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Abstract

The research project was largely built around the tall traditional cultivars of the pre-
dwarfing era, which were known to excel for chapati quality. These included C 306, C
518 and C 273. The few cultivars that had emanated from crosses of these superior cha-
pati quality wheats with dwarf wheats formed another important component of this set
and included WG 357, PBW 175, PBW 154, PBW 226, Lok 1 among others. Asecond set
of materials, three backcross recombinant populations (BC1F5s generation) derived from C
273/PBW 343//PBW 343 (70 lines), C 306/PBW 534//PBW 534 (70 lines) and C 518/
PBW 343//PBW 343 (80 lines) were also studied to arrive at some conclusion. Various
physico-chemical characters(Grain appearance score,Grain hardness,Test weight,1000-
grain weight,Yellow berry,Moisture content,Protein content,Gluten content, Gluten index,
Sedimentation value, Phenol Test, Carotenoids, Sugar content, Diastatic activity, Falling
Number) and chapati-makingscores were evaluated. Grain hardness seems to have a
clear role in chapati quality with a correlation coefficient of 0.34, 0.35 and 0.17 observed
in different recombinant populations.More consistent correlation was found for grain ap-
pearance ranging from 0.26 to 0.36 in the populations.Consistent high positive correla-
tions have showed up for diastase activity, which ranged from 0.32 to 0.46.This con-
sistent behaviour is a strong evidence for the role of this trait in chapati making quali-
ty.Diastase activity emerges as a more consistent and stronger contributor to chapati
making quality. Phenol score may not serve as a suitable indicator of chapati quality.
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INTRODUCTION

In spite of the predominant position of chapati in

tions.
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derived from three recombinant inbred popula-

the Indian diet, relatively small numbers of studies
have been carried out to investigate and improve
the quality of the chapaties.The present study was
aimed at understanding the basis of chapati
quality in wheat by study of two sets of genotypes.
One was assembled from cultivars and stocks
known for end product quality or specific quality
indices, and the other was based on recombinant
inbred lines derived from specific crosses having
a parent excelling in chapati quality. The study is
divided in to three components for the ease of
presenting the results. In the first part we describe
the results obtained from the physic-chemical ob-
servations on a set of genotypes and inferences

With the establishment of cereal technological
laboratory at Lyallpur (Pakistan) in 1939 chapati
testing work was initiated. Thirty-one samples of
Punjab wheat varieties such as C 591, C 518, C
209, Type 9D, 8A etc. grown during crop season
1935 to 1936 at Lyallpur were tested for chapati
making and other quality characters by Singh and
Baily (1940) at Minnesota.

From the nutritional standpoint it is important that
cereals in general and wheat in particular should
have high protein content, because these form the
major source of energy for the vegetarian popula-
tion of the developing world and provide most of
the daily protein requirement. A protein content of
10-13 per cent is considered suitable for chapati
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(Austin and Ram 1971). While studying the genet-
ic basis of protein content, Gupta et al (1999)
studied 100 RILs (recombinant inbred lines) from
a cross between PH 132 having high protein con-
tent (13.5 per cent) and WL 711 having lower pro-
tein content (9.7 per cent). Out of 232 STMS pri-
mer pairs used in the study, 57 were found to be
polymorphic for the parents. Irvine and Bains
(1965) studied the improved wheat varieties of
Punjab and reported that our wheat produced
short dough which was not suitable for bread
making. Various physico-chemical characteristics
other than grain hardness and protein content,
such as grain appearance, sedimentation value,
gluten content, diastatic activity, sugar content,
damaged starch content and phenol reaction etc
are known to have either direct or indirect effect
on the chapati quality (Naik et al., 2010).

Upretty and Abrol (1972) reported a significant
variation in the total sugar content in the whole
meals of different varieties. The authors reported
changes in the reducing and non reducing sugar
contents during the chapati making process. They
also advocated that determination of diastatic
power can serve as a useful index of sugars re-
leased during the processing stages. Finney et al
(1973) compared the Indian and newly introduced
Mexican wheats and reported that in Indian
wheats the test weight averaged 79 kg/hectolitre
and 1000 grain weight ranged from 28.0 to 52.3 g.
They reported that the flour protein ranged from
8.0-13.3 per cent with an average of 10.7 per
cent. The average sedimentation value for Indian
wheats was observed to vary from 20.5 to 36.5 cc
with an average of 27.5 cc. Singh et al (1978) in-
volved five different varieties of bread wheat for
their study which included WG 357, a variety
known to produce very good chapaties. On the
whole the proteolytic activity in Indian wheat was
reported to be low. The effect of flour milling con-
ditions on the quality of Indian unleavened flat
bread and effect of wheat meal granulation, dam-
aged starch and protein contents, on the quality of
chapati was studied by Sidhu et al (1988). It was
shown that higher water absorption led to en-
hanced moisture retention in chapaties and vice-
versa. The authors suggested that finer flours
having more than 70 percent water absorption
were more suitable for producing chapaties of
desirable texture. Again in 1990 the authors stud-
ied the starch gelatinization in relation to the prep-
aration of Indian unleavened flat breads. Rao et al
(1989) studied the effect of damaged starch on
the functional quality characteristics of whole meal
flour used for chapati-making. Damaged starch in
the flour was positively correlated to the diastatic
activity and flour water absorption. The study con-
firmed that the rheological characteristics of whole
wheat flour were also influenced by the damaged
starch as indicated by its significant correlation to

dough development time, extensibility, resistance
to extension, cohesiveness and adhesiveness.
The content of gluten in the bread wheat varieties
ranged from 6.4 per cent to 9.3 per cent. Mishra
(1998) found that the negligible activity of Tyro-
sinage activity in C 306, NP 4, Raj 3077 and other
good chapati quality wheats showed a positive
relation with phenol test. Syed et al (1991) also
gave a brief review of physical parameters, gluten
content, protein and mineral contents of Indian
wheat. Saxena et al (1997) tried to correlate the
physico-chemical and rheological characteristics
of wheat flour with the tandoori roti quality, using
eight commercial wheat cultivars (PBW 154, PBW
175, PBW 229, PBW 138, WL 1562, CPAN 3004,
GW 180 and K 8804) grown at one location. Vari-
eties with high water absorption capacity gave
roties with better quality. Medium hard wheats
with a Glu-1 score of 6 were best suited for the
preparation of tandoori roti. Similar studies of
quality parameters of Indian wheat varieties
(Sekhon et al 1976, Singh et al 1983, Syed et al
1990, Supekar et al 2005, Gill et al 2006) have
indicated that there is a wide variation for various
physico-chemical characteristics but majority of
the varieties produce average to good chapaties.
Ahmed et al. (2015) studied physicochemical and
rheological properties of soft wheat flours obtained
from different wheat varieties grown in Pakistan,
Ukraine and India. The rheological behaviour of
Indian wheat flour showed high water absorption,
high dough stability and less degree of softening.
Most of the studies in literature focused on the
released cultivars or advanced lines developed for
end use quality, however the present study was
built around a set of cultivars/genotypes and three
recombinant inbred populations. The results are
indicative of the physic-chemical basis of chapati-
making quality of wheat.

MATERIAL AND METHODS

Selection of plant material - set I: The research
project was largely built around the tall traditional
cultivars of the pre-dwarfing era, which were
known to excel for chapati quality. These included
C 306, C 518 and C 273. The few cultivars that
had emanated from crosses of these superior cha-
pati quality wheats with dwarf wheats formed an-
other important component of this set and includ-
ed WG 357, PBW 175, PBW 154, PBW 226, Lok
1 and others as mentioned in the Table 1. All the
plant material was sown in a randomized com-
plete block design in three replications with a plot
size of 2 m length and four rows per plot and was
replicated three times.

Selection of plant material — set Il: To represent
the second set of materials, three backcross re-
combinant populations (BC1Fsgeneration) derived
from C 273/PBW 343//PBW 343 (70 lines), C 306/
PBW 534//PBW 534 (70 lines) and C 518/PBW
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343//PBW 343 (80 lines) were studied. The four
parental lines were included in the analysis and
these also formed a part of first set, allowing their
placement in the overall range of variation for vari-
ous traits. Approximately 100 BC,F, and BC,F;
plant to row progenies (derived from independent
random BC4F; plants) harvested at Keylong dur-
ing off season were used to generate BC,F;and
BC+F, populations sown at Ludhiana during main
crop season. Six ears were randomly taken from
each progeny and a plot of six rows of 1m each
per progeny was sown. Five to ten single plants
were harvested from each progeny. Seed harvest-
ed from single plant of each progeny was multi-
plied at Keylong during the off season. Seed of
progenies multiplied at Keylong were used for
growing BC.F; and BC;Fs generations during
main crop season. The progenies were sown in a
randomized complete block design with a plot size
of 2m length and 2 rows, with three replications.
Parental checks were also used in the trail. The
bulk-harvested progenies were evaluated for vari-
ous physico-chemical characters and chapati-
making.

Observations recorded: Data recording in field
and in the laboratory was carried out on the fol-
lowing characteristics:

Grain appearance score: It was evaluated sub-
jectively out of a maximum score of 10, giving due
weightage to the grain size, shape, colour and
lustre.

Grain hardness: The grain hardness was meas-
ured by using the grain hardness tester supplied
by M/S Ogawa Seiki Co. Ltd., Japan by crushing
randomly taken ten grains one by one. The mean
force (kg) required to crush the grain was
recorded.

Test weight: This was determined using the ap-
paratus developed by the Directorate of Wheat
Research (DWR), Karnal, which employs a stand-
ard container of 100 ml capacity (Mishra et al
1998). The grains were weighed and the test
weight expressed in kg/hl.

1000-grain weight: 250 kernels were counted in
duplicate from a random lot of each variety and
weighed. The average weight obtained was multi-
plied by four and expressed in grams.

Yellow berry: Recorded as percentage by weight
after manually separating the mottled grains from
1000-grain sample.

Moisture content: The moisture content was esti-
mated using the whole grain analyzer Infratec
1241 supplied by M/S Foss Analytical AB, Swe-
den. The instrument uses the near infrared light
transmitted through the grains. The grain samples
are scanned in the range of 850 to 1050 nm with a
bandwidth of 7 nm and there are 100 data points
per scan. The results are displayed as percent.
Protein content: The grain protein content was
estimated using the whole grain analyzer Infratec

1241 supplied by M/S Foss Analytical AB, Swe-
den. The instrument uses the near infrared light
transmitted through the grains. The grain samples
are scanned in the range of 850 to 1050 nm with a
bandwidth of 7 nm and there are 100 data points
per scan. The results are displayed as percent
protein content.

Gluten content and Gluten index: The gluten
content and gluten index were evaluated using
Glutomatic 2100 system supplied by M/S Perten,
Germany. The instrument employs a 10g sample
of whole meal using the AACC method to deter-
mine wet gluten content. The wet gluten was then
centrifuged to get strong and weak gluten frac-
tions, which were used to calculate the gluten in-
dex. Total gluten was then dried in the Glutork
gluten drier and the weight expressed as percent.
The gluten index was expressed as the percent
wet gluten retained inside the centrifuge cassette.
Sedimentation value: The SDS sedimentation
values of samples were determined by employing
the method given by Axford et al (1979). A sample
weight of 6g and a rest period of 20 min were em-
ployed.

Phenol test: The phenol reaction of the wheat
genotypes was determined by soaking 15-20
grains of each sample in distilled water for 15-16
hours in Petri plates. After that the water was
drained off and 1 per cent solution of phenol was
added to the grains so that only three fourth of the
grain is covered by the solution. The Petri plates
were covered and kept for 4 hour. After 4 hours
the phenol solution was also drained off and the
grains were dried of filter paper for 30 minutes. A
subjective score (out of 10) was given to each gen-
otype based on the colour after drying. Higher
score was given to the grains with darker intensity
of the colour.

Carotenoids: Standard AACC calorimetric method
was used to determine the amount of carotenoids
in the wheat wholemeal for all the genotypes. 4 g
wholemeal was taken in a 125 ml reagent bottle
and 20 ml of water saturated n-butanol was added
to it. The contents were mixed properly and kept in
dark for 16 hours. The contents were then filtered
and the extract transferred to standard test tubes.
Light transmission of the extract was measured at
440 nm using spectrophotometer and recorded as
optical density (O.D.).

The amount of carotenoids was calculated using
the following formula:
Carotenoids (ppm)
0.0105]

Sugar content: AACC (1990) approved method
was followed to determine the reducing and non-
reducing sugar contents. The sugars were extract-
ed from 5.7g of flour in sodium acetate buffer. The
proteinacious material was precipitated by the ad-
dition of sodium tungstate (12.0%). The contents
were mixed and filtered. From the filtrate, 5 ml ali-

[(O.D. X 23.5366) +
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quot was taken and the reducing sugars were
determined by potassium ferricyanide method.
The total sugars were also estimated by potassi-
um ferricyanide method but the 5 ml aliquot was
first hydrolyzed by immersing in boiling water bath
for 15 min. The difference between the total and
reducing sugars gave the content of non-reducing
sugars. Reducing sugars were expressed as per
cent maltose whereas non-reducing as per cent
sucrose.

Diastatic activity: It was determined using AACC
(1990) approved method employing 5 g of flour
sample. The sample was incubated with 46ml of
acetic acid sodium acetate buffer (pH 4.6-4.8) for
1 hr at 30°C. The enzyme action was terminated
by adding 2 ml of sulphuric acid (10%) followed by
the addition of 2 ml of 12% sodium tungstate solu-
tion. The contents were filtered through Whatman
No.4 filter paper and a 5 ml aliquot was taken for
maltose determination by the potassium ferricya-
nide method. The results were expressed as per-
cent maltose produced.

Falling number value (sec): The Falling number
values were estimated using the Starch Master
supplied by New Port Scientific, Australia using
the following procedure: Allow the instrument to
warm up for 30 min, weigh 4.0 g (14% moisture
basis) of whole meal in a consister and add 25.0
ml of distilled water into the consister. Place the
paddle into the consister and vigorously jog the
blade through the sample up and down 10 times
or until it mixes uniformly. Insert the consister into
the pre-adjusted instrument using the ‘FNE’ profile

given below:

Time Type Value
00:00:00 Temp 95°C
00:00:00 Speed 960 rpm
00:00:10 Speed 160 rpm
Idle Temperature 95+ 1°C
End of Test 3 min
Time between readings 1 sec

The measurement cycle was initiated by depress-
ing the motor tower of the instrument. The consist-
er was removed on completion of test and dis-
carded. Falling/stiring number values displayed at
the end of the test were recorded.

XV) Chapati-making characteristics: For baking
chapaties the method used in the quality laborato-
ry Department of Plant Breeding and Genetics
was employed (Kumar et al, 2018). The chapati
score was calculated using the parameters Dough
stickiness (5), Puffing of chapatti (5), Texture of
chapati (5), Color of chapati (5), Taste of chapati
(5), Flavor of chapati (5)and Texture of chapati
after 2 hrs (5). The total score was finally calculat-
ed out of a maximum of ten.

Data analysis

Analysis of variance: The material had been
planted in a randomized complete block design.
The analysis of variance for different traits was

done as per the following model:

Equation I: Yjj=m + t; + b; + g;

Y;; = observation obtained from the i-th treatment
and j-th block.

m = general mean

t; = the effect of i-th treatment

b; = the effect of j-th block

e; = error associated with i-th treatment and j-th
block

The analysis of variance based on the above
model takes the following form:

Where, r = no. of replications

Source d.f. Sum of Mean F-

Squares sum of ratio
squares

Repli- r-1 RSS MSR MSR/

cations MSE

Treat- g-1 GSS MST MST/

ments MSE

Error (r-1) (g-1) SSE MSE

g = no. of genotypes
CD to compare two genotypes was com-
puted as follows:

/2MSE
r
CD = X ta (r-1) (g-1)
Where, a = level of significance
Correlation coefficients: The correlation coeffi-
cient (r) between two different observations (say X
& Y) was calculated using the following formula:

Equation II:

>o(ri — T )y — )
(n—1)s;sy

Where: x andy means of variables
sxand s, =standard deviations of x and y
n = population size.

RESULTS AND DISCUSSION

Analysis of genetic variation for chapati quality
and its correlation with various physic-chemical
characteristics was the major objective of the pre-
sent study. It would be instructive to first discuss
the results from the set of cultivars and genetic
stocks and then their confirmation based on the
data of backcross derived recombinant popula-
tions.

Results from the set of cultivars and genetic
stocks: Each genotype was subjected to chapati
making tests using the standard method.Chapati
score is a composite trait and is based on dough
handling (stickiness of the dough), puffing of cha-
pati, texture, taste, flavour and colour of the cha-
pati. Conventionally, a chapati score above 8 (out
of 10) represents excellent chapati quality.
Significant genotypic differences were observed

rry —
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Table 1. List of varieties and genetic stocks used in the study.

S.N. Basis Genotypes

8A

9D

C 306

C 273

C 591

C 518
WG 357
PBW 343
PBW 502
PBW 509
PBW 533
PBW 550
DBW 16
PBW 154
PBW 175
PBW 226
Lok 1

HD 2793
PBW 534
PBW 531
PBW 554
HI 1418
HI 1479

1 Tall wheats known for
chapati quality

High yielding present day
wheats

Good chapati quality
wheat varieties (released)

High vyielding lines with
good grains

Genetic stocks

Pusa 5-3 (High protein and Lysine)

DI 105 (C 591 + rht 3)

DI 9 (C 306 + rht 1)

WH 423 (High protein)

WH 595 (High protein)

WH 712 (High sedimentation value)

K 0123 (High protein)

KYZ K2K-13 (High protein)

WH 800(High protein and sedimentation value)
WH 1003 (High sedimentation value)

High protein winter wheat
stock

Glupro

for chapati score of the genotypes in both the sea-
sons (Table 2a and b). Keeping aside the very low
chapati score of unadapted genotype Glupro
(5.3), the mean chapati score (Table 3) ranged
from 7.2 in ‘Pusa 5-3’ to 8.1 in case of ‘C 306’
during first year. The chapati score showed varia-
tion between the groups of genotypes, with the tall
wheats of pre dwarfing era excelling over other
groups. The tall varieties not only established
themselves as a distinct group with highest cha-
pati score but the next numerical best score (7.8
for both DI 9and DI 105) also went to the deriva-
tives of C 306 and C 591. The commercial high
yielding cultivars gave intermediate chapati
scores, significantly inferior to the best tall wheat
i.e., C 306. Similar was the case of genetic stocks
and other varieties which showed chapati scores
well below the best entry i.e., C 306. Stocks excel-
ling in one or more quality component (e.g. K
0123, WH 595, Pusa 5-3 for high protein content
and WH 712, WH 800 for high sedimentation val-
ue) did not excel for chapati quality. The ad-
vanced lines (PBW 531, PBW 534, PBW 554)
used in the set performed almost similar to the

commercially released varieties. On the whole the
genetic stocks DI 9, DI 105 and WH 423 with cha-
pati scores of 7.8, 7.8 and 7.7 respectively were
adjudged to be at par with the best cultivar C
306.In second year, the mean chapati score
(Table 4) ranged from 7.1 in case of ‘PBW 502’ to
8.1 in case of ‘C 306’ and ‘C 518’. The tall varie-
ties were again found significantly superior to all
other groups, thus confirming their status as best
chapati wheats. The commercial wheat group
gave intermediate score with PBW 343 (7.6) hav-
ing highest score in the group. DBW 16 (having a
perfect ‘Glu’ score of 10) and PBW 533 were in-
cluded in the set as they are identified for their
excellent bread making properties. These varieties
did not fare well for chapati making giving a score
of 7.4 only. Among the released varieties known
for chapati quality, Lok 1 (chapati score 7.9) per-
formed better than others in the group though
slightly lower than C 306. Thus Lok 1 was able to
express good chapati quality outside Central Zone
also, where it is recommended for cultivation. Sim-
ilarly HI 1418 also registered a chapati quality
score of 7.8, at par with C 306. PBW 154 (7.2),
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§ xlm s § <ol 28nag ith t to chapati quality. Th
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y g
S lon £ |o EAS ~ o 175 has C-306 as a parent. The genetic stocks, on
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c [=
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The mean performance of genotypes is given in
ol NS - g § ~o table 3 and table 4. The grain appearance score
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g2 =12 ., Bl5 |8~ unattractive grains. A minimum score of 5.23 for
35 |t 3 S5888 213 ol SR was given to ‘K 0123’ and a maximum of 6.6 to ‘C
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g s 5 ﬁé’ &g T E a8 T (39.31 g) gave low to medium range of values.
g < 2 2 2 § < v 8 i < @ Glupro however gave a very low value of 21.14 g
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Table 6. Mean performance of lines for physico-chemical characteristics of ‘A’ population.
Entry GH GA PS FN TGW ™W PC MC SV DP RS TS GW GD Gl Cs

1 8.56 6.03 423 43233  45.65 78.33 14.50 10.62 55.00 192.33 0.39 328 2719 875 47.92 7.6
2 8.35 597 4.00 465.33  45.85 78.50 14.06 10.46 59.00 213.67 0.38 325 30.75 9.86 46.60 7.7
3 8.21 587 3.33 446.67  40.82 77.33 13.48 10.90 47.33 192.67 0.41 288 2593 838 43.17 7.6
4 7.97 590 393 489.33  47.47 76.67 13.92 10.96 61.33 231.67 0.46 3.14 3199 1015 5210 7.7
5 8.91 590 427 493.00 50.10 77.33 13.74 10.41 57.33 187.33 0.47 325 2853 920 60.12 77
6 8.61 587 4.03 469.33  43.53 77.33 13.33 10.77 62.00 225.67 0.44 3.05 2883 9.19 44.30 7.6
7 8.87 583 4.13 508.33  39.18 78.17 13.46 10.37 72.67 253.00 0.39 326 2699 930 47.37 75
8 8.47 593 4.10 52133 4217 79.33 13.65 9.98 62.00 263.67 0.36 296 3010 10.08  36.58 7.7
9 8.25 577 413 44767  36.37 76.50 13.07 10.26 55.67 227.00 0.43 3.12 15.93 565 69.35 7.6
10 11.33 567 4.20 397.67  48.27 76.67 14.94 11.08 57.00 200.67 0.49 3.01 3449 1156  36.72 7.2
1 9.47 560 4.67 52967 41.60 76.83 13.58 10.52 66.00 242.00 0.48 316 2533 835 55.17 7.6
12 10.98 567 3.87 422.67  40.72 77.33 14.11 10.72 60.67 212.33 0.54 3.31 29.77 1025  23.17 7.8
13 8.88 593 430 405.33  40.03 78.17 14.18 10.67 59.67 181.67 0.51 338 2977 969 38.46 7.6
14 7.61 577 4.87 362.67  44.10 78.50 15.27 10.50 55.33 164.00 0.46 3.47 3242 1045  46.59 73
15 8.28 580 460 391.33  34.23 75.33 14.47 10.80 52.67 173.33 0.48 319 3319 965 47.88 7.6
16 8.26 567 4.03 414.67 4548 79.67 16.73 10.38 57.00 219.00 0.47 3.05 4139 1365 31.61 75
17 7.22 590 440 428.67  40.82 78.00 15.17 10.52 54.33 194.67 0.46 3.01 3258 1042 5191 7.6
18 7.89 590 393 435.00 36.23 79.00 15.38 10.37 52.00 227.00 0.49 322 3738 12.02 2855 77
19 8.97 577 403 47533  35.85 76.67 14.99 10.25 58.00 206.33 0.46 327 3240 1048 7194 74
20 6.75 6.00 093 473.33  33.23 78.17 14.51 10.60 70.33 259.67 0.44 317 3423 1116 2345 75
21 8.22 590 4.13 345.00 39.17 79.83 16.12 10.28 63.00 194.00 0.48 317 3599 11.71 78.56 77
22 9.43 590 4.03 420.00 43.25 79.83 15.36 10.69 66.67 214.67 0.43 299 36.68 1252  59.99 77
23 9.48 587 3.77 386.00 43.87 80.50 15.65 10.30 63.00 174.33 0.41 310 3522 1162 83.36 7.9
24 9.65 593 3.90 468.33  39.43 78.50 14.70 10.85 59.33 235.33 0.46 325 29.84 1034 6550 75
25 11.33 6.00 4.17 405.67  41.00 81.67 16.04 10.46 65.00 227.00 0.39 310 3447 1164 7279 7.6
26 9.63 593 257 504.67  50.08 78.17 14.60 10.33 57.33 242.67 0.41 355 3154 1036 7.03 7.6
27 9.19 577 3.03 515.67  44.68 76.67 13.75 10.16 48.67 219.00 0.44 3.44 2958 953 41.52 77
28 8.50 583 0.83 497.33  39.77 75.67 13.03 10.21 47.67 231.00 0.41 3.50 29.81 9.86 27.62 75
29 9.99 587 253 485.00 50.73 7.7 13.30 10.61 50.67 200.67 0.49 3.54 2868 869 51.09 77
30 9.24 597 163 435.00 44.82 77.83 13.61 10.92 49.00 176.33 0.43 353 2564 842 33.74 75
31 9.04 590 197 437.67  36.05 76.50 13.12 10.50 50.00 229.00 0.43 3.31 2750 9.1 52.65 7.6
32 8.46 6.00 260 52433  38.39 78.33 13.56 10.70 56.33 246.67 0.44 326 2939 998 36.03 76
33 7.23 6.00 240 467.00  38.88 79.33 13.93 10.25 58.67 250.00 0.41 320 3069 10.34 18.70 75
34 9.56 597 3.07 460.67  40.73 77.83 13.02 10.35 47.33 216.67 0.43 352 2720 871 45.66 74
35 8.98 593 3.33 475.33  38.33 78.33 13.56 10.45 59.33 186.67 0.46 3.31 28.87  9.47 41.34 75
36 5.63 523 393 476.00 29.58 67.50 13.32 10.81 57.00 236.00 0.43 322 2698 866 82.66 74
37 7.63 530 4.20 510.33  30.45 68.33 12.87 10.45 53.33 252.67 0.34 3.23 1940 6.31 55.81 75
38 6.99 567 443 52433  39.05 74.83 12.81 10.37 53.67 238.00 0.43 349 2562 835 65.57 74
39 9.31 577 420 452.00 39.72 75.67 11.95 10.25 52.00 238.33 0.56 3.22 16.96  5.48 74.89 75
40 6.98 523 463 501.00 56.68 69.17 13.35 10.46 68.67 246.67 0.41 307 2975 932 68.73 76
41 8.63 547  3.30 494.00 33.32 72.83 13.47 10.36 58.33 232.00 0.46 282 2576  8.50 48.94 7.6
42 7.55 6.10 153 477.00 45.03 79.33 13.53 10.68 50.67 181.33 0.41 288 2954 938 48.30 76
43 8.00 593 367 566.33  43.25 77.50 13.87 10.11 51.00 208.67 0.46 3.01 2964 9.85 29.07 75
44 6.33 567 3.03 494.00 35.02 74.00 12.64 10.63 54.67 221.33 0.46 297 1817 582 83.37 75
45 8.85 6.00 3.23 448.33 4142 78.67 13.72 10.62 60.33 194.67 0.47 3.37 3345 1096 3245 7.8
46 8.15 550 353 535.33  30.08 70.00 12.47 10.45 59.33 186.67 0.41 2.88 1457 4.44 88.76 74
47 8.43 550 4.07 452.00 32.85 71.67 12.67 10.40 56.67 211.67 0.46 347 2149 698 62.89 71
48 8.71 547  4.07 501.00 31.35 71.67 12.66 10.87 57.33 237.67 0.44 306 2389 759 86.11 77
49 7.88 547 447 493.00 30.98 70.33 13.26 10.50 57.00 237.67 0.46 357 2885 9.08 62.14 75
50 6.70 563 440 516.33  33.67 72.67 13.50 10.19 59.00 241.67 0.46 3.31 2459 791 78.69 7.3
51 7.41 597 3.83 500.00 35.45 76.17 12.08 10.89 53.33 253.00 0.38 294 2667 8.44 47.69 75
52 6.73 497  1.40 49467  26.85 66.50 12.87 10.91 51.33 218.67 0.46 288 2466 7.77 66.77 76
53 7.60 520 133 491.33  26.80 68.67 12.83 10.55 48.33 205.00 0.43 278 1840 6.06 57.75 73
54 8.11 510 227 475.67  26.70 66.00 12.65 10.64 52.00 189.00 0.36 3.15 18.39 4.92 69.75 71
55 8.83 580 240 509.67 35.23 75.00 11.72 10.10 54.00 210.00 0.48 285 2132 7.06 22.82 7.3
56 6.15 537 320 54467  30.22 71.33 12.03 10.54 52.67 177.33 0.43 2.94 1224 4.42 75.46 7.0
57 8.57 6.10 4.07 470.00 38.33 78.67 13.85 10.33 55.33 178.67 0.36 269 2990 10.05 38.55 7.2
58 8.02 6.13  4.27 470.67 4155 78.33 13.99 10.68 59.00 181.67 0.43 3.02 2976 948 52.74 73
59 9.21 567 443 494.00 36.03 74.67 13.13 10.63 53.00 210.67 0.36 333 2490 832 48.45 75
60 9.67 580 280 561.67  43.72 74.67 12.93 10.30 55.67 193.00 0.51 334 2463 762 72.62 7.6
61 9.34 6.03 3.87 503.00 4520 79.50 14.42 10.59 56.00 253.00 0.44 3.18 3395 10.85 3849 7.5
62 7.74 550 4.03 469.00 45.08 77.67 13.69 10.48 54.33 179.00 0.44 3.77 3027 965 44.74 7.4
63 713 543 417 371.67  48.63 78.50 12.66 10.45 45.67 139.00 0.46 3.69 2960 9.63 54.74 7.7
64 8.47 550 393 45133 4460 77.83 13.70 10.19 51.67 210.67 0.51 3.61 30.77 1019  37.12 75
65 7.1 593 420 503.00 41.70 78.50 12.43 10.29 56.33 211.00 0.46 357 2655 8.39 55.37 7.6
66 8.75 573 440 500.00 38.38 75.17 11.90 10.36 53.67 228.00 0.43 267 2333 744 46.41 75
67 10.49 583 437 579.33 4273 79.00 12.47 10.80 51.00 252.67 0.48 3.04 27.05 8.63 52.05 7.5
68 10.81 577 447 440.33 4107 80.50 14.66 9.92 56.33 184.33 0.48 288 3090 10.39 57.58 7.3
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69 10.04 567 447 51433 3275 7433 1286 988 5500 270.00 049 299 27.08 868 4115 75
70 8.11 6.03 407 54633 3610 77.67 1349  9.86 5567 219.00  0.51 290 2378 805 5369 7.5
C273 1236 593 187 58400 3790 7683 1297 920 5300 36800 054 340 3280 1030 41.78 82
PBW

343 952 550 690 60000 4856 7500 1122 916 3467 379.33 056 293 2687 790 4026 7.7
cD

(5%) 194 035 088 7579  8.58 1.85 _ 1.00 0.61 11.02 5056 ns 042 7.00 212 19.99

GA = Grain appearance (out of 10), TGW = 1000 grain weight (g), TW = Test weight (kh/hl), YB = Yellow berry (%), GH =
Grain hardness (kg), PS = phenol score (out of 10), MC = moisture content (%), PC = Protein

content (%), SV = Sedimentation value (cc), DP = Diastatic power (mg), FN = Falling number, CC = Carotenoids (ppm), RS =
Reducing sugars (%), TS = Total sugars, GW = wet gluten (%), GD = Dry gluten, Gl = Gluten index, CS = chapati score (out
of 10).

Table 7. Mean performance of lines for physico-chemical characteristics of ‘B’ population.

Entry GH GA PS FN TGW T™W PC MC sV DP RS TS GW GD Gl Ccs
1 10.15 6.17 3.73 42533 40.95 80.00 14.30 10.97 55.67  261.00 0.61 2.00 22.58 7.86 82.52 77
2 8.53 6.07 3.80 49767 37.78 7867 1411 10.54 61.33  272.67 0.49 1.99 27.84 9.71 56.60 8.0
3 9.93 6.17 3.87 469.67 4230 80.00 13.28 10.95 59.00  277.00 0.45 1.84 23.96 7.05 84.41 7.9
4 8.39 480 413 469.00 33.83 79.33 15.09 10.49 56.00  265.67 0.44 2.04 32.14 10.50 48.10 7.9
5 11.23 557 460 579.67 47.00 7817 1529 10.77 51.00  290.00 0.39 1.60 34.67 10.91 58.02 7.9
6 10.11 580 460 406.67 43.93 7967 14.15 10.96 56.33  210.00 0.54 1.74 28.28 9.61 68.44 7.9
7 10.05 6.00 427 536.67 4190 79.00 13.95 10.58 57.33  250.33 0.48 1.78 27.83 8.04 90.76 74
8 8.95 597 410 49733 4088 7667 14.13 11.21 54.67 27233 0.53 1.89 25.00 9.03 74.73 77
9 8.96 573 420 480.67 43.08 7917  15.69 10.98 56.00  297.00 0.59 1.70 34.28 11.33 84.14 7.6
10 10.85 580 3.13 526.00 4185 77.50 16.22 10.54 56.67  280.33 0.52 1.68 38.45 13.12 49.78 7.8
11 10.51 587 373 53133 46.32 7733 1579 11.056 59.33  323.67 0.51 1.66 36.05 12.15 71.28 7.9
12 9.26 553 450 50167 36.28 7467 1520 11.03 5433  288.67 0.56 1.81 33.01 11.51 70.61 77
13 10.04 533 453 47400 3572 7317 1465 10.67 56.67  252.33 0.48 1.78 29.03 9.99 86.14 7.9
14 8.55 470 430 470.67 33.80 72.83 15.94 10.74 53.00 284.67 0.82 1.61 33.44 11.42 71.23 7.8
15 9.13 6.03 440 486.67 4132 77.00 14.56 10.88 62.67  258.67 0.64 1.83 30.81 10.46 79.84 7.9
16 9.04 580 423 537.00 39.75 7667 13.38 10.57 53.00 29133 0.49 1.87 19.48 7.06 78.76 7.9
17 10.61 560 420 41467 3583 7383 1582 10.72 5467  261.33 0.54 1.82 34.44 11.57 80.99 7.9
18 10.19 413 387 42700 3323 7067 16.79 11.02 64.00 280.33 0.51 1.76 39.36 13.50 43.22 7.8
19 10.90 580 3.53 52433 43.90 7867 1290 10.96 50.67  314.33 0.53 1.84 21.72 6.31 85.03 77
20 8.73 560 4.07 399.33 39.95 74.00 15.75 10.87 5433  304.33 0.59 1.77 36.24 12.39 54.15 8.0
21 10.11 553 353 41467 4153 7733 1512 10.69 54.00 232.00 0.54 1.97 29.66 10.09 81.81 7.6
22 11.16 573 393 496.67 42.00 79.00 14.31 10.91 55.33  246.67 0.56 1.79 30.27 10.26 71.59 75
23 9.64 590 430 438.33 4240 80.17 14.83 10.81 5267  236.00 0.52 1.76 30.81 10.28 80.71 74
24 10.61 597 2.87 43400 4295 7917 1452 10.89 54.67  250.00 0.56 2.01 31.92 10.48 54.42 7.0
25 9.75 593 327 50033 41.00 79.83 14.70 11.27 57.67  274.00 0.49 1.73 35.77 11.73 71.19 7.2
26 8.64 597 3.67 53867 4112 7917  15.03 10.80 62.67  288.67 0.54 1.69 34.52 1.77 64.21 7.0
27 7.56 593 3.80 566.33 41.10 7867 14.08 10.77 60.67  289.00 0.48 1.69 33.43 10.96 73.49 7.2
28 9.08 577 347 55133 4090 7767 14.83 11.06 60.67  287.00 0.54 1.76 38.81 13.24 61.86 7.2
29 7.25 367 3.60 45833 27.32 6483 1536 10.82 48.33  198.67 0.62 1.92 23.24 7.61 81.57 7.0
30 7.89 390 397 557.33 2448 66.67 1285 10.87 48.33  302.00 0.69 1.84 16.08 4.62 85.79 6.9
31 9.37 6.10 3.90 540.33 39.93 7883 1529 10.93 63.67  244.67 0.57 2.08 33.04 11.57 84.39 7.0
32 10.66 6.00 3.90 49767 39.98 7883 13.92 11.17 63.33  291.33 0.48 2.09 28.14 10.00 89.78 73
33 11.95 583 3.97 486.67 3745 7583 1343 11.02 5533  263.33 0.49 2.04 24.76 7.53 89.53 7.2
34 10.76 6.27 3.80 477.00 4338 7983 14.84 10.70 57.00 257.33 0.51 214 30.74 10.76 80.97 7.2
35 8.65 560 357 510.00 3419 7350 12.88 11.06 57.33  234.00 0.48 1.98 28.76 8.66 89.86 71
36 5.56 240 3.60 43867 2123 60.00 15.20 11.15 5400 263.33 0.49 1.85 31.23 10.63 89.89 7.3
37 8.67 447 383 496.00 3167 67.83 13.84 11.16 55.67  250.00 0.53 1.74 30.94 9.30 77.16 6.9
38 8.28 400 360 460.33 30.37 66.33 14.76 10.97 51.33  248.67 0.49 1.58 28.61 9.53 73.77 6.9
39 7.85 260 323 400.33 2497 59.50 15.50 10.98 52,67  263.00 0.43 1.92 31.58 10.40 87.88 6.9
40 10.45 570 3.93 47767 4405 79.00 15.44 10.52 58.33  275.67 0.44 1.65 31.79 11.21 77.92 71
41 10.29 3.07 333 46400 2785 6467 14.55 11.11 53.00 250.33 0.53 1.79 27.46 9.40 89.31 7.3
42 8.27 260 373 45100 19.58 58.50 15.75 10.94 5433 24433 0.51 1.95 29.86 9.88 89.37 7.2
43 717 3.97 370 44833 2560 63.83 14.99 11.03 58.67  243.33 0.57 1.81 30.97 8.96 74.52 7.0
44 9.23 453 410 47167 3277 70.83 14.81 11.07 58.67  219.33 0.56 1.77 31.13 10.80 78.62 7.2
45 8.83 570 143 53167 36.35 7383 1244 10.90 55.00 196.33 0.44 1.96 23.00 13.00 56.33 7.0
46 7.13 280 3.63 42067 26.63 74.00 15.76 11.02 53.33  214.67 0.54 1.96 31.60 10.39 66.31 7.3
47 9.85 593 267 49100 37.78 76.17 14.65 10.72 56.33  252.67 0.51 1.95 25.71 8.98 81.91 71
48 8.45 583 260 500.33 3540 7583 14.16 11.12 51.33  265.00 0.51 2.26 21.02 7.49 81.28 74
49 9.62 583 340 52267 40.98 78.00 16.01 10.56 55.00 319.00 0.46 2.00 36.02 12.47 63.30 73
50 8.24 580 3.83 504.00 4327 7867 14.25 10.68 59.67  308.33 0.46 217 34.07 11.87 59.19 75
51 7.06 3.10 343 42867 2353 56.00 14.97 11.30 56.67 219.33 0.43 212 26.82 9.18 81.20 71
52 6.45 207 277 44933 2345 6283 16.00 10.95 56.67  232.00 0.49 212 28.19 9.31 78.00 7.0
53 8.77 550 3.37 487.00 3223 7717 13.32 10.88 59.67  209.33 0.49 225 25.35 6.75 66.47 7.4
54 9.28 333 3.63 49567 2718 77.67 14.00 11.39 56.67  235.33 0.49 2.33 23.93 8.06 88.87 7.0
55 9.68 477 317 533.67 36.12 73.67 13.69 10.97 53.00 233.67 0.49 215 24.21 8.14 78.33 7.2
56 9.65 570 3.73 527.00 40.68 73.00 12.64 11.09 58.33 24433 0.46 217 28.15 9.24 56.17 7.2
57 9.70 580 330 566.00 39.25 74.50 13.07 11.02 57.00  250.67 0.49 2.18 28.53 9.62 67.53 71
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58 7.29 1.97 337 464.00 20.63 57.67 14.71 11.29 56.00 237.33 0.41 2.19 26.50 7.09 91.83 71
59 6.83 460 357 53567 3080 67.00 14.13 10.91 55.33  244.67 0.49 2.34 33.55 8.73 74.39 7.0
60 12.51 590 420 358.67 43.85 79.17 14.77 10.80 63.33  206.67 0.50 221 31.35 9.82 78.69 7.0
61 8.49 253 3.80 436.33 2593 65.83 16.36 10.76 48.67  250.00 0.47 215 37.43 12.50 78.67 7.2
62 7.41 3.83 3.83 47133 2792 66.50 15.22 10.68 51.00 248.33 0.53 2.36 33.05 10.87 59.58 7.0
63 7.85 443 343 48033 3178 67.00 13.72 11.41 51.67  250.67 0.41 2.30 31.28 10.10 77.84 7.0
64 9.58 590 3.37 52033 3543 76.50 13.84 11.42 59.33  237.67 0.46 2.22 31.05 10.75 71.70 6.9
65 10.91 590 347 428.00 43.10 79.67 14.06 11.07 54.67  226.00 0.61 215 28.26 9.57 79.44 71
66 9.09 313 3.00 48167 2143 6217 15.48 11.03 50.33  242.00 0.58 2.06 25.45 8.57 79.49 7.2
67 6.55 3.97 3.03 44767 23.00 61.33 14.39 11.30 55633  252.33 0.54 1.87 30.89 10.73 82.69 7.2
68 7.05 293 377 41967 2470 60.00 13.61 11.34 57.33  169.67 0.47 1.85 31.68 9.05 72.75 7.2
69 10.45 577 357 27467 4780 76.83 13.88 11.01 59.67  138.67 0.51 1.98 26.17 9.36 83.67 7.0
70 7.96 213 367 41767 2173  59.50 14.69 11.41 46.33  244.33 0.56 2.28 25.69 8.80 46.92 7.2
C 306 13.37 577 3.00 49933 3527 79.67 11.81 11.12 41.00 413.67 0.51 3.41 27.53 9.30 34.53 8.2
PBW

534 10.59 553 7.77 578.00 40.75 76.67 10.77 9.47 41.00 414.33 0.49 3.08 32.27 9.80 47.47 7.4

CD (5%) 2.01 135 0.83 90.23 9.01 6.81 1.71 0.51 9.82 70.38 ns 0.46 7.16 2.46 19.07

GA = Grain appearance (out of 10), TGW = 1000 grain weight (g), TW = Test weight (kh/hl), YB = Yellow berry (%), GH = Grain hardness (kg), PS = phenol score (out
of 10), MC = moisture content (%), PC = Protein content (%), SV = Sedimentation value (cc), DP = Diastatic power (mg), FN = Falling number, CC = Carotenoids (ppm),
RS = Reducing sugars (%), TS = Total sugars, GW = wet gluten (%), GD = Dry gluten, Gl = Gluten index, CS = chapati score (out of 10).

Table 8. Mean performance of lines for physico-chemical characteristics of ‘C’ population.
Entry GH GA PS FN TGW T™W PC MC sv DP RS TS GW GD Gl CS

1 10.45 573 3.57  441.00 43.63 77.00 13.68 10.86  54.33 205.67 044 256 27.88 9.86 52.51 7.6
2 11.46 6.03 1.87  487.00 42.98 78.83 13.92 10.82  55.00 238.00 0.41 245 30.83 10.34 2045 75
3 9.83 560 3.20 452.00 45.77 78.50 13.68 11.06  43.33 203.33 044 222 2997 10.01 3593 72
4 10.53 6.03 363 501.00 46.10 78.83 12.55 10.82 4233 225.67 044 244 2742 8.91 26.75 74
5 9.94 567 423 492.33 40.55 7.7 14.58 1033  51.00 256.67 043 250 35.80 11.83 3278 7.2
6 7.92 573 293 566.33 35.88 76.67 13.95 10.78  59.33 258.67 039 219 29.96 10.05 69.14 75
7 9.93 593 233 533.00 37.02 78.33 13.97 10.63  47.00 250.67 038 230 2832 9.22 5713 7.7
8 8.11 570 127  467.33 35.45 74.83 13.32 1096  54.67 225.00 0.51 228 29.20 9.63 5173 78
9 8.97 493 223 555.33 33.57 70.83 13.51 10.93  59.00 272.00 0.41 214  30.61 10.18 5594 7.4
10 9.36 457 213 535.33 29.12 69.67 13.26 10.79  57.33 197.33 046 229 30.94 10.17 61.74 74
11 10.68 560 3.80 554.33 35.62 78.67 12.53 10.72  50.67 203.67 044 230 2450 8.09 5394 74
12 10.37 597 3.10 377.33 41.43 80.67 13.52 10.73  60.67 252.67 049 220 29.20 9.62 5925 75
13 9.65 593 213 490.67 47.38 79.17 13.78 11.06  56.33 217.00 056 244 29.32 9.88 5347 7.4
14 10.18 560 263 545.67 51.12 77.50 14.83 10.68  52.33 237.67 059 257 3299 10.98 28.86 7.4
15 10.95 570 217 547.67 44.93 77.00 13.83 10.71 58.33 223.67 049 235 2842 9.26 56.58 7.5
16 10.09 587 3.07 574.00 40.87 77.83 13.43 10.57  55.33 247.67 048 244  26.53 9.00 4740 76
17 9.46 563 3.07 499.33 37.12 77.00 13.63 10.47  60.33 248.67 043 211 27.21 9.22 2975 74
18 10.05 540 313 548.33 42.52 78.33 12.90 10.39 4967 196.33 043 249 25.03 8.23 3039 7.4
19 9.95 560 3.07 530.00 46.88 76.83 11.96 11.01 42.33 199.33 044 252 2074 6.86 7012 75
20 10.69 590 3.83 540.00 37.93 77.17 12.82 11.01 55.33 257.00 049 258 27.65 8.99 3595 76
21 10.98 583 3.93 180.67 49.27 79.50 15.30 10.66  49.00 80.67 056 265 3449 11.74 2244 75
22 10.46 6.13 213 470.00 43.80 81.17 14.86 10.69  51.00 255.00 060 253 34.90 11.44 5589 7.7
23 9.69 6.23 433 485.00 43.78 81.00 14.44 10.78  54.67 265.67 0.51 258 33.14 10.76 6043 7.6
24 9.62 583 1.97  435.00 43.68 78.33 12.62 10.79  56.67 151.00 048 299 2355 7.82 4716 7.6
25 8.78 557 3.50 493.67 38.29 73.33 13.85 10.48  44.33 229.00 046 271 29.82 10.02 2496 7.4
26 10.03 6.07 1.70 578.33 46.48 80.17 13.10 10.54 4967 246.67 039 272 2979 7.47 62.84 7.7
27 10.95 6.03 4.17 387.00 46.95 79.50 15.18 10.69  48.33 186.00 056 278 30.38 10.17 66.68 7.5
28 9.25 6.00 217 567.67 47.22 79.67 14.06 10.46  54.67 257.00 057 258 29.99 9.91 4187 77
29 9.39 6.00 3.07 476.00 50.57 80.17 12.75 10.69  52.00 227.33 043 251 29.57 9.65 4523 74
30 9.27 543 353 542.00 39.20 75.33 10.99 10.62  45.00 208.67 0.41 259 21.06 5.62 66.37 7.4
31 9.07 597 173 537.00 42.03 79.67 13.56 10.91 47.33 227.67 039 253 2871 9.97 4644 7.8
32 9.15 583 137 518.00 40.32 79.00 12.70 10.64  46.00 261.00 0.41 250 29.14 9.77 2167 76
33 8.94 597 327 549.67 39.35 77.17 12.02 10.74 4833 231.67 039 239 2325 7.90 60.78 7.8
34 9.85 6.03 4.03 554.00 41.75 79.00 12.54 10.94 4333 217.33 039 255 2476 8.20 5770 7.8
35 8.89 3.23 3.07 48433 24.70 63.83 13.48 10.84 4267 185.67 0.41 198 17.34 6.41 7598 73
36 10.51 6.03 327 47133 42.48 79.50 14.62 10.79  58.00 259.67 039 226 2950 9.70 7802 76
37 11.07 597 3.50 385.33 44.08 78.83 15.23 10.41 54.33 188.00 0.41 222 3216 10.67 64.92 7.7
38 9.48 477  3.30 421.00 38.92 73.17 13.95 10.67  53.33 168.33 038 228 28.96 9.98 7057 75
39 8.69 5.83 2.37  478.00 41.72 7717 13.34 10.78  46.33 195.00 032 206 2851 9.48 3225 75
40 8.08 6.03 420 412.00 34.65 75.17 13.01 10.80  47.00 156.00 039 222 27.04 8.68 6355 7.5
41 10.00 567 253 483.33 45.75 73.83 13.36 11.10  43.00 198.33 039 202 28.66 9.40 16.54 7.6
42 8.52 563 3.10 459.33 51.10 77.67 13.97 11.00 43.33 134.00 036 203 34.65 11.72 1979 75
43 9.51 577 250 561.00 43.10 76.67 13.18 10.80  53.00 231.00 047 212 27.90 9.31 2598 7.6
44 8.86 563 193 561.33 41.60 72.50 11.88 10.74  38.33 244.00 039 235 2363 7.68 39.16 7.6
45 8.50 570 4.07  492.67 45.00 73.00 12.47 10.78  45.00 196.67 043 264 2542 8.35 3778 74
46 8.73 570 4.03 467.00 38.42 73.83 12.22 10.91 44.00 206.33 043 239 28.02 9.39 3943 74
47 10.00 550 3.90 477.00 47.20 75.67 12.57 10.75  47.67 191.33 039 253 2750 8.99 2075 7.6
48 9.87 563 203 462.33 49.05 7717 13.43 10.97  42.33 187.33 037 255 2929 9.76 4567 7.5
49 8.65 577 347 530.00 42.43 77.00 13.57 10.87  50.67 217.00 0.41 245 28.86 9.42 3550 75
50 8.33 530 4.00 564.00 36.75 71.67 12.16 10.61 44.33 233.33 048 288 23.77 7.50 4090 75
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51 9.71 527 3.93 546.00 37.75 71.67 12.93 10.71 50.00 271.67 038 222 2825 9.16 5473 7.4
52 10.77 520 3.83 514.67 41.75 75.00 12.86 10.60  44.00 227.00 033 255 24.86 7.96 5572 7.2
53 8.64 543 243 516.00 30.28 70.00 11.37 1095  38.67 220.33 0.51 267 17.64 5.20 7802 7.2
54 7.75 537 173 521.67 32.47 69.33 13.07 11.09  47.00 223.00 046 280 28.00 8.91 6948 7
55 8.39 573 233 504.67 39.68 73.50 11.82 1112 52.33 252.00 046 275 24.98 8.18 7349 73
56 7.96 327 233 538.67 28.33 65.67 14.49 1117 52.33 218.67 0.41 275 34.28 11.61 5880 7.4
57 6.69 403 220 587.00 28.23 66.00 13.31 10.87  56.00 259.00 0.41 239 29.14 8.87 6046 7.5
58 8.12 537 250 535.33 33.35 7117 13.27 10.66  59.67 265.67 039 271 25.77 8.67 7346 75
59 9.45 513 3.3  489.00 40.55 74.83 13.51 10.75  51.00 161.00 0.41 262 28.67 9.26 5514 7.2
60 9.82 543 1.97  490.33 51.17 7417 13.41 10.94  45.33 197.67 044 238 2940 9.40 4262 7.2
61 7.55 510 443 538.67 29.38 71.33 14.53 1059  47.33 280.00 0.41 212 34.86 8.49 40.04 75
62 9.38 533 340 556.67 39.25 7217 13.49 10.94  48.67 218.67 049 213  30.58 9.98 28.89 7.3
63 9.81 587 3.73 553.00 36.75 77.83 13.43 10.40  48.67 265.33 052 239 2946 9.41 5069 7.3
64 7.85 543 3.67 582.00 34.20 72.83 12.43 10.55  55.67 194.67 042 237 2478 8.31 5622 71
65 8.58 577 413  463.67 32.38 7317 12.24 10.85  55.00 223.33 037 225 26.00 8.51 35.31 74
66 10.00 5.00 3.97 565.00 41.49 75.30 13.42 10.60  53.00 261.00 053 244 3136 9.57 4536 7.3
67 9.71 583 3.97 559.33 40.67 75.33 12.66 10.78  48.33 231.67 046 233 29.66 9.54 19.06 74
68 8.67 423 417 575.67 34.65 69.00 12.45 1049  51.00 356.00 038 225 29.13 9.07 52.51 71
69 11.54 540 417 521.00 53.33 77.00 13.39 10.77  44.00 186.67 038 244 2722 8.89 49.21 6.8
70 9.23 563 4.57 563.67 52.67 78.00 1211 11.08  43.33 208.67 039 252 2185 713 56.53 6.9
71 11.09 567 293  443.67 46.80 78.33 16.23 10.73  46.67 225.67 046 229 39.13 12.46 4260 7
72 9.59 573 277  495.00 42.62 74.83 13.37 10.52  43.33 215.67 039 239 2852 9.48 2725 73
73 9.29 583 3.07 514.67 37.67 75.83 12.99 10.61 46.67 206.67 039 233 26.20 8.64 58.77 73
74 11.89 580 3.50  438.67 40.82 80.67 14.04 1059  51.33 207.33 036 182 28.82 9.65 4523 71
75 9.13 580 3.87 44933 45.35 7717 14.51 10.63  49.33 190.00 047 251 3212 10.79 4843 74
76 8.95 3.90 4.00 497.67 25.08 65.00 14.81 10.62  48.33 176.67 036 234 2961 9.53 7259 73
77 9.43 587 3.97 574.67 38.43 76.83 12.63 11.01 51.00 229.33 039 250 19.72 6.59 7776 7.2
78 9.29 467 460 45467 32.93 75.96 13.23 1114 41.33 186.00 034 205 3298 9.07 4448 7.3
79 10.22 507 447 516.67 33.20 71.00 13.26 10.83  47.33 196.67 038 214 2845 6.83 64.81 71
80 7.83 557 4.20 556.67 35.62 72.67 13.07 11.00  49.33 227.33 054 231 27.80 9.26 6483 7.1
C518 12.31 6.17  1.67  480.67 33.71 81.33 11.95 10.75  50.67 411.67 0.51 3.40 3290 11.37 1995 79
PBW 77
343 10.94 583 5.70 578.33 40.00 79.00 10.55 10.87  38.33 456.00 048 317 2443 7.77 50.88

CcD

(5%) 1.77 0.87 0.81 105.26 6.18 3.90 1.34 ns 7.74 53.25 014 0.55 5.67 2.14 24.85

GA = Grain appearance (out of 10), TGW = 1000 grain weight (g), TW = Test weight (kh/hl), YB = Yellow berry (%), GH = Grain hardness (kg), PS = phenol score (out
of 10), MC = moisture content (%), PC = Protein content (%), SV = Sedimentation value (cc), DP = Diastatic power (mg), FN = Falling number, CC = Carotenoids (ppm),
RS = Reducing sugars (%), TS = Total sugars, GW = wet gluten (%), GD = Dry gluten, Gl = Gluten index, CS = chapati score (out of 10).

from 9.11 kg for ‘HI 1418’ to 12.87 kg for ‘C 273",
The overall trend observed in the genotypes was
that the harder genotypes gave higher chapati
score. Similarly in second year crop season again
the tall varieties were having the hardest grains
but Lok 1 earned a high score (7.9/10) in spite of
relatively soft grains (9.4 kg).Phenol score is given
on the basis of presence of tyrosinase amount
and activity. ‘DI 9’ showed lowest score of 1.30
and ‘PBW 531’ gave highest score of 6.00 in first
year. A lowest score of 0.87 for ‘PBW 175 and a
highest score of 8.93 for ‘WH 1003’ was observed
in second year. Lok 1, Central zone wheat known
for its good chapati quality gave a high score of
7.03. In case of genetic stocks WH 712 and HD
2793 gave low values over both the seasons.

Grain protein content is considered to be one of
the major characters which determine the end use
quality of wheat. Higher values of protein content
means higher amount of gluten and thus good loaf
volume of bread. But for chapati making too high
gluten content is not desirable. The tall wheat vari-
eties having good chapati score had about 12 per
cent protein content over both the seasons and
these wheats recorded the highest values for pro-
tein content than other groups in the study. Nu-
merically the protein content was found to vary
from 10.21% for ‘DI 9’ to 12.82% for ‘C 273’ and
from 9.60% for ‘K 0123’ to 13.14% for ‘C273’ in

both years. The highest protein content observed
in case of tall varieties among the different groups
was actually in the medium range desirable for
making good chapaties. Glupro, due to its shriv-
elled grains and presence of GpcB171 gene gave a
protein content of as high as 17.57 %.The good
chapati wheats were found to have sedimentation
value between 40-50 cc. The commercial wheats
had lower sedimentation value where as the ge-
netic stocks showed a wider range of values from
low to very high. The genotypes with higher val-
ues could not produce good chapaties, thus indi-
cating the requirement of medium sedimentation
values in chapati making. In first year the value of
sedimentation was found to range between 38.00
for ‘K 0123’ and 54.67 for ‘WH 1003’, where as
the value ranged between 30.00 for ‘PBW 533’
and 63.00 for ‘WH 1003’ in second year. The culti-
vars known for excellent bread making quality
(PBW 533 and DBW 16) had lower sedimentation
values, which is in contrast to higher requirements
for bread making. The diastatic activity of the gen-
otypes ranged from 319.00 mg for ‘Pusa 5-3’ to
438.00 mg for ‘PBW 531’ in first year. In second
year the value of diastatic activity varied from
253.00 mg for ‘Lok 1’ to 496.00 mg for ‘HI 1418’.
The diastatic power of the genotypes is an indica-
tive of enzymatic activity in the wheat flour. Since
harder wheats have more damaged starch, it
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Table 11. Correlation coefficients of the physico-chemical characteristics with chapati score in Back Cross

recombinant populations.

Physico-chemical characteristics

Correlation coefficient

Population A Population B Population C

Grain hardness 0.34* 0.35* 0.17
Grain appearance score 0.26* 0.36* 0.31*
Protein content 0.19 0.07 -0.13
Moisture content -0.19 -0.27* -0.02
Sedimentation value 0.08 -0.07 0.10
Diastatic activity 0.32* 0.46* 0.41*
Reducing sugars 0.25* 0.13 0.20
Total sugars 0.16 -0.09 0.37*
Phenol score -0.03 0.32* -0.24*
Wet gluten 0.41* 0.12 0.06
Dry gluten 0.39 0.14 0.1
Gluten index -0.12 -0.34* -0.14

* Significant at 5% level

gives more sites for the amylases to act, thus in-
creased diastase activity. The values of falling
number were found to range between 442.00 for
KYZ K2K-13 to 594.33 for PBW 343 in first year.
In second year the genotypes in commercial
wheats group, genetic stocks HD 2793, WH 712
and WH 1003, the advanced line HI 1479, tall
wheats 9D, C 518 and C 591 gave highest value
of 600. HI 1418 gave lowest value of 476.33. In
this season higher values of falling number were
observed for all the genotypes. A falling number
value in the range of 400 is desirable in good cha-
pati wheats, as a limited activity leads to sweeter
taste in chapaties due to the saccharifying activity
of the amylases.A value of 3.5 ppm to 4.5 ppm
carotenoids is found to impart desirable colour to
the chapaties. In first year the value of careto-
noids was highest (4.29 ppm) for ‘C 591’ and low-
est (3.00 ppm) for ‘PBW 531°, where as in second
year the values ranged from 3.06 ppm for ‘PBW
226’ to 4.72 ppm for ‘PBW 343’. The caretonoids
content was highest in the tall varieties and it was
4.15 ppm in C 306, the best chapati quality wheat
variety. The total sugars were significantly higher
in case of tall wheat varieties thus explaining
sweet taste of their chapaties in both the seasons.
The total sugar content was observed to vary from
2.8 per cent for ‘PBW 502’ to 3.4 per cent for ‘C
306’ and ‘C 518’ in first year, where as the value
varied from 2.8 per cent for ‘PBW 502’ to 3.4 per
cent for ‘C 518’ in second year. The commercial
wheats had lowest total sugars where as the ge-
netic stocks and advanced lines gave intermedi-
ate results. Glupro gave lowest vale of 0.27 per
cent reducing sugars. The reducing sugars
ranged from 0.42 per cent for ‘PBW 534’ to 0.62
per cent for ‘WH 800’ in first year. The range ob-
served in second year was from 0.34 per cent for
‘PBW 550’ and ‘PBW 554’ to 0.49 per cent for
‘PBW 533’ and ‘PBW 534’.The wheats with good
chapati score possessed medium to high values
of gluten content which indicated that neither too

high nor too low values of gluten, are required to
make good chapaties. In first year ‘DI 9' showed
the lowest (20.10 per cent) and ‘PBW 5371
showed highest (35.63 per cent) wet gluten con-
tents, where as in second year ‘PBW 154’ showed
lowest (22.80 per cent) and ‘9D’ showed highest
(42.07 per cent) of wet gluten content. The dry
gluten content of the genotypes was found to vary
from 6.27 per cent for ‘DI 9” to 11.73 per cent for
‘WH 800’ in first year. In second year ‘PBW 175’
showed lowest (7.43 per cent) and ‘9D’ showed
highest (14.07 per cent) of dry gluten content. In
second year the released varieties with known
quality gave lower values than tall wheats. The
genetic stocks such as WH 1003, WH 712 and the
winter wheat ‘Glupro’ were having higher gluten
index, which corresponds to their high protein con-
tent. Commercially released variety PBW 550 and
advanced line PBW 554 gave high values of glu-
ten index. The gluten index ranged from 26.44 per
cent for ‘C 518’ to 87.76 per cent for ‘WH 712’ in
first year, and from 28.10 per cent for ‘PBW 175’
to 73.13 per cent for 'WH 712’ in second year.

Results based on analysis of data from three
backcross derived recombinant populations:
Significant genotypic differences were observed
for chapati score (Table 5a, b and c) in all the
three populations vizz ‘A’ (C273/PBW343//
PBW343), ‘B° (C306/PBW534//PBW534) and
‘C’ (C518/PBW343//PBW343). The data on cha-
pati score and physic-chemical characteristics for
the populations is given in table 6, 7 and 8. The
range of variation observed for this character in all
three populations. Populations ‘A’ and ‘C’ showed
normal distribution of lines for the trait whereas in
population ‘B’ it was observed that there was
transgression of chapati score on inferior side. In
all the three cases, the better parental level (C
series varieties) was not recovered indicating
complex control of chapati quality. This absence
of superior transgressive segregants was also
indicative of fact that positive alleles governing
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chapati quality are largely concentrated in one
parent.

In population ‘A’ the parental values of chapati
score observed were 8.2 and 7.7 for C 273 and
PBW 343 respectively. None of the genotypes
were able to surpass C 273 for chapati score
where as 56 out of 70 lines gave a score inferior
to PBW 343. For 14 genotypes the score ranged
between the parental values. In case of population
‘B’ the parental values observed for chapati score
were 8.2 and 7.4 for C 306 and PBW 534 respec-
tively. 22 genotypes out of 70 ranged between the
parental values where as remaining 48 gave a
score inferior to PBW 534. Similarly in population
‘C’ none out of 80 lines were found to outscore C
518 where as 71 genotypes gave a score inferior
to PBW 343. Only 9 genotypes gave a chapati
score in parental range.

A wide range of variation for grain appearance
was observed in the populations. All the three
populations were found to be normally distributed
with the character being skewed towards higher
side. In the recombinant population ‘A’ the grain
appearance score of the parents was observed to
be 5.93 and 5.5 for C 273 and PBW 343 respec-
tively. A total of 32 genotypes out of 70 fell in to
this parental range. 30 genotypes were found to
be superior to C 273 whereas 8 genotypes gave
values below PBW 343. In population ‘B’ the pa-
rental values observed were 5.77 and 5.53 for C
306 and PBW 534 respectively. 6 genotypes out
of 70 gave a score ranging between the parental
values, 37 genotypes were found to be superior to
C 306 whereas 27 genotypes gave values less
than that of PBW 534. In population ‘C’ only 2 out
of 80 genotypes were found to be superior to C
518 (6.17) whereas 59 genotypes gave inferior
values than PBW 343 (5.83). 19 genotypes gave
values in the parental range. In population ‘A’ the
parents C 273 and PBW 343 gave a test weight of
76.8 kg/hl and 75.0 kg/hl respectively. Out of 70
genotypes in this population, 12 were found to
have a test weight in the parental range whereas
40 genotypes gave a value above C 273 and 18
genotypes were found to be inferior to PBW 343.
In population ‘B’ only 7 out of 70 genotypes were
observed to be superior to C 306 (79.67 kg/hl)
and 39 genotypes gave a test weight less than
that of PBW 534 (76.67 kg/hl). 24 genotypes gave
values in the parental range. In population ‘C’ no
genotype out of 80 was found to be superior to C
518 (81.33 kg/hl). However 66 genotypes showed
a test weight value less than that of PBW 343 (79
kg/hl) and 14 genotypes were found to have a test
weight in the parental range.In population ‘A’ 41
genotypes out of 70 were observed to have a
1000 grain weight between the parental values of
37.90 g and 48.56 g for C 273 and PBW 343 re-
spectively. 5 genotypes gave values above that of
PBW 343 whereas 24 genotypes gave a value

below that of C 273. In population ‘B’ the 1000
grain weight of the parents C 306 and PBW 534
was observed to be 35.27 g and 40.75 g respec-
tively. 28 genotypes out of 70 were having values
below that of C 306 and 27 genotypes gave value
of 1000 grain weight above that of PBW 534. Re-
maining 15 genotypes were observed to have val-
ues between the parental 1000 grain weights. In
population ‘C’ the parental values of 1000 grain
weight were observed to be 33.71 g and 40.00 g
for C 518 and PBW 343 respectively. 22 geno-
types out of 80 were found to have values in be-
tween the parental values, whereas 45 genotypes
exceeded grain weight than that of PBW 343 and
13 genotypes gave values below that of C
518.None of the genotypes in all the three popula-
tions was found to have grain hardness value
above the superior value of the donor C-parent. In
populations ‘A’ and ‘B’ 59 out of 70 lines gave a
hardness value lower than the recipient parent
whereas 11 genotypes gave values in the parental
range. The parental values for grain hardness
observed were 12.36 kg (C 273) and 9.51 kg
(PBW 343) for population ‘A’ and 13.37 kg (C 306)
and 10.59 kg (PBW 534) for population ‘B’. In ‘C’
population the 12 genotypes out of 80 ranged be-
tween the parental values of 12.31 kg (C 518) and
10.94 kg (PBW 343). Remaining 68 lines were
found to be inferior to PBW 343.The hard wheat
produces granular flour which is desirable for
bread making where as soft wheat flour is pre-
ferred for biscuit making. Similarly, for chapati
making it is prescribed to use medium hard wheat
but the situation in India is different. In our wheat
the grain hardness is not associated with gluten
strength but is simply the physical hardness.
Therefore in Indian context the hard wheat varie-
ties produce good chapaties and it has been re-
ported by Mishra (1998) that grain hardness alone
contributes about 40 percent to the chapati quali-
ty. Upretty and Abrol (1972) pointed out that most
of the varieties with acceptable palatability were
having high damaged starch content. The authors
further noted that damaged starch together with
the sugar content should be used as a selection
tool for chapati quality. Srivastava et al. (2002)
observed that higher moisture retention and starch
gelatinization as a consequence of greater film
forming ability of gluten in hard wheat flour result-
ed in pliable and soft textured chapati. Ram et al
(2005) emphasized that the good chapati quality
wheats like C 306 are likely to differ from present
day cultivars in terms of the Pin allele constitution.
The phenol reaction score for population ‘A’
showed 5 genotypes out of 70 to be better than C
273 (1.87) where as 65 genotypes were found to
be inferior to PBW 343 (6.90). None of the geno-
types in this population were found to give values
in the parental range. However in population ‘B’
63 genotypes out of 70 gave values in the paren-
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tal range of 3.00 (C 306) to 7.77 (PBW 534). 7
genotypes were found to be superior to C 306
whereas no genotype gave phenol score values
more than that of PBW 534. Similarly in popula-
tion ‘C’ no genotype out of 80 gave higher phenol
score than PBW 343 (5.70) whereas only 5 geno-
types were found to be superior to C 518 (1.67).
Remaining 75 genotypes were found to have a
phenol score in the parental range. In all the three
recombinant populations high values of grain pro-
tein content were observed for most of the geno-
types. In population ‘A’ 19 genotypes out of 70
gave protein content in the parental range of
12.97 per cent (C 273) and 11.22 per cent (PBW
343). 51 genotypes gave values higher than C
273 whereas as none of the genotypes was found
to be inferior to PBW 343. In population ‘B’ all the
70 genotypes gave a protein content value of
more than that of C 306 (11.81 per cent). The re-
cipient parent, PBW 534, gave a value of 10.77
per cent grain protein content. In population ‘C’ 2
genotypes out of 80 were found to have values
ranging between the parental values of 11.95 per
cent (C 518) and 10.55 per cent (PBW 343)
whereas 78 lines were found to give higher values
than C 518.In population ‘A’ the observed values
for sedimentation of parents were observed to be
53.00 cc and 34.67 cc for C 273 and PBW 343
respectively. 10 genotypes out of 70 were found
to range between these values whereas 60 geno-
types gave values higher than that of C 273. In
population ‘B’ all the 70 genotypes gave higher
values of sedimentation than both the parents C
306 (41.00 cc) and PBW 534 (41.00 cc). None of
the genotypes were found to be inferior to any of
the parent. In population ‘C’ the sedimentation
value of 65 genotypes out of 70 was found to be
in the parental range of 50.67 cc (C 518) and
38.33 cc (PBW 343). No genotype inferior to PBW
343 was observed whereas 15 lines gave sedi-
mentation values higher than C 518.The values of
diastatic activity were found to be on lower side in
all the populations and even none of the lines
were found to come close to the parental values.
A higher population mean was observed for ‘B’
population in comparison to other populations.
The lower values of diastatic activity in the popula-
tions can be because of lower levels of grain hard-
ness and grain shriveling. The diastatic activity of
the recombinant populations ‘A’, ‘B’ and ‘C
showed that all the genotypes gave higher value
than the best parent. The sweetness in chapaties
is governed by the diastatic power in addition to
the content of sugars in the whole meal. Even
Upretty and Abrol (1971) have stressed the need
for screening new lines for diastatic power in addi-
tion to the sugar content. They also emphasized
the role of diastatic power for screening new en-
tries for chapati making.

In population ‘A’ the values of falling number ob-

served for the parents were 584.00 for C 273 and
600.00 for PBW 343. All the 70 genotypes in the
population were found to have falling number val-
ues less than that of C 273. In population ‘B’ the
falling number values obtained for C 306 and
PBW 534 were 499.33 and 578.00 respectively.
49 genotypes out of 70 gave values lower than
that of C 306 whereas 20 genotypes giving values
in the parental range with only 1 line having a val-
ue of more than PBW 534. In case of population
‘C’ 53 genotypes out of 80 gave values in the pa-
rental range. 24 genotypes gave lower values of
falling number than that of C 518 (480.67) where-
as only 3 genotypes gave values above PBW 343
(578.33).In population ‘A’ the observed values of
reducing sugars for the parents were 0.54 per
cent for C 273 and 0.55 per cent for PBW 343. 65
out of 70 genotypes gave higher values of reduc-
ing sugars than that of PBW 343 whereas only 2
lines were found to be inferior to C 273. The val-
ues of total sugars observed for C 273 and PBW
343 were 3.40 per cent and 2.92 per cent respec-
tively. In population ‘B’ 38 genotypes out of 70
gave lower values of reducing sugars than that of
C 273 (0.51 per cent) and 22 genotypes were
found to give lower values than that of PBW 534
(0.49 per cent). 10 genotypes ranged between the
parental values. The values of total sugars ob-
served for the parents of this population were 3.40
per cent (C 306) and 3.08 per cent (PBW 534). All
the 70 genotypes in this population were found to
give low total sugars than PBW 534. In population
‘C’ 50 genotypes out of 80 were found to have
lower values of reducing sugars than PBW 343
which had a value of 0.47 per cent. 12 genotypes
gave higher values than C 518 (0.51 per cent)
whereas only 8 genotypes gave values ranging
between the parental values. 65 genotypes out of
80 gave values of total sugars ranging between
the parental values of 3.40 per cent (C 518) and
3.17 per cent (PBW 343). 8 genotypes gave val-
ues lower than that of PBW 343 and 7 genotypes
were found to give values higher than C 518.

In the literature, variable figures have been report-
ed by various workers with respect to the reducing
sugars contents of wheat. Singh et al (1983) rec-
orded the content of reducing sugars in whole
meal in the range of 0.15 to 0.71 percent based
on observations involving improved strains and
check varieties.

The reducing sugars content had a significant cor-
relation with the chapati texture after 2 hour stor-
age (-0.43) offering an opportunity to improve
keeping quality of chapaties. This implies that that
the varieties with a higher content of reducing sug-
ars will produce cookies with a higher spread fac-
tor and the chapaties produced by such varieties
will remain softer for a longer time. Singh et al
(1983) reported non-reducing sugar content in the
range of 1.7 to 2.8 percent in respect of the ad-

588



Satish Kumar et al. / J. Appl. & Nat. Sci. 10 (2): 572 - 592 (2018)

vanced genotypes. Singh et al (1983) and Upretty
and Abrol (1972) observed that quantity of sugars
present in wheat whole meal together with diastat-
ic activity determines the sweetness of chapaties
prepared as no sugar is added to the chapaties
dough. Hence the sugar content in the whole meal
is having a direct relationship with the chapaties
prepared.

The gluten content was found to be normally dis-
tributed in all the three populations with the geno-
types showing a wide range of variation. In popu-
lation ‘A’ the gluten content of the parents was
observed to be 10.30 per cent for C 273 and 7.90
per cent for PBW 343. 45 out of 70 genotypes in
the population were observed to have values of
dry gluten content in the parental range. 13 were
found to be lower in gluten content than PBW 343
whereas 12 genotypes had values higher than C
273. The parental values of gluten index in this
population were observed to be 41.78 per cent for
C 273 and 40.26 per cent for PBW 343. 45 geno-
types gave higher gluten index than C 273 where-
as 18 genotypes were found to have a value lower
than PBW 343. Only 7 genotypes ranged between
the parental values. In population ‘B’ the observed
values of dry gluten content of the parents were
9.30 per cent for C 306 and 9.80 per cent for PBW
534. Only 5 genotypes out of 70 gave values in
this parental range. 40 were found to be superior
to PBW 534 whereas 25 genotypes gave values
lower than C 306. The gluten index values in this
population showed that 67 genotypes out 70 gave
values higher than that of PBW 534 (47.47 per
cent) whereas no genotypes gave value lower to
C 306 (34.53 per cent). 3 genotypes ranged be-
tween the parental values for the gluten index. In
population ‘C’ the dry gluten index of the parents
was 11.37 per cent for C 518 and 7.77 per cent
for PBW 343. 64 genotypes out of 80 were found
give gluten value in this parental range. 11 were
found to give higher values than that of PBW 343
whereas only 5 genotypes gave dry gluten content
values of less than that of C 518. The gluten index
values of the parents in this population were ob-
served to be 19.95 per cent for C 518 and 50.88
per cent for PBW 343. 32 genotypes out of 80
gave gluten index values in this range. 7 geno-
types were inferior to C 518 whereas 41 geno-
types gave higher values of gluten index than that
of PBW 343.

The physico-chemical characteristics are an im-
portant group of characters which determine the
quality of wheat. The physical character such as
grain hardness, test weight, 1000 grain weight,
grain appearance score, phenol reaction score,
yellow berry incidence etc. and the chemical char-
acteristics such as protein content, gluten content
and index, sugar content, diastatic power, sedi-
mentation value, falling number and the amount of
pigments in wheat flour are known to affect the

wheat end-use quality. Some of the physico-
chemical characteristics reported to influence the
chapati quality are damaged starch content, water
absorption of the flour, ash as well as polyphenol
oxidase activities (Rao et al 1989, Mallick et al
2013). The similar references regarding the end
use quality of wheats have also been achieved in
other countries such as Hungary (Diosi et al.,
2015), Korea (Kang et al., 2014) and Egypt (El-
Porai et al., 2013). The visco-elastic property of
dough, which influences the baking quality of
wheat, depends on the quality and quantity of pro-
tein. Wheat varieties having 9.5-10.5% protein
were found to be suitable for the preparation of
chapati (Austin and Ram, 1971). However, it is
reported that wheat having higher protein contents
(>12%) was also found suitable for chapati mak-
ing, indicating the importance of quality or nature
of proteins present in wheat in determining chapati
making quality (Srivastava et al., 2003).
Correlation of different traits with chapati
score: The first set is not a random collection of
genotypes and most of the constituent were cho-
sen with specific considerations as discussed in
earlier sections. This may not auger well for asso-
ciation studies but since this set is better charac-
terized in the sense that two years of analysis was
carried out. The second set (BC-RIL populations)
became available in a stabilized homozygous form
towards the end of this study and only one year of
analytical work could be conducted. The value of
this set lies in the fact that it is an outcome of ran-
dom segregation of quality traits, thus eliminating
incidental correlation and revealing those based
on cause and effects. Association of physico-
chemical characters with chapati traits in set of
cultivars and genetic stocks for two years as re-
vealed by genotypic correlation coefficients is giv-
en in table 9 and 10.

Grain hardness (GH), which is directly related with
damaged starch, showed high positive genotypic
correlation with chapati quality in first year. This
finding has been reported by a large number of
studies (Rao et al., 1989, Srivastava et al., 2003,
Hemalatha et al 2007, Inamdar et al 2015, Singh
et al., 2016, Panghal et al., 2017). As a result GH
is a widely recognized predictor /selection criteria
for chapati quality. A considerable lowering of this
correlation was observed in the year second year
with genotypic correlation coefficient of 0.55. The
observation of GH in second year showed a gen-
eral reduction and narrowing of overall range. Evi-
dently this contributed to lowered correlation. In
spite of significant reduction in the GH in second
year the good chapati genotypes such as C 273,
C 306, C 591 maintained their superior chapati
quality. Further genotypes such as Lok 1 added in
the second year displayed superior quality in spite
of medium grain hardness. This is also likely to
have added to lower correlation in this season.
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Grain appearance based on luster, boldness,
shape etc. is often used as a selection criteria and
an indicator of consumer preference as well as
processing quality. The correlation of grain ap-
pearance with chapati quality seems to follow the
trend observed for grain hardness, which is in fact
a contributing factor to hardness as luster is asso-
ciated with hardness. The correlation of 0.78 ob-
served in first year however differed much more
drastically in this case in the second year. Obvi-
ously cross over genotypes e.g. those showing
good grain appearance but medium chapati score
i.e., PBW175 and those showing poor grain quali-
ty but above average chapati quality such as Lok
1, contributed to lacking of this correlation in the
second season. In general grain appearance
score in second year was low on account of unfa-
vorable environmental conditions leading to poor
discrimination of grain appearance characters. A
proper expression of grain appearance trait is im-
portant for it to serve as an indicator of chapati
quality. Also noticeable was the case of ‘Glupro’,
which was not evaluated in second year but in first
season it showed very poor grains and at the
same time poor chapati score.

Quality character which is often regarded critical
for processing is grain protein content. The corre-
lation of protein content with chapati quality how-
ever followed an erratic trend in the experiment.
The high negative correlation (-0.78) of protein
content with chapati quality in first year, was re-
versed to positive (0.62) in second year. Perusal
of the table of means shows several reversals in
the ranking of genotypes for protein content be-
tween the years. In fact chapati quality showed a
greater stability over the years compared to pro-
tein content. This is in consonance with the widely
recognized pronounced environmental component
of protein content. Previous studies are sugges-
tive of the lack of correlations of protein content
with chapati quality (Srivastava et al 2003, He-
malatha et al 2007, Hemalatha et al 2016, Harsh-
wardhanet al 2016). Use of protein content as an
indicator of chapati quality holds very little poten-
tial. First year negative correlation was also influ-
enced by presence of very high protein content
genotype ‘Glupro’ (17.57 per cent) in this set,
which showed extremely poor chapati quality.
Another easily observable physical character is
yellow berry, which reflects grain internal packag-
es and presence of soft spots. The negative corre-
lation of yellow berry with chapati quality in the
first year was probably due to hardly any expres-
sion of this trait. Sedimentation value is the most
important character for bread making quality and
is widely employed as its indicator, needed to be
investigated in terms of chapati quality. The corre-
lation value of sedimentation with chapati quality
seems to reflect its complete irrelevance for cha-
pati making. This lack of correlation with a key

component of bread quality shows that the pro-
cessing requirements for bread and chapati mak-
ing may be highly divergent. The correlation
trends revealed by other studies (Austin and Ram
1971, Shurpalekar et al 1976, Saxena et al 1997,
Srivastava et al 2003,) however showed that the
sedimentation values of low to medium range are
related to chapati quality. Among the genetic
stocks evaluated in the present study, two stocks
known for high sedimentation value expressed
this trait at high levels in both the seasons, but
were consistently medium in terms of their chapati
quality.

Not many intrinsic traits are known to relate con-
stantly with chapati quality. Reducing sugars in
the study showed high positive and consistent
correlation with the chapati quality. Augured over
two years reducing sugar content turns out to be
the trait with highest correlation with chapati quali-
ty. Reducing sugars are directly related to sweet-
ness which contributed 5 out of 35 scoring units,
ascribed to overall chapati quality score
(converted to 10 in final score). Thus reducing
sugars can be used as a suitable objective re-
placement for the organoleptic assessment of
sweetness. Another constituent association has
emerged in the form of phenol score. Consistently
negative correlation over two years indicates the
utility of this easily assessable parameter. The C
series varieties, except C 306, had a low phenol
score in both seasons. Lowest phenol score of all
the genotypes was registered by PBW 175 during
second year. Commercial cultivars showed medi-
um to high phenol score.

Gluten (dry and wet) follows a parallel trend with
high negative correlation in the first year and high
positive correlation in the second year. Both dry
and wet gluten follow the same pattern over the
years as that of protein content, as was expected.
The swing from negative to positive as in case of
protein content owes largely to enhanced wet/dry
gluten of the C-series varieties in the second year.
In the first year the presence of ‘Glupro’, high glu-
ten and low chapati score wheat, contribute to the
negative correlation. As discussed for protein con-
tent and sedimentation value, the gluten content
also seems to be independent of the chapati quali-
ty. Gluten index is an excellent multi trait parame-
ter for predicting bread wheat quality. Greater the
proportion of glutenin, in comparison to gliadins,
better the bread making quality. The requirement
for chapati seems distinctly contrasting. Gluten
index had a significant negative correlation with
chapati score in first year while weak negative
correlation was observed in second year. Most of
C-series varieties had a low gluten index. If we
see the mean gluten index of cultivars and genetic
stocks, none of the lines produced glutenins in
excess of gliadins. The high sedimentation line
WH 712 reached highest level of 87.76 per cent
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(first year). The good chapati quality wheats
ranged between 30-50 per cent gluten index. The
negative association of gluten index with chapati
quality once again highlights the contrasting re-
quirements for bread and chapati making.

Keeping the red grained ‘Glupro’ out of the set of
genotypes, results in a mild positive correlation of
the carotenoids with chapati making quality. This
probably is due to moderately high carotenoids
content of superior chapati C series varieties. This
level of carotenoids was probably inconsequential
to chapati colour and overall chapati score.

The correlations which prevail in the populations
carry much greater weight as these have persist-
ed over several rounds of recombination and are
likely to reflect under lying causes of superior cha-
pati quality. As various components of chapati
quality would be disassembled, the relative levels
of correlations for individual traits would be uncov-
ered. The present study in this regard represents
an important advance as most of previous correla-
tion studies were based on set of cultivars.
Valuable correlation trends which extend across
the three populations (Table 11) may be summa-
rized as follows:

Grain hardness seems to have a clear role in cha-
pati quality with a correlation coefficient of 0.34
and 0.35 observed in populations A and B and a
value of correlation coefficient in population C is
lower at 0.17.

More consistent correlation was found for grain
appearance ranging from 0.26 for A to 0.36 for
population B.

Protein content and sedimentation value are
clearly out of reckoning as chapati making traits
on account of non significant correlation values.
Consistent high positive correlations have showed
up for diastase activity, which ranged from 0.32
for A to 0.41 for population C and 0.46 for popula-
tion B. this consistent behaviour is a strong evi-
dence for the role of this trait in chapati making
quality.

The sugars (reducing and total) though less con-
sistent have about half of the 6 correlation values
in the zone of significance. A greater role has
been ascribed to this trait in the set of cultivars.
The phenol score is a trait which fails the test of
strong correlation when observed in the recombi-
nant populations. Much higher and consistent cor-
relation had been observed in the set of cultivars
and stocks. The recombinant populations reveal
the likely pitfall of using this trait as an index of
chapati quality.

The wet and dry gluten fall below significance
threshold in the populations B and C. in popula-
tion A where a positive correlation is observed, it
is likely to be due to the high gluten index of supe-
rior chapati parent ‘C 273’. The gluten index re-
mains in consistent, though mild negative correla-
tion with chapati quality.

Conclusion

The results obtained in the present study have
been repetitive as these have been derived from
three parallel experiments on three recombinant
populations. Past studies on chapati making quali-
ty have focussed on genotypic evaluation and
hence there was bound to be a bias in the correla-
tion landscape generated by the set of cultivars
and genetic stocks. The recombinant populations
have helped in threshing out results and hence
the correlations look more realistic. Correlations of
hardness and grain appearance to chapati quality
are toned down to more realistic values. Diastase
activity emerges as a more consistent and strong-
er contributor to chapati making quality. Phenol
score may not serve as a suitable indicator of cha-
pati quality. This study has added significantly to
the understanding of the basis of chapati making
quality in wheat. The results derived based on two
sets of plant material have authenticated the cor-
relations between different quality parameters and
the end use quality. Validation of present results
needs to be carried out for different genotypes, as
the chapati quality being a complex trait is highly
influenced by environment, agricultural inputs etc.
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