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Abstract

A total of 21 genotypes of coriander were investigated under soil (geoponic) and soilless (hydroponic: nutrient film technique) environments, for
estimating variation, association and path analysis for different yield related attributes. The study was first of its kind in comparing hydroponic
and soil culture and observations revealed that the hydroponic growing system outperformed the geoponic system for yield as well as for most of
the important yield attributing characters. Markedly wide ranges in both phenotypic coefficient of variation (PCV) and genotypic coefficient of
variation (GCV) were noted for attributes such as leaf number, branch number/plant, leaf area and canopy spread, reflecting ample genetic
variability in the material studied. Likewise, these traits along with dry matter content and yield/plant showed high heritability further being
accompanied by substantial genetic gain, implying that additive genetic effects predominate and improvement through straight forward
selection would be highly successful. Yield/plant expressed significantly positive correlation with number of leaves/plants, number of branches/
plants, petiole length, leaf area, root length, plant spread, plant height, number of cuttings and chlorophyll content. Path analysis showed that leaf
number, branch production, leaf surface area, overall plant spread, cutting ability and chlorophyll level all contributed directly and positively to
yield/plant at both the scales. Their consistent influence suggests that these traits serve as strong indicators for selecting high-yielding coriander
lines.
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Introduction

space (10). Hydroponics has the benefits of preventing crop loss
due to attacks by soil-borne pests and salinity (11). Results from
several studies have confirmed that hydroponics outperforms
conventional soil-based systems in terms of increased yield per
area, greater planting density and improved efficient use of inputs
(3,12, 13). The higher yield obtained through hydroponics is due to
the controlled climatic conditions, which allows for continuous
crop production all year round (14). Hydroponic cultivation is
highly suitable for leafy coriander as it ensures precise nutrient and
water supply, promoting rapid and uniform vegetative growth
(2, 3). The shallow root system of coriander efficiently absorbs
nutrients in soilless conditions, leading to greater leaf biomass.
Stable growth conditions support quick regrowth after harvest,
enabling multiple cuttings. Soil-free production improves leaf
cleanliness and reduces pest and disease incidence. Additionally,
controlled environments help delay bolting, maintaining

Coriander (Coriandrum sativum L.; 2n=22) (Family: Apiaceae) a fast-
growing annual spice and aromatic plant, also known as Chinese
parsley or cilantro, is valued for its versatile use in the culinary
world (1, 2). The plant was originated in Mediterranean region
(3, 4). Depending on the climatic conditions, it can be grown as a
summer or winter annual. The total coriander production in India
during 2022-23 was 847000 metric tons covering an area of 638000
ha (5, 6). In Northern India, coriander is typically a rabi (winter)
crop. However, there is a high demand for its green leaves during
spring and summer, when the supply is limited. Consequently,
growing coriander in the summer (off-season) can provide
additional income for farmers (7, 8). Protected cultivation
technologies such as greenhouse cultivation and hydroponic
technology can be encouraged to achieve maximum herbage yield
year-round (9). The main advantage of hydroponic systems lies in
their efficient use of resources, particularly water and growing
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tenderness and higher leaf yield (6, 7). Conventional agriculture
that is based on soil cultivation places a strain on the planet’s
natural resources as it demands significant amounts of land and
water (15). The widespread use of pesticides and fertilisers in soil-
based farming contributes to different environmental problems
such as soil deterioration, increased greenhouse gas emissions
and groundwater contamination (1, 16, 17). Hydroponics can be a
practical solution to improve agricultural production, ensuring a
stable food supply chain. In regards to crop improvement in
coriander for leafy purpose, developing genotypes with high leaf
yield is an important breeding goal. An effective breeding program
relies on assessing the extent and nature of variability within
germplasm to identify superior lines possessing desirable yield and
quality traits, ultimately enabling the development of high-yielding
varieties. Therefore, evaluation and identification of coriander
cultivars suitable for production under hydroponics and protected
environments should be performed as there was no such study
conducted so far where coriander plants have been accessed in
hydroponic systems. In view of recent advancements, the current
study was undertaken to assess the performance of 20 coriander
accessions along with one local check variety and to assess genetic
components of variation, trait associations and path coefficients
for yield-related characteristics. Although the work has been done
in coriander but not much in the aspect of leafy coriander in
hydroponic system [nutrient film technique (NFT) system] and
naturally ventilated polyhouses. The comparative study has not
been done yet in leafy coriander for both the system. Therefore,
the study has been designed in such a way to cover broad
spectrum of leafy coriander growth and their yield potential in
both hydroponic system and naturally ventilated polyhouses.

Material and Methods
Experimental materials

The research was investigated at Vegetable farm Chaudhary
Sarwan Kumar (CSK) Himachal Pradesh Krishi Vishvavidyalaya
(CSK HPKYV), Palampur, Himachal Pradesh, India. A total of 20
accessions were sourced from ICAR-National Research Centre on
Seed Spices, Tabiji, Aimer (Rajasthan) along with one local check
i.e., Sangla Local for experimental material. The various accessions
with the source have been mentioned in Table 1.

Experimental layout

The experimental material, comprising 21 coriander genotypes,
was evaluated for different yield related traits by following
completely randomized design (CRD) consisting of 3 replications in
both a naturally ventilated polyhouse and a hydroponic system
(NFT system). The treatments were randomly allocated to each
experimental unit. In each replication, 5 plants of each line/
genotype were tagged randomly which were further used for
recording data. In protected and hydroponic cultivation, growth-
related measurements are generally recorded during the active
vegetative phase prior to harvest, whereas yield parameters are
assessed at the time of cutting or harvest.

Fertilisers application and fertigation

Within the hydroponic setup, crop growth was supported using a
Hoagland-based nutrient mix and the fertigation process was
adjusted according to fluctuations in the nutrient solution’s
electrical conductivity (EC) and pH levels. The values of electrical
conductivity and pH during the cropping period were maintained
for optimal growth and development of coriander. The EC ranged
from 1.4-1.8 mS/cm and pH range was 6.0-7.0. In polyhouse,
farmyard manure (FYM) was applied at 5 tons per hectare along
with nitrogen, phosphorous and potassium (NPK) (12:32:16) at
50:50:50 kg/ha as basal dose followed by fertigation with water
soluble fertiliser (19:19:19) at 2g/m? area. The fertigation started 3
weeks after germination and was done twice a week to maintain
healthy plants.

Observations recorded

Observations were recorded in each replication for traits including
number of leaves/plant, number of branches/plant, petiole length
(cm), leaf area (cm?), root length (cm), plant spread (cm?), days to
marketable harvest, dry matter content (%), moisture content (%),
yield/plant (g), plant height (cm), number of cuttings, total soluble
solids (TSS °Brix), ascorbic acid content (mg 100 g*), chlorophyll
content (mg g¥), leaf colour, stem colour and leaf margin. The final
resulted view of coriander under naturally ventilated polyhouse
and hydroponic system is shown in Fig. 1.

Statistical analysis

Genetic variability for the studied traits was assessed using the
procedure proposed by Burton and De Vane (18). Estimates of
heritability and the expected genetic gain were generated
according to Johnson et al. (19). Genotypic and phenotypic
correlation coefficients were assessed using the methodology
described by Al-Jibouri et al. (20), while path coefficient analysis
was carried out in accordance with the procedure proposed by
Dewey and Lu (21).

Results and Discussion

Under genotypic growing conditions, characters like leaf area, leaf
number/plant, branch number/plant and canopy spread exhibited
high levels of variability, with both phenotypic coefficient of
variation (PCV) and genotypic coefficient of variation(GCV)
exceeding 20 % (Table 2). Recorded moderate (10-20 %) for yield/
plant, dry matter, total soluble solids (TSS), root length, petiole
length, chlorophyll content, ascorbic acid content and plant
height, while low (<10 %) for number of cuttings, moisture and
days to marketable harvest. As presented in Table 2, the
hydroponic experiment showed that leaf area, number of leaves
and number of branches/plants recorded the highest levels of PCV
and GCV. Moderate variability was observed for traits like plant
spread, dry matter percentage, yield/plant, TSS, chlorophyll
concentration, petiole length and number of cuttings. Conversely,
traits such as root length, plant height, ascorbic acid content, days
to reach marketable stage and moisture content exhibited only
low PCV and GCV values. The estimates of heritability (broad

Table 1. List of coriander (Coriandrum sativum) accessions used in the study

Sl. No. Source Genotype
1 Warangal, Telangana 1C-398747,1C-570280
2 Lam, Guntur Andra Pradesh LCC-46, LCC-74, LCC-91, LCC-116, LCC-123, LCC-136, LCC-139, LCC-160, LCC-188, LCC-206, LCC-229
3 Jobner, Rajasthan UD-48, UD-62, UD-118, UD-523, UD-643, UD-714, UD-759
4 Sangla, Himachal Pradesh Sangla Local (C)
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Table 2. Estimates of parameters of variability for various traits in coriander under geoponic and hydroponic system

Traits Range GCV (%) PCV (%) h?,s GA (%)
Geoponic Hydroponic Geoponic Hydroponic Geoponic Hydroponic Geoponic Hydroponic Geoponic Hydroponic
E‘l‘;' n‘;f leavesper 13563588 20.41-4023  32.72 23.08 32.92 23.44 98.82 96.95 67.01 46.81
ggr' Slfazrf"d‘es 523-1436  8.35-17.48  28.26 21.22 28.46 21.35 98.62 98.75 57.81 43.43
Petiole length (cm) ~ 3.70-5.71  3.81-5.84 13.07 11.55 13.27 11.76 97.04 96.48 26.53 23.38
Leaf area (cm?) 50.20-184.85 55.44-221.09  43.70 36.39 43.89 36.64 99.15 98.65 89.64 74.45
Root length (cm)  11.34-19.50 14.53-20.27  13.26 8.86 13.75 9.70 93.06 83.38 26.35 16.67
Plant spread (cm?) 214.15-633.15 315.26-643.00  26.09 18.68 2631 19.00 98.35 96.63 53.30 37.82
Daystomarketable 53 60.26.60 22702600  2.78 453 4.44 6.12 39.08 54.78 3.58 6.91
Dry matter (%) 8.73-17.73  537-17.50  15.10 15.45 15.23 15.55 98.29 98.74 30.84 31.63
Moisture (%) 82.27-91.27 82.50-94.63  4.20 424 424 427 98.29 98.74 8.58 8.68
Yield/plant (g) 3.59-820  7.02-12.81  17.05 15.13 17.38 15.47 96.24 95.63 34.46 30.48
Plant height (cm) ~ 28.47-47.47 34.14-51.26  10.78 8.26 11.27 9.08 91.41 82.66 21.23 15.46
No. of cuttings 147213 2.00-3.20 7.96 11.11 8.98 11.71 78.68 89.95 14.55 21.70
TSS (°Brix) 463-753  5.60-8.36 13.62 13.45 14.13 13.81 92.86 94.86 27.03 26.98
Ascorbic acid
content (mg/100g) T1127117:56 926712301  10.93 7.73 11.49 8.53 90.55 82.16 21.42 14.43
Chlorophyll } )
content (mg/g) 142257  1.31-2.48 12.24 12.11 12.83 12.75 90.95 90.21 24.04 23.70
advance.

PCV: phenotypic coefficient of variation; GCV: genotypic coefficient of variation; h%.s: heritability in broad sense; GA: genetic

~,,‘..
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Fig. 1. Coriander under hi-tech nursery, naturally ventilated polyhouse and hydroponic system. (a) hi-tech nursery for geoponic polyhouse
environment; (b, ¢) Geoponic trial under naturally ventilated polyhouse; (d) hi tech nursery for hydroponic environment; (e) plant under
nutrient film technique (NFT) system; (f) plant in cocopeat jiffy supported with plastic net cups; (g) plant representing shoots and (h, i)
Hydroponic trial under hi-tech hydroponic nutrient film technique (NFT) system.

sense) in geoponic system varied from 39.08- 99.15 %. Heritability
values above 70 % were obtained for a wide range of traits,
including leaf area, leaf and branch numbers per plant, canopy
spread, dry matter and moisture levels, petiole length, yield per
plant, root length, TSS, plant height, chlorophyll concentration,
ascorbic acid content and the number of cuttings, indicating
strong genetic control over these characteristics. In contrast, days
to marketable harvest exhibited low heritability (<50 %). Broad-
sense heritability estimates under the hydroponic system ranged
from 54.78-98.75 % (Table 2). The high heritability observed for

these traits indicates minimal environmental influence and a
predominant role of genetic factors in determining their
expression, suggesting that selection based on the phenotypic
performance would be effective. These elevated heritability levels
suggest that additive genetic effects largely govern these traits,
indicating that they can be effectively improved through selection
in upcoming breeding efforts. However, heritability estimates
alone may not fully reflect the breeding value of a trait (22). Genetic
advance as a percentage of the population means (genetic gain)
varied from low to high across the studied traits. In the geoponic
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system, genetic gain ranged from 3.58-89.64% (Table 2). Genetic
advance exceeding 25 % was observed for leaf area, leaf count/
plant, branch number/plant, plant spread, per-plant yield and dry
matter content, indicating strong potential for improvement
through selection. Moderate genetic gain (15-25 %) was observed
for TSS, petiole length, root length, chlorophyll content, ascorbic
acid content and plant height, while low (<15 %) was noted for
number of cuttings, moisture content and days to marketable
harvest. Characters such as number of leaves and branches/plant,
leaf area, canopy spread, dry matter content and yield/plant
exhibited high heritability coupled with considerable genetic
advance.

In the hydroponic evaluation, the expected improvement
from selection, expressed as genetic advance relative to the
population mean, showed substantial variation among the
studied characters, with values extending from 6.91-74.45 %
(Table 2). The most pronounced genetic gains were recorded for
leaf area, number of leaves/plants, number of branches/plants,
plant spread, dry matter accumulation and yield/plant, indicating
strong potential for improvement through selection. Traits
including total soluble solids, chlorophyll content, petiole length,
number of cuttings, root length, plant height and ascorbic acid
content exhibited moderate levels of genetic gain. Characters such
as number of leaves and branches/plant, leaf area, plant spread,
dry matter content and yield/plant combined high heritability
along with high genetic advance, reflecting a predominant
contribution of additive genetic effects. This genetic behaviour
suggests that these traits would respond effectively to selection
based on phenotypic performance under hydroponic conditions.

The results recorded in the present investigation closely
align with earlier observations in coriander, who documented
comparable trends in genetic variability across various evaluated
attributes (23). Characters such as primary branches, secondary
branches and leaf yield/plot exhibited a favourable combination of
high heritability and moderate genetic advance expressed as a
percentage of the mean. This genetic pattern indicated that these
traits are predominantly under additive genetic control and
therefore respond efficiently to improvement through direct
selection. In contrast, traits including number of leaves per plant
(4.73 %) and days to germination (8.47 %) showed limited
variability, implying a narrower genetic base; nevertheless,
incremental gains through selection cannot be ruled out (23).
Further supporting these observations, characters such as number
of schizocarps per umbel and umbel diameter were associated
with high heritability estimates, whereas seed yield per plant
recorded the maximum genetic advance relative to the population
mean. Conversely, number of umbellate per umbel expressed the
lowest genetic advance (17). Among the yield-related traits, leaf
yield an economically important attribute was characterised by
high heritability (87 %) accompanied by substantial genetic
advance (48.93 %), confirming its reliability and effectiveness as a
key selection criteria in coriander breeding programs.

Correlation coefficient studies

Under the geoponic system (Table 3), correlation analysis divulged
that yield/plant was positively and significantly related to a wide
range of vegetative and physiological traits, including plant spread,
plant height, number of cuttings, number of branches and leaves/
plant, leaf area, root length, petiole length and chlorophyll
concentration. The number of leaves/plants expressed strong

4

positive associations with branching behaviour, leaf area
expansion, plant spread, root development, plant stature, number
of cuttings, petiole length and chlorophyll content, indicating its
central role in overall plant vigour. Likewise, number of branches/
plants was positively and significantly correlated with leaf area,
plant spread, root length, number of cuttings, plant height, petiole
length and chlorophyll concentration, reflecting coordinated
growth among these attributes. Petiole length showed significant
positive relationships with root length, number of cuttings, plant
spread, leaf area, plant height, chlorophyll concentration and
moisture content; however, it showed a significant negative
association with dry matter accumulation and ascorbic acid
content at the genotypic level. Leaf area was positively correlated
with plant spread, root length, number of cuttings, plant height
and chlorophyll concentration, emphasising its contribution to
photosynthetic capacity. Root length also displayed significant
positive correlations with plant spread, plant height, number of
cuttings and chlorophyll content. Plant spread itself was positively
associated with plant height, number of cuttings and chlorophyll
concentration, while plant height showed significant positive
relationships with number of cuttings and chlorophyll content. In
disparity, TSS had a significant negative association with plant
height. The number of cuttings was positively correlated with
chlorophyll content but showed a significant negative correlation
with TSS.

In the hydroponic system (Table 4), genotypic correlation
analysis demonstrated that yield per plant was significantly and
positively associated with plant height, plant spread, number of
cuttings, leaf area, root length, number of branches, number of
leaves/plants, petiole length, chlorophyll concentration and days
to marketable harvest. Conversely, ascorbic acid content showed
a significant negative relationship with yield per plant. The number
of leaves/plants exhibited strong positive correlations with
number of branches, leaf area, root length, plant spread, number
of cuttings, petiole length, plant height, chlorophyll content and
days to marketable harvest, while displaying a negative
association with ascorbic acid content. Similarly, number of
branches per plant showed significant positive relationships with
number of cuttings, leaf area, root length, plant spread, plant
height, petiole length, chlorophyll concentration and days to
marketable harvest, but was negatively correlated with ascorbic
acid content. Petiole length was positively associated with leaf
area, plant spread, root length, number of cuttings, plant height
and chlorophyll content, whereas it exhibited a negative
association with ascorbic acid. Leaf area showed significant
positive correlations with root length, plant spread, plant height,
number of cuttings and chlorophyll content, while maintaining a
negative relationship with ascorbic acid content. Root length
followed a similar pattern, being positively correlated with plant
spread, plant height, number of cuttings and chlorophyll
concentration and negatively associated with ascorbic acid. Plant
spread was positively correlated with plant height, number of
cuttings and chlorophyll content but negatively correlated with
ascorbic acid content. Plant height exhibited positive associations
with number of cuttings and chlorophyll content, alongside a
negative relationship with ascorbic acid. The number of cuttings
itself exhibited a positive correlation with chlorophyll content and
a negative correlation with ascorbic acid. Additionally, days to
marketable harvest displayed a significant positive association
with number of cuttings, while chlorophyll content and ascorbic
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acid content were negatively correlated at the genotypic level.
These observations are consistent with earlier findings in coriander
(C. sativum). Previous works reported strong positive correlations
of leaf yield per plot with plant weight, number of leaves per plant,
plant height and number of primary and secondary branches,
emphasising the contribution of vegetative growth traits to yield
improvement (23). The positive associations between plant
weight, number of shoots and leaf weight, with particularly strong
relationships between leaf weight and stem biomass (15).
Similarly, the increased leaf area and branching resulted in higher
leaf yield across varieties (24). The traits associated with enhanced
leaf growth rates and photosynthetic efficiency were positively
linked to yield performance (25), while another result confirmed
that plant height, leaf number and branching intensity are reliable
selection indices forimproving leaf yield in coriander (26).

Path analysis

Path coefficient analysis conducted at both phenotypic and
genotypic levels for the geoponic system is summarised in Table
5, illustrating the magnitude of direct and indirect contributions
of various attributes to yield per plant. At the phenotypic level,
plant spread emerged as the most influential trait with the
strongest positive direct contribution to yield, followed
sequentially by plant height, number of leaves per plant, number
of cuttings, leaf area, total soluble solids, days to marketable
harvest, ascorbic acid content and number of branches per
plant. In contrast, root length exerted the largest negative direct
effect on yield, followed by moisture content, dry matter
accumulation, chlorophyll content and petiole length. At the
genotypic level, the number of leaves per plant showed the
highest positive direct contribution to yield per plant, followed
by plant spread, ascorbic acid content, number of branches per
plant, root length and chlorophyll content. Conversely, the
strongest negative direct influence on yield was observed for
total soluble solids, followed by dry matter content, days to
marketable harvest, moisture content, number of cuttings, plant
height, leaf area and petiole length. With respect to indirect
effects in the geoponic system, phenotypic analysis revealed that
number of branches per plant, followed by number of leaves, leaf
area, plant height, root length and number of cuttings,
contributed the greatest positive indirect effects on yield through
plant spread. At the genotypic level, petiole length contributed
the highest indirect effect on yield via number of leaves per plant,
followed by number of branches per plant, number of cuttings,
root length, leaf area, chlorophyll content, plant height and plant
spread. The residual effects were low, with values of 0.1303 at the
genotypic level and 0.0597 at the phenotypic level, indicating
that the selected traits adequately explained variation in yield.
Path coefficient analysis for the hydroponic system is presented
in Table 6. At the phenotypic level, number of branches per plant
exhibited the maximum positive direct effect on yield per plant,
followed by plant spread, moisture content, dry matter, leaf area,
number of cuttings, root length, chlorophyll content and plant
height. In contrast, petiole length recorded the strongest
negative direct effect, followed by total soluble solids, ascorbic
acid content, days to marketable harvest and number of leaves
per plant. At the genotypic level, dry matter content exerted the
most pronounced positive direct effect on yield, followed by
moisture content, number of leaves per plant, leaf area, root
length, chlorophyll content, number of cuttings and number of
branches per plant. The largest negative direct effects were
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observed for total soluble solids, followed by plant spread,
petiole length, plant height and days to marketable harvest.
Regarding indirect contributions under hydroponic conditions,
phenotypic analysis showed that number of leaves per plant had
the strongest positive indirect influence on yield through number
of branches per plant, followed by leaf area, plant spread,
number of cuttings and root length. At the genotypic level, total
soluble solids, chlorophyll content and ascorbic acid content
exhibited the highest positive indirect effects on yield through
dry matter accumulation. Residual effects were minimal, with
values of 0.0068 and 0.0624 at genotypic and phenotypic levels
respectively, indicating a strong explanatory power of the model.
Overall, the results demonstrate that yield is largely governed by
a few key traits that exert strong direct effects, while other
characters contribute indirectly through their associations with
these major components. Traits influencing leaf biomass and
shoot development play a central role in determining yield
performance. Consequently, these characters should receive
priority in selection strategies aimed at improving yield and
associated traits. Path coefficient analysis thus serves as a robust
analytical tool for dissecting complex trait relationships in
coriander (C. sativum), enabling breeders to distinguish between
traits with true causal effects and those with secondary
influences. Supporting this interpretation, early results reported
that plant height and number of branches had major direct
effects on leaf yield in coriander, while leaf area influenced yield
indirectly through its interaction with these traits (27). Similarly,
the trait number of branches per plant was the most decisive
direct contributor to leaf yield, whereas plant height and leaf size
primarily affected yield through their impact on branching
patterns (28). These findings collectively underscore the
importance of prioritising traits with strong direct effects in
coriander breeding programs.

Conclusion

The existence of substantial genetic variability among the
evaluated coriander genotypes provides a strong foundation for
targeted improvement under protected cultivation. Traits such
as number of leaves per plant, number of branches per plant, leaf
area and plant spread exhibited high variability along with high
heritability and genetic advance, indicating that these characters
can be reliably improved through direct phenotypic selection.
For plant breeders, this suggests that simple selection strategies
focusing on these traits can lead to rapid genetic gains,
particularly for yield improvement in controlled environments.
The predominance of additive gene action further implies that
early-generation selection would be effective, reducing time and
resource requirements in breeding programs. From a grower’s
perspective, the strong positive association of yield per plant
with morphological and physiological traits such as plant spread,
number of cuttings, chlorophyll content and leaf area highlights
practical indicators for identifying high-performing genotypes.
Selection of varieties expressing vigorous vegetative growth and
higher chlorophyll content can enhance productivity, especially
in protected structures and hydroponic systems where uniform
growth and repeated harvests are crucial. Path coefficient
analysis confirmed that several of these traits directly influence
yield, reinforcing their value as reliable selection criteria. Given
that earlier research has focused on open-field cultivation, the
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present study fills an important gap by identifying yield-
determining traits specifically suited to protected agriculture.
The results provide actionable guidelines for breeders in
developing environment-specific coriander varieties and for
growers in choosing suitable genotypes and management
practices to maximise yield and resource-use efficiency under
controlled growing conditions.
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