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ABSTRACT

The per se performance of two bi-parental crosses-derived determinate and indeterminate recombinant

inbred lines (RILs) belonging to early, medium and late maturity groups in dolichos bean were compared for eight
quantitative traits. Based on days to 50% flowering, the HA 4 x CP1 31113 (HACPI 3)-derived RILs and HA 4 x
CPI1 60125 (HACPI 6)-derived RILs were classified into early, medium and late maturity groups. Early and late
maturing HACPI 3-derived and early maturing HACPI 6-derived determinates and indeterminate RILs differed
significantly in favour of indeterminate RILs for pods plant™, dry pod yield plant!and dry seed yield plant™. For

rest of the traits, in all the maturity groups, determinate and indeterminate RILs derived from both the crosses

were comparable. However, medium maturity group determinates and indeterminate RILs derived from both the

crosses were comparable for all the traits. The results suggested that it is desirable to breed determinate dolichos

bean varieties of medium maturity group (50-55 days to flowering) to maintain their economic product yield

comparable to indeterminate varieties.

Keywords: Determinate, indeterminate, maturity, RILs, variance

DoticHos bean is an under-exploited food legume crop
widely distributed in many tropical and subtropical
countries. It is a self-pollinated crop (Kukade and
Tidke, 2014) with 2n=22 chromosomes (She and Jiang,
2015). It is believed that dolichos bean is originated in
India (Nene, 2006), as it is documented in archeo-
botanical findings in India from 2000 to 1,700 BC at
Hallur, the earliest Iron-age site in Karnataka to 1200
to 300 BC at Veerapuram excavation site in Andhra
Pradesh (Fuller, 2003). In India, it is predominantly
grown in southern districts of Karnataka state and
adjoining districts of Tamil Nadu, Andhra Pradesh and
Mabharashtra (Ramesh et al., 2016). It is grown mostly
as a rainfed crop for its fresh immature beans for
use as a vegetable (Keerthi et al., 2014a;
Keerthi et al., 2014b; Keerthi et al., 2016 and Ramesh
etal, 2016).

Most cultivars grown by farmers are land races
which display indeterminate growth habit (Keerthi
et al.,2014a; Keerthi et al., 2014b; Keerthi et al,,
2016 and Ramesh et al., 2016). Indeterminacy is
advantageous for subsistence production and
consumption of dolichos bean, as it enables harvesting
of pods in multiple pickings ensuring continuous

availability of pods for a longer time (Keerthi

etal.,2014a: Keerthi et al., 2014b; Keerthi et al., 2016
and Ramesh et al., 2016). However, of late, due to
market economy, there is an increased demand for
varieties with a determinate growth habit. The varieties
with determinate growth habit exhibit synchronous
flowering and maturity and thus enable single harvest
of all the pods on a commercial scale, which in-turn
facilitates economical transportation of the produce
to the markets (Keerthi et al., 2014a; Keerthi

et al., 2014b; Keerthi et al., 2016 and Ramesh et al.,
2016). Determinate types compared to their
indeterminate counterparts produce larger number of
branches, exhibit greater economic product yield
(EPY) potential and EPY stability (Keerthi ez al., 2014b
and Keerthi et al., 2016). Due to their compact growth,
determinates facilitate high density planting to maximize
their EPY (Keerthi et al., 2014a; Keerthi et al., 2014b;
Keerthi et al., 2016 and Ramesh et al., 2016). Keerthi
et al. (2014b) based on a random sample of unrelated
determinate and indeterminate genotypes opined that
performance stability of determinate genotypes was
better than that of their indeterminate counterparts in
dolichos bean. However, these studies are based on a
limited number of genotypes with a particular maturity
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group. Considering that performance is directly related
to crop duration, any such comparative performance
studies should be based on a large number of
determinate and indeterminate genotypes belonging to
a range of maturity groups. The objective of the
present investigation was to compare the pod and seed
yield and their component traits between the
determinate and indeterminate recombinant inbred lines
(RILs) belonging to a range of maturity groups in
dolichos bean.

MATERIAL AND METHODS

The material consisted of 124 F, RILs derived
from HA 4 x CPI 31113 (HACPI 3) and 112 RILs
derived from HA 4 x CPI 60125 (HACPI 6). The
seeds of these RILs derived from HACPI 3 and 112
RILs derived from HACPI 6 and three check entries
[HA 3, HA 4 and kadalavare (KA)] are being
maintained at All India Co-ordinated Research Project
(AICRP) on pigeonpea, University of Agricultural
Sciences (UAS), Bengaluru, India.

Layout of the experiment: The seedlings of all
the RILs and the checks were raised in polythene
covers and maintained for 20 days for proper rooting.
Subsequently, the seedlings of two RIL populations
and those of the three check entries were transplanted
separately to field in an augmented design in twelve
compact blocks during 2016 rainy season at the
experimental plots of Department of Genetics and
Plant Breeding, UAS, Bengaluru. Each block consisted
of 18-20 RILs, three checks and two border entries.
The seedlings of each entry were transplanted in a
single row of 2.5 m length, with a row spacing of
0.45 m. A basal dose of 25:50:25 Kg ha' of NPK
(nitrogen : phosphorous : potassium) was applied to
the experimental plots. Recommended management
practices were followed during the crop-growing
period to raise a healthy crop.

Sampling of plants and data collection: Out
of 124 HACPI 3-derived RILs and 112 HACPI 6-
derived RILs planted, only 117 and 109 RILs,
respectively, survived till the maturity. Data were
recorded on survived RILs on one qualitative trait
(growth habit) based on visual observation and eight
quantitative traits (QTs) (days to 50 % flowering,
primary branches plant” racemes plant’, raceme

length, pods plant™, dry pod yield plant?, dry seed yield
plant' and 100 seed weight) based on counting /
measurement using appropriate scale depending on
the trait in each RIL and check entries following the
descriptors (Byregowda, et al., 2015).

As is true in most grain legumes, in dolichos bean
also, the period from days to flowering to days to
maturity is by and large remain constant. Taking cue
from this, based on days to 50 per cet flowering, the
HACPI 3- derived and HACPI 6- derived RILs were
classified into three maturity groups such as early (<50
days to 50% flowering), medium (51-60 days to 50%
flowering) and late (>61 days to 50% flowering).

Statistical analysis.: The eight QTs mean values
computed based on data on five plants in each RIL
and check entries were used for statistical analysis.
ANOVA was performed following Augmented design
using WINDOSTAT 9.5 version. Adjusted trait value
of each of the individuals in RIL were estimated by
subtracting observed trait value of the individuals of
RILs from the adjustment factor ‘a’ of j™ block; ‘a’
was estimated as ‘aj’= (xj - X...), X; _trait mean of
checks in the j" block and x... = the overall QTs mean
of checks in the experiment.

Descriptive statistics to assess genetic
variability: Adjusted means were used for estimating
eight QTs mean. Genetic variability among the RILs
for all the QTs was assessed at the level of first degree
statistics such as absolute range (AR) and standardized
range (SR) and at second degree statistics such as,
phenotypic co-efficient of variability (PCV) and
genotypic co-efficient of variability (GCV). AR was
estimated as (QTs Max — QTs Min), while SR was
estimated as (QTs Max — QTs Min)/ X (QTs mean).

PCV was estimated as,

Phenotypic variance
PCV(%) = \/ P

x 100

Experimental mean

GCV was estimated as,

\/Genotypic variance

GCV(%) = x 100

Experimental mean

Comparative assessment of QTs means of
determinate and indeterminate RILs: For reliable and
unambiguous performance comparison of QTs means
of determinate and indeterminate RILs, the QTs
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variances should be homogenous within determinate
and indeterminate RILs of each maturity group. QTs
variances within the determinate and indeterminate
RILs of each maturity group were estimated using
‘statistical analysis’ option available in Microsoft
excel. Homogeneity of QTs variances between
determinate and indeterminate RILs was examined
using Levene’s test implemented using ‘PROC
Univariate’ (SAS Institute, Cary, NC). Significance
of differences in QTs means between determinate and
indeterminate RILs derived from HACPI 3 and
HACPI 6 in each maturity group was examined using
two sample t-test assuming unequal variances as
number of determinate and indeterminate RILs in each
maturity group differed. The test statistic ‘t” was

computed as, Xp —Xip)
1 1
/sz —_—
Where, (ND NID)

ED= QTs mean of determinate RILs; EID= QTs mean
of indeterminate RILs; sp* = (n-1) s>+ (n,-1) s,%/
(n,+n,-2); n = number of determinate RILs; n =
number of indeterminate RILs; s >= variance of
determinate RILs; s,>= variance of indeterminate
RILs; N = number of determinate RILs; N /=number
of indeterminate RILs.

t=

REsuLTs AND DIscUSSION

Analysis of variance: Non-significance of mean
squares due to blocks suggested poor evidence for
detectable effect of edaphic factors and /or micro-
environments associated with the blocks on the
expression of RILs for all the QTs except primary
branches plant'in both the populations and 100-seed
weight in HACPI-6 derived RIL population (Table I).
Mean squares attributable to RILs (determinate +
indeterminate RILS) and determinate RILs derived
from both the crosses were significant for all the QTs
except racemes plant’, dry pod yield plant”, dry seed
plant! and 100-seed weight in HACPI-3. Similarly,
mean squares attributable to indeterminate RILs
derived from both the crosses were significant for all
the QTs except days to 50 per cent flowering, racemes
plant!, dry seed plant! and 100-seed weight in
HACPI-3. However, non-significant mean squares
attributable to the contrast ‘indeterminate RILs vs.
determinate RILs’ derived from both the crosses

suggested that in general indeterminate and
determinate RILs were comparable for all the QTs
investigated.

Genetic variability: The estimates of QTs range,
one of the measures of trait variation provide clues
about the occurrence of RILs with extreme expression.
The SR of the RILs was higher for the racemes
plant’, raceme length, pods plant’, dry pod yield
plant!, dry seed yield plant! and 100-seed weight
compared to that for days to 50 per cent flowering
and primary branches plant’ which was amply
reflected by the estimates of PCV in RILs derived
from both the crosses. The narrow differences in the
estimates of PCV and GCV for all QTs in HACPI-6
derived RIL population and wide differences in the
estimates of PCV and GCV for all QTs except primary
branches plant'and 100-seed weight in HACPI-3
derived RIL population suggested limited and greater
influence of environment, respectively in the expression
of QTs investigated (Table II).

Non-significance of Levene’s test (Tables Il and
IV) indicated homogeneity of QTs variances within
all the maturity groups determinate and indeterminate
RILs derived from both the crosses for all the QTs
(barring a few exceptions). Such homogeneity of QTs
variances is a necessary prerequisite for reliable
comparative performance assessment of determinate
and indeterminate RILs of different maturity groups.

Comparative performance of determinate and
indeterminate RILs: The HACPI 3-derived
determinate RILs of early, medium and late maturity
groups were significantly early to flower compared to
those of indeterminate RILs, although the magnitude
of differences were marginal to low to have any
practical significance. HACPI 3-derived determinate
and indeterminate RILs of early and late maturity
groups differed significantly in favour of indeterminate
RILs for racemes plant’, pods plant?, dry pod yield
plant!, dry seed yield plant™. For rest of the QTs, the
determinate and indeterminate RILs of all the maturity
groups were comparable (Table V).

The HACPI-6 derived determinate RILs of
medium group were significantly early to flower than
those of indeterminate RILs. However, HACPI
6-derived indeterminate RILs produced significantly


http://www.print-driver.com/order?demolabel-en

553

COMPARATIVE PERFORMANCE ASSESSMENT OF DETERMINATE AND INDETERMINATE DOLICHOS BEAN

[ ]
[ ]
. 1200 €1'€0 6660 7908 s 60701 Sred 868 6
3) 1ys - °
(5) iFoM P29 -001 mlo S0'8T 0£65 TSL8E 9STEI €€916 LEOVST 8
(8) (yuerd poik pess 1@ = ASA °
(8) jqued poik pod A1g = Add ” xx (V0 LEET %% LOOGST C8O8l  xx LLTSS % OTLIE  xx LV6LO % 8O6SEL L
rueld spog e wx CTT8I €SLT  wx ITTLI LTTL %% V8SOF VLS8T  wx SOETS % TOSOL 9
(wo) YU swadey T * . . . . . . i .
* wx LUSSY  wx SYESS s LECOTT s+ SIO09T % €OI8EY wx 60C€SH wx LOGLIL sx TOOIIL S
uerd soweoey 4 °
Jueyd soyouelq Arewitig a4 e wx I1€EI « 6601 s LSSII 16%8 % 090ST 05891  x% 80TIE % S9PEE b
Bupamoy % 0 03 sheq d4d o wx S6LT SI'60  s% 9SEIT Y6E0L  sx 01'90S €096€ %% £S98CT 88'187 €
9 IdOVH -0 °
- o e wx 99LI TSST s €FOEI Wl  sx THT6T 1001 s PEOTE % LEOVE z
[
wopasy Jo 31390 a e « 9010 Y010 TS0 LLTY Trse 88°€01 SVLT vLYYI I
[ ]
-0 -0 -2 -0 -2 -0 -0 -0 ou
ML ASd Add dd 1S
Ja1avy, ﬁvu—:maﬂ@U
0220 7590 L6'10 08Tl 7000 €000 €99 0601 01 o1 loug 6
ST QJeUIULIIpUL
9L'656 SI'E9Ty L8'SET 0981 1ST 800 119106 056109 I I 'SAQreUILINSg 8
wx OVST  wx L6LL  sx 667TI 0T8T % 819  w% PEO % 966I€ SESHl 9 I8 ST SJeuIuIdppu]
wx ISTL  wx OTHT  wx SSL 656 wx LSO wx LFO  sx OTICC 10451 or €€ ST euIuINq 9
wx 6899 « TPy « PETI 979¢ % 000 % 60T0 % STOLIL wx bLIELI 10 10 ST SASYOYD G
« LESO 1001 « TI'90 PS80  x% CTO0 % 6100 « S6T8T % 8586 801 911 ST ¢
w% 6S6Y SSO1 %% 886V %% CCIEI 8000 0000 %% CLTT8 % OSSKL 0 0 YYD €
wx V960 €601 x S690 601 %% TTO0 % 0TO0 « TS0T LTETL 11 611 (SYo9YD +STY) soug ¢
(6 ¢) 80 $S10 09°S0 % 8100 % LI00 8C6 6870 <0 S0 Yoorg |
-2 I-D -2 I-2 -2 I-D I1-D -2 I1-D I-D UONEBLIBA ou
™ I ad Bd ia J0 90mog 1S

uvaq soyo1op ui spv.4j aayvipuvnb 1y31o 10f

SOSS04D [DJUADA-1G OM] WOAJ PIALIDP STTY IIVUIULIDIDPUL PUD IDUTULIDIDP O dIUDLIDA O SISAIvUY

[a1avy,


http://www.print-driver.com/order?demolabel-en

CHANDRAKANT AND S. RAMESH

554

$8'eT €881 LOVC ()44 6’10 YI'T0  969C vLSO  0CE€C  <TOLO P00 F Tyl 910 ¥ TIVl () 1YSM Pass -0
(8) jyuerd
909 1 4%3 SL'E9 81'6S c0€0 ore0  0C0s <0 90vS 0CTT0 0€0 ¥ €091 S90 F 8C¢I PIo1k pass A1
(8) jquerd
SYvs 8C0¢ vaLS 790 ¢8C0 0Sc0  8CTL 80  9LV9 0070 o F ST9C Y60 F vI'ST prak pod £1q
0Ty 88'LE 10t LSV 6£70 6v'c0 0996 O0rsO  00SOT 0990 V0 ¥ 808¢ S80 F L¥6¢ iJued spod
€081 (449! 12914 0L°€T YAl OVI0  CTLEC 8ELO0  8STC VCH0 ¥I'0 F 10l IT0 + 80¢l (o) Yy3ua] duaoky
€eel sl S6'€C 68'LT 0c’10 V10 0C91 0C¥0  080C 0050 €r'o ¥ 660 €0 F $LOI 1Jueld sowdoey
Juerd sayoueiq
1244 68°¢l vo'S1 [e61 9L°00 $900 08¢0 0970 08¢0 0070 00 F 9870 100 F SLT0 Arewutig
SULIOMOTJ %05
er'Ll 0€'L0 §80c 9¢91 cr'lo [L00  sOI 8¢ 8 04 LLO F SS6S I0T F ¥7'19 0} se(q
9IdOVH ¢IdOVH 9IdOVH ¢IdOVH 91dOVH ¢1dOVH
9IdOVH  €1dOVH 91dOVH ¢ 1dOVH
(9) uonerIeA JO (9%) uoneLIBA JO JUILD XeJN  UIN  XeN UL SHery,
JuaLpe00 a1dAlousn  -1jje0s ordAjousyq  OSUBY PAZIpIEpuBlS dS T U

a8uey

Uvaq SOYI1]0P Ul S2SS0LD [PJU2DA-1G OM] WO.Lf paatiap suoypindod Ty ul sjIv4] 2aDINUDND L0f SO11S1YDIS 2413d1IDSI(

[aiavy,


http://www.print-driver.com/order?demolabel-en

COMPARATIVE PERFORMANCE ASSESSMENT OF DETERMINATE AND INDETERMINATE DOLICHOS BEAN

TaBLE IIT

Estimates of phenotypic variance within determinate (D) and indeterminate (ID) early (<50 days),
medium (51-60 days) and late maturity (>61 days) group RILs derived from HACPI 3

555

Early maturity Medium maturity Late maturity
group group group
] Levene’s ] Levene’s . Levene’s
Traits Variance Statistic Variance Statistic Variance Statistic
D ID D ID D D
Days to 50% 08.53 05.01 00.69 04.06 08.12 0347 13.98 2735 00.80
flowering
Primary 00.31 00.01 03.38 00.17 00.23 00.68 00.26 00.16 0143
branches plant™
Racemes plant™ 03.35 15.13 07.49 ** 04.88 04.04 00.14 08.23 09.06  00.09
Raceme length (cm) 12.67 06.81 00.89 17.80 1024 00.96 08.00 08.65  00.11
Pods plant’ 199.65 46225 01.39 17902 381.03 00.66 28.62 35231 0443 *
Dry pod yield 10547 118.59 00.00 10732 203.06 01.24 14.60 18333  04.60 *
plant (g)
Dry seed yield 33.17 4747 00.27 5760  123.65 00.77 02.89 8649  04.03 *
plant” (g)
100- seed weight (g)  08.12 05.19 0043 12.11 11.08 00.02 06.15 1149  00.97
*=Significantat P=0.05 **=Significant at P=0.01
Table IV

Estimates of phenotypic variance within determinate (D) and indeterminate (ID) early
(<50 days), medium (51-60 days) and late (>61 days) maturity group RILs derived from HACPI 6

Early maturity Medium maturity Late maturity
group group group
. Levene’s . L ’ i L ’
. Variance -1e Variance evene’s Variance evene’s
Traits Statistic Statistic Statistic
D ID D ID D ID
Days to 50% flowering 08.82 07.34 00.15 08.23 05.38 00.63 139.71 90.63 00.13
Primary branches 00.36 00.17 03.04 00.26 00.18 00.63 00.04 00.20 01.09
plant!
Racemes plant™ 03.88 10.30 05.06 *  02.10 05.38 0124 07.34 006.81 00.02
Raceme length (cm) 07.67 08.94 00.02 04.00 05.06 0041 13.61 1043 00.02
Pods plant’ 19488  579.84 04.63 * 360633  398.80 00.05  239.01 281.90 00.13
Dry pod yield 157.25 520.30 07.10 ** 34633 29446 00.04 102.01 219.63 00.71
plant! (g)
Dry seed yield 7396  248.69 0643 * 14616 11342 00.19 3552 11599 00.95
plant’ (g)
100- seed weight (g)  11.22 17.89 00.57 04.32 10.62 01.66 06.81 18.49 01.17

*=Significantat P=0.05 **=Significantat P=0.01


http://www.print-driver.com/order?demolabel-en

556

CHANDRAKANT AND S. RAMESH

TABLE

A%

Comparative quantitative trait means of early (<50 days), medium (51-60 days) and late
maturity group (>61 days) determinate (D) and indeterminate (ID) HACPI 3-derived RILs

Early maturity Medium maturity Late maturity
group group group
D D Difference D o  Difference D ID  Difference
Number of RIL — 13 05 13 24 08 4
Traits
Days to 50% flowering 44.76 49.00 04.24 ** 5430 56.25 0195 * 66.00 70.00 04.00 *
Primary branches 02.78 03.08 00.30 02.86 02.76 00.10 02.55 02.71 00.16
plant™!
Racemes plant™ 09.29 12.44 03.15 * 0924 10.52 01.28 09.57 11.34 01.77
Raceme length (cm) 13.18 11.93 01.25 13.86 13.27 00.59 13.37 12.70 00.67
Pods plant’! 30.78 54.46 23.68 ** 3240 3935 06.95 29.03 4276 13.73 *
Dry pod yield plant' (g) 19.54 33.46 1392 * 2024 27.83 07.56 14.94 26.71 1177 *
Dry seed yield 10.19 21.96 11.77 ** 1181 17.57 05.76 08.67 1635 07.68 *
plant (g)
100- seed weight (g)  13.62 14.54 00.92 13.71 15.74 02.03 1223 13.80 01.57
*= Significant at P=0.05 **=Significant at P=0.01
TaABLE VI

Comparative quantitative trait means of early (<50 days), medium (51-60 days) and late maturity

group (>61 days) determinate (D) and indeterminate (ID) HACPI 6-derived RILs

Early maturity Medium maturity Late maturity
group group group
D D D D D
Difference Difference Difference
Number of RIL - 25 08 10 21 06 38

Traits
Days to 50% flowering 45.12 4575 00.63 54.70 56.90 0220 * 71.16 73.18 02.02
Primary branches 02.80 02.72 00.08 02.82 02.80 00.02 03.06 0294 00.12
plant™!
Racemes plant’! 08.75 10.65 01.90 * 08.68 1047 01.79 * 10.06 10.56 00.50
Raceme length (cm) 13.23 13.59 00.36 12.75 11.56 01.19 12.85 13.60 00.75
Pods plant’ 31.05 49.37 15.32 ** 4397 4254 01.43 39.10 36.94 02.16
Dry pod yield 20.54 37.13 16.59 ** 3032 27.85 0247 25.35 25.87 00.52
plant’ (g)
Dry seed yield 12.12 23.61 11.49 ** 1837 17.23 01.14 15.13 15.85 00.72
plant” (g)
100- seed weight (g) 1324 15.13 01.89 14.14 13.93 0021 1522 14.63 00.59

*=Significantat P=0.05 **=Significantat P=0.01
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more racemes plant! compared to those of
determinates RILs in early and medium maturity
groups, although the magnitudes of differences were
marginal. Further, HACPI 6-derived determinate and
indeterminate RILs of early maturity differed
significantly in favour of indeterminate RILs for pods
plant!, dry pod yield plant™ and dry seed yield plant™.
For rest of the QTs, all maturity group determinate
and indeterminate HACPI6-derived RILs were
comparable (Table VI). In faba bean, Nadal et al.
(2005) documented higher dry seed yield of the three
indeterminate cultivars than that of three determinate
cultivars. Kato ef al. (2015) also reported superiority
of indeterminate RILs over their determinate
counterparts for number of seeds plant”!, number of
pods plant! and seed yield plant™ in soybean.

The present study provides ample evidence for
the superiority of only early maturity group
indeterminate RILs over their determinate counterparts
derived from both the crosses. The study also supports
significant superiority of both early and late maturity
group indeterminate RILs over their determinate
counterparts derived from HACPI 3. On the contrary,
medium maturity group determinate and indeterminate
RILs derived from both the crosses were comparable
for all the traits. These results clearly suggest that it is
desirable to breed dolichos bean determinate varieties
of medium maturity (51-55 days to flowering) so as to
maintain their productivity level comparable to
indeterminate varieties. To the best of our knowledge,
the present results are based on a large number of
determinate and indeterminate RILs with a range of
maturity duration and comparable genetic background
(as they are derived from bi-parental crosses) and
comparable variation for the traits for which the RILs
are compared.
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