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Abstract
To feed the increased population there is a need to develop multiple strategies to ensure food security. Introduction of
new crops is one viable option. Chia (Salvia hispanica L.) has recently been introduced in Pakistan as a super food but its
production is affected by frost and weather extremes. Foliar application of growth stimulators is a successful strategy to
fight against adverse conditions in many crops. A field study has been planned to apply growth stimulators like moringa
leaf extract, ascorbic acid and hydrogen peroxide (3%, 50 mg L-1, 50 mg L-1) on chia crop grown under field conditions at
research area, Department of Agronomy, University of Agriculture, Faisalabad using randomized complete block design
with factorial arrangements having three replications. All other agronomic inputs and practices were uniform. All MLE
treatments significantly improved yield and growth of chia accessions. MLE increased 25-40% seed yield in all replications
of all accessions than control. Foliar application of hydrogen peroxide and ascorbic acid enhances the yield of chia seed
about 15-25%. MLE, hydrogen peroxide and ascorbic acid are best plant growth regulators, all PGR impacts positively in
chia crop most of the chia accessions were originated from Mexico and Guatemala. Seed yield was linked to
morphological and phonological yield related characters. More height of plant seems to be negative character for seed
yield. “Enormous” varieties observed in chia germplasm opened new avenues to be tested in other agro ecological zones
of Pakistan.
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_________________________________________________________________________________________________
Introduction
Productivity of conventional food system is decreasing due to climate change and anthropogenic activities. Population
of world is increasing at very high rate and to fulfill the basic food requirements of increased population is getting hard.
Non-traditional crops which have better nutritional profile and strong to up-and-down climatic conditions need to be
navigating for more food production. Chia is one of the good options to sustain the livelihoods of farming community
(Adolf et al., 2012). Chia (Salvia hispanica) is an annual plant belongs to the mint family (Labiatae). Chia is urbanized
chiefly for its oil seeds. The chia seed contains ω-3 alpha- linolenic acid and ω-6 linoleic acid. Both of these are
fundamental by human body for excellent health (Ayerza, 2011). It has been claimed as super food due to its amazing
nutritional value. Chia seeds are rich source of dietary fiber, healthy fats, several minerals, proteins and antioxidant. The
protein present in chia seeds provides amino acids those facilitate in construction and preserving body muscles. Seeds of
chia are good source of minerals, (K, Mg and Ca) contributing significantly to daily recommended value. Chia seeds
contain phenolic compounds which may decrease the invasiveness of cancer cells and improve the clinical outcome
(Ayerza and Coates, 2011). Chia is a drought tolerant crop, however, under stressful conditions its development and
production is seriously affected. Frost slow down or stop chia seed (Cahill, 2003). Chia is an increasing functional food
crop from Central America, but little is known about effects of new growing environments and agronomical treatments
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on seed value. Oil extracted from chia seeds is rich in chlorophyll, α-linolenic acid and carotenoid as compared to than in
commercial seeds (Amato et al., 2015). Exogenous application of plant growth regulator is a suitable strategy to reduce
the abnormalities in plant growth caused by abiotic stresses like high level of high temperature. The survival capacity of
chia plants can be improved by the foliar use of ascorbic acid under stressful conditions as it has important role for the
detoxification of ROS (Arrigoni et al., 2002). As chia is newly introduced and it has not acclimatized to new region,
therefore, foliar application of growth promoters like ascorbic acid, hydrogen peroxide and biostimulants help to improve
its performance under heat tolerance conditions.
The use of plant growth regulators has brought a sort of revolution in the floriculture industry. Many beneficial effects
of different plant growth regulators have been reported on different horticultural crops (Sridhar, 2006) including control
of growth and flowering in many floral crops to produce high quality produce. Use of growth regulators in gladiolus has
received due attention only in the recent past and still information available is very meager.
Moringa oleifera with its leaf extract showing growth-enhancing capability. Moringa leaf extract (MLE) possesses high
antioxidant activity and ascorbic acid is rich in plant secondary metabolites such as total phenols that make it a potential
natural growth stimulant (Yasmeen et al., 2013). MLE is a source of zeatin, a natural derivative of vitamin, cytokinin and
several mineral elements such as K, Fe and Ca .MLE as growth promoter can be a natural and viable alternative
supplement to synthetic sources applied to improve productivity in crop plants (Basra et al., 2011). Exogenously applied
Moringa leaf extract through seed or plant foliage is found to improve seedling growth, germination and productivity in
many crops under normal and stress conditions (Basra et al., 2011). Application of biostimulants improves leaf area,
alteration in source – sink relationship and delayed senescence and play their role in improving crop resistance against
abiotic stress (Yasmeen et al., 2013). The present study evaluate the comparative performance of moringa leaf extract
as a natural source of cytokinin as growth stimulant applied through foliage or root medium in improving the productivity
of chia (Ayerza and Coates, 2011).
Hydrogen peroxide (H2O2) application have a major role for plant protection. It provides the growth benefits and also
protect the plants from stress and infections. There are few studies of the use of hydrogen peroxide in amaranth. Cao
described the use of hydrogen peroxide in amaranth family. Low concentration (4, 34 and 170 mg/L) of hydrogen
peroxide applied to seedlings of amaranth as an elicitor. There are no significant effects of hydrogen peroxide on the
accumulation of betacyanin. Therefore it is necessary to continue testing the effects of hydrogen peroxide in many plants
of interest to mankind.
Ascorbic acid (ASA), plant growth promoter is an organic compound required in very low quantity to hold optimum
development and growth in the higher plants. ASA provide a fundamental role in electron transport chain and is an
important factor for numerous key enzymes in the plant body (Arrigoni and De Tullio, 2000).
Ascorbate is present in cell wall and it is a first line of defense against ozone. Ascorbate has been concerned in
photosynthesis and regulation of cell division. Ascorbate is beneficial for human nutrition and possibly for tolerance of
plants to photo-oxidative stresses (Smirnoff, 1995). Ascorbic acid is generally utilized in cell metabolism (Loewus and
Helsper, 1982) and is needed to synthesize protein containing hydroxyproline (Arrigoni et al., 1977). ASA is used to
activate biological defense mechanisms and activation of cell expansion and cell division (Arrigoni et al., 1992) Externally
applied ascorbic acid metabolized in tissues (Sapers et al., 1991).
Ascorbic acid used to strengthen the give up of crops as they affect the vegetative and reproductive stages by the plenty
of mechanisms (Awad and Refaat, 2017). Exogenous application of ascorbate, H2O2 and MLE by foliar spray can exert
much valuable effects on development of chia.
Heat stress due to increase temperature is an agricultural problem in many areas in the world. Transitory or constantly
high temperatures cause an array of morpho-anatomical, physiological and biochemical changes in plants, which affect
plant growth and development and may lead to a drastic reduction in economic yield. The adverse effects of heat stress
can be mitigated by developing crop plants with improved thermo tolerance using various genetic approaches. For this
purpose, however, a thorough understanding of physiological responses of plants to high temperature, mechanisms of
heat tolerance and possible strategies for improving crop thermo tolerance is imperative. Heat stress affects plant growth
throughout its ontogeny, though heat-threshold level varies considerably at different developmental stages. For instance,
during seed germination, high temperature may slow down or totally inhibit germination, depending on plant species
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and the intensity of the stress. At later stages, high temperature may adversely affect photosynthesis, respiration, water
relations and membrane stability, and also modulate levels of hormones and primary and secondary metabolites.
Increasing severity of high temperature worldwide presents an alarming threat to wheat in India as late planting of wheat
is very common due to the wide spread intensive rice-wheat cropping system particularly in north-west India. As a result,
wheat crop has to face the problem of terminal heat stress. It causes a series of morpho- anatomical, physiological and
biochemical changes, which affect plant growth and development and results in reduced yield. However, there are
various strategies for yield improvement under high temperature stress after anthesis in wheat. Recently, emphasis has
been placed on exploiting prompt and inexpensive means of obtaining satisfactory yields from heat stressed lands. One
of the pragmatic approaches is the exogenous use of stress alleviating compounds either as seed or foliar application. In
this respect, many nitrogenous compounds, inorganic salts, natural and synthetic plant growth regulators and stress
signaling molecules have been used based on their specific properties and roles to improve photosynthesis and other
physiological functions in wheat. Several osmo-protectants have been reported for alleviating abiotic stresses in wheat.
The objectives of experiment are following:

To explore the efficacy of foliar applied ascorbate, hydrogen peroxide and moringa leaf extract on growth and
yield of chia.

To explore the biochemical basis of foliar application useful plant growth stimulants.
MATERIALS AND METHOD
3.1. General Details
3.1.1 Experimental site and Design
A field experiment was conducted at main campus Research Farm, Directorate of Farms, University of Agriculture,
Faisalabad to study the biochemical, morphological and physiological attributes of four chia (Salvia hispanica L.) lines (V1,
V2, V3, V4). The chia accessions were received from different International germplasm center and were multiplied during
2016-17. Sowing was done on 15 November 2017. Hundred seeds of each accession were planted on 75 cm spaced rows
by maintaining plant to plant distance 15 cm. Soil nutrient nitrogen, phosphorus and potassium were added @ 75: 60:
60 NPK respectively, using urea, DAP and potash as fertilizer source. Half dose of N, full dose of P and K was applied at
time of seed bed preparation and remaining dose of N fertilizer was added at flowering stage. Field kept free from weeds
by hand hoeing. Field was irrigated 3 times in 5 months. Harvesting of chia plants were done in last week of May.
Experimental design used Randomized Complete Block Design two factor factorial.
Meteorological data
The data regarding maximum- minimum temperature for the month of November, December, January, February,
March and April were collected from the Department of Meteorology, University of Agriculture, Faisalabad.
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Treatments:
Four following commercially available accessions were used for the study
V1= The seeds of V1 were mostly white colored.
V2= The seeds of V2 were mostly of Black colored.
V3= The seeds of V3 were mostly of grey colored.
V4= The seeds of V4 were mostly of mix colored.
Foliar Treatment
T1= Control
T2= MLE (3%) Moringa Leaf Extract (Basra et al., 2014)
T3= Ascorbate (50 mg/L) (Muhammad et al., 2006)
T4= Hydrogen Per oxide (50mg/L) (Chen and Chen, 2000)
Control (No spray)
A.
Water spray
Water was sprayed @ 80 Liter/acre three times during course of the study (15 Jan, 15 Feb and 15 March).
B.
H2O2 (50 mg/L)
For 50 mg/L H2O2, 57 ml H2O2 is added to 443 ml water that is “Stock solution”. 20 ml from stock solution per litter water
is added and sprayed three times during course of the study (15 jan, 15 Feb and 15 March).
C.
Ascorbate
Ascorbic acid 50 mg is added into one liter of water and sprayed three times during course of the study (15 Jan, 15 Feb and
15 March).
D.
MLE (3%)
E.
Sources of Moringa Leaf for fresh and dry MLE
Young and fully grown moringa trees were selected located at the research area of the Department of Agronomy,
University of Agriculture, Faisalabad. Fresh leaves and tender branches were harvested from these moringa trees for
making fresh and dry MLE concentrations.
Extraction and dilution of Fresh MLE
Fresh moringa leaf extract was prepared by grinding fresh leaves and tender branches with the water (one litter of distilled
water per 10 kg of fresh plant material). Before extraction process plant material (mature and healthy leaves and tender
branches) thoroughly rinsed with water and then kept in freezer for 12 hours than the extraction was done through a locally
manufactured extraction machine (Yasmeen et al., 2013). After that extract was sieved with cheese cloth i.e. 100% stock
solution is diluted with distilled water to prepare the desired concentrations (Basra et al., 2011). Three percent diluted
solution of MLE was sprayed three times during course of the study (15 Jan, 15 Feb and 15 March).
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The data regarding following traits like, True Leaves days, Days to panicle emergence, Days to Flowering, Days to
Maturity, Total leaves per plant, Leaf area (cm2), Fresh weight of leaf (g), Dry weight of leaf (g), Total branches per
plant, plants in number, Height of plant (cm), Number of panicles per plant, Length of main panicle (cm), Economic
yield (kg ha-1), Harvest index (%) were recorded.
Experimental design and statistical analysis
Data of all variables were subjected to analysis of variance technique and honest test was applied as post ANOVA
technique to differentiate accessions regarding morphological, physiological and yield characters. Data were analysed
using statistical package “ statistics” 8.1 in randomized complete block design arrangements with three replicates. Means
± standard errors are presented in tables. Principle component analysis was also employed to find relationship between
different variables and identify promising accessions.
Results and discussion
1. True leaves days, panicle emergence days and flowering days
Days to true leaves were affected significantly among accession and the interaction affect of accessions while foliar
application were affected non significant (p > .01) (Table 1). Penicle emergence days were highly significant among
accessions, foliar application and interaction between accessions and foliar application (VxF) respectively (106.77, 4.167
and 5.68). Days to flowering were non significant among accessions and interaction between accessions and foliar
application (VxF) while foliar application in flowering days were affected significant (12.35) (Table 1)
Table 1 Analysis of Variance for days taken to true true leaves, penicle emergence and flowering days as affected by
different accession and foliar application of growth enhancerin chia (Salvia hispanica L.).
Sources of Variance
Degree of
True leaves days
Penicle emergence Flowering days
freedom
days
Replications
2
0.86
1.11
1.11
Accessions(Factor A)
3
14.33****
106.77**
200.75NS
Foliar
application 4
1.00NS
4.16**
12.35***
(Factor B)
Interaction (VxF)
12
2.33*
5.68*
2.38NS
Error
38
1.14
3.29
3.01
Total
59
*,**,***, **** = Significant at p < 0.05and p < 0.001; NS = Non-significant.
2. True leaves days as affected by different accession and foliar application of growth enhancer. Among accession
maximum days (28.73) to true leaves were observed for V4 that were significantly similar with V3 (28.26) while minimum
days (26.46) were observed for V2. Among interaction maximum days to true leaves were observed for V4 when moringa
leaf extraxt and hydrogen peroxide were applied. The days to true leaves in V1 were in range of (27-28). These values
were statistically at far for V3 when applied with MLE and ascorbate treatments (Table 2).
Table 2 Pair wise comparison of true leaves days as affected by different accession and foliar application of growth
enhancer in Salvia hispanica L.
Accession/
Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
28.00 abcde
27.00 def
27.00 def
29.00 abc
27.75 AB
Water Spray
28.00 abcde
26.33 ef
28.66 abcd
28.00 abcde
27.75 AB
Moringa leaf extract 27.66 bcdef
26.66 ef
29.33 ab
29.66 a
28.33 A
Ascorbic acid
27.66 bcdef
26.00 f
29.33 ab
27.33 cdef
27.58 C
Hydrogen peroxide 28.00 abcde
26.33ef
27.00 def
29.66 a
27.75 AB
Means
27.86 C
26.46 B
28.26 AB
28.73 A
LSD accessions = 0.79, Foliar application = 0.88, Interaction = 1.77
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3 Panicle emergence days as affected by different accession and foliar application of growth enhancer.
Among accession maximum days (65.80) to panicle emergence were observed for V2 that were significantly similar with
V3 (65.20) while minimum days (59.86) were observed for V4. Among interaction maximum days to panicle emergence
were observed for V2 when moringa leaf extraxt was applied. The days to panicle emergence in V4 were in range of
(58.66-61.66). These values were statistically at far from V1, V2 and V3 when applied with MLE and ascorbate treatments.
Thus it is observed that MLE and H2O2 took minimum days for panicle emergence in V4 (Table 3)
Table 3. Pair wise comparison of panicle emergence days as affected by different accession and foliar application of
growth enhancer in Salvia hispanica L.
Accession/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray) 64.33 abcde
66.700 a
66.33 a
58.66 i
63.83 AB
Water Spray
64.33 abcde
64.333 abcde
65.00 abcd
59.66 ghi
63.33 AB
Moringa
leaf 65.66 abc
67.000 a
65.66 abc
59.00 hi
64.33 A
extract
Ascorbic acid
62.33 defg
65.333 abc
63.00 cdef
60.33 fghi
62.75 C
Hydrogen peroxide 61.66 efgh
65.333 abc
66.00 ab
61.66 efgh
63.66AB
Means
63.46 B
65.800 A
65.20 A
59.86 C
LSD accessions = 1.34, Foliar application = 1.49, Interaction = 2.99
4 Flowering days as affected by different accession and foliar application of growth enhancer.
Among accession maximum flowering days (106.00) were observed for V3. While the flowering days among V1, V2 and
V4 were significantly similar in the range of (94.67-100.33). The minimum days (94.67) were observed for V1 when water
spray were applied. Among interaction maximum days to flowering were observed for V3 when moringa leaf extraxt and
hydrogen peroxide were applied. The days to flowering in V1 were in range of (94.67-99.33) these values were statistically
at far from V3 when moringa leaf extract were applied (Table 4).
Table 4 comparison of flowering days as affected by different accession and foliar application of growth enhancer in
Chia (Salvia hispanica L.)
Accession/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray) 95.67 ef
96.00 def
103.33 ab
98.00 cde
98.25 BC
Water Spray
94.67 f
96.67 cdef
103.00 b
96.33 def
97.67 C
Moringa
leaf 99.33 c
98.67 cd
106.00 a
97.33 cdef
100.33 A
extract
Ascorbic acid
97.33 cdef
97.00 cdef
104.33 ab
96.67 cdef
98.83 B
Hydrogen peroxide 96.00 def
97.67 cde
105.00 ab
98.33 cde
99.25 AB
Means
96.60 B
97.20 B
104.33 A
97.33 B
LSD accessions = 1.28, Foliar application = 1.43, Interaction = 2.86
5. Maturity days, total leaves per plant and leaf area.
Number of total leaves per plant were affected significantly among Accession (Factor A), Foliar application (Factor B) and
the interaction of accessions and foliar application (VxF). Leaf area (LA) were highly significant among accessions, foliar
application and interaction between accessions and foliar application (VxF) at the values of (0.30, 1.50 and 0.17). Days to
maturity were affected non significant among interaction between accessions and foliar application (VxF). Maturity days
were affected significant in Factor A and Factor B at the value of 154.95 and 3.65(Table 5).
Table 5 Analysis of variance for days to maturity, total leaves per plant and leaf area as affected by different accessions
and foliar application of growth enhancer in Chia (Salvia hispanica L.)
Sources of Variance Degree of freedom Total leaves per plant Leaf area
Maturity days
Replications
2
3.21
1.97
4.71
Accession (Factor A) 3
46.63***
0.30***
154.95****
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Foliar application 4
135.81****
1.50****
(Factor B)
Interaction (VxF)
12
6.19***
0.17****
Error
38
1.90
1.75
Total
59
**, ***, **** = Significant at p < 0.05and p < 0.001; NS = Non-significant.

3.65**
5.00NS
1.40

6 Maturity days as affected by different accession and foliar application of growth enhancer.
Among accession maximum maturity days (127.60) were observed for V3. While the maturity days among V1, V2 and V4
were significantly similar in the range of (120.60-124.80). The minimum days (120.00) were observed for V4 when water
spray were applied. Among interaction maximum days to maturity were observed for V3 when foliar application of
Ascorbic acid and MLE were applied. The days to maturity in V4 were in range of (120.00-121.33) these values were
statistically at far from V3 when ascorbic acid and moringa leaf extract were applied (Table 6).
Table 6 Pair wise comparison of maturity days as affected by different accession and foliar application of growth
enhancer in Chia (Salvia hispanica L.)
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray) 127.67 a
121.00 de
127.33 a
120.00 e
124.00 A
Water Spray
Moringa
extract
Ascorbic acid

125.00 b

122.00 cd

127.00 a

120.06 de

123.67 AB

121.00 de

128.00 a

120.00 e

122.75 B

126.33

121.33 cde

128.00 a

121.00 de

124.17 A

123.00

122.00 cd

127.67

121.33

123.50 AB

leaf 122.00 cd

Hydrogen peroxide

Means
124.80 B
121.47 C
127.60 A
LSD accessions = 0.87, Foliar application = 0.97, Interaction = 1.95

120.60 C

7 Total leaves per plant as affected by different accession and foliar application of growth enhancer
Maximum leaves per plant (64.40 and 64.26) among accession were observed for V1 and V3 While the number of
maximum leaves among V2 and V4 were significantly similar in the range of (60.66-63.80). The minimum leaves (53.66)
were observed for V2 when water spray was applied. Among interaction maximum number of leaves per plant (67.00)
was observed for V3 when H2O2 and moringa leaf extract were applied. The numbers of leaves per plant in V2 were 53.66
when there was no spray, these values were statistically at far from V3 67.00 when hydrogen peroxide and moringa leaf
extract were applied (Table 7).
Table 7 Pair wise comparison of total leaves per plant as affected by different accession and foliar application of growth
enhancer in Chia (Salvia hispanica L.)
Accession/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
61.33 de
53.66 g
60.00 c
60.33 de
58.83 D
Water Spray

57.00 f

61.66 de

61.66 de

60.66 C

66.00 ab

67.00 a

67.00 a

66.75 A

64.33 bc

64.33 bc

65.66 ab

65.00 ab

64.83 B

Hydrogen peroxide

67.00 a

62.33 cd

67.00 a

65.00 ab

65.33 B

Means

64.40 A

60.66 B

64.26 A

63. 80 AB

Moringa
extract
Ascorbic acid

62.33 cd
leaf 67.00 a

8|Page
THE INTERNATIONAL JOURNAL OF BIOLOGICAL RESEARCH (TIJOBR)
ISSN Online: 2618-1444 Vol. 3(2) April-June. 2020., 01-15; 2020
http://www.rndjournals.com

LSD accessions = 1.01, Foliar application = 1.13, Interaction = 2.27
8 Fresh weight of leaf, dry weight of leaf and total branches per plant.
Fresh weight of leaf were affected significantly among accessions (Factor A), foliar application (Factor B) and the
interaction (VxF). Dry weight of leaf were significant among accessions and foliar application while interaction between
accessions and foliar application (VxF) were affected non significant. Number of total branches per plant were non
significant (0.47) among interaction between accessions and foliar application (VxF) while Factor A and Factor B of total
branches per plant were affected significantly (Table 8).
Table 8 Analysis of variance for fresh weight of leaf, dry weight of leaf and total branches per plant as affected by
different accessions and foliar application of growth enhancer in Chia (Salvia hispanica L.).
Sources of Variance Degree of freedom Fresh weight of leaf Dry weight of leaf
Total branches per
plant
Replications
2
0.00
0.00
1.31
accessions (Factor 3
0.20****
0.10****
1.53*
A)
Foliar application 4
0.21****
0.10****
21.26****
(Factor B)
Interaction (VxF)
12
0.01**
0.34NS
0.47NS
Error
38
0.00
0.11
0.54
Total
59
*,**,**** = Significant at p < 0.05and p < 0.001; NS = Non-significant.
9 Fresh weight of leaf as affected by different accessions and foliar application of growth enhancer.
Among accessions fresh weight of leaf were observed and the maximum value of fresh weight of leave (1.64) were for
V1 While the minimum weight of fresh leaf were (1.30) for V3. Observed weight of leaves among V2 and V4 were
significantly similar in the range of (1.30-1.70). Among interaction the minimum fresh weight of leaf were 1.30 that was
of V3 and there were no spray while the maximum weight 1.76 of fresh leaf was of V1 that were sprayed by moringa leaf
extract, these values were statistically at far from V3 (1.26) when there were no spray (Table 9).
Table 9 Pair wise comparison of fresh weight of leaf as affected by different accessions and foliar application of growth
enhancer in Chia (Salvia hispanica L.)
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray) 1.46 efg
1.36 ghi
1.26 ij
1.30 hij
1.35 D
Water Spray
1.53 def
1.43 efgh
1.16 j
1.36 ghi
1.37 D
Moringa
leaf 1.76 ab
1.70 bc
1.56 cde
1.66 bcd
1.67 A
extract
Ascorbic acid
1.56 cde
1.50 efg
1.40 fghi
1.43 efgh
1.47 C
Hydrogen peroxide 1.86 a
1.43 efgh
1.40 fghi
1.53 def
1.55 B
Means
1.64 A
1.48 B
1.36 C
1.46 B
LSD accessions = 0.06, Foliar application = 0.06, Interaction = 0.13
10 Dry weight as affected by different accessions and foliar application of growth enhancer.
Among accessions fresh weight of leaf were observed and the maximum value of fresh weight of leave (1.64) were for
V1 While the minimum weight of fresh leaf were (1.30) for V3. Observed weight of leaves among V2 and V4 were
significantly similar in the range of (1.30-1.70). Among interaction the minimum fresh weight of leaf were 1.30 that was
of V3 and there were no spray while the maximum weight 1.76 of fresh leaf was of V1 that were sprayed by moringa leaf
extract, these values were statistically at far from V3 (1.26) when there were no spray (Table 10).
Table 10 Pair wise comparison for dry weight of leaf as affected by different accessions and foliar application of
growth enhancer in Chia (Salvia hispanica L.)
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Accessions/ Foliar V1
V2
V3
Application
Control (No Spray)
0.43 cdef
0.40 def
0.30 f
Water Spray
0.56 bcd
0.40 def
0.30 f
Moringa leaf extract 0.63 ab
0.66 ab
0.50 bcde
Ascorbic acid
0.53 bcde
0.43 cdef
0.43 cdef
Hydrogen peroxide
0.80 a
0.36 cdef
0.60 bc
Means
0.59 A
0.45 B
0.42 B
LSD accessions = 0.07, Foliar application = 0.08, Interaction = 0.17

V4

Means

0.60 bc
0.43 cdef
0.53 bcde
0.53 bcde
0.80 a
0.5733 A

0.43 B
0.42 B
0.57 A
0.48 B
0.64 A

11 Total branches per plants affected by different accessions and foliar application of growth enhancer.
Among accessions fresh weight of leaf were observed and the maximum value of fresh weight of leaf (1.64) were for V1
While the minimum weight of fresh leaf were (1.30) for V3. Observed weight of leaves among V2 and V4 were significantly
similar in the range of (1.30-1.70). Among interaction the minimum fresh weight of leaf were 1.30 that was of V3 and
there were no spray while the maximum weight 1.76 of fresh leaf was of V1 that were sprayed by moringa leaf extract,
these values were statistically at far from V3 (1.26) when there were no spray (Table 11).
Table 11 Pair wise comparison of total branches per plant as affected by different accessions and foliar application of
growth enhancer in Salvia hispanica L.
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
12.66 de
12.33 e
12.33 e
13.00 de
12.58 A
Water Spray
13.00 de
12.66 de
13.33 de
13.33 de
13.08 C
Moringa leaf extract 15.33 ab
15.33 ab
16.00 a
16.00 a
15.66 A
Ascorbic acid
13.66 cd
14.66 bc
15.66 ab
15.00 ab
14.75 B
Hydrogen peroxide 14.66 bc
15.33 ab
15.00 ab
15.33 ab
15.08 AB
Means
13.867 B
14.067 AB
14.467 A
14.533 A
LSD accessions = 0.5456, Foliar application = 0.6100, Interaction = 1.2200
12 Numbers of flowers per plant, penicle number per plant and length of main penicle
Number of flowers in plants was affected significantly among accessions (Factor A) and the interaction affect of
accessions and foliar application (VxF). Number of flowers was non significant affected among foliar application (Factor
B) at the value of 374.25. Per plant penicle number were significant among accessions and foliar application and non
significant in interaction between accessions and foliar application (VxF). Length of main penicle was non significant
among interaction between accessions and foliar application (VxF) while accessions and foliar application in flowering
days were affected significant (Table 12)
Table 12 Analysis of variance for number of flowers in plants, per plant penicle number and length of main penicle as
affected by different accessions and foliar application of growth enhancer in Chia (Salvia hispanica L.).
Sources of Variance Degree of freedom Number of flowers
Per plant penicle
Length of main penicle
per plant
number
Replications
2
4.05
1.55
0.35
accessions (Factor
A)
Foliar application
(Factor B)
Interaction (VxF)
Error

3

8.59***

18.91**

7.64**

4

374.25 NS

189.44****

42.58****

12
38

2.15****
1.31

6.61NS
4.35

2.83NS
1.52
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Total

59

*,**, ***, ****= Significant at p < 0.05and p < 0.001; NS = Non-significant.
13 Number of flowers as affected by different accessions and foliar application of growth enhancer.
Among accessions number of flowers were observed and the maximum value of number of flowers were (42.33) for V4
while the minimum number of flowers were (34.33) for V3 and it was not sprayed. Observed number of flower showed
that moringa leaf extract, hydrogen peroxide and ascorbate increased the number of flowers in all accessions. Water
spray and no spray show minimum number of flowers. Moringa leaf extract showed a large number of flowers 46.66 in
V2 (Table 13).
Table 13 Pair wise comparison of number of flowers per plant as affected by different accessions and foliar application
of growth enhancer in Salvia hispanica L.
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray) 34.33 e
34.66 e
34.33 e
36.00 e
34.83 C
Water Spray

35.66 e

34.33 e

35.00 e

35.66 e

35.16 C

44.00 d

46.66 ab

45.33 bcd

48.33 a

46.08 A

43.66 d

44.66 cd

44.33 cd

46.00 bc

44.66 B

Hydrogen peroxide

44.00 d

44.66 cd

45.33 bcd

44.66 cd

44.66 B

Means

40.33 B

41.00 B

40.86 B

42.12 A

Moringa
extract
Ascorbic acid

leaf

LSD accessions = 0.84, Foliar application = 0.94, Interaction = 1.89
14 Per plant penicle number as affected by different accessions and foliar application of growth enhancer.
Among accessions fresh weight of leaf were observed and the maximum value of fresh weight of leaf (1.64) were for V1
While the minimum weight of fresh leaf were (1.30) for V3. Observed weight of leaves among V2 and V4 were significantly
similar in the range of (14.00-22.66). Among interaction the minimum fresh weight of leaf were 12.66 that was of V1 and
there were no spray while the maximum weight 22.66 of fresh leaf was of V1 that were sprayed by moringa leaf extract,
these values were statistically at far from V2 (14.00) when there were water spray (Table 14).
Table 14 Pair wise comparison of per plant penicle number as affected by different accessions and foliar application of
growth enhancer in Salvia hispanica L.
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
12.66 fgh
15.00 ef
15.66 cdef
10.00 h
13.33 C
Water Spray
15.66 cdef
14.00 fg
15.33 def
10.66 gh
13.91 C
Moringa
leaf 23.66 a
24.33 a
21.33 ab
21.33 ab
22.66 A
extract
Ascorbic acid
18.66 bcd
20.00 b
19.00 bc
20.00 b
19.41 B
Hydrogen peroxide 19.00 bc
19.66 b
19.66 b
18.33 bcde
19.16 B
Means
17.93 A
18.60 A
18.20 A
16.06 B
LSD accessions = 1.54, Foliar application = 1.72, Interaction = 3.45
15 Length of main penicle as affected by different accessions and foliar application of growth enhancer.
Among accessions length of main panicles were observed and the maximum value was of (10.66) were for V4 While the
minimum length of main penicle were (7.00) for V1. Observed length of main penicle among V1 and V3 were significantly
similar in the range of (7.00-12.41). Among interaction the minimum length of main penicle were 7.00 that was of V1 and
there were no spray while the maximum length (13.66) were in V1 and V4 that were sprayed by moringa leaf extract,
these values were statistically at far from V1 (7.00) when there were no spray (Table 4.15).
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Table 15 Pair wise comparison of length of main penicle as affected by different accessions and foliar application of
growth enhancer in Salvia hispanica L.
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
7.00 g
8.66 efg
7.33 fg
8.66 efg
7.91 C
Water Spray

7.33 fg

8.66 efg

8.00 efg

8.33 C

11.00 bcd

11.33 bc

13.66 a

12.41 A

11.00 bcd

10.00 bcde

11.66 ab

11.66 ab

11.08 B

Hydrogen peroxide

11.66 ab

9.00 defg

9.00 defg

11.33 bc

10.25 B

Means

10.53 A

9.20 B

9.60 B

10.66 A

Moringa
extract
Ascorbic acid

9.33 cdef
leaf 13.66 a

LSD accessions = 0.91, Foliar application = 1.02, Interaction = 2.04

16 Numbers of flowers per plant as affected by different accessions and foliar application of growth enhancer.
Among accessions number of flowers per plant were observed and the maximum value (42.13) were for V4 While the
minimum number of flowers per plant were (40.33) for V1. Observed number of plants among V2 and V3 were
significantly similar in the range of (34.33-46.66). Among interaction the minimum number of flowers per plant were
34.33 that was of V3 and there were no spray while the maximum number of flowers were 48.333 of V4 that were sprayed
by moringa leaf extract, these values were statistically at far from V1,V2 and V3 (34.33) when there were no spray (Table
16).
Table 16 Pair wise comparison of number of flowers per plant as affected by different accessions and foliar application
of growth enhancer in Chia Salvia hispanica L.
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray) 34.33 e
34.66 e
34.33 e
36.00 e
34.83 C
Water Spray
35.66 e
34.33 e
35.00 e
35.66 e
35.16 C
Moringa
leaf 44.00 d
46.66 ab
45.33 bcd
48.33 a
46.08 A
extract
Ascorbic acid
43.66 d
44.66 cd
44.33 cd
46.00 bc
44.66 B
Hydrogen peroxide 44.00 d
44.66 cd
45.33 bcd
44.66 cd
44.66 B
Means
40.33 B
41.00 B
40.86 B
42.13 A
LSD accessions = 0.84, Foliar application = 0.94, Interaction = 1.89
17 Height of plant, fresh weight of plant and seed weight of plant.
Height of plant were affected significantly among accessions (Factor A) and foliar application (Factor B). The interaction
between accessions and foliar application (VxF) were affected non significant. Fresh weight of 5 plants were highly
significant among accessions (Factor A) while foliar application and interaction between accessions and foliar application
(VxF) were affected non significant. Seed weight among accessions, foliar application and interaction (VxF) were non
significant (Table 17).
Table 17 Analysis of variance for Height of plant, Fresh weight of plant and Seed weight of plant as affected by
different accessions and foliar application of growth enhancer in Chia (Salvia hispanica L.)
Sources of Variance Degree of freedom
Height of plant
Fresh weight of 5
Seed weight of 5 plants
plants
Replications
2
0.11
1.88
1.73
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accessions (Factor 3
3.39***
2.12**
1.38NS
A)
Foliar
application 4
61.70****
9.15NS
2.35NS
(Factor B)
Interaction (VxF)
12
1.01NS
6.35NS
1.89NS
Error
38
0.66
6.47
1.10
Total
59
*,**, ***, **** = Significant at p < 0.05and p < 0.001; NS = Non-significant.
18. Height of plant as affected by different accessions and foliar application of growth enhancer.
Among accessions height of plants were observed and the maximum value of it (38.06) were for V2 while the minimum
height of plant were (37.00) for V1. Observed height of plant among V3 and V4 were significantly similar in the range of
(34.66-40.41). Among interaction the minimum height of plant were 33.667 that was of V1 and there were no spray while
the maximum height were observed 41.33 of V2 that were sprayed by MLE , these values were statistically at far from V1
(33.66) when there were no spray (Table 18).
Table 18 Pair wise comparison of height of Plant as affected by different accessions and foliar application of growth
enhancer in Chia (Salvia hispanica L.)
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
33.66 j
35.33 hi
34.66 ij
34.66 ij
34.58 D
Water Spray
35.66 ghi
36.33 fgh
35.66 ghi
35.66 ghi
35.83 C
Moringa leaf extract 41.00 a
41.33 a
39.33 bc
40.00 ab
40.41 A
Ascorbic acid
37.66 def
39.00 bcd
38.33 cde
38.00 cde
38.25 B
Hydrogen peroxide
37.00 efg
38.33 cde
37.66 cde
39.00 bcd
38.00 B
Means
37.00 B
38.06 A
37.13 B
37.46 AB
LSD accessions = 0.60, Foliar application = 0.67, Interaction = 1.34
19 Seed weight of 5 plants as affected by different accessions and foliar application of growth enhancer
Among accessions seed weight of 5 plants were observed and the maximum value (13787 g ) were for V3 while the
minimum seed weight of 5 plants were (11667 g) for V3. Observed seed weight of 5 plants among V1 and V4 were
significantly similar in the range of (9000-15600). Among interaction the minimum seed weight of 5 plants were 8333
that was of V3 and there were hydrogen peroxide applied while the maximum seed weight 17600 g of 5 plants was of V2
that were hydrogen peroxide sprayed these values were statistically at far from V3 (8333) when there were H2O2 sprayed
(Table 19).
Table 19 Pair wise comparison of seed weight of 5 plants as affected by different accessions and foliar application of
growth enhancer in Chia (Salvia hispanica L.)
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
9933cd
10800 bcd
9933 cd
10933 bcd
10400 B
Water Spray
9000 d
12400 abcd
12333 abcd
13200 1bcd
11732 AB
Moringa leaf extract 10800 bcd
12933 abcd
15733 ab
15600 ab
13767 A
Ascorbic acid
16000 ab
15200 abc
12000 bcd
11133 bcd
13583 A
Hydrogen peroxide
13467 abcd
17600 a
8333 d
11667 bcd
12767AB
Means
11840 A
13787 A
11667 A
12507 A
LSD accessions = 2454.8, Foliar application = 2744.6, Interaction = 5489.2
20 Fresh weight of 5 plant as affected by different accessions and foliar application of growth enhancer.
Among accessions fresh weight of 5 plants were observed and the maximum value (108467) were for V2 while the
minimum fresh weight of 5 plants were (8000) for V3. Observed weight of 5 plants among V1 and V4 were significantly
similar in the range of (80000-126667). Among interaction the minimum weight of 5 plants were 66667 that was of V3
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and there were hydrogen peroxide sprayed while the maximum weight of 5 plants were 126667 of V2 that were sprayed
by ascorbic acid these values were statistically at far from V2 (72333) when there were no spray (Table 20).
Table 20 Pair wise comparison of fresh weight of 5 plants as affected by different accessions and foliar application of
growth enhancer in Chia (Salvia hispanica L.)
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray) 82333 bcde
72333 cde
80000 bcde
98000 abcde
83167 B
Water Spray

93333 abcde

110000 abcd

76667 bcde

90000 abcde

92500 AB

96667 abcde

116667 ab

96667 abcde

113333 abc

105833 A

103333 abcde

126667 a

80000 bcde

70000 de

95000 AB

Hydrogen peroxide

90000 abcde

116667 ab

66667 e

73333 cde

86667

Means

93133 AB

108467 A

80000 B

88933 B

Moringa
extract
Ascorbic acid

leaf

LSD accessions = 18810, Foliar application = 21030, Interaction = 42061
21 Harvest index, phenolics and Proteins.
Harvest index were affected non significantly among accessions, foliar application and the interaction affect of
accessions and foliar application (VxF) (Table 21). Phenolics were highly significant among accessions, and non significant
among foliar application and interaction between accessions and foliar application (VxF). Proteins were non significant
among interaction between accessions and foliar application (VxF) while affected significantly among accessions (Factor
A) and foliar application (Factor B).
Table 21 Analysis of variance for harvest index, Phenolics and proteins as affected by different accessions and foliar
application of growth enhancer in Chia Salvia hispanica L.
Sources of Variance Degree of freedom
Harvest index
Phenolics
Protein
Replications
2
23.86
0.15
0.57
NS
accessions (Factor 3
13.43
1.00***
7.32**
A)
Foliar
application 4
8.10NS
0.014NS
3.00*
(Factor B)
Interaction (VxF)
12
17.77NS
0.98NS
0.82NS
Error
38
11.94
0.12
44.65
Total
59
*,**,*** = Significant at p < 0.05and p < 0.001; NS = Non-significant.
22 Harvest index as affected by different accessions and foliar application of growth enhancer.
Among accessions harvest index were observed and the maximum value of fresh weight of leave (14.80) were for V4
while the minimum harvest index were (12.96) for V1. Observed harvest index among V2 and V3 were significantly
similar in the range of (11.15-17.51). Among interaction the minimum harvest index were 10.25 that was of V1 and
there were no spray while the maximum harvest index 17.51 of V3 that were sprayed by moringa leaf extract, these
values were statistically at far from V1 and V3 when there were no spray (Table 22).
Table 22 Pair wise comparison of harvest index as affected by different accessions and foliar application of growth
enhancer in Chia (Salvia hispanica L.)
Accessions/ Foliar V1
V2
V3
V4
Means
Application
Control (No Spray)
12.06 abc
14.91 abc
12.40 abc
11.17 bc
12.63 A
Water Spray
10.25 c
12.18 abc
16.18 ab
15.81 abc
13.60 A
Moringa leaf extract 11.16 bc
11.15 bc
17.51 a
14.97 abc
13.70 A
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Ascorbic acid
15.81 abc
11.95 abc
14.33 abc
Hydrogen peroxide
15.52 abc
15.08 abc
11.86 bc
Means
12.96 A
13.05 A
14.45 A
LSD accessions = 2.55, Foliar application = 2.85, Interaction = 5.71
References;

17.05 a
15.00 abc
14.80 A

14.79 A
14.36 A
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