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Genetic variability and selection strategies for yield improvement in water spinach
(Ipomoea aquatica) under upland field conditions
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Abstract

The present study was conducted during 2023 and 2024 to assess the extent of genetic variation and identify promising genotypes for
yield and growth-related traits. Over 25 genotypes, including a variety ‘Kashi Manu;, were evaluated under a randomized block design
with three replications. The analysis of variance revealed highly significant differences among genotypes for all the studied traits,
indicating substantial genetic variability. Wide ranges were recorded for key parameters such as days to 50% germination (2.39-4.56
days), plant height at 30 DAS (43.50-69.90 cm), stem diameter at 30 DAS (6.54-10.76 mm) and leaf biomass yield per plant per month
(0.67-1.68 kg). High heritability coupled with high genetic advance was observed for internodal length, stem diameter (30 DAS) and
biomass yield traits, suggesting predominance of additive gene action and effectiveness of direct selection. The genotypes VRWS-32,
VRWS-28,VRWS-33,VRWS 41-23 and VRWS 42-23 exhibited superior yield performance, comparable to the check variety. These findings
indicate ample genetic potential within the evaluated germplasm and emphasize the scope for selection-based improvement to develop

high-yielding, upland-adapted water spinach varieties.
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Introduction

Water spinach is a crucial leafy vegetable commonly found
across Asia and in parts of Africa and Latin America for its
rapid growth, nutritive value, high biomass yield and its role
in smallholder and peri-urban markets (Purayil et al., 2025).
Recent advances in genomics and molecular resources
for water spinach have improved our understanding of
species relationships and trait loci, creating new scope
for breeding and trait-targeted selection. Historically,
water spinach has been cultivated in aquatic/semi-aquatic
systems, which expose the crop to specific abiotic and
biotic pressures, including heavy-metal contamination
and variable waterborne pathogens. To improve food
safety and expand production area, there is a growing shift
toward upland cultivation and conventional soil-based
production. This cultivation decreases some contamination
risks but exposes genotypes to a different suite of stresses
that might alter yield expression and quality traits (Qi et al.,
2024). Current initiatives at ICAR-IIVR, Varanasi, to introduce
water spinach cultivation under upland field conditions have
produced promising results, showing its potential for wider
adoption beyond traditional aquatic systems (Dubey et al.,
2022). Despite the crop’s socio-economic value and these
management trends, systematic information on genetic
variability, heritability and trait associations for yield under

© The Author(s) 2025. Open Access. This article is Published by the Indian Society of Vegetable Science, Indian Institute of Vegetable Research, Jakhini,
Varanasi-221305, Uttar Pradesh, India; Online management by www.isvsvegsci.in



268 Waiba et al.: Selection strategies for yield improvement in water spinach

upland field conditions remains inadequate compared with
major leafy vegetables. Marker-based surveys and recent
genetic studies indicate appreciable intra-specific diversity
in water spinach; however, most genetic characterizations
and breeding reports have intensive on aquatic ecotypes
on single traits, creating a gap for breeding programs
targeting upland adaptation and yield improvement.
Filling this gap is crucial because the magnitude and
pattern of genetic variation determine the efficiency of
assortment and the likely genetic gain for complex traits
like biomass yield and harvest index. Quantitative genetic
tools, estimation of phenotypic and genotypic coefficients
of variation (PCV/GCV), broad and narrow sense heritability,
trait correlations, genetic advance, path analysis, etc., are
essential for recognizing promising parental lines, selecting
actual selection indices and prioritizing component traits
that most strongly and reliably affect yield under target
upland conditions (Bidyananda, 2024). Hence, this study
seeks to quantify genetic variability, heritability and genetic
advance for yield and crucial yield-attributing traits among
diverse water spinach genotypes under upland field
conditions andto develop and validate selection indices and
recommendation strategies for early-generation selection
targeted at upland adaptability and food-safe, high-biomass
production. This investigation will provide breeder-usable
information to accelerate selection for upland-adapted,
high-yielding cultivars and to guide future molecular and
agronomic integration for this increasingly important leafy
vegetable, water spinach.

Materials and Methods

Field experiments were conducted during 2023 and 2024
at the Experimental Farm of the ICAR-Indian Institute
of Vegetable Research, Varanasi, Uttar Pradesh, India
(25.10 °N latitude, 82.52 °E longitude and the overall
mean temperature was 20.8°C to 29.4 £ 4 °C). The trials
were performed under upland field conditions using a
Randomized Complete Block Design with three replications.
Twenty-four genotypes of water spinach (VRWS-32, VRWS-
28, VRWS-33, VRWS-31, VRWS-40-23, VRWS-41-23, VRWS-
42-23,VRWS-43-23, VRWS-44-23, VRWS-45-23, VRWS-46-23,
VRWS-47-23, VRWS-48-23, VRWS-49-23, VRWS-50-23, VRWS-
51-23, VRWS-52-23, VRWS-54-23, VRWS-55-23, VRWS-53-23,
VRWS-Red, VRWS-56-23, VRWS-57-23, VRWS-58-23) and 1
check variety Kashi Manu were included in the study. Seeds
were sown directly in the main field without nursery raising.
Three seeds of each genotype were sown per hill at a spacing
of 20x10cm. After complete germination, a single healthy
seedling was retained per hill and others were removed.
Each replication comprised 60 plants/genotype. Well-
decomposed farmyard manure was incorporated during
the first ploughing @2.5 kg/m? A basal dose of NPK fertilizer
was applied at 5:3:3 g/m? during field preparation. Irrigation

was provided through a furrow system immediately after
sowing and subsequently at 5 to 7 day intervals based on
crop requirements. For the data recording, five plants of each
genotype were randomly tagged in each replication and the
observations were recorded on days to 50% germination
(Waiba and Sharma 2020), plant height at 10 DAS, 20 DAS
and 30 DAS(cm), stem diameter at 10 DAS and 30 DAS (mm),
days to first harvesting at about 27 to 30 cm plant height,
leaf biomass yield/plant/month (kg), leaf biomass yield/
m? area/month (kg), emergence of vines/plant during 1
harvesting, emergence of vines after 10 cuttings, number
of nodes/plant, number of cuttings/month, leaf width (cm),
petiole length (cm), leaf length (cm), internodal length (cm),
leaf shape and flower colour.

Statistical analysis

The recorded data for different traits were subjected to
statistical analysis to determine the analysis of variance and
mean performance as described by Panse and Sukhatme
(1984). The genotypic and phenotypic coefficients of
variation (GCV and PCV), heritability in the broad sense (h%bs)
and genetic advance (GA) were estimated based on Burton
and DeVane’s (1953) and Johnson et al. (1955) method, using
the statistical software OPSTAT.

Result and Discussion

Analysis of variance for the experimental design

The values of mean sum of squares of analysis of variance of
the pooled data (2023 and 2024)showed highly significant
differences among the evaluated water spinach genotypes
for all the traits studied viz,, days to 50% germination, plant
heightat 10,20 and 30DAS, stem diameter at 10 and 30 DAS,
days to first harvesting, leaf biomass yield/plant/month, leaf
biomass yield/square meter/month, emergence of vines
during first harvesting, emergence of vines/plant after
10 cuttings, number of nodes/plant, number of cuttings/
month, leaf width, petiole length, leaf length and internodal
length (Fig 1). The presence of large genetic variability forms
the fundamental basis for successful selection, as it develops
the scope of identifying superior genotypes for future
breeding efforts (Burton & DeVane, 1953). These results are
similar to earlier reports in leafy vegetables, including water
spinach, where significant genotypic variability has been
observed among various yield attributing and vegetative
traits (Sarkar et al., 2014).

Mean performance of genotypes

The days to 50% germination were recorded between 2.39
and 4.56 days (Table 1). The mean performance showed that
genotype VRWS 46-23 (2.43) and VRWS 48-23 (2.43), VRWS
44-23 (2.53), VRWS-31 (2.57) and VRWS 47-23 (2.65) were
statistically at par with respect to days to 50% germination.
Present findings are closer to the reports of Rao (2000) for



269

Waiba et al.: Selection strategies for yield improvement in water spinach

L8'S 86'L LS (VAVA 6C'€ STL 00l i4x4 SL9 LS9 S8t [4449) L6C €Ce (41 809 1494 ‘ND
SCo 760 SCo 0’0 710 8L'L o' 800 €0 800 060 8180 800 8L LLL 6'0 €Lo (P)3s
(494 96'L €50 €80 670 44 66V 8L0 00 L10 81 69°'L 8L0 S8'€ AR S6°L 870 ‘ad
oY 811 S0'S 6L'S [Ty [43°]} 6'€T wy L6V YL SS'8lL 1431 86C LELS [q0ras LGSl L€ uespy
S6°EL 06'9 9£°0C LLOE 99 89°L €E°LT 9,01l SLE 0669 £0'9€ SSLL
86'9-1LC -669 96'G-¥8'€ -0 LTSVeE  -TLEL -Leal -0v'e ¥0'S-0£'C -L9'0 -05°SL -lSY -85C -88°9% -€S'ST -GL'EL 99P-6EC abuey
(123Y4D)
€v'e LeelL €e's S09 [4A 4 7691 66'8C €9Y SL9 89'L 00'ZL 86'6 SL'E GEe9 ¢0's€E 8L'/L 6€C nuepy 1ysey
899 669 L8'€ L0'E [4°24 S8l LE9L [443 04T 190 05°0T S0'S SLT L6°19 €9°ST 9L'SL v6'€ €T-8SSMUA
869 €96 Lv's €0'v (47474 66'GL vL€T [°3 0s'y 49 9961 ST6 S6'C SE6S 9/'LE 0s'sL 9y €C-LS SMYA
9¢€'S 70’6 [4°34 oLy 09y 9/°0¢C ce9lL 8¢ LLT 690 €e'le SSYy 8L'C 8819 §S99¢C 09'SL 9s'v €C-99 SMUA
L€9 0z'8 [§:24 34 [Ty 8T/L G561l Iy 08'€ S6°0 €€°61 891 89'C SELS S8'6C 0Tyl 1454 PaY- SMYA
96°€ 69°L 9Ty Ly (¥4 LL6l vLL 08¢ 08¢ 00 9961 9¢'s S8'C 8%°99 09'/C 8L€EL 1343 €C-€5 SMYA
€09 [449) 78'€ L6V 06’7 9,91 7691 wy 60'€ £LL0 05’8l LSy 0L'C 1899 or'ze SLEL S'€ €¢-55 SMUA
90'S Lt 90" 13474 (44 vLEL or'LL or'€ STE 180 L6l 08t 65T 98'99 60'8C oLal €LT €T-¥S SMYA
Sty ¥8LL [44] ST'S 124 LSl 18'ST ¥4 4 9's or'L 00°0C 98'8 8l 0L'zco LT0€ L9'GL 0L'e €C-TS SMYA
LS 89°CL 96'S L0'9 Lcs 8€'GL 9L'€C o€y €97 SLlL PINIA 0€'6 96'C 06'69 8C’LE LEPrL 9¢g’e €C-1G SMYA
SLY 90°€L 89S €09 98t LLyL [44:14 [4%4 SE'S €€l €88l 0L'6 €0'€ LT's9 8¥'ce 0Tyl V'€ €2-05 SMYA
8€'€ LSEL €6'S LT9 €L°€ 6691 €0vC 104 L0°S o'l 9991 €88 S6'C SL0S €€°6E 8T /L og’e €C-6 SMUA
8L'¢ 6r'ElL 143 06'9 G8'e 08'GlL L9ve 9%y SSY 7Ll 00'ZL 168 (13 L8°LS 134743 SQ'/L er'e €C-87 SMUA
€L'€ [4°23) 89t ¥9'9 96'€ (43} 6v'€C Yo'y 96'S 6L 058l €96 we 6L°€S [{oy4% SovL 59T €T-L¥ SMYA
SLT S6°EL 4% L6'S [Ty €€°S1L 00's¢ 68'¢ 69'S wl 0061 06'6 L0€ SELS 66'LE 86'GL 1344 €C-9% SMYA
8/L'C oCelL 00'S SL'S (43 6€£°GL €EEC 6ty 04 €Lt 05’8l 566 90'€ 889 Lcee oSl 9s'€ €C-S7 SMUA
86'C reL ws 65°S 66'€ [4:5) L1'sT 9Ey €S 'L €€°81 S6'8 al'e o'€ES 68'CE 86'GL €9°C €T-b¥ SMUA
9L'T 6CCL 09°s 0L'S (454 [4°} 8€YC €9°€ LS oL oL'slL 09'8 €6'C €TSS ¥33 08'sL 6€°€ €C-€¥ SMYA
L9'€ Lcel 09'S L6'S 1404 Loyl 61'LC 76'€ 79 L9l €88l €86 SO'€ €9'9S vile 957l 6€'€ €¢-C7 SMUA
06'€ 98'€l 134 €S Wy SS'SL €8'€C (Y44 oL9 [4gt 99°/1L LeoL 90°€ €6'€S 0Tve 89°GL 8L'E €T-L¥ SMYA
aT'e rar4’ 98 €CS 'y [4¥A) LL°0E 99y €6'S 8¥'L €€'6L 9,0l SL'E 0€'sS LLLE 744} L6'C €C-0% SMYA
€L'E 99°CL [40) L0'S (A4 00°ZL cLET L6'€ L9 or'L €eLL 896 00'€ 0€'6S 99v¢E 196l JAN4 LE-SMYA
99°'¢ ozl 134 09°% (VA4 6L/LL L1'8C 8€Y 134 09°'L 0591 9.6 88'C €L1€9 0/'S€ 8€9L 8LC €E-SMYUA
89°€ 0c€L S6'Y 9S'Y 6v'€ 8€GL ¥'0€ 144 LL9 99'L €88l S00L €6'C L6'9t SLLE StIL 66'C 8C-SMYA
09'v 0g€eL SeEs 6LV SL'e el clLoe €9Y €L9 99'L 05'GL oL'6 €0 Y€C0s £09¢ 9€91 80'¢ CE-SMUA
b;
(W) (wo) (w>) yious suod (sbunmnd gy «Mu\wumﬁm (6%) yruow _.r,,:«o«_tV bun (ww) (wuw) (wo) (wd) Mﬁw uonpbu
(w>) y1buay y26ua] y16ua| ypm  sbumn>  jsapou Jayp) Jupyd Jupd /-w/pjaik nupid  -sambYy  SY@osul Sydol ul Syaos syagoz oLu -lwiiab sadfiouss
R T B R A Y B B R s Al o B R
aouabiawz _EAS upld

(20T - £207) e1ep pajood syesy bunnguiie piaik pue pialk ayy o) sadAjousb yoeuids Ja1em Jo aduewoyad uesy :| ajqel



270 Waiba et al.: Selection strategies for yield improvement in water spinach

spinach seeds germination within 2 to 5days under favorable
temperature and moisture conditions. Early germination is
a highly desirable trait in water spinach, as it leads to faster
seedling establishment, reduces vulnerability to early-stage
environmental stress and allows for quicker progression to
harvest (Ibrahim et al., 2019). The genotype VRWS 48-23
recorded the maximum plant height at 10 DAS (17.55 cm)
followed by VRWS 49-23 (17.28 cm), VRWS-28 (16.45 cm),
VRWS-33 (16.38 cm), VRWS-32 (16.36 cm), VRWS 54-23 (16.10
cm), VRWS 44-23 and VRWS 46-23 (15.98 cm), VRWS 43-23
(15.80 cm), VRWS 58-23 (15.76 cm), VRWS-31 and VRWS 52-23
(15.61 cm) were at par with check (17.18 cm). Plant height at
10 DAS showed a mean value range from 13.15 to 17.55 cm
and the present result corresponds to that of Rao (2000) in
water spinach, i.e., about 15 cm in 10 days after sowing,
especially in warm climates. The plant height in 20 days
recorded a range of 25.53 to 36.07cm among the studied
genotypes. The genotype VRWS-32 showed the greatest
plant height at 20DAS (36.07 cm), followed by VRWS-33
(35.70 cm) and VRWS-49-23 (35.33 cm), which performed at
par with the check (35.02 cm). Genotypes showing taller
plant stature during early growth stages may develop more
leaf area, facilitating enhanced photosynthetic activity and
subsequently higher biomass production (Peng et al. 2024).
Calub et al. (2022) stated water spinach reached 22to 25 cm
in 20 days under field conditions. In this study, VRWS 51-23
showed the greatest plant height (69.90cm), representing
superior vertical growth and probable advantages in light
competition, canopy development and leaf yield under
upland field conditions. Other genotypes, such as VRWS
55-23, VRWS 50-23, VRWS-33, VRWS 52-23, VRWS 58-23 and
VRWS 56-23 performed comparably to the check. Marcelis
etal. (1998) stated that early plant height in leafy vegetables
can predict overall plant productivity, especially in crops
subjected to multiple harvests. In terms of performance for
stem diameter at 10DAS, no genotype noted a significantly
thicker stem diameter than the check (3.75 mm). The range
of 2.58 to 3.75 mm stem diameter was observed among the
water spinach genotypes. This result was similar to the result
reported in a hydroponic experiment by Alam et al. (2022)
in water spinach seedlings, which ranged 2.0 to 3.0 mm at
10DAS. Stem diameter is a significant indicator of seedling
vigor and overall plant health. The highest stem diameter
at 30DAS was recorded in genotype VRWS 40-23 (10.76 mm)
followed by VRWS 41-23 (10.31 mm), VRWS-28 (10.05 mm),
VRWS 45-23 (9.95 mm), VRWS 46-23 (9.90 mm), VRWS 42-23
(9.83 mm), VRWS-33 (9.76 mm), VRWS 50-23 (9.70 mm), VRWS
47-23 (9.63 mm), VRWS-31 (9.58 mm), VRWS 51-23 (9.30 mm),
VRWS 57-23 (9.25 mm) and VRWS-32 (9.10 mm) were found
statistically at par with check (9.50 mm). A thicker stem is
generally related to better nutrient and water translocation,
as well as resistance to lodging, especially under repeated
harvesting regimes. The genotype VRWS-32 observed the

earliest maturity with minimum days to first harvest (15.50)
followed by VRWS-33 (16.5), VRWS 49-23 (16.66), VRWS 48-23
(17.0), VRWS-31 (17.33), VRWS 41-23 (17.66), VRWS 43-23 (18.16),
VRWS 44-23 (18.33), VRWS 45-23 (18.5), VRWS 47-23 (18.50),
VRWS-28, VRWS 42-23 and VRWS 50-23 (18.83) were at par
with check (17). Rao (2000) has observed that water spinach
can reach 25 to 30 cm height in 20to 25 days under tropical
field conditions, mainly in moist, fertile soil, which was closer
to his statement. The mean performance for the trait leaf
biomass yield/plant/month showed prominent variation,
ranging from 0.67 to 1.68 kg. The check recorded the highest
yield (1.68 kg), followed by VRWS-32 and VRWS-28 (both 1.66
kg), VRWS 42-23 (1.61 kg), VRWS-33 (1.60 kg) and VRWS-41-23
(1.52 kg) were statistically at par. Sarker et al. (2014) reported
that high-yielding genotypes of water spinach are often
characterized by vigorous vegetative growth, efficient leaf
regeneration and higher leaf area index. The highest leaf
biomass yield/square meter/month was recorded in
VRWS-28 (6.77 kg), followed by VRWS-32 (6.73 kg), VRWS
42-23 (6.44 kg), VRWS-33 (6.43 kg) and VRWS-41-23 (6.10 kg),
which were found to be statistically at par with the check
(6.6 8 kg). These findings are consistent with Ramasamy et
al. (2023), who reported that genotypes with higher plant
vigor and leaf production capacity often lead to improved
biomass accumulation over time. During first harvest, the
mean number of vine emergences across the water spinach
genotypes was 4.22 where the genotypes VRWS 40-23 (4.66),
VRWS 47-23 (4.64), VRWS-32 (4.63), VRWS 48-23 (4.56), VRWS
49-23 (4.54), VRWS 45-23 (4.49) and VRWS-28 (4.45) recorded
higher and at par with check (4.63). More vines is desirable
trait for the higher yield. Calub et al. (2022) recorded that
water spinach plants reaching 25cm height showed 2-3
lateral vines under upland field conditions, which is closer
to the present findings. The genotypes exhibited significant
variability for emergence of vines/plant after 10 cuttings,
the highest number of vines/plant after 10 cuttings was
recorded in VRWS 40-23 (30.77), followed by VRWS-28
(30.44), VRWS-32 (30.12) and check (28.99), showing superior
regenerative ability and sustained biomass production over
multiple harvests. More vine emergence is particularly
desirable for commercial leafy vegetable production where
repeated cuttings are practiced (Sarkar et al., 2014). The
tested genotypes showed a number of nodes/plant ranging
from 13.72 to 20.76nodes where the genotype VRWS 56-23
recorded the highest number of nodes (20.76), followed by
VRWS 53-23 (19.77), which were significantly higher than the
check (16.94). This result was found similar to the findings
of Sarkar et al. (2014), who observed a number of nodes/
plant ranging from 15.55 to 20.38 nodes. Significant variation
was observed for the trait number of cuttings/month, the
genotype VRWS 51-23 recorded the highest number of
cuttings (5.21) which was significantly greater than all other
evaluated genotypes including check whereas, genotypes
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VRWS 41-23

VRWS 42-23 Kashi Manu (check)

Fig. 1: Top five at par water spinach genotypes on mean performance with the check variety

VRWS 55-23 (4.90), VRWS 50-23 (4.86), VRWS-33 (4.71), VRWS
52-23 (4.64) and VRWS 56-23 (4.60) were observed statistically
at par with check (4.72 cuttings). Previous studies by Sarker
et al. (2014) reported that cutting frequency is influenced
by environmental conditions, genetic traits and management
practices like irrigation and fertilization. The leaf width
ranged between 3.07 and 6.90 cm; the genotype VRWS 48-23
recorded the highest leaf width (6.90 cm), which was
significantly superior to all other genotypes, including the
check (6.05 cm). A group of genotypes VRWS 47-23 (6.64 cm),
VRWS 49-23 (6.27cm), VRWS 50-23 (6.03cm), VRWS 51-23 (6.01
cm), VRWS 46-23 (5.97 cm), VRWS 42-23 (5.91 cm), VRWS 45-23
(5.75 cm), VRWS 43-23 (5.70 cm), VRWS 44-23 (5.59 cm), VRWS
52-23 (5.25 cm) and VRWS 40-23 (5.23 cm) were showed
statistically at par with check. Genotypes with broader leaves
are generally more effective at capturing light, which
supports greater photosynthetic activity and thus, higher
yield (Poorter et al.,, 2012). In the same crop, Snyder et al.
(1981) reported 2 to 5 cm and Ekwealor et al. (2020) recorded
4.273 t0 4.887 cm leaf width, which is similar to our findings.
The petiole length showed notable variation, the genotype
VRWS 51-23 noted the highest petiole length (5.96 cm)
followed by VRWS 49-23 (5.93 cm), VRWS 50-23 (5.68 cm),
VRWS 42-23 and VRWS 43-23 (both 5.60 cm), VRWS-33 and
VRWS 41-23 (5.43 cm), VRWS57-23 (5.41cm), VRWS-32 (5.35
cm), VRWS 48-23 (5.34 cm), VRWS 46-23 (5.12 cm), VRWS 319
(5.02 cm), VRWS 45-23 (5.00 cm), VRWS-28 (4.95 cm), VRWS
44-23 and VRWS 52-23 (5.22 cm) were statistically at par with
check (5.43 cm). These observations are consistent with the

findings of Gebauer et al. (2016), who observed that petiole
length positively contributes to better canopy structure and
yield potential in leafy vegetables. The leaf length ranged
from 6.99 cm to13.95cm where he genotype VRWS 46-23
recorded the highest leaf length (13.95 cm) followed by
VRWS 41-23 (13.86 cm), VRWS 44-23 (13.44 cm), VRWS-32
(13.30 cm), VRWS-28 (13.30 cm), VRWS 47-23 (13.62 cm), VRWS
49-23 (13.57 cm), VRWS 48-23 (13.49 cm), VRWS 42-23 (13.21
cm), VRWS 45-23 (13.20 cm), VRWS 40-23 (12.25 cm), VRWS
43-23(12.29 cm), VRWS 31 (12.66 cm), VRWS 51-23 (12.58 cm),
VRWS-33 (12.04 cm), VRWS 50-23 (13.06 cm) and VRWS 52-23
(11.84 cm) were statistically at par with check. Gangopadhyay
et al. (2021) described that leaf length is an important
morphological trait in leafy vegetables, as it directly
influences leaf area, photosynthetic capacity and marketable
biomass. Snyder et al. (1981) reported 5 to 15 cm leaf length
in water spinach, which supports our findings. Shorter
intermodal length than check variety Kashi Manu was
observed in genotypes VRWS 45-23 (2.78 cm), VRWS 43-23
(2.76 cm) and VRWS 46-23 (2.75 cm). Rana and Brar (2017)
stated that water spinach has a hollow stem because of its
hollow stem nature; genotypes with longer stems may be
more prone to lodging, which might not be desirable for
upland field cultivation. Genotypes that revealed internodal
length significantly shorter than the check can be desirable
for upland cultivation to obtain high leafy biomass
production, as each node produces vines and leaves (Rana
and Brar, 2017). Sarkar et al. (2014) reported 1.80 to 2.04 cm
internodal length in water spinach, similar to some
genotypes of the present study.
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VRWS-32 VRWS-28

VRWS-31 VRWS 40-23

VRWS 41-23 VRWS 42-23

VRWS 44- 23 VRWS 45-23

VRWS 46-23 VRWS 47-23

VRWS 48-23

VRWS 49-23 VRWS 50- 23

caRO0 3 2 400

VRWS 51-23 VRWS 52-23

QOO0

VRWS 54-23

VRWS 55-23 VRWS 53-23

20050 | gre®®

VRWS-Red VRWS 56-23

VRWS 57-23

VRWS 58-23 Kashi Manu

Fig. 2: Variability in flower and leaf characters in water spinach genotypes

The genotypes showed variation in leaf shape, arrowhead-
shaped leaves in 16 genotypes, cordate-shaped leaves in
6 genotypes and hastate-shaped leaves in 5 genotypes
(Table 2). Tiwari and Chandra (1985) observed sagittate
leaves in the same crop. Snyder et al. (1981) described that
the leaves ofwater spinach are long-stemmed, alternate and
lanceolate to triangular, often hastate or heart-shaped at
the base. The majority of genotypes (18) showed pure white
flowers, while the rest of the 7 genotypes out of 25 exhibited
flowers with a white border and a purple center. Snyder et

al. (1981) have also mentioned that in water spinach, flower
color can be typically white with magenta or purple throat,
but sometimes entirely white, pink, purple/lavender, which
supports current findings (Fig 2).

Genetic variability studies

In the present investigation, estimates of genotypic
coefficient of variation (GCV), phenotypic coefficient of
variation (PCV), heritability and genetic advance (GA)
were estimated for morpho-metric traits of upland-grown
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Table 2: Mean performance of water spinach genotypes for the traits
leaf shape and flower colour

Genotypes Leaf shape Flower colour

VRWS-32 Arrow head Pure white

VRWS-28 Arrow head Pure white

VRWS-33 Arrow head Pure white

VRWS-31 Arrow head Pure white

VRWS 40-23 Hastate Pure white

VRWS 41-23 Arrow head Pure white

VRWS 42-23 Hastate Pure white

VRWS 43-23 Arrow head Pure white

VRWS 44-23 Arrow head Pure white

VRWS 45-23 Hastate Pure white

VRWS 46-23 Cordate Pure white

VRWS 47-23 Arrow head Pure white

VRWS 48-23 Arrow head Pure white

VRWS 49-23 Arrow head Pure white

VRWS 50-23 Cordate Pure white

VRWS 51-23 Cordate Pure white

VRWS 52-23 Cordate Pure white

VRWS 54-23 Arrow head White boarder with purple centre
VRWS 55-23 Arrow head White boarder with purple centre
VRWS 53-23 Cordate White boarder with purple centre
VRWS -Red Cordate White boarder with purple centre
VRWS 56-23 Hastate White boarder with purple centre
VRWS 57-23 Arrow head Pure white

VRWS58-23 Hastate White boarder with purple centre
Kashi Manu Arrow head Pure white

(Check)

Ipomoea aquatica genotypes during 2023 and 2024. These
parameters indicate the extent of genetic diversity and the
relative contribution of genetic and environmental factors
influencing trait expression (Table 3).

Genotypic and phenotypic coefficients of variation

The GCV and PCV values varied widely for different traits.
High GCV was recorded for internodal length (23.43%),
stem diameter at 30DAS (22.30%), leaf biomass yieId/mZ/
month (22.49%) and yield/plant/month (21.23%), indicating
substantial genetic variability. Moderate GCV was found for
days to 50% germination (14.17%), number of vines/plant
after 10 cuttings (14.15%), leaf length (13.83%) and leaf width
(13.88%), while other traits showed low GCV. Similarly, PCV
ranged from high in internodal length (24.16%) and biomass
traits (22.28-22.49%) to low in stem diameter at 10DAS
(6.54%). The close similarity between PCV and GCV for many
traits indicates minimal environmental influence and strong
genetic control. According to Johnson et al. (1955), such traits
are unchanging and reliable for selection.

Heritability

Heritability ranged from moderate to high. The high values
were noted for internodal length (94.05%), emergence of
vines during first harvest (92.83%), days to 50% germination
(91.40%) and biomass yield traits (>90%). Moderate
heritability was observed for plant height at 20DAS (57.19%),
days to first harvesting (53.12%) and number of nodes/plant
(50.06%). High heritability recommends strong genetic
determination and minimal environmental effects (Burton
& DeVane, 1953), suggesting that phenotypic selection for
such traits would be effective.

Table 3: Estimates of PCV, GCV, heritability and genetic advance for yield and its attributing traits in water spinach genotypes

Trait GCV (%) PCV (%) h2 bs (%) GA as % of mean
Days to 50% germination 14.17(M) 14.82(M) 91.40(H) 27.92(H)
Plant height in 10 DAS 4.6(L) 7.63(L) 36.40(M) 5.72(L)
Plant height in 20 DAS 6.38(L) 8.44(L) 57.19(M) 9.95(L)
Plant height in 30 days (cm) 8.22(L) 8.83(L) 86.58 (H) 15.75(M)
Stem diameter in 10 DAS (mm) 5.81(L) 6.54(L) 79.31(H) 10.78(M)
Stem diameter in 30 DAS (mm) 21.06(H) 22.30(H) 89.13(H) 40.96(H)
Days to 1st harvesting 5.17(L) 7.09(L) 53.12(M) 7.76(L)
Yield per plant/month 21.23(H) 22.28(H) 90.829(H) 41.68(H)
Yield/m2/month 21.42(H) 22.49(H) 90.71(H) 42.03 (H)
Emergence of vines during harvesting 6.93(L) 7.19(L) 92.83(H) 15.14(M)
No. of vines/plant (after 10 cuttings) 14.15(M) 17.36(M) 66.49(H) 23.785(H)
No. of nodes/plant 7.26(L) 10.26(M) 50.06(M) 10.58(M)
No. of cuttings/month 8.23(L) 8.87(L) 86.07(H) 15.74(M)
Leaf width(cm) 13.88(M) 15.90(M) 76.23(H) 24.98(H)
Petiole length(cm) 9.09(L) 10.44(M) 75.89(H) 16.32(M)
Leaf length(cm) 13.83(M) 15.96(M) 75.00(H) 24.67(H)
Internodal length(cm) 23.43(H) 24.16(H) 94.05(H) 46.81(H)
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Genetic advance

Genetic advance as a percent of average ranged from 5.72%
(plant height at 10DAS) to 46.81% (internodal length). High
GA was also observed for stem diameter at 30 DAS (40.96%),
leaf biomass yield/m*month (42.03%) and yield/plant/
month (41.68%) and days to 50% germination (27.92%). These
traits with high heritability and GA specify predominance
of additive gene action and so, direct selection would be
effective (Johanson et al., 1955). Traits such as plant height
at 10 DAS showed low GA despite moderate heritability,
showing non-additive gene effects and environmental
influence that may require hybridization/recurrent selection
(Burton & DeVane, 1953). Moderate heritability and GA for
plant height at 30DAS, stem diameter (30 DAS) and biomass
yield traits propose additive gene action with moderate
environmental influence (Guleria et al., 2009).

Conclusion

The study revealed significant genotypic variation among
water spinach genotypes for all growth and yield-related
traits under upland conditions, confirming the existence
of plenty of genetic diversity. High heritability and
genetic advance for traits such as internodal length, stem
diameter and leaf biomass yield suggest that these are
primarily governed by additive gene effects and therefore,
direct phenotypic selection would be effective for their
improvement. Genotypes like VRWS-32, VRWS-28, VRWS-
33, VRWS 41-23 and VRWS 42-23 established superior
performance and stability, making them promising
genotypes for selection and future breeding programs.
Overall, the results highlighted that systematic selection
strategies targeting highly heritable and yield-attributing
traits can effectively enhance the productivity and
adaptability of water spinach in upland cultivation systems.
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