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ABSTRACT

Finger millet is a staple food and fodder crop mainly in African and Indian countries. It
is cultivated mostly as rainfed crop. Finger millet is known for drought tolerance, the
grain yield has been reported to decrease up to 100 per cent depending on the intensity
and duration of stress (during rainy season). Over the last decade, yield improvement
has plateaued, hence, trait-specific selection is preferred for crop improvement.
Identification of yield-contributing traits and selection of pre-breeding lines for such
traits are important for breeding programmes. One of the approaches for trait selection
is correlation analysis and partitioning of the correlation coefficients into direct and
indirect effects on grain yield. Therefore, to identify traits associated with grain yield
and their effects on grain yield, a field experiment was conducted during rainy season of
2016 under well-watered (WW) and drought stress (DS) conditions using 181 accessions.
Analysis of variance revealed that the phenotypic variations observed for most of the
traits were true genotypic expression and there was no block effect under both WW and
DS conditions. The results revealed that both the direction and magnitude of correlations
and path coefficients differed between WW and DS conditions. Correlation and path
analysis revealed that among the physiological traits, leaf width and specific leaf weight
were prominent in determining grain yield. Among the agronomic traits, mean ear weight,
followed by productive tillers per hill, was the most influential trait for grain yield in
finger millet. Hence, selection can be made for mean ear weight, followed by productive
tillers, in addition to higher leaf width and specific leaf weight under both WW and DS

conditions.

Keywords : Finger millet, Accessions, Well-watered, Drought-stress, Path analysis

INGER millet is currently gaining importance and is

expected to grow in the future, owing to its wider
adaptability to climate change scenarios. It is cultivated
in more than 25 African and Asian countries and
accounts for 12 per cent of the global millet
cultivation area (http://exploreit.icrisat.org). In India,
finger millet occupies an area of 1.004 m ha with
a production of 1.755 m t during 2019-2020. The
productivity of finger millet is highest (1747 kg/ha)
in comparison with other major rainfed millet crops
like sorghum (989 kg/ha) and pearl millet (1374 kg/
ha) (www.indiastatagri.com). Finger millet is best
suited to semi-arid regions (Thilakarathna and Raizada,

2015; Wafula et al., 2016; Puranik ef al., 2017 and
Nanja Reddy ef al., 2020). It is also superior in
nutritional contexts such as calcium, iron, fibre,
polyphenols, other health benefits (Upadhyaya et al.,
2011; Chandra et al., 2016; Kumar et al., 2016;
Badigannanavar & Ganapathi, 2018; Netravati ef al.,
2018; Nanja Reddy et al., 2019a and Hassan et al.,
2021).

Finger millet, a C, cereal crop (Ueno et al., 2006)
and is mostly cultivated as a rainfed crop (Davis
et al., 2019) that experiences intermittent moisture
stress during one or more crop growth stages.
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Drought episodes are increasing with fewer rainy
days in climate change scenario (Dash et al., 2009;
Anonymous, 2019 and Jalihal et al., 2019) and yield
losses are reported up to 100 per cent depending on
crop growth stage, duration and intensity of stress
(Magsood and Ali, 2007 and Krishna et al., 2021).
The reproductive phase is the most sensitive stage
starting from ear emergence to grain-filling
(Krishna et al., 2021).

To meet the increasing demands of regional food
security, breeding efforts have improved the grain
yield of finger millet in rainfed situations through
hybridization and selection of transgressive segregants
(Swetha, 2011 and Gowda et al., 2014). However,
selection based on yield under rainfed conditions has
plateaued in the last decade (Adugna et al., 2011;
Swetha, 2011 and Megha, 2022) and yield can be
improved through trait selection (Nanja Reddy et a/.,
2021). Therefore, identification of trait-specific pre-
breeding lines from available large germplasm could
be a continuous process for crop improvement
(Upadhyaya et al., 2007 and Reynolds & Langridge,
2016).

However, in selection of genotypes for specific traits,
it is essential to analyze contribution of traits that
contribute to grain yield; one of the approaches for
this could be correlation analyses. Partitioning the
degree of correlation into direct and indirect effects
of variables on grain yield would provide additional
basis for trait selection (Wright, 1921). Although
several research works are reported on correlation
analyses, this study was intended for comparison
between well-watered (WW) and drought-stress (DS)
conditions and the number of germplasm are high.
Therefore, present study was conducted to correlate
different physiological and yield-contributing
parameters to grain yield and to identify their direct
and indirect effects on grain yield in a large number of
germplasm accessions (181) that provide authenticated
information useful for conclusions.

MATERIAL AND METHODS

The experiment was conducted during rainy season
of 2016 in the experimental field of All-India

Coordinated Research Project on Small Millets
at the University of Agricultural Sciences, GKVK,
Bengaluru, India. A set of 181 germplasm were
evaluated under field conditions. Factorial augmented
design with two treatments (well-watered, WW and
drought-stress, DS) was adopted in six blocks using
three check varieties (GPU 28, GPU 67 and PR 202)
in each block with single replication. Each block had a
total of 33 entries in rows of 2m length consisting of
30 entries and three check varieties. Drought stress
was imposed for 30 days during reproductive stage,
starting from the ear emergence stage to grain filling
by with holding irrigation.

The physiological parameters viz., SPAD chlorophyll
meter reading (SCMR; Konica Minolta SPAD
chlorophyll meter), leaf temperature (Raytek-
MINITEMP), specific leaf weight (SLW), leaf angle
using protractor (Fig. 1) and leaf droopiness (the ratio
of leaf lamina length drooped from the cut position
to the tip of the leaf to the total leaf length) were
measured between 20 and 25 days after imposition
of stress on the fully expanded third leaf from the
apex of a main tiller.

Fig.1 : Measurement of leaf angle (°) using a protractor

In addition, the leaf length and leaf width of top
31 ]Jeaf of main tiller was measured to calculate the
leaf area index (LAI). The yield parameters were
measured at the time of crop maturity. The plant
height (cm) from the base of the main tiller to the tip
of the ear, peduncle length (cm) and productive
tillers (no. m?), finger number per ear, finger length,
finger width, test weight (g/1000 seeds), mean ear
weight (g ear') and grain yield (gm?) were measured.
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Threshing percentage (grain yield / total ear weight)

(@)
—_ %)
was computed. The data collected for all quantitative S8 S é
traits were subjected to analysis of variance (ANOVA) < g
and correlations and path analyses were performed <5 o | #
using OPSTAT software statistical package (Sheoran -z S| g
wn) ~ o E
et al., 1998). g g
S g
S | 2a § o | §
RESULTS AND DISCUSSION S |@8 S 2|z
[+
[®] Q
—
Analysis of variance (ANOVA) for quantitative % =5 =~ |8
traits revealed no significant block effect on any 2R RS S 2|43
- wnz (=R S| >
parameter except plant height under WW conditions ) ==
and; the leaf temperature, SLW and leaf angle under 5 g o - o= |§ cz
DS conditions (Table 1). ANOVA suggested that the S 1ge 222 ;o
. ., ) T o
phenotypic variations observed for most of the = - g
. . = =
parameters represented the true genotypic expression g %4 = S22 | By
E X D — 2 (=] [}
of genotypes under both WW and DS conditions as s |92 SR = £
3 S o
there was no block effect. = 3 g
o /7 : 52 cEge |4z
The germplasm accessions differed significantly in 5 |28 SSSS | i
most yield-attributing traits under both WW and DS g 4~ | ED
conditions, suggesting the potential expression 5 Sé dzsd §§
. .. . . . . =l T < Q
of individual genotypes for yield-attributing traits ~ E o j:
. 3 Wy [ I Vo R N I Vo R Vo 5}
(Table 1; Ganapathi et al., 2011; Shinde et al., 2014; E 5 E % 222353 ==
Kumari & Singh, 2015; Patil et a/., 2018 and Krishna ﬁ :go 71 °See°° |55
o
et al., 2021). However, grain yield did not differ = o oo~ | ZF
. _ ; n | BE R
between the accessions, adding to the necessity for 5 —E P N -
trait-specific selection of genotypes rather than =] EE:
. . = Py v on O T O n o 8
directly for yield. :?)o N3 225358 |55
. S o o o o o [
. gl S - RE
Under WW conditions, the check varieties differed © 7 oo 3 =
significantly in SPAD value, plant height, productive o=E me=Z=ZZ23 | g
i . <= g SScSs S s |25
tillers, ear number, finger length, mean ear weight o ' ' Tl ES 2
and grain yield. Under DS conditions the check 2 - T ozney |25 %
. . . . . . — — Q o~
varieties differed significantly in leaf temperature, g 58 SSSSSS3S|=E kS
SLW, plant height, ear number, finger length, mean % - = % 3
. . . . — — —~ AN 0O o0 AN [ N —_ =
ear weight, test weight and grain yield (Table 1). 5] <§ S2=28822|%¢8 S
ol . . S | 4 S =
This is expected to differ because the three varieties, o ~ RO S S = s
GPU 28, GPU 67, and MR 6, are morphologically g R 5
different and selection of genotypes superior to these 4= cd|ai3a2s852 2|3 N
o } = ~ | o o o S oo oo ¥ NQ\
check varieties would be appropriate. g - _
ANOVA for comparison between checks and ©|%z|122332232 |3 S
. . .. . S
accessions provides opportunities for better selection g S
over ruling checks. The SCMR value, leaf angle, 5 . = %
plant height, ear number, mean ear weight and test % a2 e85 < x R éﬁ
weight differed significantly under WW conditions. L Rl N
S
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TABLE 3

Comparison of direct and indirect effects of physiological traits on grain yield in finger millet under
well-watered and drought-stress conditions

Parameter LAI L Lw LT SCMR SLW LA DR GYG (v)
LAI(WW) 0481 0.002 0.021 0.000 0.005 -0.117 -0.008 0.016 0.399
LAI(DS) 0563  -0.023 0.048 0.024 -0.002 -0.060 -0.001 0.003 0.552
LL(WW) 0.018 0.044 0.042 0.000 0.006 -0.056 -0.010 -0.007 0.036
LL(DS) 0.115  -0.112 0.093 -0.003 0.002 -0.011 -0.001 0.006 0.089
LW (WW) 0.076 0.014 0.133 0.000 -0.002 -0.043 -0.018 0.037 0.196
LW (DS) 0.089  -0.034 0.305 -0.012 -0.001 -0.023 -0.001 0.020 0.342
LT (WW) -0.049  -0.001 0.005 0.003 0.016 0.036 0.006 0.042 0.058
LT (DS) -0.141  -0.004 0.039 -0.095 0.006 0.042 0.001 0.015 -0.137
SCMR (WW)  0.044 0.004 -0.005 0.001 0.057 -0.034 0.001 0.002 0.070
SCMR (DS) -0.035  -0.009 -0.008 -0.017 0.032 0.005 0.000 0.002 -0.028
SLW (WW) -0.175  -0.008 -0.018 0.000 -0.006 0.321 0.001 0.013 0.129
SLW (DS) -0.138 0.005 -0.028 -0.016 0.001 0.246 0.000 0.005 0.074
LA (WW) 0.053 0.006 0.032 0.000 -0.001 -0.005 -0.078 0.003 0.008
LA (DS) 0.094  -0.029 0.053 0.027 -0.004 0.007 -0.004 -0.006 0.138
DR (WW) 0046  -0.002 0.030 0.001 0.001 0.025 -0.001 0.166 0.265
DR (DS) 0.019  -0.007 0.065 -0.015 0.001 0.012 0.000 0.091 0.166

Residuals, 0.692 (WW) and 0.550 (DS); Path coefficients (<0.09, Low; 0.11-0.19, low; 0.21-0.29, moderate, 0.30-0.99,
high, >1.0 very high, Lenka and Mishra, 1973); WW- Well watered; DS- Drought stress; LAI- Leaf area index;
LL- Leaflength; LW- Leaf width; LT- Leaf temperature, SCMR-SPAD chlorophyll meter reading, SLW- Specific leaf weight,
LA-Leaf angle, DR-Droopiness ratio; GY-Grain yield

Under DS conditions, the specific leaf weight, plant
height, ear number, finger length and mean ear weight
differed significantly (Table 1), suggesting the possibility
of selecting better genotypes over the check varieties
for these traits.

Comparison of Correlations and Effects of
Physiological Traits on Grain Yield of Finger
Millet under Well-Watered and Drought-Stress
Conditions

Crop growth and productivity are determined by
canopy photosynthesis (photosynthetic rate and leaf
area index). Finger millet is a C, species and LAI
is a major limitation for biomass production and
grain yield, but not the photosynthetic rate (Mujahid
et al., 2020). In the present study, leaf width and

leaf area index were positively and significantly
correlated with grain yield under both WW and DS
conditions and more significantly under DS
conditions (Table 2; Krishna et al., 2021). These
correlations clearly indicated that leaf length,
width, and leaf area indices were affected by DS
conditions, probably due to decreased cell turgor, cell
division and cell enlargement (Hsiao, 1973).
Therefore, to achieve higher grain yields under DS
conditions, genotypes should be selected for higher
leaf width.

Leaf temperature was negatively correlated with
grain yield under DS conditions (r = -0.137";
Table 2; Ramya & Nanja Reddy, 2018 and Krishna
etal.,2021), as water is a limitation for transpiration.
This is further supported by the positive relationship
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e X %, between leaf angle and grain yield (r =0.138™), as a
N S . . .
=8 = 5 higher leaf angle (upright leaves) helps to avoid the
o S| 8 direct effect of sunlight and reduces leaf temperature
T« a
e < o0 ” ..
= s | under DS conditions. Furthermore, the positive and
% g a o 2 significant relationship between leaf angle and leaf
(] =
% = z s 2 ﬁ length clearly indicates that when leaf length is greater,
g = it appears to have leaf acuteness to reduce the heat
S PN 29 |E = ) iy
2 A SS | :§ load on the plant and survive under DS conditions.
j=2 = . .
= TS 2 5 The relationship between leaf temperature and SLW
2] o o .. . .y
= |z § © = E ; é was positive, especially under DS conditions; the DS-
= S o . .
o ~ See |3 induced high-temperature effect can probably be
< 3 . .
5 .z —w oo | = i decreased by increasing SLW (Sastry et al., 1982).
< | = AN LA~
g 2 s s < E £ Under WW conditions, the relationship between
?é _ - eg Eg leaf droopiness and grain yield was positive and
*§ £8 T2 ‘;‘ %3 g more significant (r = 0.265%%), indicating that the
0 o ; leaf area could be sufficient under WW conditions
4 Eé) E S § E g;ﬁ and additional leaf area may lead to shading
_a"j s SR AT kS effect, which could be the reason for leaf grazing
= : . D L
g — F DN oo el g by cattle in the past (before release of high-yielding
E z = S %15 s ~ L By
S |=z Ssesso | g £ varieties). From these results, leaf temperature and
g fand RRIZN1Y -8 leaf angle can be considered as adaptive traits that
E g E g S3385 § 2 are adjustable according to DS conditions and are
= S © o o o =
2 E 2 ] easy to measure.
H o —~ (D —_—
o |EE S8 28Xg |48 Path analysis showed that, under WW conditions,
s |FB tess<e S | g2
g = ° IGEENT T e the LAI (0.481), SLW (0.321), droopiness (0.166)
RIS A AT %:;; and leaf width (0.133) had a direct positive effect
E = = = = I= =g g s on grain yield (Table 3). The positive direct effect
B ~ o = oo N ol of droopiness ratio on grain yield indicates that
S =25 ~ o v wvwear~ | AL . . . .
S 23 23922 Ny 52 further increase in leaf area index may not be effective
~ (o] . . . . .
% 8 2 as it might lead to shading effect. It is likely that a
—~ =) < . ==
> |28 § < % E E E % z E" higher SLW would be helpful to reduce shade effect 8
° =2 e eceose e gr.: under WW conditions. Under DS conditions, the LAI %
§ N E E E E i § § § E% (0.5.6.3),leafwidth (O..305.) and SLW (0.246) had direct ‘2
= |~ S B s .5, positive effect on grain yield (Table 3). S
§ :é § § § 2 § 2 § § 2 ; Higher SLW under DS reduce the transpiration loss \g
S Seeesee B of water. Therefore, higher number of leaves per tiller §0
§ =2 q § § § §; 2 § § E ;E with medium leaf length, vertical orientation and E
s T|eeee e e e A spiral leaf aestivation (if any) could achieve higher 2
E| closoaxmanw B yields under both WW and DS conditions. Although [&
S| rE|¥s8ad83Tcg |2 - S
O |92 |3 s S s3 |3 the traits, leaf angle and leaf temperature (based on §
S correlations) are easy to measure, the leaf width and %
g = S = SLW could be effective physiological traits in selection ]
g = = g _ . . . . . i
= |23 = F oz 2 E =T 2R 9f pre-breeding lines for finger mlll.e.t yield BS
£ & improvement under both WW and DS conditions. 2
=
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TABLE 5

Comparison of direct and indirect effects of yield contributing traits on grain yield in finger millet
under well-watered and drought-stress conditions

Parameter PT MEW TH (%) ™W FN FL FW PH PL GY (@)
PT (WW) 0.546 -0.119 0.009 0.015 -0.024  0.004 0010  -0.007 0.002 0.437
PT (DS) 0.528 -0.114 -0.004 0.006 0.005 -0.002 0.000 0.005 -0.003 0421
MEW WW)  -0.161 0401 -0.006 0.026 0071  -0.021 -0.011 0.015 0.001 0314
MEW (DS) 0112 0.539 0.005 0.015 0058  0.027 0.009  -0.014 -0.005 0.523
TH (%) WW  0.021 -0.010 0.247 0.032 0.000  0.003 -0.005  -0.001 -0.001 0.285
TH(%)DS  -0.030 0.042 0.062 0.020 0.002  -0.001 0.000 0.000 0.002 0.095
W (WW) 0.053 0.067 0.051 0.154 0.007  -0.009 -0.004 0.002 0.000 0.322
TW (DS) 0.039 0.109 0.016 0.075 0004  0.004 0.013 0.000 -0.001 0.260
FN(WW) -0.116 0.257 0.000 0.009 0.111  -0.016 0.000 0.014 -0.002 0.258
FN (DS) 0.029 0.322 0.001 0.003 0097  0.019 0.004  -0.009 -0.007 0460
FL (WW) -0.065 0.246 -0.020 0.039 0052 -0.034 -0.001 0.019 0.005 0.243
FL (DS) -0.027 0.359 -0.002 0.007 0046  0.041 0.009  -0.015 -0.001 0418
FW (WW) -0.099 0.079 0.020 0.012 0.000  0.000 -0.056  -0.002 -0.002  -0.049
FW (DS) 0.004 0.084 0.000 0.017 0.007  0.007 0.057 0.001 0.002 0.178
PH(WW) -0.111 0.166 -0.010 0.008 0043 -0.018 0.003 0.035 0.010 0.127
PH (DS) -0.097 0.288 0.001 0.001 0034  0.023 -0.001  -0.026 0.008 0.231
PL(WW) 0.048 0.017 -0.007 0.002 -0.008  -0.009 0.005 0.017 0.021 0.085
PL (DS) -0.055 -0.093 0.004 -0.002 -0.026  -0.002 0.004  -0.008 0027  -0.150

Residuals, 0.487 (WW) and 0.408 (DS); Path coefficients (<0.09, Low; 0.11-0.19, low; 0.21-0.29, moderate, 0.30-0.99, high, >1.0
very high, Lenka and Mishra, 1973); WW-Well-watered; DS-Drought stress; GY-Grain yield; PT-productive tillers,
MEW-Mean ear weight; Th%-Threshing percentage; TW-Test weight; FN-Finger number per ear;

FL-Finger length; FW-Finger width; PH-Plant height, PL-Peduncle length

| Comparison of Correlations and Effects of Yield

Contributing Traits on Grain Yield of Finger
Millet under Well-Watered and Drought-Stress
Conditions

Efficient selection of traits for grain yield depends
on the direction and magnitude of the correlation
between grain yield and its component traits
(Ramaprasad, 2019). The two major agronomic traits
that influence the grain yield of finger millet are
productive tillers per hill and mean ear weight.
Productive tillers and mean ear weight were
positively and directly correlated with grain yield
under both WW and DS conditions (Table 4; Das,
2013; Bothikar et al., 2014; Jadhav et al., 2015;
Krishnamurthy et al., 2016; Manyasa et al., 2016;

Lad et al., 2020; Nanja Reddy et al., 2019b; Mujahid
et al., 2020; Nanja Reddy et al., 2020; Talwar et al.,
2020 and Krishna et al., 2021). However, under WW
conditions, the number of productive tillers negatively
correlated with ear weight, finger number, finger width
and plant height (Table 4), suggesting that tiller number
compensate for finger number and ear size.

Hence, the selection should be primarily based on
mean ear weight (Ojulong et al., 2017), followed by
productive tillers per hill under WW conditions. Under
DS conditions, PT was negatively correlated with
ear weight and plant height indicating that DS
decreases plant height.

The mean ear weight (MEW) or ear size was positively
and significantly correlated with its contributing traits,
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such as finger number, finger length, finger width,
test weight and plant height, under both WW and DS
conditions (Table 4; Krishna et al., 2021), but more
significantly under DS conditions. The mean ear
weight was negatively associated with peduncle
length (r=-0.171"), indicating that a long peduncle
might restrict or slow down the translocation of
photo-assimilates to the grain. Longer peduncle
length also decreased the number of fingers per ear
with negative correlation (r =-0.266**; Table 4).

Test weight was positively and significantly
correlated with finger length under WW and finger
width under DS conditions (Table 4). Furthermore,
the finger characteristics were not negatively
correlated with each other. From these correlations,
it can be suggested that mean ear weight is more
important for achieving grain yield. Therefore,
a relatively medium plant height with a short peduncle
and large ear size would result in higher grain yields in
finger millet under DS conditions.

Correlation coefficients, although provide
information regarding the association, partition into
corresponding direct and indirect effects path
coefficient analysis, would provide the exact
contribution of a given trait to the grain yield (Wright,
1921). Path analyses revealed that, under WW
conditions, grain yield was directly and positively
influenced by productive tillers, followed by mean ear
weight, threshing percentage, test weight and finger
number per ear. However, under DS condition, mean
ear weight and productive tillers had higher equal direct
effects on grain yield, and these parameters can be
targeted in selection process (Table 5; Lad et al., 2020
and Nanja Reddy, 2020).

To break the yield plateau, trait-specific selection
is appropriate. Among the physiological parameters,
selection of pre-breeding lines for higher leaf width,
specific leaf weight and leaf orientation with acute
leaf angle are preferable traits for improving the
yield of finger millet. Among the agronomic traits,
the mean ear weight was preferable followed by
productive tillers per hill under both adequate input
conditions and drought stress conditions.
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