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ABSTRACT

Sindh is the main hub of Ispaghol cultivation due to its sandy soils and dry winter climate for its expansion. However,
scanty information is available concerning to morphology and genetic variability of Ispaghol genotypes. Focusing these
outlines, a study was conducted during 2023-24 at Sindh Horticulture Research Center, Mirpurkhas (Sindh) Pakistan.
Under this study, it was tried to screen out the high-yielding variety for improving Ispaghol yield in Sindh. Results of
present study indicated that there was a great variability for morphological, physiological, yield parameters Ispaghol
genotypes under Mirpurkhas conditions for studied year (2023-24). The mean performance of these genotypes for all the
morphological and yield attributing characters showed significant variation among the different genotypes for different
parameters. The main conclusion arising from this study is that the on the basis of seed yield per plant IELF-1, IELF-2,
IELF-3 and IELF-4, can be chosen for commercial cultivation in Sindh conditions over to Gulabi. However, overall
analysis of all the germplasm in terms of morpho-physiological and yield attributing parameters clearly reveals that the
IELF-1 and IELF-2 were found to be the best in the agro-climatic condition of studied location. Thus, IELF-1 and IELF-2
can be taken for the further investigation for commercial Ispaghol cultivation by the breeder. Therefore, it may be

recommended for commercial cultivation of ispaghol under Indus Delta Zone of Pakistan.
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INTRODUCTION

Ispaghol (Psyllium) is the most important crop for medicinal
and industrial uses. It is cultivated primarily for their seed,
husk, and mucilage, which have widespread applications in
medicine, diet, and industry (Deokar, 2016; Tyagi et al.,
2016), both seed and husk are used to treat constipation,
gastrointestinal irritation, and to regulate cholesterol and
diabetes. Clinical evidence confirms that Isapgol moderates
postprandial ~ glucose  levels, supporting  diabetes
management, while its high fiber content enhances satiety
and aids in weight control. It is also used in curing of
chronic dysentery, diarrhea, duodenal ulcer, constipation
and piles (Arya et al.,, 2021). Ispaghol is successfully
growing in different climatic zones of Sindh province (Shah,
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2020) and is the main hub of Ispaghol cultivation due to its
sandy soils and dry winter climate for its expansion (Akhtar
etal., 2019; Arya et al., 2021).

Being a high-value medicinal crop, its cultivation area
(estimated under 6,000 acres) and production (only 600-800
kg ha™) in Pakistan is very small compared to India (up to
1.5-2 t ha™) (Amanullah et al., 2016; PFI, 2018; Sher &
Khatoon, 2018). The major factors responsible for low crop
yield include the use of low-yielding indigenous varieties,
poor quality seed, and limited availability of improved
genotypes. Improving Ispaghol yield in Sindh requires
strategies: adoption of improved varieties for high-yielding
(Bafra et al., 2011) and disease-tolerant genotypes (e.g.,
exotic varieties), sowing on most suitable sowing time
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(Ahirwar et al., 2015) and method (Kang, 1993), explore
bio-fertilizers (Azotobacter, PSB) to enhance nutrient
uptake, applying balanced fertilization & irrigation, by
effective weed/pest management, timely harvesting to
prevent losses, incorporate farmyard manure (FYM) to
improve soil structure and water retention, use mulching to
conserve moisture in dry Sindh areas, introducing
mechanized harvesting and threshing to reduce losses
(Anwar & Rabia, 2017).

Introducing and adopting exotic varieties is a strategic
approach to achieve higher yield and improved productivity
in agriculture (Jat et al., 2015; Kirti & Arya, 2019). Exotic
varieties are often developed through advanced breeding
programs and possess superior traits such as higher yield
potential, better adaptability to diverse environments,
tolerance to biotic and abiotic stresses, and improved quality
characteristics. Exotic varieties should be introduced and
adopted because indigenous varieties often have lower yield
potential and limited responsiveness to improved agronomic
practices (Repsiene, 2001; Rehana et al., 2012). While local
varieties are well adapted to traditional conditions, they may
not meet the increasing demand for higher productivity and
market competitiveness. In contrast, exotic varieties are
developed for superior yield, uniformity, and better quality
traits, making them more suitable for commercial
cultivation (Lockyer & Nugent, 2017). Moreover,
introducing exotic varieties promotes genetic diversity,
supports  sustainable agricultural intensification, and
contributes to food and nutritional security under changing
climatic conditions. Therefore, replacing or supplementing
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low-yielding indigenous varieties with high-yielding exotic
ones can significantly enhance crop production, improve
farmers’ income, and support sustainable agricultural
development (Hazra et al., 2008; Jat et al., 2015; Khan et al.,
2018). Their adoption can help overcome the yield
limitations of local cultivars, meet increasing market
demand, and enhance farmers’ income. When properly
evaluated under local agro-climatic conditions and
supported by suitable management practices, exotic varieties
can significantly contribute to sustainable crop production,
food security, and overall agricultural development.

MATERIALS AND METHODS

Plant materials and location

A study was organized during 2023-24 at Sindh Horticulture
Research Center, Mirpurkhas (Sindh) Pakistan to find out the
high-yielding variety for improving Ispaghol quality and yield
under semi-arid conditions of Sindh. The experimental was
conducted at Sindh Horticulture Research Center,
Mirpurkhas, lying on the 25°31'39.3"N 69°00'50.6”"E with
55-60 meters elevation above sea level which is located in
the southeastern quadrant of Sindh (Figure 2). It lies in the
semi-arid climate with hot summers (up to 45 °C) and mild
winters (rarely below 6 °C). Average rainfall is 150-250 mm
annually, concentrated in monsoon (July—September). Soils
are highly fertile Alluvial, clay-loam to sandy-loam structure,
making it Southern Irrigated Plain Agro-Ecological Zone
(AEZ) of Pakistan part of the Lower Indus Basin (Anwar &
Rabia, 2017; Brendan, 2024; Jour et al., 2021; Pervez et al.,
2010; Rehana et al., 2012; Uzma et al., 2010).

INDH MAP IN PAKISTAN

Figure 1: The geographical map representing the studied experimental field.
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The experiment was laid out in Randomized Complete
Block Design (RCBD), replicated thrice. For good crop
stand, soil was crosswise plowed with a five-share plough
followed by levelling to get fine tilth. After conducting
soaking dose, in conditioned soil, ploughing was done
with Disc harrow followed by rotavator. Seed of four
exotic genotypes: IELF-1, IELF-2, IELF-3, IELF-4
(received from Ayoub Agricultural Research Institute,
Faisalabad) and Local Check (Gulabi) were sown on 15"
November, with 2-2.5 kg acre™ seed rate though drilling in
9 cm row length at 30 cm spacing apart rows and spaced
5cm apart for better crop management. Nitrogen in two
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splits (first at the time of land preparation and second at
the time of second irrigation) and a full dose of
Phosphorus was applied. Three irrigations at 20, 50 and
80 days after sowing and three weeding at 15, 40 and 80
days after sowing were conducted.

Weather variables

An eye was kept to check four basic meteorological
indicators  minimum  temperature  (°C), maximum
temperature (°C), relative humidity (%) and rainfall (mm)
during growing seasons of the experimental cite. The data
was collected from National Meteorological Observatory
station Tandojam and presented in the Figure 2.
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Figure 2: Weather variables of growing season of experimental location.

Soil analysis

Soil is a natural body with a wide range of physical,
chemical, and biological characteristics that determine its
fertility and productivity of soil. To check soil physic-
chemical properties like pH, EC (dS m™), organic matter
(%), total N (%), available P (mg kg), extractable K (mg
kg™) soil samples were collected randomly at the depths of
0-15 cm from experimental site during studied year with the
help of stainless steel auger.

Growth and yield attributes

The crop was harvested in the month of March when the
spike turned reddish-brown colour and lower leaves dried
up, at the time of maturity five fully mature plants were
randomly selected and tagged from each genotypes as a
sample for collecting data of different yield attributing
characters viz. plant height (cm), tillers (m?), days to
maturity, spike length (cm), spikes plant®, seeds spike™,
seed index (1000-grain wt., g), seed yield plant™®, seed yield
(kg ha™) and husk yield (kg ha). For the observations of
seed vyield (kg ha™) and husk yield (kg ha™), seed was
harvested from net plot area (15 m?) and weighed. The husk
from the seeds was separated and weighed separately. The
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yield hectare™ was calculated by using the net plot yield and
the husk recovery was (Tyagi et al., 2016).

Statistical analysis

Three samples from each genotypes were analysed from the
all replications  during  studied  years, the sample
results were reported as the mean + standard deviation (SD).
Means were compared using Tukeys’ HSD test (P <0.05).
To test the significant differences among means of various
attributes, analysis of variance (ANOVA) was employed to
measure significant differences between and within
genotype (Gomez, 1984).

RESULTS

Under this study, it was tried to screen out the adoption of
high-yielding exotic varieties for improving Ispaghol yield
in Sindh. The mean performance of these exotic genotypes
and local check for all the morphological, yield and quality
attributing characters are presented in subsequent tables
(Table 2, and 3 and Figure 3).

Physical characteristics of Soil

Physical characteristics of soil is presented in Table 1, soil
was Sandy Loam in texture, with 1.5% OM, according to
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the findings. Chemically, soil had 8.5 pH with 0.59
nitrogen%, 0.037 mg kg* phosphorus, 2.33mg kg™
potassium. Generally, electrical conductivity (EC) was 2.33
EC (dS m™) during studied year.

Weather variables

According to the data of both growing seasons (Figure 2),
the mean maximum temperature ranged was between 23-

Table 1: Physical characteristics of experimental field.

DOI: 10.56810/jkjagri.005.03.0298

34°C, while the mean minimum temperature was varied
from 7-16°C. The total rainfall received during the season
was 1.5 mm. Relative humidity remained moderate,
averaging 63%, which created favorable conditions for crop
growth. The average sunshine duration was about 10.5
hours per day, ensuring adequate solar radiation for
photosynthesis.

Location Depth Texture pH EC (dSm™) OM (%) Total N P(mgkg?) K (mgkg?)
(cm) (%)
Horticulture sandv Loam
Research Center, 0-15 Syoil 8.5 2.33 0.9 0.59 0.037 2.33

Mirpurkhas

Morphological Parameters

Height of plants was ranged from 28.6 to 32.0 cm with
average mean value of 30.3 cm, the Coefficient of
variation of varieties for plant height was 39% (Table 2).
The data revealed that amongst four varieties under study,
the tallest plant (~32.0 cm) was IELF-2 and the shortest
was Gulabi with ~28 cm plant height as compared other
varieties (Table 3). The maximum number of tillers plant™
was exhibited in the variety IELF-2 (7.9) followed by

IELF-1 (7.1) while as minimum value was observed in the
variety Gulabi (5.1) during the experiment (Table 3). The
C. Variation for tillers plant™ was 39.9% during studied
year. The variety IELF-1 got more days (132) to get
matured as compared the remaining varieties, while as
Gulabi was early maturity with 125 days. Matureness of
tested varieties was ranged from 100-132 days with
average mean value of 115. The Coefficient of variation
for crop maturity was 49% (Table 2).

Table 2: Mean + SE of morphological and yield characters of ispaghol varieties.

Yield Parameters Mean Range CV% ANOVA
Plant height 30.30 £ 0.15 28.6-32.0 39.9 *
Tillers (m) 6.15+ 1.11 5.1-7.9 55.59 ok
Days to maturity 115+ 1.34 100-132 49.9 *x
Spike length(cm) 4.02 +0.99 4.97-5.34 77.99 NS
Spikes plant™ 27.37+1.70 22.4-38.7 69.07 NS
Seeds spike™ 85.00 + 4.10 85.0-98.9 60.57 *x
Seed Index (g) 2.17+0.12 1.98-2.26 75.12 Fekk
Seed Yield plant™ 4.66 + 0.49 4.6-5.9 36.02 dekede
Seed Yield (Kg ha™) 1152.63 + 2.60 898.2-1275.7 71.00 el
Husk Yield (Kg ha™) 248.0+6.1 170.5-337.0 82.43 *x

Ispaghol variety IELF-1 produced longest spike (5.35 cm)
and showed stability for this morphological trait as
compared to remaining varieties and Gulabi and variety
IELF-3 (£4.97 cm) during studied year (Table 3). Range for
spike length was from 4.98 to 5.35 cm with average mean
value of 4.02 cm. The Coefficient of variation of varieties
for spike length was 77% (Table 2). During the studied year
the range for spikes plant™ from 22.4 to 38.7 with average
mean value of 27.37. The Coefficient of variation for spikes
plant™* was 69% (Table 2). The maximum number of spikes
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plant™ (38.7) was recorded for IELF-2 variety followed by
IELF-1 (32.1), while the minimum number of spikes plant™
was observed in Gulabi (22.4).

Yield Parameters

Seeds spikes™ was ranged from 85.0 to 98.9 with average
mean value of 85.0 with 60% coefficient of variation for
seeds per spikes™ (Table 2). As shown in Figure 3, the
maximum number of seeds spikes® was found in exotic
varieties as compared to Gulabi during growing season.

The highest total seed yield (1275.6 kg ha™) weighted from
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variety IELF-1 followed by IELF- 2 during while the lowest
yield was recorded by Gulabi (898.2 kg ha™) during the
growing season. Range for seed yield was from 898.2 to
1275.7 kg ha™* with 71% Coefficient of variation (Table 2,
Figure 3). According to findings, the husk yield has
recorded significantly maximum (170.5 to 337.0 kg ha™) in
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ispaghol varieties with mean value of 248 kg ha™ while as
the lower seed and husk was recorded from local Gulabi.
The Coefficient of variation of for husk yield ha™ was 82%
(Table 2). Husk recovery, as revealed from ANOVA
suggesting the existence of high genetic variability among
different genotypes for the trait studied.

Table 3: Comparison of ispaghol varieties for quantitative parameters.

Ispaghol Varieties  Plant height (cm)  Tillers plant™

Days to Maturity Spike Length (cm) Spikes plant™

IELF-1 31.14 £ 3.05 7.1+0.08 132 +20.15 5.35 + 0.14 32.1+1.05
IELF-2 32.01+ 1.0 7.9+ 057 123 +30.01 5.12 +0.84 38.7+0.21
IELF-3 29.11+ 1.30 6.7+ 1.1 110 +20.11 498 +1.12 277+ 1.1
IELF-4 31.05+0.05 6.9 +0.27 100 +£16.01 5.07+1.22 25.9+0.02
Gulabi 28.60 + 0.02 5.1+ 0.22 125 + 25.37 4.97 +0.08 224 1.1
Seeds/spike 1800
1600
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Figure 3. Comparison of ispaghol varieties for qualitative parameters.

Thousand seed weight (seed index), which is very important
yield component, showed variation among the varieties. It
ranged between 1.98 g to 2.26g with average mean 2.17g
(Table 3, Figure 3). The lowest 1000 (thousands) seeds
weight was recorded in Gulabi (1.98 g). The Coefficient of
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variation for seed index was 65% (Table 2). According to
the findings presented in Figure 3 and Table 2, varieties
promising better seed yield plant™ ranging from 4.6 t0 5.9 g
plant™ with average mean value of 4.66g for studied year.
The Coefficient of variation of ispaghol varieties for seed
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yield plant™ was 75 % (Table 2).

DISCUSSION

Ispaghol is commercially an important crop with different
uses. However, scanty information is available concerning to
morphology and genetic variability of Ispaghol and its
exotic genotypes. Sindh is the main hub of Ispaghol
cultivation due to its sandy soils and dry winter climate for
its expansion. Focusing these outlines, a study was
conducted during 2023-24 at Sindh Horticulture Research
Center, Mirpurkhas (Sindh) Pakistan. Under this study, it
was tried to screen out the high-yielding exotic varieties for
improving Ispaghol yield in Sindh. According to the results
of present study that, there was a great variability for
morphological (Table 3) and yield parameters (Figure 3) in
Ispaghol genotypes. The mean performance of these
Ispaghol genotypes for all the morphological and yield
attributing characters are presented in subsequent tables,
showed significant variation among the different genotypes
for different parameters. This type of variance between
various genotypes in Ispaghol for different characters have
also been reported by (Reager et al., 2017).

The relationship between soil and Ispaghol is very important
because soil characteristics directly affect its growth, yield, and
husk quality (Nagaraju, 2018; Rajesh et al., 2021). According to
findings, studied soil had Sandy Loam texture (Table 1), which
refers to the relative proportion of sand, silt, and clay particles
in soil. The type of texture influences soil structure, porosity,
bulk density, and water-holding capacity. Organic matter
content also plays a crucial role in improving water retention,
aggregate stability, and fertility level of soil, 2-5% availability
of OM in soil are considered as fertile soil for crops (Ahirwar et
al., 2015). Studied soil containing 0.9% OM, which shows the
deficiency of essential elements in soil. Pakistan and other
South Asian regions, many cultivated soils have less than 1%
OM, which is considered very low, so organic amendments
(manure, compost, green manuring) are strongly recommended
(Ali, 2017; Ladjevardi et al., 2015). Chemically, soil was with
8.5 pH which reflects the soil’s ability to hold and exchange
essential nutrients (Hazra, 2008). In studied soil, total
nitrogen% was 0.59, 0.0.037 and 2.33 mg kg™ phosphorus and
potassium were recorded respectively. Generally, electrical
conductivity (EC) was 2.33 (dS m™) during studied year.
Electrical conductivity (EC) of soil tells about the level of
soluble salts or salinity so soil was non saline. According to our
soil study findings, the soil was found to be physically and
chemically suitable for Ispaghol cultivation.

The atmospheric conditions influence crop growth, soil
processes, and overall ecosystem functioning. The most
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important variables include temperature (°C), rainfall (mm),
relative humidity (%), and day length (h.m). Temperature
regulates plant metabolic activities, while rainfall is the
primary source of soil moisture and determines water
availability for crops. Relative humidity influences
evapotranspiration and pest or disease incidence, whereas
day length directly affects photosynthesis and plant
development. Together, these weather variables provide a
comprehensive understanding of the climatic conditions of a
region, which is essential for agricultural planning, crop
selection, and management practices (Omidbaigi &
Mohebby, 2012; Patel & Borad, 2016). Overall, the
prevailing weather conditions at experimental location were
favorable for crop establishment and growth, with suitable
ranges for field Ispaghol production (Figure. 2).

According to the result presented in Table 3 that amongst
five genotypes under this study, the tallest plant (~32 cm)
was IELF-2 and the shortest was Gulabi with ~28 cm plant
height. This variation might be due to genetic constituents of
genotypes, healthy root development and agro-climatic
conditions. Besides these, the greater availability of nutrients
in soil due to integrated fertilizer application through
inorganic and organic sources might possibly have enhanced
meristematic activity leading to increased plant height and
dry matter accumulation (Table 1). The mean performances
between various genotypes of Ispaghol for number of tillers
plant® was ~6 with range 5.1 to 7.9 (Table 2). These
findings were also supported (Hendry & Daulay, 1992). The
ispaghol genotype IELF-1 got more days (132) to be
matured as compared the remaining exotic genotypes, while
as Gulabi was early maturity (125 days) variety over all
tested material during studied year. The mean performances
between various genotypes in Ispaghol for days taken to
maturity have also been reported (Dubey et al., 2009). This
might be due to individual varietal characters.

Exotic genotype IELF-1 produced longest spike (5.35 c¢cm)
and showed stability for this morphological trait as
compared to remaining genotypes during studied year (Table
3). Similar results in case of spike length was also reported
by Dubey et al. (2009). The maximum number of spikes
plant™ (38.7) was recorded for IELF-2 genotype followed by
IELF-1 (32.1). The improvements in yield attribute
characters are correlated with improved cultural practices,
management and balanced nutrient application (Rajesh et al.,
2021; Sangan et al., 1992; Sharma & Garg, 2002; Sharma,
2004; Sharma & Ratnoo, 2013; Nagaraju, 2018).

The mean performances between various genotypes in
Ispaghol for seeds spikes™ has also been reported by Dubey
et al. (2009). As shown in Figure 3, the great variability for
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seeds spikes® was found in genotypes during growing
season. The highest total seed yield (1275 kg ha™) weighted
from ispaghol genotype IELF-2 while the lowest yield was
recorded by Gulabi (898 kg ha™) during studied year (Table
2, Figure 3). The husk vyield has recorded significantly
maximum (170.5 to 337.9 kg ha™) in five genotypes with
mean value of 248 kg ha™. The maximum husk yield might
be due to higher plant population per unit area and adequate
supply of organic and inorganic fertilizer and FYM to plants
in balanced proportion increased seed and husk vyield
(Amanullah et al., 2016; Thanki & Talati, 1983). The
increased seed and husk yield might be due to better
nutritional status of the crop in the soil as evidenced by their
uptake in the plant (Bafra et al., 2011; Jadhav et al., 2008).
The optimal availability of OM and fertility level with good
management, may have accelerated various physiological
processes in the plant, resulting in increased growth and
yield parameters, as well as increased seed and husk yield
(Jain & Paul, 2011; Sharma & Ratnoo, 2013; Zhang et al.,
2019). The differences in number of spikes per plant,
number of seeds per spike and seed index in different
genotype might be due to variation in germplasm, proper
vegetative development and also for differences in soil and
agro-climatic condition. The higher vyield of promising
genotypes might be due to higher number of branches,
which leads to the production of a greater number of spikes
per plant that directly affect the production of higher seed
yield (Beniwal et al., 2007; Bafra et al., 2011; Jadhav et al.,
2008). Thousand seed weight (seed index), which is very
important yield component, showed variation among the
genotypes. It ranged between 1.98 g to 2.26g with average
mean 2.17g in both years.

CONCLUSION

The main conclusion arising from this study is that the on
the basis of seed yield per plant IELF-1, IELF-2, IELF-3
and IELF-4, can be chosen for commercial cultivation in
Sindh conditions over to Gulabi. However, overall analysis
of all the germplasm in terms of morpho-physiological and
yield attributing parameters clearly reveals that the IELF-1
and IELF-2 were found to be the best in the agro-climatic
condition of studied location. Thus, IELF-1 and IELF-2 can
be taken for the further investigation for commercial
Ispaghol cultivation by the breeder. Therefore, it may be
recommended for commercial cultivation of ispaghol under
Indus Delta Zone of Pakistan.
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