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Abstract

Taramira(Eruca sativa Mill.) isanimportant drought-tol erant oil seed crop cultivated under arid and semi-arid conditions.
The present study was undertaken to assess the magnitude of economic heterosis for seed yield and its component
traitsusing thirty F, hybrids devel oped through aline x tester mating design. The hybrids, parents and astandard check
were evaluated in a randomized block design with three replications under three sowing environments during Rabi
2024-25. Significant economic heterosis was observed for all the traits studied, indicating substantial scope for the
exploitation of hybrid vigour in taramira improvement. Desirable negative heterosis was recorded for days to 50%
flowering, daysto maturity and plant height, while positive heterosis was observed for major yield-contributing traits.
The highest economic heterosisfor seed yield per plant was exhibited by RTM-2202 x RTM-2111 (56.86%), followed by
RTM-2270 x RTM-314 (38.31%) and RTM-2221 x RTM-1624 (36.70%). The cross RTM-2206 x RTM-314 recorded the
highest positive heterosis for oil content (8.23%). Several superior hybrids also expressed significant heterosis for
branching traits, siliquae per plant, siliqua density, seeds per siliqua and 1000-seed weight, contributing to enhanced
seed yield. The results reveal ed the predominance of non-additive gene action governing yield and its associated traits
and demonstrated the effectiveness of heterosis breeding in taramira. Based on overall performance and economic
heterosis, RTM-2202 x RTM-2111, RTM-2270 x RTM-314, RTM-2221 x RTM-1624 and RTM-2206 x RTM-314 were
identified as promising hybridsfor the development of high-yielding, early maturing and oil-rich taramiracultivars.
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I ntroduction

Taramira (Eruca sativa Mill.), amember of the family

1958), whilein Europeitiscommonly referred to asrocket
or arugula.

Brassicaceae, isan important winter season oilseed crop
cultivated predominantly under arid and semi-arid
regionsof India(Noor et al., 2020). Although extensively
cultivated in India, taramiraisbelieved to have originated
in southern Europe and northern Africa and was
subsequently introduced into the Indian subcontinent
(Bailey 1949; Prakash 1980). Cytologically, itisadiploid
species with a chromosome number of 2n = 22
(Srivastava 2020). Taramira is predominantly cross-
pollinated owing to the presence of sporophytic self-
incompatibility (Sharmaet al., 1985). The crop possesses
several desirableattributes, including drought tolerance,
adaptability to marginal environments and resistance
to powdery mildew, making it aval uable genetic resource
for improvement of economically important Brassica
species(Sastry 2003; Nitin and Sharma2023). In different
regions of India, it is known by various local hames
such as tara, taramira, tera, turra and sondha (Singh,

The seeds of taramira contain approximately 31.6-41.3
per cent ail, depending upon genotype and environmental
conditions (Yadav et al., 1980; Olaet al., 2022; Yadav et
al., 2026). Theail ischaracterized by ahigh proportion of
unsaturated fatty acids, particularly linolenic acid, and
comparatively lower erucic acid content than many
traditional rapeseed oils (Flandersand Abdulkarim, 1985;
Kumar and Ohlsson, 1988). Taramira oil is commonly
blended with mustard oil to enhance pungency and
flavour (Kuri et al., 2022). In India, its cultivation is
concentrated mainly in Rajasthan, Haryana, Punjab,
Gujarat, Madhya Pradesh and Uttar Pradesh. Rgjasthan
accounts for the largest share of area and production,
with major growing districts including Jaipur, Sawai
Madhopur, Sri Ganganagar, Bhilwara, Bikaner, Jalore,
Nagaur and Pali. During 2023-24, taramiraoccupied about
1.73 lakh hectares in Rajasthan, producing 0.90 lakh
tonnes with an average productivity of 519 kg hat
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(Anonymous, 2023-24).

Despite its remarkable adaptability, the productivity of
taramira remains relatively low. The crop is generally
cultivated under rainfed conditions on marginal and sub-
marginal landswith minimal agricultural inputs. Therefore,
genetic improvement of taramira through systematic
breeding approaches remains a key strategy for
enhancing productivity under diverse agro-climatic
conditions.

Materialsand Methods

The research experiment was carried out at the
Instructional Farm of Sri Karan Narendra College of
Agriculture, Jobner (Rajasthan). Jobner issituated at 435
meters abovemean sealevel onlatitude26° 5 N and 75°
20’ E. It comes under agro climatic zone-111 A (semi-arid
eastern plain zone) having loamy sandy soils and the
averagerainfall of thelocality isabout 400 mm, whichis
mostly received from south-west monsoon during last
week of June to end of September. The experimental
material consisted of forty-four genotypesi.e., tenlines,
three tester genotypes, one check and thirty F1 hybrids
which were obtained through line x tester mating design,
was evaluated in the randomized block design with three
replications during the season Rabi, 2024-25. All the
genotypes were evaluated under three environments
created by manipulation of date of sowing namely, early
(E1), normal (E2) and late (E3) environments. Each
genotype was allocated two rows, each 2.0 meters long
and spaced 30 cm apart. A plant-to-plant distance of 10
cmwas maintained consistently acrossall environments.
The observations on daysto flowering, daysto maturity,
plant height (cm), primary branches per plant, secondary
branches per plant, siliquae per plant, siliqua density,
siliqualength (cm), seeds per siliqua, seed yield per plant,
test weight (g) and ail content (%) were recorded 10
randomly selected plants except daysto flowering, days
to maturity which was recorded on whole plot basis.
Heterosis over standard check RTM-1351 (Standard
Heterosis %) was calculated as per cent increase or
decrease of F1 over standard check (Meredith and Bridge
1972) by windostat version 9.5.

Results and Discussion

The possibility of commercial exploitation of hybrid
vigour depends on the magnitude of heterosis. The
superiority of hybrid over better parent might be either
due to dominance or epistasis or over dominance or
combined effect of these. Superiority of F1 over standard
check is more useful than superiority of F1 over better
parent is determining the feasibility of commercial

exploitation of heterosis. Heterosis breeding could be a
potential alternative for achieving quantum jump in
production and productivity of crop plants. Commercial
exploitation of heterosis has not been made in taramira
for want of adequate information on extent of heterosis;
therefore, it is necessary to examine magnitude of
heterosis in taramira. The magnitude of heterosis
particularly for seed yield is of paramount importance
and if the exploitation of heterosis is practically and
economically feasibleit can helptoreach highfieldlevels
in taramira. The extent of economic heterosis varied
considerably among the thirty F, hybrids for all the
characters studied, indicating the presence of substantial
exploitable genetic variability in taramira. Economic
heterosisfor daysto 50% flowering ranged from—5.84 to
5.84 per cent. Since earlinessisadesirabl e attribute under
arid and semi-arid environments, negative heterosiswas
considered beneficial. Among the hybrids, RTM-2221 x
RTM-314 exhibited the highest significant negative
economic heterosis (—5.84%), followed by RTM-2206 x
RTM-314 (-5.18%) and RTM-2201 x RTM-1624 (-4.38%).
A total of nine crosses showed significant negative
heterosis, whereas four crosses exhibited significant
positive heterosis for this trait. Economic heterosis for
daysto maturity ranged from—3.52 to 4.58 per cent. The
most desirable significant negative heterosis was
observed in RTM-2209 x RTM-1624 (—3.52%), followed
by RTM-2208 x RTM-2111 (—3.05%) and RTM-2201 x
RTM-1624 and RTM-2202 x RTM-1624 (—1.78%). Three
hybrids exhibited significant negative heterosis, while
seven hybrids recorded significant positive heterosisfor
days to maturity (Table 1). Similar results were also
confirmed by Rameeh (2011), Ahsan et al. (2013) and
Gami and Chauhan (2013).

Economic heterosisfor plant height varied from—25.57 to
25.57 per cent. Reduction in plant height isoften desirable
owing to improved lodging resistance and efficient
assimilate partitioning. The highest significant negative
heterosis was recorded by RTM-2270 x RTM-2111 (—
25.57%), followed by RTM-2221 x RTM-2111 (—10.05%)
and RTM-2206 x RTM-314 (—9.06%b). Two crosses showed
significant negative heterosis, whereas only one cross
exhibited significant positive heterosis for plant height.
For primary branches per plant, economic heterosisranged
from —15.88 to 44.10 per cent. The highest significant
positive heterosis was exhibited by RTM-2204 x RTM-
1624 (44.10%), followed by RTM-2221 x RTM-1624
(41.72%) and RTM-2270 x RTM-2111 (37.42%). Ten
hybrids showed significant positive heterosis, while one
hybrid expressed significant negative heterosis. Similarly,
economic heterosis for secondary branches per plant
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ranged from—17.94 to 35.89 per cent. The hybrids RTM-
2270x RTM-314(35.89%), RTM-2204 x RTM-1624(30.59%)
and RTM-2221 x RTM-1624 (29.12%) exhibited the
highest significant positive heterosis. Eight hybrids
showed significant positive heterosis and one hybrid
exhibited significant negative heterosis. The magnitude
of economic heterosisfor siliquae per plant ranged from
—15.881062.63 per cent. The highest significant positive
heterosis was observed in RTM-2204 x RTM-1624
(62.63%), followed by RTM-2221 x RTM-1624 (55.26%)
and RTM-2223 x RTM-1624 (47.76%). Eleven hybrids
exhibited significant positive heterosis, whereas one
hybrid showed significant negative heterosis. Economic
heterosisfor siliquadensity ranged from—16.98 to 67.31
per cent. The hybridsRTM-2270 x RTM-1624 (67.31%),
RTM-2221 x RTM-1624 (55.26%) and RTM-2204 x RTM-
1624 (33.65%) recorded the highest significant positive
heterosis. Ten crosses exhibited significant positive
heterosis, while two crosses showed significant negative
heterosis (Table 1) (Fig 1). Earlier similar results
werereported by Patel et al. (2015), Gautam and Chauhan
(2016), Afrose et al. (2025), Alpaslan and Sincik (2025)
and Singh et al. (2025)

For siliqua length, the highest significant positive
economic heterosiswas recorded by RTM-2208 x RTM-
314 (23.43%), followed by RTM-2206 x RTM-2111
(17.17%) and RTM-2201 x RTM-314 (15.33%). Two
crosses exhibited significant positive heterosis, whereas
three crosses showed significant negative heterosis (Fig
2). Economic heterosis for seeds per siliquawas highest
in RTM-2206 x RTM-314 (15.03%), followed by RTM-
2208 x RTM-2111 (11.17%) and RTM-2270 x RTM-2111
(9.45%). Four hybrids expressed significant positive
heterosis, while one hybrid showed significant negative
heterosis(Fig 3). Economic heterosisfor 1000-seed weight
ranged widely among the hybrids. The highest significant
positive heterosis was observed in RTM-2223 x RTM-
1624 (20.94%), followed by RTM-2208 x RTM-314 (18.76%)
and RTM-2209 x RTM-1624 (17.65%). Eight hybrids
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recorded significant positive heterosis and two hybrids
exhibited significant negative heterosis (Fig 4). Seedyield
per plant, the most important economic trait, showed
heterosis ranging from —31.20 to 38.41 per cent. The
highest significant positive economic heterosis was
observedin RTM-2270 x RTM-314 (38.41%), followed by
RTM-2223 x RTM-1624 (30.90%) and RTM-2204 x RTM-
1624 (15.52%). Ten hybrids exhibited significant positive
heterosis, whilefour hybrids showed significant negative
heterosis (Table 1) (Fig 5). Positive heterosis for seed
yield per plant was reported earlier by Rameeh et al.
(2011), Yadavaet al. (2012), Gami and Chauhan (2013),
Rai et al. (2017), Aggarwal et al. (2019), Kapadia et al.
(2020), Prakash et al. (2023), Afrose et al. (2025) and
Alpadan and Sincik (2025).

Economic heterosisfor oil content ranged from —4.77 to
8.23 per cent. The highest significant positive heterosis
wasrecorded by RTM-2206 x RTM-314 (8.23%), followed
by RTM-2204 x RTM-1624 (4.95%0) and RTM-2209 x RTM-
1624 (4.76%). Eight hybrids expressed significant positive
heterosis and two hybrids showed significant negative
heterosis (Table 1). For yield contributing traits earlier
similar findingswere reported by Rameeh (2011), Ahsan
et al. (2013), Gami and Chauhan (2013), Meena et al.
(2014), Meenaet al. (2015), Patel et al. (2015), Gautam
and Chauhan (2016), Patel et al. (2016), Rai et al. (2017),
Singh et al. (2017), Priyamedhaet al. (2018), Singh et al.
(2018), Aggarwal et al. (2019), Kaur et al. (2019), Mandal
et al. (2023), Afrose et al. (2025), Alpaslan and Sincik
(2025) and Singh et al. (2025).

Overall, the results clearly demonstrate the potential of
heterosis breeding in taramira. Among the hybrids
evauated, RTM-2270 x RTM-314, RTM-2223 x RTM-1624,
RTM-2204 x RTM-1624 and RTM-2206 x RTM-314
emerged asthe most promising combinationsdueto their
superior economic heterosisfor seed yield and associated
component traits. These hybrids warrant further
evaluation across locations and seasons to assess the
stability of their performance and their suitability for
utilization in future breeding programmes. Based on seed
yield and attributing traits the best performing hybrids
emerged asRTM- 2202 X RTM- 2111, RTM- 2270 X RTM-
314, RTM- 2211 X RTM- 2111, RTM- 2211 X RTM- 1624
and RTM- 2201 X RTM- 1624, which marked the highest
significant economic heterosis for yield as well as for
other characters also (Table 2). Thefigures 1to figure 5
represent the performance of hybrids and check RTM-
1351 under stress condition for yield contributing
characterswhich reveal ed that the many crosses showed
increased performance over the check which can be
exploited by the heterosis breeding for future
enhancement intaramira.
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Table 2: Top five promising crosses identified for superior yield and components traits under environmental stress

Oil

Seeds 1000-seed  Seed
weight

Siliqua
length
(cm)

Primary Secondary Sliquae  Siliqua

Plant
height branches branches
(cm) per plant

Days

Days to

Crosses

(%)
3.29*

yieldper content

plant ()
46.86**

per
siliqua (9)
-25.22**  -0.88**

density

per
plant
-39

18.12*
55.98**

per plant

to

50%

flowering maturity

-158
-6.32
-168
-128

-16.49**

20.19*

794
35.88**
35.29**

1043
-368
1350

141
42.33**

511

-3.05**

-5.84**

RTM-2202X RTM- 2111
RTM-2270X RTM- 314

134

-1.88 38.31**

16.78**

590
-1.97
-12.16*
19.50**

1154

20.81**

oA
260
-003

-20.50**

153

-3.31**

-365

-8.03**

131
241

25

36.77**

RTM- 2211 X RTM- 2111

31.65**

7.14**

000
-1058

0.06

-1.10

20.88*

0.00
-178

-511*

-4.38*

RTM-2211 X RTM- 1624

28.06**

-6.59**

1235

RTM-2201 X RTM- 1624
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Concluson

Economic heterosisanalysisof thirty Fe hybridsreveaed
substantial hybrid vigour for seed yield and its component
traitsin taramira. Significant desirable negative heterosis
was observed for daysto 50% flowering, daysto maturity
and plant height, indicating the possibility of devel oping
early and moderately dwarf genotypes suitable for
moi sture-stressed environments. The crosses RTM-2221
x RTM-314, RTM-2221 x RTM-314 and RTM-2270 x RTM-
2111 wereidentified asthe most promising combinations
for earliness and reduced plant stature. Marked positive
economic heterosis was recorded for branching traits,
siliquae per plant, siliquadensity, seedsper siliqua, 1000-
seed weight, seed yield and oil content. The crossesRTM-
2202 x RTM-2111, RTM-2270 x RTM-314 and RTM-2221
x RTM-1624 exhibited the highest economic heterosis
for seed yield per plant, while RTM-2206 x RTM-314
showed the highest heterosisfor oil content. The superior
performance of these hybrids was associated with
favourable heterotic responses for several yield-
contributing characters, demonstrating the cumulative
influence of component traits on seed yield expression.
The results indicate a predominant role of non-additive
gene action in the inheritance of yield and related traits
and highlight the potential of heterosis breeding for
genetic improvement of taramira. Based on overall
economic heterosis, seed yield performance and
associated component traits, RTM-2202 x RTM-2111,
RTM-2270x RTM-314, RTM-2221 x RTM-1624 and RTM-
2206 x RTM-314 emerged asthemost promising hybrids.
These crosses may be utilized in future breeding
programmes aimed at developing high-yielding, early
maturing and oil-rich taramira cultivars after validation
across environments and generations.
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