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Abstract

Soil pH less than 7 and non-availability of organic matters effects the availability of Zinc (Zn) in the soil. Due
to the deficiency of Zn, a plant possibly becomes yellow and led to senescence causing chlorotic dieback.
Therefore, an experiment was carried out to investigate the effects of foliar application of zinc sulphate on
flowering and seed production of flax. Various concentrations of Zinc Sulphate i.e., 0.5%, 1.0%, 1.5% and 2.0%
were applied at various times i.e., 40, 50, 60 days after sowing. The experiment was laid out in Randomized
Complete Block Design (RCBD) with split plot arrangement having two factors, repeated three times. The
results revealed that both the zinc sulphate concentrations and application time significantly influenced the
growth and flowering variables of flax. Maximum value of plant height (79.6cm), stem diameter (4.4mm),
number of tillers plant (12.6), number of branches plant (35.3), days to flowering (776.7), number of flowers
plant? (252.3), number of capsule plant? (227.2), number of seed capsule (8.2), 1000 seed weight (8.0g)
were observed with 2.0% zinc sulphate application. However, application of time, 60 days after sowing
resulted in maximum plant height (78.0 cm), stem diameter (4.5mm), number of tillers plant (10.6), number
of branches plant? (32.2), Days to flowering (73.3), number of flowers plant? (219.2), number of capsule
plant (189.9), number of seed capsule (77.6) and 1000 seed weight (7.5g). It was concluded that flax plants
could be sprayed at 2% zinc sulphate after 60 days of sowing for better growth and quality flower and seed
production under the agro-climatic conditions of Peshawar- Pakistan.

* Corresponding Author: Abdul Basit D< mashalhort97@aup.edu.pk
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Introduction

Several factors affect the availability of Zn to soil but
most common factors are soils which have PH> 7 and
less organic matter. In such conditions, Zn deficiency
could be overcome by the foliar application of zinc
(Cakmak, 2008). Due to zinc deficiency, several
problems occur but the most common one is Chlorotic
dieback. The plant led to senescence when become
yellow where zinc deficiency continues. Delay in lower
nodes formation is mainly caused due to zinc
deficiency (Franzen, 2004). Zn deficiency is much
common in flax plant and occurs mostly in the soil
having very low temperature and or high pH. This
vulnerability of flax to Zn deficiency is correlated with
the application of phosphorous (Jiao et al., 2007). Flax
(Linum usitatissimum L.) is locally known as “Alsi”, a
member of linaceae family. The life span of flax plant is
annual with shallow root system. Flax grows best in
areas with a relatively hot weather free from frost, with
adequate humidity (Dillman and Goar, 1937). Different
oilseed and fibre cultivars of flax are developed (Millam
et al.,, 2005). Linum varieties are developed basically
for the purpose of oil and have maximum secondary-
branches and seed capsules. Flax is also utilized for
fibers and showy flowers (Amit et al., 2010). Flax
produces short fibers and long-line and it is one of the
sources of industrial fibers (Van-Sumere, 1992). The
omega-3 fatty-acids, mainly Docosahaxaeoic acid
(DHA) developed from flax fiber, are essential
compounds for nervous system and optical
development in infants (Uauy et al., 1996). Flax oil has
an important role in blood-clotting and in control of

blood-pressure (Kinsella et al., 1990).

Flax is mainly cultivated through-out the Pakistan
particularly in Punjab and Sindh provinces. In
Pakistan several limitations affect the yield of flax
crop like improper application of micro and macro
nutrients, poor soil fertility and its competition with
different other crops. Pakistan spends huge amount
of the national economy on import of edible oil, which
needs to be reduced with the production of
indigenous oil crops such as flax (El-shahawy et al.,
2008). For this purpose, nutrient management is
important. Oil seed crops not only require macro

nutrients but production of quality oil can be
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enhanced with the application of micro nutrients
(Rehm and Sims, 2006). Among these nutrients, Zinc
has key role in improving yield and quality of oil seed
crops (Gangloff et al., 2002). Several factors affect the
availability of zinc to the plants but one of the most
common factors is pH, which affect zinc availability
where the soil pH is more than 7. In such conditions
the deficiency of zinc could be overcome by the foliar
application (Cakmak, 2008). Grant et al. (2000)
reported that different factors such as soil pH,
environment, fertilizer management and cultivars are
the biggest issues governing Zn uptake by flax.
Several scientists have stated that the use of Zn
fertilizers minimized Zn deficiency in plants (Kadar et
al., 2003), but few scientists have associated the
comparative efficacy of applying different sources of
zinc to flax.Due to numerous benefits of flax an
experiment with objective tofind out the influence of
Zinc sulphate and time of applicationon growth, yield
and quality, of flax plant.

Materials and methods

An experiment on the effect of zinc sulphate
concentrations on flowering and seed production of
flax (Linum usitatissimum L.) was carried out at
Horticulture Research Farm, The University of
Agriculture Peshawar (located at 34°N latitude, 71°E
longitude with an altitude of 350 m above sea level and
has a sub-tropical climate) during 2017-2018. The trial
was laid out in Randomized Complete Block Design
(RCBD) with two factors in split plot arrangements.
There were two factors ie., Zinc sulphate
concentrations and Time of foliar application. Zinc
sulphate concentrations were kept in subplots whereas
time of its foliar application was kept in main plot.
Treatments were repeated three times. All cultural
practices including irrigation, hoeing, weeding, etc.

were kept uniform throughout the study.

Factors studied during the study are as follow:
Factor-A (Main plot) Factor B (sub-plot)
Time of foliar application Zinc sulphate
(Days after sowing) concentrations (%)

Ti:40 Ci=0

T2:50 Cz-0.5

Ts3:60 C3=1.0
Cy4-1.5
Cs= 2.0

463 | Ahmad et al.



Studied attributes

Data were recorded on the following parameters.

Number of leaves plant?
Five plants from each treatment were selected
randomly and data were recorded on the number of

leaves and then their average was determined.

Plant height (cm)
Random selection of five plants from each treatment
was done using measuring tape from base to the tip of

the plants and their average was worked out.

Stem diameter (mm)
Digital Vernier calliper (DVC) was used for taking
data on stem diameter of five randomly selected

plants in all treatments.

Number of branches plant™
For number of branches of five plants from each
treatment of the replications was counted and their

mean was recorded.

Number of tillers plant™
For number of tillers five plants from each treatment
were counted in randomly selected plants in each

replications and finally their average was measured.

Days to flowering

Total number of days to flowering were counted from
sowing up to initiation of flowering in five randomly
selected plants in each treatment of the replications

and their mean was recorded.

Number of flowers plant™
Number of flowers were counted in five plants selected
randomly in each of the treatment from different

replications and their average was calculated.

Number of capsules plant

The data were recorded by counting the number of
capsules in five plants selected randomly from each
treatment of the three replications. Then their means

were measured.

Number of seeds capsule™
Data was recorded by collecting capsules from 5 plants
from each treatment and replication, threshed manually,

seeds were counted and average was worked out.
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1000-seeds weight (g)
From each treatment of the replications, 1000 seeds

were taken and weighed in grams by digital balance.

Statistical analysis

The collected data was subjected to Analysis of
Variance (ANOVA) by using randomized complete
block design (RCBD) as suggested by Gilani et al.,
2018). For significant data, least significant difference
test was applied for mean comparison by using
package  Statistix
Tallahassee FL, USA (Basit et al., 2018).

statistical ~ software 8.1Inc,

Results

Plant height (cm)

Plant height was significantly influenced by ZnSO,
concentration and their time of application, whereas
the interaction of ZnSO, concentration and their time
of application had no significant influence on plant
height of flax plant (Table 1). In case of zinc sulphate
concentrations, taller plants (79.6cm) were observed
when the plants were treated with 2.0% zinc sulphate,
followed by the effect of 1.5, 1.0 and 0.5% zinc
sulphate which produced the plants of 76.0, 73.9 and
67.8cm height respectively. Minimum plant height
(63.6cm) was found in the control treatment
(untreated plants) (Fig. 4). Data pertaining to time of
foliar application showed that treatment of plants
with zinc sulphate after 60 days of sowing resulted in
taller plants (78.0cm) whereas, shortest plants
(67.1cm) were observed with the application of zinc
sulphate after 40 days of sowing that was statistically
similar to plant height (71.5cm) when zinc sulphate

was sprayed after 50 days of sowing (Fig. 1).

Stem Diameter (mm)

Application of zinc sulphate positively influenced stem
diameter of flax plant, whereas time of application and
combination of zinc sulphate and time of application had
no significant effect on stem diameter of flax plant
(Table 1). Among various zinc sulphate concentrations,
maximum stem diameter (4.4mm) was produced by the
plants that were sprayed with 2.0% zinc sulphate conc.,
followed by 1.5%, 1.0% and 0.5% zinc sulphate
concentrations that produced 3.9mm, 3.8mm and
3.6mm stem diameter respectively. Minimum stem
diameter (3.5mm) was recorded inplants of control
plants (untreated) (Fig. 4).
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Table 1. Means square of growth and yield attributes of flax as influenced by zinc sulphate concentration and

time of application.

SOV DF Mean Square (MS)
PH SD NOTP NOBP DTF NOFP NOCP NOSC
Replications 14.2108 1.00ms 4.060s 157.14"  7.36%  3160.7"s 1638.2ns  2.50s

2

Time (T) 2 450.03%* 5.19%* 100.19**  360.26** 170.50** 18752.52%* 13788.2%* 8.2%*

Error I 4 8.98 1.86 5.78 51.25 6.43 255.85 153.6 0.6
4
8

Concentration (C) 368.75%* 1.19* 69.46**  203.23%* 232.67** 22400.73** 219064.0** 7.4**

TxC 13.1308 0.18ns 21.19™ 11.54"8 6.65"  730.417  636.3" 0.5
Error 24 6.59 0.30 2.20 56.15 13.28 255.36 329.4 0.3
Total 44

PH: Plant height, SD: Stem diameter, NOTP: Number of tillers plant', NOBP: Number of branches plant, DTF:
Days to flowering, NOFP: Number of flowers plant?, NOCP: Number of capsule plant* and NOSC: Number of
seed capsule

*=P<0.05, **=P<0.01, NS: Non-significant
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Number of Tillers plant™

It is obvious from table 1 that application of zinc
sulphate, time of application and their interaction had
significant effect on number of tillers plant (Table 1).
Using various zinc sulphate concentrations,
maximum tillers (12.6) were recorded in the plants
treated with 2.0% zinc sulphate, followed by 1.5%,
1.0% and 0.5% zinc sulphate concentrationsthat
produced 7.4, 6.9 and 6.1 tillers plant?, respectively.
Minimum tillers (5.8) were observed in the plants left
untreated (control plots) (Fig. 4). Regarding the time
of application, more tillers (10.6) were produced by
the plants sprayed with zinc sulphate after 60 days of
Sowing and it was followed by 7.1 tillers produced by
the plants sprayed after 50 days of sowing. However,
minimum number of tillers plant? (5.5) was produced
by plants treated after 40 days of sowing (Fig. 1). Data
regarding interaction showed that more tillers (20.3)
were produced by the plants sprayed with 2.0% zinc
sulphate after 60 days of sowing. The tillers were
found least (5.2) in the plants sprayed with distilled

water after 40 days of sowing (Fig. 7).

Number of branches plant™

Data regarding number of branches plant revealed that
application of zinc sulphate and time of application
except their interaction had a positive influence on
number of branches plant? (Table 1). Number of
branches plant™ increased with increase in zinc sulphate
concentrations. Maximum branches (35.0 plant?) were
produced by the plants sprayed with 2.0% zinc sulphate,
followed by 1.5%, 1.0% and 0.5% zinc sulphate
concentrations that produced 30.6, 26.6 and 22.9
branches plant™ respectively. Minimum branches plant™
(21.3) was observed in untreated plants (Fig. 4).
Maximum branches plant™ (22.4) were produced by the
plants sprayed with zinc sulphate concentrations after
60 days of sowing, followed by the plants sprayed after
50 days of sowing that produced (27.5) branches plant.
However, minimum branches plant® (22.4) was
produced by plants sprayed with zinc sulphate after 40
days of sowing (Fig. 1).

Days to flowering
Table 1 indicated that days to flowering of flax plant
sulphate

was significantly influenced by zinc

concentrate and their time of application.
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While the interaction of zinc sulphate concentration
and their time of application had non-significant
effect on days to flowering (Table 1). Among various
levels of zinc sulphate concentrations, Minimum days
to flowering (63.6) were taken by plants in control
treatment, followed by plants that received 1.5%, 1.0%
and 0.5% zinc sulphate application which took 73.2,
70.3 and 67.7 days to flowering respectively.
Maximum days (76.7) to flowering were recorded in
plants which were sprayed with 2.0% zinc sulphate
concentrations (Fig. 5). The plants sprayed with zinc
sulphate concentrations after 40 days of sowing
resulted in early flowering (66.6 days). This was
followed by the plants sprayed after 50 days of sowing
that took 70.7 days to flowering. While maximum
days to flowering (73.3) were taken by plants sprayed
with zinc sulphate application after 60 days of Sowing
(Fig. 2).

Number of Flowers plant

Data pertaining to zinc concentrations showed that an
increase in number of flowers plant was observed with
the increase in concentration of zinc sulphate. Similarly
maximum number of flowers plant? (219.2) were
observed in plant treated with zinc sulphate after 60
days of sowing followed by number of flowers plant (
175.4) that was at par with number of flowers plant
noted when flax was treated with zinc sulphate after 30
days of sowing (Fig. 2). In case of Zinc sulphate
concentration, maximum flowers plant? (252.3) were
obtained at 2.0% zinc sulphate conc, which was closely
followed by 1.5%, 1.0% and 0.5% zinc sulphate doses
that produced 206.2, 174.8 and 147.3 flowers plant
respectively. Minimum flowers plant? (125.7) was
recorded in control treatment (Fig. 5). Data regarding
interaction between zinc concentration and application
time showed that maximum number of flowers (274.8)
was observed in plants sprayed with zinc sulphate at
2.0% concentration after 60 days of sowing. Minimum
flowers (778.8) were produced by plants which were
treated with distilled water, 40 days after sowing
(Table 1, Fig. 8).

Number of Capsules plant™
Application of zinc concentration and time of

application significantly influenced number of
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capsules plant?, whereas their interaction had a no
significant influence on number of capsules plant*
(Table 1). Among zinc sulphate concentrations,
maximum capsule plant (227.2) were obtained at 2.0%
zinc sulphate, which was followed by 1.5%, 1.0% and
0.5% ZnS0O, that produced 184.7, 152.7, and 125.2
capsule plant? respectively. Minimum capsules plant?
(101.9) was noted in the untreated plants (Fig. 5).
Maximum number of capsule plant (189) was observed
when flax plants were sprayed with zinc sulphate after
60 days of sowing. The Plants produced (155) capsule
plant? when sprayed after 50 days of sowing. Minimum
capsule plant? (129) was produced by the plants that
were sprayed 40 days after sowing (Fig. 2).

Number of Seed capsule™

Data regarding zinc sulphate concentrations revealed
that, the number of seed capsule? were maximum
(8.2) when flax plants were sprayed with 2.0% zinc
sulphate, followed by the plants treated with 1.5%,
1.0% and 0.5% zinc sulphate concentrations that
produced 7.0, 6.8, and 6.4 seeds capsule?
respectively. Minimum number of seed capsule (5.7)
was produced by the untreated (control) plants (Fig.
5). Maximum number of seed capsule? (7.6) was
observed in the plants sprayed 60 days after sowing
with zinc sulphate concentration, followed by (6.6)
seed capsule? in plants sprayed after 50 days of
sowing that was statistically at par with number of
seed capsule? (6.2) in plants treated with zinc

sulphate after 40 days of sowing (Fig. 2).

No of seed capsule

Table 1 showed that zinc sulphate concentration and
time of application had a positive influence on
number of seed capsule?, whereas the interaction of
zinc sulphate concentration and time of application
had no positive influence on number of seed capsule!
(Table 1). Comparison of treatment showed that
maximum number of seed capsule?! (8.2) was
observedin plant treated with zinc sulphate at 2%
followed by number of seed capsule (7,6.8) noted in
plants treated with zinc sulphate (1.5,1%). While
minimum number of seed capsule-1(5.7) observed in
control plant (Fig. 6). Similarly Fig. 3 revealed that
application of zinc sulphate after 60 days had highest
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value of number of seeds capsule? (7.6), while
minimum value of number of seed capsule-1 (6.6)
were noted in plant treated with zinc sulphate after 50
days of sowing that was at par with plant applied with

zinc sulphate after 40 days of sowing (6.2).

Table 2. Thousand seeds weight (g) of Flax as

affected by zinc sulphate concentrations and time of

application.
Mean Square (MS) of
Sov DF 1000 seed weight (g)
Replication 2 4.0
Time (T) 2 0.6%*
Error 1 4 0.1
Concentration (C) 4 2.9%*
TxC 8 0.00
Error I1 24 0.2
Total 44

*=P<0.05, **=P<0.01, NS: Nonsignificant.

1000 Seed weight (g)

1000 seed weight (g) was significantly influenced by
zinc sulphate concentration and their time of
application except their interaction (Table 2). Data
regarding zinc sulphate concentrations showed that
highest 1000 seed weight (8.0g) was recorded in
plants treated with 2.0% zinc sulphate that was
statistically similar with the plants that received 1.5%
zinc sulphate, which resulted in 7.7g of 1000 seed
weight. While lowest 1000 seed weight (6.6g) was
recorded in control treatment (Fig. 6). Average data
of application time showed that highest 1000 seed
weight (7.8g) in flax was observed when zinc sulphate
was sprayed after 60 days of sowing, followed by the
plants sprayed after 50 days of sowing (7.2g). While
lowest 1000 seed weight (7.1g) of Flax flowers was
observed in the plants sprayed after 40 days of
sowing, though it was statistically similar to 1000
seed weight observed in plants sprayed after 50 days

of sowing (Fig. 3).

Discussion

The foliar application of Zn treatments positively
affected plant height, stem diameter, number of tillers
plant, No. of branches, days to flowering, number of
flowers plant?, number of capsule plant?, number of
seed capsule? and 1000-seed weight of flax plant.
Application of zinc increased plant height due to its

role in biosynthesis of the natural auxin (indole acetic
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acid) (Mengel and Kirkby, 1987) that resulted in stem
elongation (El-Shahawy et al, 2008). Being a
structural compound of chlorophyll, zinc has the
potential to increase chlorophyll content, which
eventually increases plant height (Bameri et al., 2012).
The current results are in relation with the findings of
Omidian et al. (2012), whoreported that plant height
increased with the application of zinc. Zincalso
increased the enzymatic activity of certain enzymes
which are responsible for increase in stem elongation.
The current findings are also similar with that of
Ambreen et al. (2013) who observed maximum plant
height with application of zinc on gladiolus. Zinc plays
important role in increasing plant height, number of
capsule and branches and seed yield (Bakry et al.,
2012). Therefore, the increase in plant height, stem
length and length of fruiting zone may be because of
zinc, which play important role in the biosynthesis of
the protein and oil (Omidian et al., 2012), cell

membrane integrity and in plant metabolism.

Zinc is essential constituent of cell component and
various cell membranes that are important for the
maintenance of cell structure and induce cell division,
resulted in enhanced vegetative growth including
stem diameter (Kendra et al, 2013). The
improvement in vegetative characteristics might be
due to enhancement in vegetative growth which is
likely to be responsible for more accumulation of
photosynthetic materials, hence resulted in an
increase in stem diameter. El-Shahawy et al. (2008)
observed the significant effect of zinc on stem
elongation in flax. Bordiemi and Bodi (1966) also
found that number of leaves were increased with
foliarapplication of Zn, which may have increased
photosynthetic activity and might be responsible for
the increase in diameter of stem. Nasiri et al. (2010)
investigated that foliar zinc application has positive
effect on both stem diameter and flowering. The
present results are in line with Mathpal et al. (2015),

Bharti et al. (2013) and Imran et al. (2015).

Zinc sulphate used as a foliar application increased
the tillers number in the plants, which might be due
to the role of zinc in synthesis and activation of

various precursors and plant growth regulators.
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Carbonic anhydrase enzyme is increased by zinc
which plays role in metabolism of carbohydrates and
morphological traits and eventually increases number
1988;
Vankhadeh, 2002). Potanna (2017) also reported that

of tillers (Hemantaranjan and Grag,
in pearl millet, zinc application increased tiller
numbers. The findings of Romheld (2001) mentioned
that zinc deficient plants resulted in poor growth and

least number of tillers.

The zinc sulphate increased the number of branches
per plant that might be due to foliar spray of zinc
sulphate  causing more vegetative  growth,
improvement of metabolic functions and plant height,
thus resulted in high number of branches as observed
by Ibrahim et al. (2007) in bean and Yadav et al.
(2009) in sesame. In tomato plant the foliar
application of Boron and zinc in combination have a
significant effect on the development of number of
branches (Basavarajeshwari et al., 2008), which
support the present research. Number of branches is
related with meristematic tissue, while zinc has a key
role in the meristematic tissue development because
of its role in cell division (Anonymous, 1995). Denre
(2014) reported that combined application of zinc and
boron had positive impact on branches plant? in
pepper. The number of branches plant? was
maximum due to foliar spray with the zinc, which was
reported to control the hormonal balancing of the
plant (Coke and Whittington, 1968). The current
study is in line with Pandy and Sinha (1978) who
observed that number of branches increased due to

combine effect of Zn and potassium on flax plant.

Maximum number of days to flowering was noted in
flax plants treated with higher concentration of zinc.
Zinc has the capacity to increase the photosynthetic
compound inside the plant body due to which
minimum leaf drop occur and showed strength for
their persistence. The results are in contrast with
Singh et al. (1975), who observed that the foliar
application of both boron and zinc in combination
reduced the leaf drop because both has the ability to
increase leaves numbers and thus hastened papaya
flowering. Micronutrients like zinc, manganese and

iron are responsible for storage of carbohydrates
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through photosynthesis due to this reason these three
micronutrients have positive effect on days to flowering
in plants (Sahu, 2016). The similar results were reported
by the Jadhav et al. (2005) in Gerbera. Zinc delay the
flowering which might be due to zinc role as an essential
constituent of cell component and various cell
membranes that are important for the maintenance of
cell structure and induce cell division, resulted in

enhanced vegetative growth (Kendra et al., 2013).

Application of zinc relieved the plants from chlorosis
and produced healthy green leaves which lead to
enhanced photosynthetic activity and partitioning to
the flower growth which may in turn increased the
flower production (Nath and Biswas, 2002; Pal et al.,
2016). The present study is in accordance with the
results of Jat et al. (2012), who stated that number of
flowers is directly related to the number of branches
and Zinc levels, which activated the enzyme and
increased the numbers of branches and resulted in
more flowers. Parmar et al. (2014) reported that
increased in flowers numbers with application of zinc is
due to role of zinc in photosynthetic and other
metabolic activity which resulted into in different plant
metabolites which are responsible for cell elongation
and division. The present results are also in
conformation with those of Balakrishnan (2001). Zinc
and Fe in combination also play a role in production of
flowers because Zinc is involved in synthesis of growth
promoter hormones, process of photosynthesis and

nitrogen metabolism (Marschner, 1995).

Increase in numbers of capsule in present research
work under various zinc levels might be due its role as
a cofactor of many enzyme, involvement in pollen
function, fertilization, chlorophyll production and
increased photosynthesis (Pandey et al., 2006). The
current results are also in agreement with Sawan et
al. (2001) and Amberger (1974), who also reported
that application of zinc increased the number of
capsules in cotton plant. Pandy and Sinha (1978)
reported that combination of K and zinc may have
positive role on capsule number because both the
nutrients has vital role in synthesis of nucleic acid,

chlorophyll and translocation of photo-assimilates.
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The current findings showed that foliar application of
zinc sulphate increased the number of seed per
capsule. The present findings are supported by
Cakmak (1999), who stated that zinc has the potential
to increase seed yield because of its role in increasing
leaf area and photosynthesis rate. Increase in seeds
per capsule might be due the key role of zinc in
biosynthesis of tryptophan which is the precursor of
auxins, and also presence in phosphoenolpyruvate
carboxylase structure. Foliar application of zinc
sulphate has the potential to increase seed yield due
to its important role in physiology of plant (Alloway,
2004). Zinc is important element of plant enzymatic
system such as superoxide dismutase and also
responsible for auxin production, which is plant
growth hormone and plays important role in protein
synthesis and for seed setting. These results are in
agreement with Singh et al. (1975) who noticed that,
zinc had positive effect on seed yield of canola. These
results were also in line with the results reported by

El-Gazzar et al. (1979).

The present results revealed that increase in zinc
levels enhanced seed weight. The current findings are
in agreement with El-Sweify et al., (2006), who stated
that 1000 seed weight were enhanced by foliar
application of zinc on flax. Maximum mobilization of
photosynthates to developing seed by application of
micronutrient might be the reason for increase in
seed weight (Swain, 2015). The increase in 1000-seed
weight of crop plants due to zinc might be due to its
mobility through phloem from roots, stem, leaves and
developing grains (Rengel, 2001). Bybordl and
Mamedov (2010) reported that Zinc play key role in
biosynthesis of the growth

plant regulator,

carbohydrate and nitrogen metabolism, which
contain proteins and nucleic acids leads to enhanced
accumulation of assimilate in seeds and thus resulting
high seed yield. The results of this study are in line
with the findings of several early workers in respect of
this particular trait in various crops (Rahman et al,,

1996; Patel et al., 2003 and Galavi et al., 2012).

Conclusions
It was concluded from the research findings that

among Zinc sulphate concentrations, the application

2019

of zinc sulphate at 2% concentration resulted in
increased plant height, stem diameter, numbers of
tillers plant, branches plant, with maximum days to
flowering, number of flowers, capsules plant?, seeds
capsule’ and thousand seeds weight. Finding
pertaining to time of application showed that foliar
application of zinc sulphate on Flax plants 60 days
after sowing resulted in increased plant height, stem
diameter, numbers of tillers, branches, leaves with
maximum days to flowering, number of flowers,
number of capsules, number of seeds capsule? and
thousand seeds weight. Interaction between Zinc
sulphate concentration and its time of application
revealed that Zinc sulphate at 2% concentration
applied after 60 days of sowing increased number of

flowers and tillers to the maximum.

References
Alloway BJ. 2004. Zinc in soil and crop nutrition.
Areas of the World with Zinc deficiency Problem. Int.

Zn. Assoc. Pub. Brussels 1-116.

Amberger A. 1974. Micronutrients dynamics in the
soil and function in plant metabolism. Proceedings of

1st Workshop of Egypt Botany Society, Cairo 81-90.

Ambreen SM, Abdul RB, Muhammad AB,
Mahmooda AB. 2013. Effect of zinc sulphate and iron
sulphate on the growth and flower production of gladiolus
(Gladiolus hortulanus). J. Agric 9(6), 1621-1630.

Amit JJ, Linda MH. 2010. Flax (Linum
usitatissimum L.): Current Use and Future Applications
Department of Agricultural, Food and Nutritional
Science, University of Alberta, Edmonton, T6G 2P5, AB,
Canada. Australian Journal of Basic and Applied
Sciences 4(9), 4304-4312. ISSN 1991-8178.
Anonymous.

Progress report on the

1995.
implementation of the International Conference on
Nutrition, world plan of action for nutrition. Food
and Agriculture Organization Conference, Twenty-
eighth session, Rome, Italy. Food and Agricultural

Organization, United Nations, Rome 1-14.

470 | Ahmad et al.



Bakry BA, Tawfik MM, Mekki BB, Zeidan MS.
2012. Yield and yield components of three flax cultivars
(Linum usitatissimum L.) in response to foliar
application with Zn, Mn and Fe under newly reclaimed
sandy soil conditions. American Eurasian Journal of

Agriculture and Environmental Science12, 1075-1080.

Balakrishnan K. 2001. Effect of foliar application
of micronutrients on Guava. Madras Agric Journal
88(4-6), 316-317.

Bameri M, Bdolshahi R, Mohammadi G,
Yousefi K, Tabatabaie SM. 2012. Effect of
different microelement treatment on wheat (Triticum
aestivum) growth and yield. Int. Res. J. App. Basic Sci
3(1), 219-223.

Basavarajeshwari  CP,
Ajjappalavara PS, Naik BH, Smitha RP,
Ukkund KC. 2008. Effect of foliar application of

Hosamani RM,

micronutrients on growth and yield components of
tomato (Lycopersicoum esculentum). Karnataka

Journal of Agricutural Science 21(3), 428-430.

Basit A, Shah K, Rahman MU, Xing L, Zuo X,
Han M, Alam N, Khan F, Ahmed I, Khalid MA.
2018. Salicylic acid an emerging growth and flower
inducing hormone in marigold (Tagetes sp. L.). Pure

and Applied Biology 7(4), 1301-1308.

Bharti K, Pandey N, Shankhdhar D, Srivastava
PC, Shankhdhar SC. 2013. Improving nutritional
quality of wheat through soil and foliar zinc

application Plant Soil Environ 59, 348-352.

Bordiemi T, Bodi I. 1966. The influence of fertilizer
on the growth of tree. IVCR State, Institute of Care
and Horticulture 37(4), 930.

Bybordi A, Mamedov G. 2010. Evaluation of
application methods efficiency of zinc and iron for
Scientia

canola (Brassica napus L.). Notulae

Biologicae 2(1), 94-103.

Cakmak I, Kalayci M, Ekis H, Brauni J, Kilinc Y,
Yilmaz A. 1999. Zn deficiency as a practical problem in
Plant and human nutrition in Turkey: a NATO-science

for stability project. Field Crop Res 60, 175-188.

2019

Cakmak I. 2008. Enrichment of cereal grains with
zine: Agronomic or genetic biofortification Plant Soil
302, 1-17.

Coke L, Whittington WJ. 1968. The role of born
and indol 3yl—acetic acid in the metabolism of bean

radicals. Journal of Experimental Botany 19, 295.

Denre M, Bandopadhyay PK, Chakravarty A,
Pal S, Bhattacharya A. 2014. Effect of foliar
application of humic acid, zinc and boron on
biochemical changes related to productivity of
pungent pepper (Capsicum annuum L.). African
Journal of Plant Science 8(6), 320-335.

Dillman AC, Goar LG. 1937. Flax seed production
in the far Western States. Farmer’s Bulletin no, 1792.

El-Gazzar AM, Wallace A, Rokba AM. 1997.
Growth and leaf mineral composition of Oranges,
Olive, Plums and Grapes as influenced by calcium
carbonate addition to the soil in a greenhouse. Egypt

Journal of Horticulture Science 2, 141-149.

El-Shahawy TA, Rokiek KG, Balbaa LK, Abbas
SM. 2008. Micronutrients, B-vitamins and yeast in
relation to increasing flax (Linum usitatissimum L.)
growth, yield productivity and controlling associated
weeds. Asian Journal of Agricultural Research 2, 1-14.

El-Sweify AHH, Abd El-Daim MA, Hussein
MMM. 2006. Response of some flax genotypes to
pulling date under newly reclaimed sandy soil and
sprinkler irrigation conditions. Egypt Journal of
Agricultural Research 84, 1103-1115.

Franzen D. 2004. Flax fertility recommendation
changes in North Dakota. North Central Extention
Industry, Soil Fertility Conference. North Dakota
State Univ. Fargo 20, 144-150.

Galavi M, Ramroudi M, Tavassoli A. 2012.
Effect of micronutrients foliar application on yield
and seed oil content of safflower. African Journal of

Agricultural Research 7(3), 482-486.

Gangloff WJ, Westfall DG, Peterson GA,
Mortvedt JJ. 2002. Relative availability coefficients
of organic and inorganic Zn fertilizers. Journal of

Plant Nutrition 25, 259-273.

471 | Ahmad et al.



Gilani SAQ, Shah K, Ahmed I, Basit A, Sajid M,
Bano AS, Ara G, Shahid U. 2017. Influence of
indole butyric acid (IBA) concentrations on air
layerage in guava (Psidium guajava L.) cv. Sufeda.
355-362.
http://dx.doi.org/10.19045/bspab.2018.700194

Pure and Applied Biology 8(1),

Grant CA, Dribnenki JCP, Bailey LD. 2000.
Cadmium and zinc concentrations and ratios in seed and
tissue of solin (cv Linola™ 947) and flax (cvs McGregor
and Vimy) as affected by nitrogen and phosphorus
fertilizer and Provide (Penicillium bilaji). Journal of

Food and Agricultural Science 80(12), 1735-1743.

Halder NK, Ahmed R, Sharifuzzaman SM, Bagam
KA, Siddiky MA. 2007. Effect of boron and zinc
fertilization on corm and cormel production of Gladiolus
in grey terrace soils of Bangladesh. International Journal

of Sustainable Crop Production 2, 85-89.

Hemantaranjan A, Grag OK. 1988. Iron and iron
fertilization with reference to the grain quality of
Triticum aestivum L. Journal of Plant Nutrition

11(611), 1439-1450.

Imran M, Kanwal S, Hussain S, Aziz T,
Maqsood MA. 2015. Efficacy of zinc application
methods for concentration and estimated
bioavailability of zinc in grains of rice grown on a
calcareous soil. Pakistan Journal of Agricultural

Science 52(1), 169-175.

Jat RN, Khandelwal SK, Gupta KN. 2012. Effect
of foliar application of urea and zinc sulphate on
growth and flowering parameters in African marigold
(Tagetes Erecta Linn.) Journal of Ornamental

Horticulture 10, 271-273.

Jiao Y, Grant CA, Bailey LD. 2007. Growth and
nutrient response of flax and durum wheat to
phosphorus and zinc fertilizers. Canadian Journal of

Plant Science 87, 461-470.

Kadar I, Radics L, Lukacs D. 2003. Mineral
fertilization of oil flax (Linum usitatissimum L.) on

chernozem soil. Novenytermeles 52, 423-436.

2019

Kalidasu G, Sarada C, Yellamanda-Reddy T.
2008. Influence of micronutrients on growth and
yield of coriander (Coriandrum sativum) in rainfed
Vertisols. Journal of Spieces and Aromatic Crops

17(2), 187-189.

Katiyar P, Chaturvedi OP, Dheerendra K. 2012.
Effect of foliar spray of zinc, calcium and boronon spike

production of Gladiolus cv. Eurovision 1(4), 334-338.

Kendra KV, Junagadh, Gujarat A. 2013. Response
of Chrysanthemum verities to different levels of
nitrogen, phosphorus and potash. Journal of Chemistry,
Biology and Physics Science 3(2), 1584-1593.

Kinsella JE, Lokesh B, Broughton S, Whelan
J. 1990. Dietary polyunsaturated fatty acids and
eicosanoids: Potential effects on the modulation of
inflammatory and immune cells: An overview.

Nutrition 6, 24-44.

P, Arora JS. Effects of

micronutrients on Gladiolus. Journal of Ornamental

Kumar 2000.

Horticulture 3, 91-93.

Marschner H. 1995. Mineral nutrient of higher
plants. Edition 2, Academic Press Limited. Harcourt

Brace and Company Publishers, London.

Mathpal B, Srivastava PC, Shankhdhar D,
Shankhdhar SC. 2015. Zinc enrichment in wheat
genotypes under various methods of zinc application.

Plant Soil Environment 61(4), 171-175.

Mengel K, Kirkby A. 1987. Chapter 16: Copper. In:
Mengel, K., E.A. Kirkby, H. Kosegarten and T. Appel,
Eds., Principles of Plant Nutrition, 4th Edition, Int.
Potash Institute, Bern 537-549.

Millam S, Bohus O, Anna P. 2005. Plant cell and
biotechnology studies in Linum usitatissimum. A

review. Plant Cell, Tissue and Organ Cult 82, 93-103.

Nasiri Y, Zehtab-Salmasi S, Nasrullahzadeh S,
Najafi N, Ghassemi-Golezani K. 2010. Effects of
foliar application of micronutrients (Fe and Zn) on
flower yield and essential oil of chamomile
(Matricaria chamomilla L.). Journal of Medicinal

Plants Research 4(17), 1733-1737.

472 | Ahmad et al.



Nath MR, Biswas J. 2002. Studies on effect of
boron on vegetative and reproductive growth in
tuberose (Polianthes tuberosa L.) cv. Single. Orissa

Journal of Horticulture 30(2), 39.

Omidian A, Seyadat SA, Naseri R, Moradi M.
2012. Effects of zinc-sulfate foliar on yield, oil content
and seed protein of four under different nitrogen

levels. Crop Environment 2, 33-36.

Omidian A, Seyadat SA, Naseri R, Moradi M.
2012. Effects of zinc-sulfate foliar on yield, oil content
and seed protein of four cultivars of canola. Iranian

Journal of Agricultural Science 14, 26-28.

Pal S, Barad AV, Singh AK, Khadda BS, Kumar
D. 2016. Effect of foliar application of Fe and Zn on
growth, flowering and yield of gerbera (Gerbera
Jjamesonii) under protected condition. Indian Journal

of Agricultural Science 86(3), 394-398.

Pandey N, Pathak GC, Sharma CP. 2006. Zinc is
critically required for pollen function and fertilization
in lentil. Journal of Trace Element and Medicinal Biol

20, 89-96.

Pandy SN, Sinha BR. 1978 Plant Physiological.
Chapter 6, 2nd Revised Edition, 115-120.

Parmar JM, Karetha KM, Rathod PJ. 2014.
Effect of foliar spray of urea and zinc on growth and
flowering attributes of guava (Psidium guajava) cv.
Bhavnagar Red. Advance Research Journal of Crop.
Improvement 5(2), 140-143.

Patel PC, Yadavendra JP, Patel KP, Patel KC,
Kotecha AV. 2003. Effect of soil application of zinc
and boron on seed yield of Lucerne. Seed Research

31(2), 237-239.

Potanna AS. 2017. Effect of nitrogen and zinc on
growth, yield and uptake of pearl millet (Pennisetum
glaucum L.). Department of Agronomy College of
Agriculture, Latur Vasantra o Naik Marath wada
Krishi Vidyapeeth, India.

Rahman M, Farid ATM, Shahidullah M,
Sulfana W. 1996. Improving seed yield and quality
of tomato through integrated nutrient management
and liming. Seed Research 24, 34-37.

2019

Rehm G, Sims A. 2006. Micronutrients and
production of hard Red Spring wheat. Minnesota.
Crop News p. 1-3.

Rengel Z. 2001. Genotypic differences in
micronutrient use efficiency in crops. Communication

of Soil Science and Plant Analysis 32, 1163-1186.

Romheld V.

sintomas de

2001. Aspectosfisiologicos dos

deficiencia e toxicidade de
micronutrientes e elementos toxicose mplantas
superiores. In: Ferreira, M.E.; Cruz, M.C.P.; van Raij,
B. (Eds.). Micro nutrientes e elementos toxicos na

agricultura. Jaboticabal: CNPq. 70-84.

Sahu MK. 2016. Effect of foliar application of
micronutrients on growth and flower production of
gerbera under protected condition. Department of
Floriculture and Landscape Architecture College of
Agriculture Faculty of Horticulture Indira Gandhi
Krishi Vishwavidyalaya Raipur (Chhattisgarh).

Sawan ZM, Hafez SA, Basyony AE. 2001. Effect
of phosphorus fertilization and foliar application of
chelated zinc and calcium on seed-protein and oil
yields and oil properties of cotton. Journal of

Agricultural Science 136, 191-198.

Singh BP, Singh RP, Yadav TP. 1975. Effect of
soil application of zinc yield. Its attributes and oil
content of toria (B. Campestris var Toria). Haryana

Agriculture University Journal of India 12, 283-285.

Swain AK. 2015. Effect of some micronutrients
application on seed yield and quality in sesamum.
Department of Seed Science and Technology College
of Agriculture Orissa University of Agriculture and

Technology Bhubaneswar.

Uauy R, Perano P, Hoffman D, Mena P, Birch
D, Birch E. 1996. Role of essential fatty acids in the
function of the developing nervous system. Lipids,

Suppl 167-176.

Vankhadeh S. 2002. Response of sunflower to
applied Zn, Fe, P, N. Nes. S. Zz 1, 143-145.

473 | Ahmad et al.



Int. J. Biosci. 2019

Van-Sumere C. 1992. Retting of flax with special
reference to enzyme-retting. In: Sharma, H. and C. Van
Sumere (eds.), The biology and processing of Flax. M.
Publications, Belfast, Northern Ireland. pp. 157-198.

Yadav RA, Tripathi AK, Yadav AK. 2009. Effect
of micronutrients in combinations with organic
manures on production and net returns of sesame
(sesamum indicum). Annals Agrictural Research

30(1 and 2), 53-58.

474 | Ahmad et al.



