperature ranging from around 24°C in winter to 35°C during summer, despite being between the very
tropical latitudes of 12° 39' N and 13° N, longitude being 77 37' East.

274 F2 plants along with two parents were planted in nursery with 5 cm spacing between plants to produce
more number of tillers at early stage of growth. 152 seedling having minimum of 4 tillers were chosen and
separated in to 4 plantlets to plant them in CRD design with four replications. The separating of the tillers was
done by cutting off the tillers and transplanted into PVC pipes measuring 1 meter in length and 20 cm
diameter. The pipes were filled with a mixture of sandy clay loam and FYM in 4:1 proportion. The soil was
fertilized according to the recommended package of practices. The plants were watered daily to field capacity
throughout the cropping period. The sampling was done at maturity stages. Pipes at ground level were removed
carefully and soaked in water overnight to loosen the soil. The next day, roots were cleaned thoroughly and
carefully using a fine jet of water. The cleaned plant was collected in poly bags for recording root characters.
Observation consisted of maximum root length (MRL) in cm, root number at 15 cm (RN15), root volume (RV)
in cc, root dry weight (RDW) in g and grain yield/plant (GY) in g,  days to 50% flowering (DAS) and shoot
dry weight (SDW). 

Evaluation of discriminant analysis in identification of shallow and deep rooted plants was used by
dividing the 152 F2 lines after sampling into two groups (deep and shallow) based on root length of deep
rooted female parent “Moroberekan” which had root length 65 cm in the same experiment. Plants had root
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length higher than Moroberekan, considered as deep-rooted individuals and lines had root length lower than
Moroberekan considered as shallow rooted once. Deep-rooted group consisted of 89 individuals and shallow
rooted group contained 63 individuals.

The 89 F2 plants along with two parents were forwarded to next generation for checking the validity of
discriminant analysis in classification of deep-rooted lines at early stage of segregating population. Phenotypic
evaluation for F2:3 families have been conducted in PVC pipes condition under well-watered regime. The
experiment was laid out in CRD design with four replications. The number of plants from each family in each
replication was ten plants. 

Statistical Analysis:
Step-wise Discriminant Analysis: 

Step-wise discriminant analysis using PROC STEPDISC in SAS program (SAS institute, Inc., 1996) was
employed to determine the best combination of variables that would separate between the two root length
groups. The STEPDISC procedure selects a subset of quantitative variables to produce a good discrimination
model using step-wise selection. The set of variables that make up each class is assumed to be multivariate
normal with a common covariance matrix. Variables are chosen to enter or leave the model according to one
of two criteria: (1) The significance level of an F test from an analysis of covariance, where the variables
already chosen act as covariates and the variable under consideration is the dependent variable, or (2) the
squared partial correlation for predicting the variable under consideration from the CLASS variable, controlling
for the effects of the variables already selected for the model (Tabachnick and Fidell, et al 1996; Khattree and
Naik, et al 1999).   

Canonical Discriminant Analysis: 
The data were also subjected to Canonical discriminant analysis using CANDISC procedure in the SAS

program. Canonical discriminant analysis is a dimension-reduction technique related to principal component
analysis and canonical correlation. PROC CANDISC derives canonical variables that summarize between-class
variation in much the same way that principal components summarize total variation. For each canonical
correlation CANDISC tests the hypothesis that it and all smaller canonical correlations are zero in the
population. The variables analyzed should have an approximate multivariate normal distribution within each
class and a common covariance matrix, in order for the probability levels to be valid (Khattree and Naik,
1999).

Canonical Structure and Standardized Canonical Coefficients: 
The pooled within canonical structure and pooled within class standardized canonical coefficients were

used to determine each variable’s contribution to the discriminant function. Three canonical variables were
generated to illustrate how the population are grouped and separated. The raw canonical coefficients are
calculated as follows:

R = Sp
-1/2  V

Where, V is the matrix with the eigenvectors Vi that correspond to nonzero eigenvalues as columns. 
The pooled within-class standardized canonical coefficients are 

P = diag(Sp)1/2R

Where, Sp is the within-class pooled covariance matrix for the x variables and calculated by using the formula

Where, c is the number of groups, nt is the number of observations in group t and St is the sample covariance
matrix for the x variables in group t (Tabachnick and Fidell, 1996).

RESULTS AND DISCUSSION
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The identification of deep-rooted genotypes is an important objective in aerobic upland rice breeding
programs (Price, et al 2002; Tuong, et al 2005; Manickavelu, et al 2006; Kato, et al 2009). However, selection
of rice lines with deep root system has been difficult because root evaluation is tedious, time consuming,
relatively labor intensive and not well suited for mass screening. Shoot morphological criteria were used
successfully in identifying selections with deep root system in some studies (Slaton, et al 1989; Sorte, et al
1992; Kanbar, et al 2004). Which demonstrated that selection of deep rooted lines in rice under aerobic-soil
moisture conditions is a multivariate problem; the root length is affected by several morphological and growth
characteristics like; shoot biomass and plant height (Ingram, et al 1994; Fukai and Cooper, 1995; Kanbar, et
al 2009). 

Making use of the single-tiller approach, replicated PVC pipe trial was being able to perform in an F2
population with four replications. Theoretically, data collected from this sort of field experiment best serve the
purpose of estimation of genetic parameters; because the F2 is genetically the most informative population that
enables a direct estimation of all genetic components, and replicated field trial can provide estimates and also
reduce the experimental errors. The results of the analysis of variance revealed significant differences for all
the traits (data not shown). A wide variability was observed for all root-related traits and Duncan test revealed
significant differences between the two groups for plant height, grain yield, maximum root length, root number
(15), root volume, root dry weight and shoot dry weight (Table 1). No significant differences were observed
between days to 50 per cent flowering, number of tiller, number of panicles and panicle length. Mean
performance of deep-rooted (DR) group was always higher than the shallow-rooted (SR) group for all the traits.
Mean grain yield per plant of all the entries of DR group was 7.06 g with range of 20.60 g, which was
significantly reduced to 5.67 g in SR group. Shoot dry weight of the lines was significantly reduced from 24.15
g in DR group to 17.87 g in the SR group. The overall mean for maximum root length in DR group was 74.87
cm with range of 28.50 cm while. More the root length better will be the plant stand and it is important in
shaping the plant characters particularly shoot dry weight, number of tillers, number of panicles and plant
height (Fukai and Cooper, 1995). Ekanayake et al. (1985) found large positive correlation of maximum root
length with plant height, number of tillers, root dry weight, root volume and root thickness in F2 of rice. Traits
related to increase in length (root length, plant height and panicle length) seem to be correlated positively to
one another suggesting common control of cell division and elongation events. In a related study, Tao et al.
(1997) found a locus on chromosome 10 which is associated with cell length mutant (OSDIM) and MRL.

The range in the mean values indicates the extent of phenotypic variability. Considerable amount of
variability was present in the population, which is essential to increase the selection efficiency. Semi-dwarf
irrigated improved indicas are known to possess a plant type of short stature, with high tiller and root number
and shallow roots. On the other hand, the traditional tropical japonicas are known to possess contrasting
characters. The same has been observed in this study with respect to Moroberekan and IR20. This feature of
the two parents is responsible for the wide range of variation for the characters studied. The F2 population is
expected to be heterozygous, because of different combination of alleles in different loci in the genome. This
is evident from the occurrence of the transgressants far exceeding the parental values for several traits like
maximum root length; root volume and root dry weight. The mean of the F2 population fell between the
parental values for different parameters and the transgressants were more than two standard deviation units
away from the mean.

Discriminant analysis result is presented in table 2. The most important variable for discriminating between
the two groups was shoot dry weight with the partial R2 17.1% followed by plant height 6% and days to 50%
flowering 2%. These three characters together were explained about 25.1 % of the variability between two
groups. A set of linear discriminant function were obtained from standardized variables (predictor variables
were standardized to a mean of 0 and a standard deviation of 1) using shoot dry weight, plant height and days
to 50% flowering as predictors (Table 3) and a corresponding classification table for this set was developed
(Table 4). Variables were standardized so that the relative contribution of each component variable to the total
compound discriminant score is indicated by the absolute magnitude of its corresponding discriminant
coefficient. The discriminant coefficient for shoot dry weight (DR = 2.73, SR = 2.60) was approximately four
times more than the magnitude relative to plant height (DR = 0.74, SR = 0.69). For days to 50 % flowering,
the discriminant coefficient was 0.12 in DR group and 0.21 in SR group. It is worth mentioning here that shoot
dry weight and plant height manifested significant association with root length (data not shown), which is also
reported to be one of the traits contributing towards drought tolerance. However, the root characters 

Table 1: Descriptive statistical analysis of morphological characters of two discriminant groups based on maximum root length of
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Moroberekan parent in F2 population.
Variable Group Mean ± SE Min. Max. Range Moroberekan IR20
Days to 50% flowering DR$ 109.26 ± 0.69 a 95.30 128.50 33.20 109.20 106.00

SR# 107.26 ± 0.76 a 96.00 125.00 29.00
Plant height DR 123.44± 0.76 a 96.00 147.50 51.50 130.40 70.80

SR 111.39 ± 1.87 b 78.50 147.80 69.30
Number of tillers DR 5.48 ± 0.15 a 2.80 11.00 8.20 6.00 10.00

SR 5.28 ± 0.25 a 2.00 13.00 11.00
Number of panicles DR 4.92 ± 0.12 a 2.30 9.80 7.50 5.00 9.80

SR 4.59 ± 0.18 a 2.00 9.50 7.50
Panicle length DR 24.01 ± 0.21 a 18.50 30.00 11.50 26.13 18.47

SR 23.48 ± 0.28 a 19.60 28.60 9.00
Grain yield DR 7.06 ± 0.28 a 1.10 21.70 20.60 15.00 9.00

SR 5.67 ± 0.51 b 0.90 23.70 22.80
Maximum root length DR 74.87 ± 0.71 a 65.50 94.00 28.50 65.00 39.40

SR 55.83 ± 0.90 b 32.80 64.65 32.20
Root number (15 cm) DR 106.84 ± 3.88 a 46.00 260.80 214.80 93.20 114.40

SR 69.30 ± 2.66 b 29.30 169.50 140.20
Root volume DR 50.27 ± 2.14 a 13.00 109.80 96.80 67.20 54.00

SR 26.78 ± 1.52 b 9.80 66.00 56.20
Root dry weight DR 5.77 ± 0.22 a 1.60 11.40 9.80 6.50 5.32

SR 3.54 ± 0.18 b 1.20 8.50 7.30
Shoot dry weight DR 24.15 ± 0.73 a 9.60 40.70 31.10 28.00 10.00

SR 17.84 ± 0.86 b 5.20 40.70 35.50
$ : Lines have root length more than 65 cm grouped as deep rooted lines.
# : Lines have root length less than 65 cm grouped as shallow rooted lines.

Table 2: Step-wise discriminant analysis of root and shoot morphological traits between two groups of deep- and shallow-rooted lines
in F2.

Step Number in Character Partial F value Pr > F Wilk Pr < Average squared Pr > ASCC
R-square Lambda Lambda canonical correlation

1 Shoot dry weight 0.171 30.855 0.0001 0.829 0.0001 0.171 0.0001
2 Plant height 0.060 9.487 0.0025 0.780 0.0001 0.231 0.0001
3 Days to 50% flowering 0.020 2.977 0.0866 0.764 0.0001 0.251 0.0001

Table 3: Coefficients for standardized linear discriminant functions using shoot dry weight, plant height and days to flowering as
predictors of root groups in F2.

Variable                     Discriminant coefficients for group
----------------------------------------------------------------------------------------------------------------
Deep-rooted Shallow-rooted

Constant -194.238 -181.583
Shoot dry weight 2.734 2.683
Plant height 0.743 0.696
Days to 50% flowering -0.125 -0.218

like MRL cannot easily be monitored at field level. Hence, the characters such as shoot biomass and plant
height need to be given due emphasis while selecting the genotype for grain yield under aerobic condition. 

By mean of shoot dry weight, plant height and days to 50% flowering as predictors, 67.1% of the
observations (F2 lines) were correctly classified into their true groups. However, a higher error rate was
observed in the classification of shallow root cases (44.4%) compared with deep-rooted cases (21.3%). Our
objective was to screen for deep-rooted lines, so the identification of deep-rooted lines was more important
than shallow ones. The detection of shallow-rooted type was improved from 55.6% to 76.2% by adding all
the remaining measured characters to the predictors (Table 5). Over all correct classification by all the
characters as predictors has changed significantly from 67.1% to 76.9% (8.8% differences). Insignificant
changed was observed for deep-rooted type (from 78.7% to 77.5%). Thus, the contribution of three traits to
classify the plants into their true root length groups was equal to the contribution of all others. Ebdon et al.
(1998) used discriminant analysis in identification of low and high water use Kentucky bluegrass cultivars.
They reported that a fewer measurement or predictors viz., leaf angle and leaf area, more efficient to perform
classification into their true water use groups.

Table 4: Summary of classification with cross-validation using shoot dry weight, plant height and days to 50% flowering as predictors
of root groups in F2.

Group True group             Predicted group membership
---------------------------- ------------------------------------------------------------------------------------
Number of cases  Deep root Shallow root

Deep root 89 70 19
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Shallow root 63 28 35
Proportion correct (%) 78.65 55.56
Total correct (%) 67.10
Error  rate 0.21 0.44
Total error   0.31

Table 5: Summary of classification with cross-validation using all the traits as predictors of root groups in F2.
Group True group               Predicted group membership

----------------------------- ------------------------------------------------------------------------------------
Number of cases  Deep root Shallow root

Deep root 89 69 20
Shallow root 63 15 48
Proportion correct (%) 77.53 76.19
Total correct (%) 76.86
Error rate 0.22 0.24
Total error 0.23

Canonical structure and standardized canonical coefficient for the two root groups of F2 population are
presented in Table 6. Due to the important of the above ground characters in predicting the root length, shoot
dry weight, plant height and days to 50% flowering were only involved as predictors. The pooled within
canonical structure and pooled within-class standardized canonical coefficients were used to determine each
variable’s contribution to illustrate how the F2 lines are grouped and separated. Three canonical variables were
generated to find the optimal combinations of variables needed to discriminate between two groups. Canonical
variable one had the highest correlation with shoot dry weight (0.816) followed by plant height (0.807);
therefore, separation of the groups on this axis was due to mainly differences in the shoot dry weight. While,
Canonical variable two had the greatest correlation with days to 50% flowering (0.959), the canonical variable
three had the highest correlation with plant height (0.537). The result of canonical analysis was in agreement
with the result of discriminant function analysis. Taller varieties coupled with deep root produce more dry
matter and there by yield more relatively under aerobic condition (Das, et al 1991; Ingram, et al 1994; Fukai
and Cooper, 1995; Kanbar, et al 2009). 

To verify the result, 89 F2 deep-rooted lines along with two parents were forwarded to next generation
and evaluated for root and shoot morphological traits in PVC under well-watered condition. Out of that 68 of
the F2:3 lines (representing 76.4% from the whole population) were deeper rooted than the Moroberekan parent.
The root length of deep-rooted parent ‘Moroberekan’ was reduced to 55.75 cm comparing with F2 experiment
and that could be due to the genotype-environment interaction (Table 7). There was no significant difference
between the observed results (76.4%) and the expected ones (78.6%) with using a few plant characters viz.,
plant height and shoot biomass. The results showed that a set of discriminant functions that has been
thoroughly tested could be used to predict the root length patterns of new cultivars on the basis of a few
simple plant measurements (plant height and shoot dry weight) that are routinely assessed by aerobic rice
breeders.

Table 6: Canonical structure and standardized canonical coefficients for the two shallow and deep rooted groups of F2.
Variable Pooled within canonical structure Polled within-class standardized canonical coefficients

------------------------------------------------ --------------------------------------------------------------------------------
CAN1 CAN2 CAN3 CAN1 CAN2 CAN3

Shoot dry weight 0.816 -0.246 -0.521 0.569 -0.181 -0.939
Plant height 0.807 -0.244 0.537 0.561 0.149 0.951
Days to 50% flowering 0.281 0.959 -0.015 0.289 0.957 0.001

Table 7: Descriptive statistical analysis of morphological characters for F2 derived F3 deep rooted group.
 No. % of Proportion Means

of lines correction ----------------------------------------------------------------------------------------------------------------------------------------------------
lines from the for detecting DOF PHT NOT NOP PL GY MRL RN (15) RV RDW SDW

population deep
root lines

Shallow-rooted lines 21 23.59 78.6% 109.94 a 128.35 a 8.74 a 5.94 a 20.73 a 11.93 a 51.44 a 119.20 a 58.12 a 7.95 a 37.16 a
Deep-rooted lines 68 76.41 110.70 a 135.44 b  8.98 a 6.14 a 21.68 a 14.58 b 67.35 b 128.21 b 72.10 b 9.24 b 42.37 b
Moroberekan    110 114.75 8.00 5.25 25.13 12.75 55.75 108.50 55.00 8.50 50.65
IR20   105 63.25 13.25 6.75 18.25 9.45 27.50 103.50 20.25 5.25 13.68
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