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Abstract
A practical option to address food security of the South-east Asian countries where rice (Oryza sativa L.) is a staple food has been

exploitation of heterosis through commercial hybrid rice technology. Hybrid rice exhibits a yield advantage of 15 - 20% (or more
than one ton of paddy per hectare) over the best traditional varieties in large-scale production worldwide. However, as opposed to

the case of open-pollinated plants, it is difficult to reliably produce an acceptable quality of Hybrid seeds through the use of systems.
Rice is strictly self-pollinated. There are several traits contributing to the hybrid seed production efficiency, such as days to heading,

pollen load, pollen longevity, and morphological traits of floret, viz., size of stigma and style, stigma exsertion, stigmatic receptivity,
spikelet opening angle and duration.
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Introduction
A practical option to address food security of the South-east

Asian countries where rice (Oryza sativa L.) is a staple food has

been exploitation of heterosis through commercial hybrid rice

technology. Hybrid rice exhibits a yield advantage of 20 - 25% (or
more than one ton of paddy per hectare) over the best traditional
varieties in large-scale production worldwide. However, as op-

posed to the case of open-pollinated plants, it is difficult to reliably

produce an acceptable quantity of hybrid seed through the use of

hybrid systems, as rice is strictly sle pollinated. There are several
traits contributing to the hybrid seeds production efficiency, such

as days to heading, pollen load, pollen longevity and morphological traits of floret, size of stigma and style, stigma exsertion, stigma
receptivity, spikelet opening angle and duration.

Among them, stigma exsertion is emphasized as a major compo-

nent in increasing pollination and seed set [1,2]. Stigma exsertion
is an important trait that contributes to the improvement of seed
production in hybrid rice and is closely related to seed productiv-

ity in hybrid rice [3]. The current lack of enough economic success
of hybrid rice seed production being seed producibility, one of the
bottlenecks is low seed set which in turn is dependent on low out-

crossing rate prevalent (Mao., et al. 1998). Stigma exsertion and

other stigma traits have received consistent attention from rice
researchers [4-12]. Observations made at International Rice Research Institute (IRRI) indicate that the exsertion of the stigma is a

genetic trait, and not all male-sterile lines possess high expression

of this trait; however, it can be enhanced through specific breeding
efforts [6]. Development of a maternal parent with highly exserted

stigmas is expected not only to help to trap more pollen dispersed
from a paternal parent, but also to overcome the barrier of pol-

lination caused by the differences in the flowering date or time
between the parents. With an increase in the frequency of stigma

exsertion in male sterile lines of hybrid rice, the seed-setting rate in
hybrid seed production and the yield of hybrid seed also increased.

Many genetic studies on the frequency of stigma exsertion and

distinct variability for the stigma exsertion trait in inter- and intra-

generic derivatives of Oryza have been reported [4,6,8-11]. Generally, cultivated rice shows lower stigma exsertion rate compared to

wild rice. With the exception of Oryza stapfii and O. rufipogon, most

of the wild rice showed 75 - 100% stigma exsertion, indicative of
open pollination [6]. Ramesha., et al. [13] reported 48 - 65% stigma exsertion in CMS lines derived from O. rufipogon and O. nivara.

Sheeba., et al. [2] reported 27 - 65% stigma exsertion in cultivated
CMS A lines of rice. Irrespective of sub species, the stigma exsertion rate ranged from 51.6% to 60.4% in rice [14].

Though Ying and Zang (1989) and later the Standard Evalua-

tion System (SES) published by INGER [15] define the classifica-

tion of stigma exsertion based on the exsertion levels, the methods
used for phenotyping the stigma exsertion are very varied (Yan.,

et al. 2009); and there are no studies comparing them in a sys-

tematic manner. The present study was focused on comparing two
natively developed methods of phenotyping for stigma exsertion
types, viz., the whole panicle method and the panicle zone method, both of which are improvements over the reported ones, at-

tempting to minimize distortion during long duration storage of

sampled spikelets and for accurate assessment of stigma exsertion.
The panicle zone method was developed to reduce the drudgery of

the whole panicle method as well as to save upon time and human
resources.

In research, comparison of one method with another is often

needed to see whether they agree sufficiently for replacement de-

cisions [16]. Various statistical methods have been used to test for

agreement of methods with quantitative or continuous outcomes.
Bland and Altman [17] have suggested a series of steps that could
be used to evaluate agreement or disagreement between two
methods.
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Materials and Methods
Plant material
Eight genotypes with contrasting mean total stigma exsertion

were chosen from screening of nearly fifty maintainer lines in hy-

brid rice breeding. These eight genotypes varied considerably for
mean stigma exsertion (18 to 84%) (Table 1).
#

Genotype

Source

Mean TSE (%)

1

BF16B

BARWALE FOUNDATION
(BF)

83.52

DRR6B

Directorate for Rice Research (DRR)

59.11

2

DRR9B

4

DRR9B

3
5
6
7
8

BARWALE FOUNDATION
(BF))
Directorate for Rice Research (DRR)

IR25B

Int’l Rice Research Institute
(IRRI)

IR97B

Int’l Rice Research Institute
(IRRI)

IR56B
APMS6B

Int’l Rice Research Institute
(IRRI)
Directorate for Rice Research (DRR)

83.55
48.57
39.50
53.71
37.81
17.91

Table 1: Rice genotypes with their mean
total stigma exsertion (TSE).

Phenotyping

During the wet season of 2012, two phenotyping methods,

viz., the whole panicle method (Method 1) and the panicles zone

method (Method 2), were used at the experimental stations of
BF and DRR, both located at Hyderabad, India (Latitude: 17⁰ 22’
31” N, Longitude: 78⁰ 28’ 27” E, Elevation: 494 m above MSL).
Experiments were laid out in randomized complete block design

(RCBD) with three replications comprising of single row plots of

genotypes. Twenty-five-day old seedlings were transplanted at 20
x 20 cm spacing with 20 plants per row for each genotype. Stan-

dard agronomic practices were followed. Panicle collection was
done at the time when all spikelets were completely open. Sampling was performed using one panicle each from the main tiller of randomly chosen five individual plants in each replication,

per genotype. Thus, a total of 15 panicles were collected for each
genotype. Subzero temperature conditions were maintained during collection and transport of panicles, so as to prevent them from

drying. Further, the panicles were treated with 0.2% Benlate and

were wrapped in germination papers wetted with 0.2% mercuric
chloride (HgCl2) solution to avoid any fungal or microbial attack

during their storage at 4°C. The paper towels were then placed in

Figure 1: Stigma exsertion types in rice spikelets: Dual

stigma exsertion (DSE), Single stigma exsertion (SSE), and
No stigma exsertion (NSE)

The type of stigma exsertion was grouped as dual stigma exser-

tion (when the stigma exerts on both sides of the spikelet, DSE),

single stigma exsertion (where stigma exerts on only one side of
the spikelet, SSE) and no stigma exsertion (when the stigma does
not exsert at all from the spikelet, NSE). Sum total of DSE and SSE
gives the total stigma exsertion (TSE) (Yan., et al. 2009).
Method 1: Whole panicle method

For assessing the quantity of each of the stigma exsertion type

by the whole panicle method, all the individual spikelets in each

panicle were separated and observed under illuminated magnifier lens to categorize them into dual, single or no stigma exsertion types (Figure 2a). Spikelets representing each class of stigma

exsertion were counted separately and represented as percentage,
as detailed by Yan., et al. (2009): (a)

Figure a: All the spikelets of an entire panicle were scored; b:

Panicle zone method (Method 2) - The whole panicle was cut into

three parts, representing the upper, middle and lower zones. In

each zone, five spikelets were randomly chosen for scoring. The
spikelets were scored as dual stigma exsertion (DSE) or single stigma exsertion (SSE) or no stigma exsertion (NSE) type

DSE (%) = (Number of spikelets showing DSE/ Total number of

spikelets in the panicle) X 100

SSE (%) = (Number of spikelets showing SSE/ Total number of

spikelets in the panicle) X 100

NSE (%) = (Number of spikelets showing NSE/ Total number of

plastic zip bag or were covered in aluminium foil to maintain the

spikelets in the panicle) X 100 TSE (%) = DSE (%) + SSE (%)

any distortion in spikelet/ stigma.

Single stigma exsertion, and NSE: No stigma exsertion

moisture content of panicles. Using this method of collection and

storage, we were able to store the panicles for over 20 days without
Evaluation of stigma exsertion

The phenotyping for stigma exsertion in the eight genotypes

was carried out by categorizing the spikelets from each panicle as
dual, single or no stigma exsertion types (Figure 1).

aTSE: Total stigma exsertion, DSE: Dual stigma exsertion, SSE:

Analysis of Variance (ANOVA) for stigma exsertion types

ANOVA for the stigma exsertion types across genotypes, panicle

zones and locations (Table 3) revealed that only the differences
due to genotype effect were significant (except for SSE type which
showed significant difference due to location also).
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Method
Whole

Panicle

Method
Panicle
Zone

Method

Parameter

TSEa (%)

DSE (%)

SSE (%)

14

NSE (%)

BF

DRR

BF

DRR

BF

DRR

BF

DRR

Maximum

91.2

81.4

56.4

44.7

49.9

49.2

79.8

87.1

SD

23.4

21.6

20.0

14.8

9.6

10.4

23.6

19.9

Minimum
Mean

Median

Maximum
Minimum
Mean
SD

Median

20.2
55.0
54.5
93.3
6.7

53.8
23.9
55.0

12.9
51.1
50.3
77.3
14.7
48.8
21.0
43.3

1.3

0.2

19.7

17.8

17.1

10.8

34.3

12.5

56.7

36.7

41.3

0.0

51.8

4.0

15.7

6.7

17.5

15.7

38.0

12.0

11.5

13.2

12.0

41.7

8.7

34.1
36.3
44.0
10.7
31.3
10.9
33.3

8.8

18.6

45.0

48.2

45.5

49.7

93.3

85.3

6.7

22.7

46.2

51.3

23.9
45.0

21.0

Table 2: Basic statistical parameters for rice stigma exsertion types at Barwale Foundation

56.7

(BF) and Directorate of Rice Research (DRR).

a: TSE: Total stigma exsertion, DSE: Dual stigma exsertion, SSE: Single stigma exsertion, and NSE: No stigma exsertion.

Variatea No.

Grand
Mean

Standard
deviation
based on
CV%
TSSb

Figure a: All the spikelets of an entire panicle were scored; b:

parts, representing the upper, middle and lower zones. In each
zone, five spikelets were randomly chosen for scoring. The

spikelets were scored as dual stigma exsertion (DSE) or single
stigma exsertion (SSE) or no stigma exsertion (NSE) type.

RSS

Genotype
Location

Panicle
zone

TSE

96

51.26

23.43 14.04 27.40 0.733

0.080

DSE

96

16.62

16.04 12.43 74.80 0.652

0.497

SSE

96

34.64

14.24 10.75 31.00 0.701

0.003

NSE

96

48.74

23.43 14.04 28.80 0.733

0.080

Panicle zone.

method (Method 2) - The whole panicle was cut into three

F-Probability
value

a

0.000
0.000
0.000
0.000

Table 2: Analysis of Variance (ANOVA) for stigma
exsertion types in rice by panicle zone method.

TSE: Total stigma exsertion; DSE: Dual stigma exsertion;
SSE: Single stigma exsertion;

While DSE type exhibited a maximum coefficient of variation

(CV) of 75%, TSE showed the minimum of 27%. As the difference

due to the panicle zones was not significant, for further analyses,
averaged figures across the panicle zones for TSE, DSE, SSE and
NSE were used. The ANOVA for the stigma exsertion types using

the combined data from the panicle zone method and the whole
panicle method is presented in table 4.

Combined over the methods, the genotype and its interaction

with method and location effects varied highly significantly (P <

0.1) for all the four stigma exsertion types. The methods and locations were not significant sources of variation. The CV values
DSE (%) = (Number of spikelets showing DSE/ Total number of
spikelets in the panicle) X 100

SSE (%) = (Number of spikelets showing SSE/ Total number of
spikelets in the panicle) X 100

NSE (%) = (Number of spikelets showing NSE/ Total number of
spikelets in the panicle) X 100 TSE (%) = DSE (%) + SSE (%)

ranged from 12% (NSE) to 27% (DSE) going along with SD value of
22% for both.

Analysis of means: Significance of genotypic differences for the

types led to comparison of the mean performances of genotypes.

Tables 4 and 5 enlist respectively the mean performance of genotypes (Table 5), and genotype x method and genotype x location

interaction effects (Table 6). These were the only three significant
sources of variation as revealed by ANOVA (Table 4).
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Variatea

No.

Grand
Mean

Standard deviation based
on
TSSb

RSS

Genotype (G)

Location
(L)

GxM

GxL

MxL

52.35

22.19

6.69

12.80

0.000

0.722

0.391

0.000

0.000

0.832

NSE

80

47.46

21.73

5.88

12.40

0.000

0.672

0.426

0.000

0.000

0.838

80

17.70

80

34.66

16.02
10.89

4.77
6.25

26.90

0.000

18.00

0.632

0.000

0.988

0.803
0.155

0.000
0.000

0.000
0.000

0.886
0.360

Table 4: Analysis of Variance (ANOVA) of stigma exsertion types in rice spikelets scored by both the phenotyping methods

TSE: Total stigma exsertion; DSE: Dual stigma exsertion; SSE: Single stigma exsertion; and NSE: No stigma exsertion.

b

TSS: Total sum of squares, RSS: Residual sum of squares.
Genotype

DSE

SSE

NSE

BF16B

83.51

43.88

39.62

17.17

DRR9B

46.29

11.34

34.95

51.31

81.18

DRR6B

60.40

IR25B

42.69

IR56B
IR97B

APMS6B

49.86
38.48
16.40

LSD (5%)

6.65

b

Based on the mean values of genotypes (Table 5) for the TSE

Stigma exsertion typea
TSE

BF96B

42.26
14.35
8.61

10.64
8.81
1.69
4.91

38.92
46.06
34.08
39.22
29.68
14.71
5.95

types, BF16B had very high value of 84%, followed by BF96B

(81%). The minimum mean was recorded for APMS6B (16%), fol-

lowed by IR97B (39%). Comparison of these means using the LSD

18.82

value (7%) indicated that while BF16B and BF96B did not differ

39.79

significantly, the difference between APMS6B and IR97B was sig-

nificant. While APMS6B also recorded minimum mean for DSE

57.31

(2%) and SSE (15%), it showed the maximum mean for NSE (84%).

50.14

BF16B had maximum mean for DSE (44%) and minimum mean of

61.52

17% for NSE. DRR6B recorded the maximum mean of 46% for SSE.

IR25B, one of the most popular maintainer lines, recorded moder-

83.60

ate TSE of 43% (Table 5). Individual proportions of DSE, SSE and

5.86

NSE, and proportion of DSE and SSE to the TSE are depicted in figure 3 (a, b). The genotypes BF96B and BF96B had more than 50%

Table 5: Means of rice genotypes for stigma exsertion types

DSE and less than 25% of NSE. The genotypes APMS6B, IR97B and

TSE: Total stigma exsertion; DSE: Dual stigma exsertion; SSE:

IR25B showed a reverse trend; they had less than 25% DSE and

Single stigma exsertion; and NSE: No stigma exsertion.
b

Method
(M)

80

SSE

a

F-Probability
value

CV%

TSE

DSE

a

15

more than 50% NSE (Figure 3a).

Least significant difference at 5% level of probability by pro-

tected Fisher’s
LSD test.
Genotype

Methoda
M1
TSE

Locationb
M2

c

M1

M2

M1

DSE

SSE

M2

M1

M2

NSE

BF

DRR

TSE

BF

DRR

DSE

BF

DRR

SSE

BF

DRR

NSE

BF16B

84.51

82.00 46.81 39.50

37.71

42.50 16.62 18.00 87.81 79.20 50.96 36.81

36.86

42.39 12.19

22.16

DRR9B

45.81

47.00 10.23 13.00

35.59

34.00 50.18 53.00 53.71 38.87 12.62 10.06

41.09

28.81 46.29

56.32

BF96B

DRR6B
IR25B
IR56B
IR97B
APMS
6B

LSD
(5%)d

83.49
59.64
40.48
53.66
37.60
19.45
9.29

77.73 47.09 35.02
61.55 12.18 17.59
46.00

9.69

11.83

1.49

44.17 11.95
39.80

7.89
6.24

7.00
8.67

10.18
2.00

36.40
47.46
30.80
41.71
29.71
17.96
8.06

42.71 16.51 22.27 84.95 77.42 43.41 41.10
43.95 40.68 38.45 59.66 61.14 12.56 16.13
39.00 59.52 54.00 40.48 44.90

4.85

12.37

9.83

1.16

2.23

35.50 46.34 55.83 50.78 48.94
29.62 62.40 60.20 42.88 34.09
80.55 88.17 15.85 16.96
7.98

8.46

9.64
9.89
6.02

11.64
7.72

41.54
47.10
35.63
41.14
32.99
14.68
7.90

36.31 15.05
45.01 40.34
32.52 59.52
37.30 49.22
26.37 57.12
14.73 84.15

Table 6: Genotype x Method and Genotype x Location means of stigma exsertion types

a Method M1: Whole panicle method, M2: Panicle zone method

b Location BF: Barwale Foundation, DRR: Directorate of Rice Research

c TSE: Total stigma exsertion; DSE: Dual stigma exsertion; SSE: Single stigma exsertion; and NSE: No stigma exsertion
d LSD (5%): Least significant difference at 5% level of probability by protected Fisher’s LSD test.
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value (b = - 0.357) was between SSE and NSE (Table 7).
Correlation
Regression

TSE

TSE

DSE a (P)‡
b (P)

SSE

NSE

in rice genotypes: a - on panicle basis, b – dual stigma

more than 50% in BF16B and BF96B but less than 20% in
APMS6B, IR97B and IR25B (Figure 3b).

Figure 3. Proportion of individual stigma exsertion types in rice

genotypes: a - on panicle basis, b - dual stigma exsertion (DSE) and
single stigma exsertion (SSE) to total stigma exsertion (TSE)

The proportion of DSE to SSE in these genotypes was almost 1:1,

whereas, in rest of the genotypes, it ranged from 1:3 to 1:8. Thus,
the contribution of DSE to TSE was more than 50% in BF16B and
BF96B but less than 20% in APMS6B, IR97B and IR25B (Figure 3b).
Interrelationship analyses

Correlation and Regression
The product moment correlation coefficients (r) and regression

coefficients (b) are depicted in table 7.

A study of the genotype x methods and genotype x location in-

teraction effects (Table 6) brings out that the genotypes BF16B and
BF96B top the means and APMS6B and IR97B hit the bottom for

TSE, DSE and SSE. However, for NSE the trend was reverse. Also,

means of the two top performers did not differ significantly by applying LSD test (Table 6).

Both correlation coefficient (r) as well as regression coefficient

(b) were highly significant at 0.01% level of probability. Compari-

son of the r values showed that the highest positive correlation (r
= 0.89) was between DSE and NSE, the largest negative correlation
(r = -0.99) was between TSE and NSE. The lowest correlation observed (r = 0.34) was between DSE and SSE. The highest positive

regression (b = 1.493) and negative regression (b = -1.013) values

were between TSE- SSE, and TSE-NSE, respectively. The lowest b

R2

a (P)

b (P)

30.169
(0.0000)
1.228
(0.0000)
0.786

0.607
(0.9154)
1.493
(0.0000)
0.537

r (P

NSE

0.887
(0.0000)

0.733
(0.0000)

-0.992
(0.0000)

0.607
(0.9154)

1.000

-0.711
(0.0000)

1.000

1.000

0.493
(0.0024)
0.112

0.335
(0.0012)

98.322
(0.0000)

48.836
(0.0000)

51.581
(0.0000)

0.984

0.792

0.506

0.890
(0.0000)

-1.013
-0.656
-0.357
(0.0000) (0.0000) (0.0000)

rice (above the diagonal correlation and below the diagonal

stigma exsertion (TSE).

from 1:3 to 1:8. Thus, the contribution of DSE to TSE was

b (P)

1.000

SSE

Table 7: Inter-relationship of the stigma exsertion types in

exsertion (DSE) and single stigma exsertion (SSE) to total

almost 1:1, whereas, in rest of the genotypes, it ranged

a (P)

R2

Figure 3: Proportion of individual stigma exsertion types

The proportion of DSE to SSE in these genotypes was

R2

DSE

†

regression parameters).

TSE: Total stigma exsertion; DSE: Dual stigma exsertion; SSE:
Single stigma exsertion; and NSE: No stigma exsertion.
‡

r: Correlation coefficient; a: intercept; P: Probability; b:

Regression.

coefficient; R2: Coefficient of determination.

Method agreement analyses

The relevant parameters needed for the assessment of agree-

ment between the phenotyping methods by the Bland and Altman

approach are tabulated in table 8A - 8D determination (R2) for the
exsertion types between the two phenotyping methods. The r val-

ues between the methods among the four types of stigma exsertion
were very highly significant (P < 0.001), ranging from 0.73 (SSE)
to 0.95 (DSE). The intercepts ranged from 1.1 (SSE) to 4.0 (NSE),
and the z statistic of them indicated that all of them (except for DSE

with P < 0.0018) were significantly different from zero. The scatter
plots for the stigma exsertion types and their regression equations
are depicted in Figure 4.

Comparison of means: Table 8A brings out comparison of means
of the methods employing the t test. The t values for difference of

means between the two methods for TSE (0.93), DSE (1.09), SSE
(0.01), and NSE (-1.10) were non-significant at 0.05 level of probability.

Comparison of correlation and regression coefficients: Table 8B

gives idea about comparison of product moment correlation coeffi-

cient (r), regression coefficient (b) and coefficient of the regression

coefficients (b) obtained between the two phenotyping methods
ranged from 0.72 (DSE) to 0.97 (SSE). The probability values of the
z for the b values showed all were not significantly deviating from

the unit slope. The coefficient of determination (R2) ranged from
0.53 (SSE) to 0.90 (DSE) (Table 8B).
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SE type

Method

Mean

SD

SEM

t-value

P

TSE

Whole

53.08

22.362

3.228

0.9304

0.1834

Zones

16.62

13.675

2.417

0.0129

0.4949

a

Zones

DSE

Whole

SSE

Whole
Zones

NSE

Whole
Zones

51.26
18.41
34.67
34.64
46.6

48.74

22.296

3.941

17.320

2.500

9.862

1.0910

1.423

12.352

2.184

21.513

3.105

22.293

0.1462

-1.1024

3.941

0.1438

Table 8: Parameters for method agreement comparison.
Type

Correlation
(r)

Table 8A: Comparison of Means with one sample t-test.

P-value

Intercept (a)

P-value

Slope
(b)

P-value

R2

Z-test for a= 0

Z-test for b= 1

z

P-value

z

P-value

TSE

0.938

0.0000

1.426

0.7919

0.939

0.0000

0.880

-0.2689

0.3940

0.6605

0.7455

NSE

0.938

0.0000

4.040

0.4182

0.959

0.0000

0.880

-0.8341

0.2021

0.4306

0.6666

DSE
SSE

0.948
0.730

0.0000
0.0007

3.404
1.152

0.7919
0.8960

0.718

0.0000

0.966

0.899

0.0013

0.532

-2.1050
-0.1331

0.0176
0.4471

4.3970

1.0000

0.1405

0.5559

Table 8B: Regression equations for correlations between the exsertion types measured by the two phenotyping methods.

Intra-class Correlation Coefficients (ICC): Table 8C lists the in-

Comparison of difference of means: Table 8D reveals the charac-

types, the highest being 0.94 for TSE and the lowest for SSE at 0.70.

minimum (0.03) was in SSE. In case of TSE, the d was 1.82 and the

tra-class correlation coefficients (ICC, rI) between the two pheno-

typing methods. The ICC were high for all the four stigma exsertion
The range of difference between lower and upper bounds of ICC at

95% confidence interval was from 0.15 (TSE-NSE) to 0.55 (TSE-

SSE). The Cornbach’s Alpha ranged between 0.83 (SSE) to 0.97
(TSE, NSE), depicting high values of the alpha.
SE
Type

Intra-class correlation coefficient
ICC

TSE

0.938

NSE

0.938

DES
SSE

0.913
0.702

Lower
bound
95% CI

Cronbach’s
Alpha

Upper
bound

0.832

0.978

0.968

0.832

0.978

0.968

0.769
0.333

0.969
0.885

teristics of the difference of means (d) and the combined means for
the trait types. While the d value was the highest (-2.14) in NSE, the

SD of the difference of means (SDd) was 7.8, leading to the upper
limit (d + 1.96 X SDd) of 17.2, and the lower limit (d - 1.96 X SDd)
of -13.5, with bounds of 24.4 to -20.8 at 95% confidence interval.
Similar workings with DSE, SSE, and NSE (Table 8D) indicate that

the effective ranges between the lower and upper limits were 20.8
to -17.2, 23.9 to -23.8, and 20.3 to -24.6 for DSE, SSE and NSE, respectively.

TSE

DSE

SSE

NSE

53.08

18.41

34.67

46.6

Panicle
Zone
Method

51.26

16.62

34.64

48.74

Difference of
means (d)

Standard Deviation of d (SDd)

1.82

0.03

-2.14

95% Limit of
agreement Upper
Bound

7.82

1.79

17.15

14.69

16.21

13.07

-13.51

-11.1

-16.15

-17.35

24.42 to
9.87

20.81 to
8.57

23.89 to
8.53

20.30 to
5.85

Mean

0.954
0.825

Table 8C: Intra-class Correlation Coefficients (ICC).

Two methods of phenotyping. All (100%) the scatter points of

difference of means were lying within the lower and upper bounds
(including 95% CI of upper and lower bounds) in all the stigma exsertion types.

Whole
Panicle
Method

95% Limit of
agreement Lower
Bound

Figure 6 depicts the histograms of distribution of difference of

means for the four types of stigma exsertion classes between figure

4. Scatter-plots of rice stigma exsertion types (TSE: Total Stigma

95% Confidence
Interval of Upper
Bound

exsertion; DSE: Dual Stigma Exsertion; SSE: Single Stigma

95% Confidence
Interval of Lower
Bound

Exsertion and NSE: No Stigma Exsertion) scored by whole pani-

cle method (Method 1) and panicle zone method (Method 2).

a

-6.23 to
-20.79

6.58

-4.98 to
-17.22

8.26

-8.47 to
-23.83

7.76

-10.13 to
-24.58

Figure 8D: Comparison of Difference of Means.

TSE: Total stigma exsertion; DSE: Dual stigma exsertion; SSE:

Single stigma exsertion; and NSE: No stigma exsertion.
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Figure 5 shows the scatter-plots of difference of means and

combined means for rice stigma exsertion types scored by the two
phenotyping methods, with the normal fit curve added.

In all the four types, the distribution tended to be near normal.

Figure 6: Histograms of difference of means for rice stigma

exsertion types scored by two methods of phenotyping. (M1:
Wholepanicle method; M2: Panicle zone method); TSE: Total stigma exsertion; DSE: Dual stigma exsertion; SSE: Single
stigma exsertion and NSE: No stigma exsertion).

Discussion
Figure 4: Scatter-plots of rice stigma exsertion types

(TSE: Total Stigma exsertion; DSE: Dual Stig ma Exsertion;
SSE: Single Stigma.

Exsertion and NSE: No Stigma Exsertion) scored by whole

panicle method (Method 1) and panicle zone method
(Method 2).

The stigma exsertion is emphasized as a component increas-

ing the opportunity of pollination [1]. Exserted stigmas remain vi-

able up to 6 days with a decrease of 20% in seed set from cross
pollination per day [18]. Consequently, the single and dual stigma

exsertion types can play vital role in hybrid seed production. The
current study on stigma exsertion types and comparison between

two phenotyping methods for the trait has produced interesting
results as described in the above section.

Figure 5. Scatter-plots of difference of means and combined

means for rice stigma exsertion types scored by the two methods
of phenotyping (TSE: Total stigma exsertion; DSE: Dual stigma

exsertion; SSE: Single stigma exsertion and NSE: No stigma exsertion)

Phenotyping method
Yan., et al. (2009) have summarized different observation tech-

niques for stigma exsertion. According to them, stigma exsertion is
affected by environmental conditions, so the number of sampled

panicles should be reasonable for reliable estimate for a given
genotype. In addition, maintaining the stigmatic characters with

least distortion during handling for the phenotyping also becomes
a crucial consideration. Yan., et al. (2009) removed five spikelets

from each panicle whose lemma and palea stayed open and stored
in a tube containing formalin acetic acid for 24h or more. For each
Figure 5: Scatter-plots of difference of means and combined

means for rice stigma exsertion types scored by the two methods of phenotyping (TSE: Total stigma exsertion; DSE: Dual

stigma exsertion; SSE: Single stigma exsertion and NSE: No
stigma exsertion).

accession, measurements were taken for a total of 75 spikelets.
Uga., et al. [8] collected a total of ten spikelets randomly from

one to five plants in each accession and preserved them in acetoalcohol for measurement of spikelet characteristics. For stigma

exsertion phenotyping, Yan and Li (1987) sampled the maximum
number of panicles, i.e. 24 per genotype, followed by 18 panicles

by Yu., et al. [19], 15 panicles by Virmani and Athwal [4], 2 panicles

by Miyata., et al. [10], 100 spikelets by Takano-Kai., et al. [3], 27
spikelets by Uga., et al. [9], and 5 spikelets by Marathi., et al. [20].

Most of these observations were made on the panicles when all

spikelets finished flowering. Flowering from the beginning to the
end in a panicle lasts 5 - 7 days (Yan and Li, 1987).
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Comparison of mean performance of the genotypes and their

over the earlier reported methods as our methods preserved the

interactions with methods and locations clearly indicated that the

only water but not the fixatives containing acid-alcohol combina-

by any phenotyping methods, BF16B and BF96B exhibited signifi-

sampled panicles and spikelets from infection during storage due

to the use of fungicide and distortion during storage due to use of
tions. The latter is known to induce distortions during the stor-

age period needed between collection and observation processes
(Howat and Wilson 2014). The wrapping with moist paper towels

and enclosing in plastic zip-lock bag, prevents moisture loss dur-

ing cold storage. This improved preservation-cum-storage method

provides for undistorted phenotyping even after a storage period
of about 20d.

Basic statistical parameters of stigma exsertion types
Though the minimum values for stigma exsertion varied from

0 to 13%, the maximum was in the range of 50 to 93% (Table 2)
indicating that there was good amount of variability for the stigma exsertion types, and the selected genotypes represented vast

variability available for the trait. This also leads to the inference

that inspite of being parental lines of popular rice hybrids, probably not much attention was paid for selection towards high stigma

performance of genotypes remained rather similar across methods and locations (Tables 4 and 5). At either of the locations and

cantly better stigma exsertion than others, while APMS6B, IR97B

and IR25B displayed moderate to least expression. However, for
NSE type, the maximum value was shown by APMS6B, while IR25B

showed moderate, BF16B and BF96B showed minimum values.

This is very much on expected lines as NSE exhibits strong nega-

tive relation with the other types of exsertion as indicated by the r
and b values (Table 7). The genotypes BF16B and BF96B have not

only very high total stigma exsertion (> 80%) but also high propor-

tion of DSE (> 50%) (Figure 3a). The high proportion of DSE to SSE
matters a lot in out crossing (Viraktamath, personal communica-

tion, 2014). So, the genotypes BF16B and BF96B come out strongly
as outstanding donors for high TSE as well as higher proportion of
DSE in TSE.

Interrelationship analyses
Correlation and Regression: TSE being a derived parameter

exsertion during the development of these lines. KRH2, DRRH2

from the combination of DSE and SSE, showed strong association

production system. Moderate to low total stigma exsertion in these

TSE and NSE, both independently assessed parameters is also no-

and DRRH3 are three of the popular rice hybrids involving IR25A,
IR97A and APMS6A as parental lines of the three-line based hybrid

lines as indicated by their maintainer counterparts IR25B, IR97B
and APMS6B, respectively, brings out the need for improving their

stigma exsertion to address the hybrid seed producibility issues

faced. As the first phase of such an exercise, high stigma exsertion
trait can be introgressed in to these B lines and then horizontally

transferred to their respective isogenic A lines. Mean values of TSE
and DSE types, both perceived as important factors contributing

towards better total exsertion, reveal that BF16B (84%) and BF96B

(81%) could be used as good donors for improving the expression
of the stigma exsertion trait (Table 5).

Analysis of Variance (ANOVA) for stigma exsertion types
The ANOVA with the methods of phenotyping as source of

variation in the panicle zone method (Table 3) indicates that the
differences of the four stigma exsertion types seen in the upper,

middle and lower zones of the panicle were not significant. Thus,

the mean values for the stigma exsertion types from these three

with both of them as indicated from strong r and b values among

them (Table 7). Moreover, the high negative association between
table and is demonstrative of the fact that selection for TSE types
can lead to a probable reduction in NSE. The association between
DSE and SSE was moderate, and the larger b value of SSE with TSE

(1.49) than with DSE (0.49) is indicative that contribution of SSE
towards better TSE is higher than that of DSE.

As scientific analyses advance, new methods are introduced.

Too often these new methods are simply introduced with little or
no evaluation of how they match-up with what they are to replace.

Comparison of a new measurement method with an established

one is often needed to see whether they agree sufficiently for the

one to replace the other. Therefore, it is important to measure the
agreement of the new method with the method being practiced
[22].

Method agreement analyses
Stigma exsertion shows a predominant influence on the out-

zones can represent the value for the entire panicle as well. Hence,

crossing rate in rice. However, the phenotyping methods reported

the sources of variation being common for both the methods, and

provide accurate assessment for the trait with least amount of er-

the zonal differences were ignored and averaged across the zones

for each type of exsertion for further analyses. This in turn led to
so to combining the data from both the methods for the exsertion

types. Using the combined data, ANOVA for the stigma exsertion
types showed that differences due to genotype and its interactions
with the methods and locations were the only significant sources of
variation (Table 4). Though Yan., et al. (2009) have stated that environment plays a crucial role in expression of the trait; our results

demonstrate that genotype was the driving factor and the effects of
methods and locations did not contribute significantly to the dif-

ferences due to them. When comparing the CV value differences
between the whole panicle method and the panicle zone method,

the value was less in the former than in the latter. Hence, the whole
panicle method had less experimental variation than the panicle

zone method. However, it is no longer considered to be appropriate
to use the CV to infer reliability of methods [21].

so far are not systematic and well-compared. Therefore, there is a

need for development of a phenotyping methodology that would

ror. For certain traits, the phenotypic differences are easy to evaluate accurately; while for the stigma exsertion trait it is relatively

complex. Additionally, owing to the possibility of error in evalu-

ating parameters and other factors such as environmental effect,
such traits are considerably more difficult to assess. For overcoming this problem, an attempt at comparative assessment of two of
the stigma exsertion phenotyping methods has been made in the

study presented here. The objective was to assess agreement be-

tween the two phenotyping methods for stigma exsertion trait in
rice. Various statistical methods have been used to test for agree-

ment of methods with quantitative or continuous outcomes. These
involve comparison of means, correlation (r) and regression (b)
coefficients, coefficient of determination (R2), intra-class correlation coefficient (rI) and the difference between the means [22].
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Comparison of means: Lee., et al. [23] suggest that for a good

to measure consistently); it provides a measure of internal con-

ally used to test the significant differences between the least square

considered enough to conclude good agreement, it can be inferred

agreement there should be no statistically significant difference
between means obtained by the two methods. Paired t-test is usumeans of two sets of data, to assess the agreement. Comparison

of least square mean values of the stigma exsertion types by the

Student ‘t’ test points out that the difference in means determined
by the two phenotyping methods was non-significant at P = 0.05,
indicating that both the methods of phenotyping gave statistically

equal means for the stigma exsertion types (Table 8A). However,

the paired t-test with non-significant result need not indicate

agreement, as the value of mean is affected by the value of each
data point, leading to undue influence by extremely large or small

sistency of methods [29]. The ICC values calculated for the stigma
exsertion types ranged from 0.70 to 0.94. As an ICC of rI = 0.75 is

that the averages of stigma exsertion values recorded by the two

phenotyping methods agree well with each other for all the four
exsertion types. At the same time, the respective Cornbach’s alpha

values were higher than 0.8 for all the types of stigma exsertion,
thus bringing out high degree of reliability. This implies that the

two methods of phenotyping can be used interchangeably without
affecting the outcome significantly.

In view of some evidences suggesting comparison of means,

values [22].

correlation coefficients, coefficient of determination, and regres-

and coefficient of determination (R2): The correlation coefficient

agreement two methods of measurement, which has become the

Comparison of correlation (r) and regression (b) coefficients

has been one of the favorite statistical methods to measure agreement [22]. In our study, significant and high r values were obtained

between the two methods (Table 7), indicating apparently a good
agreement between the two methods. However, high correlation
need not imply close agreement, as correlation will tell us about

the validity of the two methods, but not about their agreement and
whether they can be used interchangeably [24]. Some people pro-

ceed to regression analysis as an extension to correlation analysis
to answer the question of agreement. A better agreement is sup-

posed to be reflected by the slope line being similar to the line of
equality (Y = 0 + 1.0 X, i.e., b = 1), tested by non-significance of dif-

ference between b of slope line and b = 1; and also, significance
of difference of slope line intercept from zero [24]. In our case,

slope lines of TSE, SSE and NSE types did not differ significantly
from line of equality and their intercepts were significantly differ-

ent from zero (Table 8B), thereby indicating that there was strong
agreement for TSE, SSE and NSE types between the two methods of

phenotyping. For DSE type, though b was not significantly different

from 1, its intercept differed non-significantly from zero, owing to
the heavy concentration of the difference points at the lower quantum of double stigma exsertion as brought out by both the phenotyping methods.

Here, the testing of equivalence of b values (b1 = b2), employ-

ing t or z test for the difference between the slopes, as a measure

of agreement that is applicable only to two groups of independent
samples [25] was not used. Some also use the coefficient of determination (R2) as a measure of agreement [26]. The R2 statistic,

however, can be interpreted as an estimator of a population parameter only when the regressions are random [24].

Intra-class Correlation Coefficients (ICC): Equality of means,
high degree of correlation and regression, are not enough to conclude agreement. Quantitative agreement in individual values can

be measured by intra-class correlation (ICC, rI) or alternatively

by limits of disagreement [15]. ICC is used to assess agreement in
some cases, so as to overcome some of the limitations of the correlation coefficient (r) [22]. In an agreement testing set up, if the two

measurements obtained on same subjects by two methods agree
then the ICC will be high. An ICC value of 1 represents perfect reliability with no measurement error, whereas 0 indicates no reliability [21]. When ICC is > 0.7, generally the agreement of methods is

considered as good [28]. Cronbach’s alpha is the most widely used

objective measure or index of reliability (the ability of methods

sion coefficients are inappropriate for assessing agreement, Bland

and Altman [17] proposed a method to calculate the degree of
most popular method [22].

Comparison of difference of means: The first step to evaluate

the difference is to plot the difference of means of the two meth-

ods (d) (Method 1 minus Method 2) versus the mean of the two
methods [(Method 1 plus Method 2)/2]. Typically, a maximum

acceptable difference (MAD), i.e. what is the maximum difference
between the methods that the researcher would consider accept-

able if the new method is to be adopted, needs to be established a

priori for evaluation of the difference between the two methods
(Peterson and Douglass, 2005). If the methods are in agreement,

this difference should be zero for every case. If these differences
are randomly distributed around zero and none of the differences
is large, then the agreement is considered good [15].

Next, the mean and SD of these differences (SDd) are calculated

and then the mean difference ± 1.96 x SDd. Statistically, when the
two methods are measuring the same variable, then the difference (d) is mostly measurement error which is known to follow

a Gaussian distribution [15]. So, it is expected that 95% of differ-

ences between measurements by two methods should lie between
these limits called the limits of agreement. The 95% individual difference (d) points should be within the MAD prediction belt.

The 95% limits of agreement depend on certain assumptions

about the data: that the mean and SD of the differences are constant throughout the range of measurements, and that these differences are from an approximately normal distribution. To check

these assumptions, two plots, viz., a scatter diagram of the difference against the average of the two measurements and a histogram

of the differences are generated [24]. Residual variances are reported to assess the precision of each method [26].

The exercise of Bland and Altman method agreement analyses

brought out that for all the four stigma exsertion types, the agreement was quite close (Table 8D and Figures 6,7). TSE type, be-

tween the two methods had a mean difference (d) of 1.82 with 7.8
SDd (Table 8D). At 95% probability, the upper and lower bounds

were 17.15 and -13.51, respectively. Similar trend was observed
for the rest of the three stigma exsertion types as well. The range

between the upper and lower bounds with 95% confidence interval was not very wide considering large values of CV for the four

exsertion types (Tables 2, 3 and 7D). In addition, 100% of the difference points fell between the upper and lower bounds with 95%

confidence interval (Figure 5). Further, the distribution of the dif-
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ferences for all the four types was near normal as shown by the
histograms (Figure 6), ruling out any significant bias.
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