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Abstract:

A Field experiment was conducted in 2015 and 2016 cropping seasons at
the Vegetable Crops Research Station, Faculty of Agriculture, Assiut University,
to study the response of three Jew’s Mallow Ecotypess (Assiut, Eskandarany and
Aswan) to planting dates and foliar application of Gibberellic acid (GA3) and
Humic acids (HA) treatments. The Jew’s Mallow ecotypes were planted on 15"
Feb. and 15™ Oct. in both cropping seasons and subjected to three foliar applica-
tions of 0.25mg.I" GA; (T1), 0.5mg.I" HA (T2) and 0.5mg.I" HA + 0.25mg.I"
GA; (T3) and untreated plants were used as control. The results revealed that the
Jew’s Mallow ecotype ‘Assiut’ attained the highest plant (cm), number of
leaves/plant, weight of leaves/plant(g), weight of plant (g), percentage net weight
of leaves/plant and foliage yield (kg.plot") in both seasons. The early planting
date (15 Feb.) extremely increased growth, yield components and yield parame-
ters in 2015 and 2016. Foliar application of gibberellic acid (GAs) at 0.25mgl”
(T1) significantly increased growth and yield of Jew’s Mallow plants. Spraying
plants of the Jew’s Mallow ecotype ‘Assiut’ with GA; at 0.25 mg.I"" at planting
date 15™ Feb. significantly increased growth, yield components and yield pa-
rameters in both seasons.

Keywords: Jew’s Mallow, GA3, Humic acid, planting dates, foliar spraying, Ecotypess.
and Underutilized crop Species

Introduction

Jew’s Mallow (Corchorus olito-
rius L.), sometimes known as Jute
Mallow, is one of the most important
leafy vegetable in tropical areas in-
cluding Egypt. Egypt cultivated about
887 ha jew’s mallow and produced
about 2173 tons with a productivity
of 2.4499 ton/ha (FAO, 2016). Jew’s
mallow is considered as one of the
most important vegetables bringing
daily cash for smallholders and poor
families in Egypt particularly Upper
Egypt. However, less attention was
paid by researches to conduct studies
for improving the crop growth, yield,
quality and nutritional values. Re-
cently, Jew’s Mallow as a Neglected

(NUS) received great international
recognition because of its role in pro-
viding food and nutrition security and
income opportunities among small-
holder farmers. Also, the NUS crops
can be utilized to adapt agriculture
and food systems to climate change.
Egyptian farmers with particular to
Upper Egypt farmers (smallholders)
grew Jew’s Mallow in many marginal
areas for their livelihoods. They use
their own seeds which consequently
result in genetic erosion and low
yield and quality due to low fertility
soil, add no fertilizers, pest and dis-
cases (Abdallah et al., 2010; Rash-
wan, 2011). Cultivating Jew’s Mal-
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low in marginal areas without adding
either any fertilizers/small amounts to
the soil (organic and/or inorganic fer-
tilizers) or to the plants (foliar appli-
cation of fertilizers) caused great re-
duction in crop yield and quality
(Ogunrindé and Fasinmirin, 2011).
Suitable planting dates of vegetables
increases growth and yield without
adding extra production costs. Jew’s
mallow is a short-day plant and
grows well at high humidity and a
temperature range 25 - 35°C (Vincent
and Yamaguchi, 1997). Low tem-
perature and short day promote plant
flowering at early growth stage and
reduce vegetative growth. In Egypt,
It was reported that late planting
dates (1% June) increased vegetative
growth, yield components, yield and
chemical constituents, while reduced
the percentage of net leaves weight as
compared with planting dates 1% of
April and 1% of May. (Wahba et al.,
2003; Abd-Allah and Nasr, 2005).
Foliar application of fertilizers is a
promised alternative source of fertil-
izers that expected to enhances crop
yield and quality. Gibberellic acid
(GA;) 1s a phytohormone caused ex-
tremely acceleration for plant growth
and development when applied at low
concentrations. Plant Acceleration
occurred when growth regulators like
GA; exogenously applied in proper
concentration at a proper time in a
specific crop (Saini ef al., 2017). GA;
play significant roles in plant growth
and development including enhances
growth activities to plant (Saini et al.,
2017), stimulates stem elongation
(Lee, 1990), and increases dry weight
and yield (Deotale et al., 1998 and
Maske et al., 1998). Humic acid (HA)
is a bio-fertilizer can be extracted
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from any materials containing well-
decomposed organic matter like soil,
coal, compost, etc. Manipulation and
preparation of Humic acid can be
simply conduct using a solution of
sodium hydroxide which causes
much dissolves of the organic matter.
ph of the humic solution can be ad-
justed to 2 using acids. The organic
material will begin to flocculate and
can be separated from the liquid por-
tion (Kussow, 2002). Humic material
can be added to the soil as ground
fertilizers to ameliorate soil con-
structing and ground microorganisms.
Ghabbour and Davies, (2001) re-
ported that adding humic material to
the soil decreasing the unfavorable
effects of chemical fertilizers on the
ground and reign a major effect on
plant growth. On the other hand,
Humic materials can be successfully
sprayed over the plants to elevate
plant growth, yield and quality
(Yildirim, 2011). There were a lim-
ited information about the effects of
growth regulators like GA; and or-
ganic products like HA on growth,
yield and quality of leafy vegetables
with particular Jew’s Mallow at dif-
ferent planting dates. The presented
work aimed to study growth and yield
response of three Jew’s Mallow eco-
types to planting dates and applica-
tion of Humic acid (HA) and gibber-
ellic acid (GA;).
Materials and Methods
Plant Materials

The genetic materials of jew’s
mallow were three ecotypess called
‘Eskandarany’, ‘Balady Aswan’ and
‘Balady Assiut’ (Obatined from Lo-
cal Agricultural markets in Alexan-
dria, Aswan and Assiut governorate,
respectively.). Germination test was
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conducted in the laboratory of vege-
table crops to test seeds viability.
Experimental site and design

A Field experiment was con-
ducted at the Vegetable Crops Re-
search Station, Faculty of Agricul-
ture, Assiut University, Egypt, during
2015 and 2016. Main soil physical
and chemical proprieties were as fol-
low: soil texture clay, pH 8, field ca-
pacity 42%, available phosphorus
0.01% and total nitrogen 0.08%. The
experiment was laid out in split plot
following in randomized complete
block design (RCBD) with 3 repli-
cates. The Jew’s mallow ecotypes
were in the main plots, while GA;
and HA treatments were in the sub
plots.

Soil preparation, planting and Ag-
riculture Practices

The experimental site was
plowed 3 perpendicular times 2
months before planting. Two weeks
before planting the site was well lev-
eled and divided into plots each of
3m x 3m. Seeds of jew’s mallow cul-
tivars were planted in 15" Feb. and
15" Oct. 2015 and 2016. Seeds of all
jew’s mallow ecotypes were planted
in rows with planting space 20 cm
between row and 10 cm between
plants. Cultural practices (irrigation,
fertilization and pests and diseases
control) were applied as recom-
mended for jew’s mallow production
(Abd-Allah, 2006).

Gibberellic (GA;) and Humic acid
(HA)Treatments.

The Humic acid (24%) and
Gibberellic acid (35%) were used as
plant stimulants to enhance plant
growth and subsequently foliage
yield. The following treatments of
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Humic and Gebrillic acids were foliar
sprayed after 30 days from sowing:

1. Control: plants received
niether HA nor GA; treatments

2. HA: foliar application of HA
at 0.5mg.1”

3. GA;: foliar application of
GA; at 0.25mg.I"

4. HA+GA;: foliar application
of Humic acid and GA; combination
at 0.5mg.I" (HA) and 0.25mg.I" GA;.
Measurments

The following parameters were
measured using 20 randomly taken
plants per/plot: plant height (cm),
plant weight (g), number of leaves/
plant, leaves weight (g), percentage
net weight of fresh leaves per plant =
leaves weight per plant (g) / plant
weight (g) x 100 and total foliage
yield per plot was recorded in kg per
plot as the total weight of plants in
each plot.

Statistical procedures:

The data were subjected to
combined analysis over year using
model analysis (Gomez and Gomez,
1984). Before combining the data
single analysis of variance for each
year was conducted to test normal
distribution of the data and variances
homogeneity (Gomez and Gomez,
1984). Analysis of variance was con-
ducted using the Statistical Analysis
System (SAS) program (ver. 9.00,
SAS Institute, Cary, NC, USA). The
treatment means were compared by F
test and using Duncan”s New multi-
ple range test (Steel and Torrie 1982).
Results and Discussion

There were significant differ-
ences due to planting dates, Jew’s
Mallow ecotypes, Humic (HA) and
Gibberellic (GA3) acids and their in-
teraction for all measured parameters.
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Plant height (cm)

Plant height of tested Jew’s
Mallow ecotypes were significantly
affected by planting dates and foliar
spray treatments (Table 1). The tallest
plant were measured for plants of the
ecotypes ‘Assiut’ with lengths 79.18
cm (15™ Feb. 2105), 73.98 cm (15"
Oct 2015), 81.67 cm (15™ Feb. 2016)
and 75.33 cm (15™ Oct 2016). The
shortest plants were produced by
‘Eskandarany’ in both planting dates
in 2015 and 2016 (Table 1). Regard-
ing effects of foliar application of
GA; and HA, the results revealed that
foliar application of GA; at 0.25mg
1" increased plant height by 39.63%
(15™ Feb 2015), 54.62% (15™ Oct.
2015), 63.66% (15™ Feb 2016) and
49.41% (15™ Oct 2016) as compared
to the control (untreated plots). Re-
gardless planting dates and ecotypes,
the least plant height was observed
for the untreated plots (control treat-
ment). Planting the Jew’s Mallow on
15™ Feb significantly increased plant
height in 2015 and 2016 (Table 1).
Concerning interaction, spraying
Jew’s Mallow ecotypes ‘Assiut’ with
GA; at 0.25mg 1" result the longest
plant with 90.55cm and 92.67cm for
planting dates 15" Feb 2015 and
2016, respectively. The control
treatment of ecotypes ‘Aswan’ pro-
duced the shortest plants with the late
planting date 15™ Oct in 2015 and
2016 (Table 1). Gibberellic acid
(GA3) as a phytohormone accelerate
plant growth and development when
it exogenously applied at low concen-
trations (Saini et al, 2017). Time of
application, method of application
and GA; concentrations critically
controls the roles and motivations of
GA; in plant growth and develop-
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ment. For instance, application of
GA; at proper concentration and time
was reported to stimulate stem elon-
gation (Lee, 1990), and increases dry
weight and yield (Deotale ef al., 1998
and Maske et al., 1998). There were
limited information and researches
considered the effects of GA; and
Humic acid (HA) on growth and de-
veloped of Jew’s Mallow. However,
in Indian mustard, Sani ef al., (2017)
reported that foliar application of
GA; at 125 ppm resulted in maxi-
mum plant height (190.44 cm) at ma-
turity stage, followed by foliar
sprayed of GA; at 90ppm (188.33
cm) over control (180.55 cm). Spray-
ing GA; significantly increased plant
height of mungbeen at 40 days after
sowing (38.57 cm) and 50 days after
sowing (45.65 cm) as compared with
biofertilizers and control treatments
(Lee et al., 1990). Moreover, the au-
thoers found that GA; significantly
increased plant height of the mung-
been variety ‘Barimoog-2’ at 40 days
after sowing (40.53 cm) and 50 days
after sowing (47.27 cm). Foliar appli-
cation of Humic acid (HA) affected
plant height of canola and maximum
heights were obtained using HA at
concentration of 2%, while shortest
plants were observed under control
treatments (Sani, 2014). Humic acid
also significantly increased plant
height of mustard (Rajpar et al.,
2012), tomato and cucumber (Atiyeh
et al., 2002) and peppers (Arancon et
al., 2006).

Weight of plant (g)

The results showed that, the
carly planting date (15" Feb.) ex-
tremely increased plant weights of all
tested ecotypes as compared to late
planting date (15™ Oct.) in 2015 and
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2016. Plants of the Jew’s Mallow
ecotypes ‘Assiut’ recorded the high-
est weight in both planting dates as
compared with other tested ecotypes.
However, the early planting (15"
Feb) of ecotypes ‘Assiut’ extremely
increased plants weight in 2015 and
2016 (Table 2). The maximum plant
weights of ecotypes ‘Assiut’ were
76.59g (15™ Feb 2015), 74.34g (15"
Feb 2016), 68.93g (15™ Oct 2015)
and 71.54g (15™ Oct 2016) Contrary,
the least plant weight was observed
for ecotypes ‘Aswan’ in late planting
(15™ Oct) in both seasons. Regarding
effects of GA; and HA foliar spray-
ing on plant weight of Jew’s Mallow
ecotypes, the results illustrated that
spraying GA; at 0.25mg.l" signifi-
cantly increased plants weight in late
(15™ Oct) and early planting (15"
Feb) in 2015 and 2016. In addition
HA in combination with GA; (0.5
mg.l" HA + 0.25 mg.1" GA;) in early
planting (15™ Feb.) increased weight
of Jew’s Mallow plants (Table 2).
The control treatment (without GA;
and HA applications) produced the
least plants weight (g) in late and
early planting dates in both seasons.
A significant interaction was ob-
served between Jew’s Mallow eco-
types, planting dates and foliar appli-
cation of GA; and HA with regard
weight of plant (g). Spraying plants
of ecotypes ‘Assiut’ with GA; at
0.25mg" at early planting date (15"
Feb) in 2015 result the highest weight
of plants (95.37g), followed by appli-
cation GA; at 0.25mg” at early plant-
ing date (15™ Feb) of ecotypes As-
siut’ in 2016 with 93.35g and spray-
ing ecotypes ‘Assiut’ with a combina-
tion of GA; at 0.25mg.1" + HA at 0.5
mg.1" at early planting date (15" Feb)
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in 2016 (Table 2). Oppositely, the
least weight of plant (g) was observed
at late planting (15™ Oct) of ecotypes
‘Eskandarany’ in 2015 and 2016.
There were limited information and
researches considered the effects of
GA; and Humic acid (HA) on growth
and developed of Jew’s Mallow.
However, Indian mustered growth
and yield was significantly affected
by GA; application (Sani et al,
2017). They reported that all GAj;
treatments  significantly increased
plant dry biomass as compared to the
control treatment. Foliar application
of GA; enhanced growth and yield of
Cabbage (Akand, et al., 2015); To-
mato (Kumar et al., 2014), strawberry
(Jamal ef al., 2012) and indian mus-
tard (Sani et al, 2017). Moreover,
humic acid significantly affected
growth and yield of varied number of
crops including Canola (Sani, 2014);
Tomato (Abdellatif et al., 2017); Gar-
lic (Abdel Razzak and El-SHarkawy,
2013). On the other hand, Jew’s mal-
low is a short-day plant and grows
well at high humidity and a tempera-
ture range 25 - 35°C (Vincent and
Yamaguchi, 1997). Low temperature
and short day promote plant flower-
ing at early growth stage and reduce
vegetative growth. In Egypt, It was
reported that late planting dates (1%
June) increased vegetative growth,
yield components, yield and chemical
constituents, while reduced the per-
centage of net leaves weight as com-
pared with planting dates 1*' of April
and 1* of May. (Wahba et al. 2003;
Abd-Allah and Nasr 2005).
Number of leaves/plant

Planting Jew’s Mallow at 15"
Feb in both seasons result the highest
number of leaves/plant as compared
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to planting date 15™ Oct. The eco-
types ‘Assiut’ produced the maxi-
mum number of leaves/plant in 2015
and 2016, followed by the ecotypes
‘Eskandarany’, while the ecotypes
‘Aswan’ produced the least number
of leaves/plan. Spraying GA; at
0.25mg.I"  significantly increased
number of leaves/plant, while the
control treatment (without application
of GA; and HA) revealed the least
number of leaves/plant (Table 3). Re-
garding interaction the results illus-
trated that spraying plants of the eco-
types ‘Assiut’ at early planting date
(15™ Feb 2015) by GA; at 0.25mg.1”
result the highest number of leaves
per plant (70.08). As presented in Ta-
ble (3), the least no. of leaves/plant
was observed for plants of ecotypess
‘Aswan’ (22.40) and ‘Eskandarany’
(22.70) under late planting (15" Oct
2016) and without application of GA;
and HA (control treatment). Tsiakaras
et al. (2014) investigated the effects
of nitrogen application rate and gib-
berellic acid (GA;) on yield and
earliness of production and market-
ability of lettuce. They observed that
GA; and high nitrogen rates signifi-
cantly increased total number of
leaves per plant. Application of GA;
at 75 ppm result in the highest no. of
leaves/plant (21.04 leaf/plant), while
the minimum no. of leaves/plant
(7.13) was noted at control treatment
(Roy and nasiruddin, 2011). Number
of leaves per plant varied signifi-
cantly at different days after trans-
planting (DAT) due to application of
different concentrations of GAj;. The
maximum leaves per plant (15.05)
was observed in GA; (90 ppm) and
the minimum (11.47) was found from
GA; (0.0 ppm) at 60 days after sow-
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ing (Kairul Mazed, 2015). In Egypt, it
was reported that late planting of
Jew’s Mallow (1% June) significantly
reduced percentage of net weight of
plant leaves due to high temperature
and day length (Wahba et al. 2003;
Abd-Allah and Nasr 2005). In addi-
tion, Rashwan (2011) found that
planting Jew’s Mallow ecotypess on
April 25" result the highest plant
heights, foliar yield and fresh and dry
mass of plants. In Egypt highest fresh
leafy yield of Jew’s Mallow eco-
typess was obtained with planting
dates mid May and mid April (Abd-
Allah et al., 2010).

Weight of leaves/plant (g)

The sowing dates 15™ Feb in
2015 and 2016 revealed the highest
weight of leaves/plant as compared to
the planting dates 15™ Oct. in both
seasons. The Jew’s Mallow ecotypes
were significantly varied with regard
weight of leaves/plant (g). The eco-
types ‘Assiut’ produced the highest
weight of leaves/plant with 32.45,
34.65, 25.59 and 24.28 (g) for plant-
ing dates 15™ Feb. 2015, 15™ Feb.
2016, 15" Oct. 2015 and 15" Oct.
2016, respectively (Table 3). Foliar
application of GA; at 0.25mg.l" re-
sult highest weight of leaves/plant in
both seasons, followed by combina-
tion of GA; at 0.25mg.1" + HA at 0.5
mg.l'1, while control treatment (with-
out foliar application of GA; and HA)
recorded the least weight of
leaves/plan. A significant interaction
was observed between planting dates,
Jew’s Mallow ecotypes and foliar
spray treatments. Sowing the eco-
types ‘Assiut’ on 15" Feb. in 2015
and 2016 and spraying the plants with
GA; at 0.25mg.I" result the highest
weight of leaves/plant (45.86 and
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50.00 (g) for sowing dates 15™ Feb.
in 2015 and 2016, respectively, Table
3). The control treatment (without
spraying GA; and HA) recorded the
least weigh of leaves/plant for the
ecotypess ‘Eskandarany’ and ‘As-
wan’ on planting dates 15" Oct. 2015
and 2016. Tovihoudji et al., (2015)
evaluated the application of munici-
pal solid waste compost (MSWC),
cow dung (CD) and Urea (46%,
kg.ha-1) on weight of fresh and dry
leaves of Jew’s Mallow. They found
that applying MSWC at 20 t.ha™ re-
corded the highest weight of fresh
leaves (33.3 g.plant') followed by
MSWC at 30 t/.ha’ (26.5 g.plant™),
CD 30 at tha' (21.5 gplant") and
urea at100 kg.ha (21.5 gplant™). In
lettuce it was reported that GA;3 sig-
nificantly influenced the fresh weight
of leaves per plant at 25, 35 and 45
days after planting (Akter, 2015). The
author observed that the maximum
weight of fresh leaves g.plant’
(30.35, 89.61 and 181.55 g at 25, 35
and 45 DAS respectively) was re-
corded with application of GAj; at
20ppm. Moreover, he observed that
weight of fresh leaves gplant’
(17.74, 45.84 and 101.7 g at 25, 35
and 45 DAS respectively) was re-
corded with control treatment. Sani
(2104) reviewed that humic acid ap-
plications have positive effects on dry
matter productivity and on nutrient
mechanism of lettuce plant.
Percentage net weight of leaves/
plant

Percentages of net weight of
plant leaves were significantly af-
fected by sowing dates, ecotypess,
foliar application and their interac-
tions. Sowing Jew’s Mallow plants
on 15" Feb. in 2015 and 2016 signifi-
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cantly increased percentages of net
weight of plant leaves/ plant as com-
pared to late planting dates. The eco-
types ‘Assiut’ revealed highest per-
centages of net weight of leaves/plant
in both seasons, followed by the eco-
types ‘Eskandarany’, while ecotypes
‘Aswan’ registered the least percent-
ages of net weight of leaves/plant
(Table 5). The Application of GA; at
0.25mg.I"  significantly increased
percentage net weight of plant leaves
in both seasons, followed by 0.5mg.I"
" HA + 0.25mg.l" GA; and HA at
0.5mg.l-1, whereas the control treat-
ment revealed the least percentages of
net weight of plant leaves in 2016.
Significant interaction was observed
between sowing dates, Jew’s Mallow
ecotypes and application of GA3 and
HA with regard percentage net
weight of plant leaves. Foliar applica-
tion of GA3 at 0.25mg.I" extremely
increased the percentages of net
weight of plant leaves of the ecotypes
‘Assiut’ at the planting dates 15™ Feb.
2015 (50.56%) and 15™ Feb. 2016
(51.45%). Contrary, the ecotypes
‘Aswan’ recorded the least percent-
ages of net weight of plant leaves un-
der effects of foliar application of HA
at 0.5mg.I" at late planting dates in
both season (Table 5). The reasons
for these observations can be attrib-
uted to the small number of
leaves/plant, low  weight  of
leaves/plant and partially elevated
weight of plant produced by ‘Aswan’
ecotypes under foliar application of
HA at 0.5mg.l". Contrary, adaptabil-
ity of the ecotypes ‘Assiut’ to local

climate increase effectiveness of
foliar application of GA3 which re-
sult maximum number of

leaves/plant, weight of leaves/plant,
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weight of plant and subsequently per-
centage of net weight of plant leaves.
Yield of fresh weight of Jew’s Mal-
low was significantly increased by
foliar application of GAj; at 20 ppm
(Akter, 2015). In addition, it was re-
ported that foliar application of humic
acid significantly enhanced weight of
leaves and weight of plant of lettuce
(Sani, 2014). The Jew’s Mallow eco-
types ‘Mansoura’ was reported to
produce the maximum percentage of
net weight of leaves/plant when culti-
vated in mid May as compared with
other tested ecotypess and planting
dates (Abdallah et al., 2010). The ob-
tained results were partially in line
with that observed by Wahba et al.,
(2003); Abd-Allah and Nasr (2005)
and Rashwan (2011). They reported
that late planting of Jew’s Mallow (1*
June) significantly reduced percent-
age of net weight of plant leaves due
to high temperature and day length
(Wahba et al., 2003; Abd-Allah and
Nasr 2005). Planting Jew’s Mallow
ecotypess on April 25" result the
highest plant heights, foliar yield and
fresh and dry mass of plants (Rash-
wan (2011). It was recommended that
mid May and Mid April are the prom-
ising planting dates for highest fresh
leafy yield of Jew’s Mallow eco-
typess in Egypt (Abd-Allah ef al.
2010).

Foliage Yield (kg.plot™)

As presented in Table (6), the
carly planting dates 15" Feb. 2015
and 2016 result the highest foliage
yield (kg.plot!), whereas sowing
dates 15™ Oct. significantly reduced
the foliage yield in both seasons. Re-
garding the Jew’s Mallow ecotypess,
the results illustrated that ecotypes
‘Assiut’ produced the highest foliage
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yield since its extreme adaptability to
the local dominant climate of the ex-
perimental location. The total foliage
yield of ecotypes ‘Assiut’ were 19.89
and 17.45 kg.plot’ for planting dates
15™ Feb. 2015, 15™ Feb. 2016 respec-
tively and 15.96, 14.74, kg.plot' for
planting dates 15™ Oct. 2015, 15"
Oct. 2016, respectively (Table 6).
Least foliage yield were recorded for
the ecotypes ‘Aswan’ at all planting
dates. Concerning foliar applications
the results revealed that spraying GA;
at 0.25mg.l" extremely increased to-
tal foliage yield of Jew’s Mallow in
both seasons, while the control treat-
ment (without application of GA; and
HA) significantly reduced the total
foliage yield (Table 6). Regarding in-
teraction, the results showed that
spraying plants of the ecotypes ‘As-
siut” with GA; at 0.25mg.1" at plant-
ing dates 15™ Feb. result significant
increase in foliage yield (kg.plot™) in
both seasons (28.35 and 26.26
kg.plot’ in 15™ Feb. 2015 and 2016,
respectively). The ecotypes ‘Aswan’
recorded the least foliage yield under
late planting conditions (15" Oct.)
and control treatment (without appli-
cation of GA; and HA) in both sea-
sons (10.07 and 8.03 kg.plot” in 15
Oct. 2015 and 15™ Oct. 2016, respec-
tively). Total yield of Jew’s Mallow
as all leafy vegetable dependent on
yield attributes including number of
leaves/plant, weight of plant leaves
and percentage net weight of plant
leaves (the ratio of weight of leaves:
weight of plant). The Jew’s Mallow
ecotypes ‘Assiut’ is commonly
known and continuously cultivated
by farmers in Assiut regions several
years ago. Its high growth and yield
performance reflecting its consistent
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adaptability to dominant climates of
Assiut regions. Based on this phe-
nomenon the ecotypes ‘Assiut’ re-
corded highest values of yield attrib-
utes and subsequently total foliage
yield (highest foliage yield (kg.plot™).
The obtained results were partially in
line with that observed by Wahba et
al., (2003); Abd-Allah and Nasr
(2005) and Rashwan (2011). They
reported that late planting of Jew’s
Mallow (1% June) significantly re-
duced percentage of net weight of
plant leaves due to high temperature
and day length (Wahba et al. 2003;
Abd-Allah and Nasr 2005). Planting
Jew’s Mallow ecotypess on April 25"
result the highest plant heights, foliar
yield and fresh and dry mass of plants
(Rashwan (2011). It was recom-
mended that mid May and Mid April
are the promising planting dates for
highest fresh leafy yield of Jew’s
Mallow ecotypess in Egypt (Abd-
Allah et al., 2010).

GA; and Humic acid play sig-
nificant roles in plant growth and de-
velopment including enhances growth
activities to plant (Saini et al., 2017),
stimulates stem elongation (Lee,
1990), and increases dry weight and
yield (Deotale ef al., 1998 and Maske
et al., 1998). Limited information are
available about the roles of GA; and
HA to enhance growth and yield of
Jew’s Mallow. In Indian mustard
Sani et al., (2017) reported yield and
quality  contributing traits were
maximum recorded with foliar
sprayed of GA; at 125 ppm followed
by foliar sprayed with GA; at 90ppm
over rest of the treatments including
control. Fresh leaves yield of Jew’s
Mallow was significantly increased
by foliar application of GA; at 20
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ppm (Akter, 2015). Moreover, foliar
application of humic acid signifi-
cantly enhanced yield attributes and
total fresh yield of lettuce as com-
pared to control treatment (Sani,
2014).
Conclusion
Out of the present study, it is
recommended to grow the ecotype
Assiut on feb. 15th and use foliar
spray with GA; at 0.25mg.1-1 to pro-
duce an enhanced growth, yield and
yield components.
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Table 1. Means of Plant height (cm) of three Jew’s Mallow ecotypes as affected by
GA; and HA foliar application and planting dates during 2015 and 2016.

Plant height (cm)
Jew’s Mallow Foliar applications 2015 2016
ecotypes
15" Oct | 15™Feb | 15™ Oct | 15™ Feb
Unteated (T0) 47.76ef 62.50ef 45.671 48.46¢g
0.25mg.lI" GA; (T1) 70.03bcd | 78.34cb | 69.16de | 74.56¢
Eskandarany | o smo 1! HA (T2) 58.23de 67.17¢ | 56.66fg | 60.43¢
g:i?rrglg.;" Gz‘?m) Tl 62260d | 7028de | 60.40f | 65.22dc
Unteated (T0) 57.66efde 64.57¢ 51.76gh 58.56¢
0.25mg.I" GA; (T1) 83.03a 90.55a 86.76a | 92.67a
Assiut 0.5me.I'" HA (T2) 74.86abc | 80.16¢cb | 74.33cd | 80.18bc
g:i?rrglg.;" GE?T.%) Tl 80.36ab | 85.45ab | 80.46b | 86.45abc
Unteated (T0) 43 .46f 55.67f | 49.37hi | 56.46feg
0.25mg.lI" GA; (T1) 74.16abc 80.57¢cb 78.40bc | 68.35dc
Aswan 0.5mg.I" HA (T2) 70.03bcd | 78.46cb | 67.06e | 70.54dc
g:i?rrglg.;" GE?T.%) Tl 6270cd | 78.54chb | 68.60c | 70.00dc
Mean Planting dates
| 6538 | 75.355a | 65.72c [ 69.24b
Mean Jew’s Mallow ecotypes
Eskandarany 59.57b 66.82b 57.97b 49.56b
Assiut 73.98a 79.18a 75.33a 81.67a
Aswan 62.59b 68.25b 65.85ba 73.45a
Mean foliar applications
Unteated (T0) 49.63¢ 56.17c 48.93d 50.45d
0.25mg.I'" GA3 (T1) 76.74a 78.20a 73.1la | 82.57a
0.5mg.I'"' HA (T2) 67.71b 71.24b 66.02¢c 63.23¢
0.5mg.I'"' HA + 0.25mg.lI" GA; (T3) 68.44ba 70.50b 69.82b | 75.45b

Means with different letters within columns are significantly different at 0.05 level of
the probability using "Duncan's multiple range test".
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Table 2. Means of weight of plant (g) of three Jew’s Mallow ecotypes as affected by
GA3 and HA foliar application and planting dates during 2015 and 2016.

weight of plant (g)
Jew’s Mallow Foliar applications 2015 2016
ecotypes
15" Oct | 15™Feb | 15" Oct | 15™ Feb
Unteated (T0) 47.26fg 54.23gh 43.67] 50.34h
0.25mg.I" GA3 (T1) 71.46bcd 82.56bc 75.26¢cd | 78.45cd
Eskandarany | o smo 1! HA (T2) 65.40de 72.45¢f | 60.33gh | 66.46fg
g:i?rrglg.;" GAH;?B) Tl 7297bc | 8045bc | 71.37def | 76.23cde
Unteated (T0) 51.13f 49.34h | 57.03hi | 60.59g
0.25mg.lI" GA; (T1) 81.52a 95.37a 88.06a 93.35a
Assiut 0.5me.I'" HA (T2) 67.26cde | 71.65¢f | 60.00gh | 74.05de
g:i?rrglg.;" Gz‘?m) Tl 7583ab | 87.34b | 81.50bc | 90.68a
Unteated (T0) 44.63¢g 50.35gh 51.501 57.48jg
0.25mg.lI" GA; (T1) 73.36bc 76.62de | 67.00f | 80.34bcd
Aswan 0.5mg.I" HA (T2) 61.57¢ 65.23f | 66.83f | 69.48¢f
g:i?rrglg.;" Gz‘?m) Tl 6457 68.45f | 68.00ef | 70.45de
Mean Planting dates
| 64.75b | 71.17a | 65.88b | 72.32a
Mean Jew’s Mallow ecotypes
Eskandarany 64.27b 70.02b 62.66b 69.56¢
Assiut 68.93a 76.59a 71.54a 74.34a
Aswan 61.03c 67.17c 61.71b 66.25b
Mean foliar applications
Unteated (T0) 47.67c 60.34c 51.07c 64.23d
0.25mg.l'1 GA3 (T1) 75.45a 79.36a 77.94a 85.46a
0.5mg.I'' HA (T2) 64.74d 73.89b 63.05b | 70.56¢
0.5mg.I'"' HA + 0.25mg.lI" GA; (T3) 71.12b 74.18b 73.95a | 80.45b

Means with different letters within columns are significantly different at 0.05 level of
the probability using "Duncan's multiple range test".
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Table 3. Means of number of leaves/plants of three Jew’s Mallow ecotypes as af-
fected by GA; and HA foliar application and planting dates during 2015 and

2016.

Jew’s Mallow

Foliar applications

no. of leaves/plant

ecotypes 2015 2016
15" Oct | 15™Feb | 15" Oct | 15™ Feb
Unteated (T0) 28.33fg 30.83¢g 22.70e 26.78e
0.25mg.lI" GA; (T1) 55.00abc 62.45b | 51.00ab | 57.34ab
Eskandarany | o smo 1! HA (T2) 47.70cd | S51.44cd | 39.70c | 45.16cd
g:i?rrglg.;" Gz‘?m) Tl 5034b | 67.16ab | 48.67ab | 57.22b
Unteated (T0) 32.00ef 40.34f 27.33de | 37.12cd
0.25mg.lI" GA; (T1) 58.67a 70.08a 53.0la | 62.00a
Assiut 0.5mg.I'"' HA (T2) 44.66d 48.22de 37.33¢ | 45.34cd
g:i?;ﬁ;.;" Gz‘?m) Tl 51006 | 61.50b | 46.00b | 54.23b
Unteated (T0) 25.33¢g 33.76g 22.40e 32.14de
0.25mg.lI" GA; (T1) 37.33¢ 42.45¢f | 31.40d | 45.30ab
Aswan 0.5mg.I" HA (T2) 34.70e 47.23de | 23.67¢ | 48.19¢d
g:i?;ﬁ;.;" Gz‘?m) Tl 3433 4045t | 2633de | 43.12¢d
Mean Planting dates
| 41.62c | 49.66a 35.79d | 46.16b
Mean Jew’s Mallow ecotypes
Eskandarany 32.33b 45.33b 34.50b | 51.34b
Assiut 46.58a 51.58a 40.91a 55.82a
Aswan 27.91c 3291c 25.91c 47.34c
Mean foliar applications

Unteated (T0) 28.55¢ 32.45d | 24.11d | 34.80d

0.25mg.lI" GA; (T1) 50.33a 61.24a 45.11a 52.56
0.5mg.I'"' HA (T2) 42.33b 47.23cb | 33.55¢ | 50.06¢
0.5mg.I" HA + 0.25mg.I'" GA; (T3) 45.22b 51.45b 40.33b | 56.45b
Means with different letters within columns are significantly different at 0.05 level of

the probability using "Duncan's multiple range test".
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Table 4. Means weight of plant leaves (g) of three Jew’s Mallow ecotypes as af-
fected by GA3 and HA foliar application and planting dates during 2015 and

2016.

Jew’s Mallow

Foliar applications

weight of leaves/plant (g)

ecotypes 2015 2016
15" Oct | 15™Feb | 15" Oct | 15™ Feb
Unteated (T0) 14.00g 16.45h 10.60g 15.68
0.25mg.lI" GA; (T1) 24.10bc 32.67bc 23.27bc | 29.34cb
Eskandarany | o smo 1! HA (T2) 18.90ef | 23.54f¢ | 1527¢ | 19.36f
g:i?;ﬁ;.;" G:?B) | 23.08cd | 30.43cdh | 21.27cd | 28.49db
Unteated (T0) 16.73fg 22.67g 13.89¢f 19.68f
0.25mg.lI" GA; (T1) 34.70a 45.86a 38.22a 50.00a
Assiut 0.5me.I'" HA (T2) 2327c | 3045cdh | 19.35d | 28.43db
g:i?;ﬁ;.;" Gz‘?”) Tl 27670 | 3423bc | 25.67b | 30.34b
Unteated (T0) 13.97g 18.67h | 11.78fg | 20.68ef
0.25mg.lI" GA; (T1) 21.80cde | 29.24dfh | 20.02d | 32.56b
Aswan 0.5mg.I'' HA (T2) 17.56fg 23.34fg | 11.59fg 19.86f
g:i?;ﬁ;.;" Gz‘?”) Tl 1933def | 27.56ef | 1557¢ | 22.46ef
Mean Planting dates
| 2126c | 27.92a 18.87d | 26.40a
Mean Jew’s Mallow ecotypes
Eskandarany 20.02b 25.60b 17.60b | 21.00b
Assiut 25.59a 32.45a 24.28a 34.65a
Aswan 18.17b 24.33b 14.74b | 21.35b
Mean foliar applications
Unteated (T0) 14.90d 19.34d 12.09d | 18.59d
0.25mg.lI" GA; (T1) 26.86a 35.00a 27.17a 40.33a
0.5mg.I'"' HA (T2) 19.91c 27.48c 15.40c 24.35c¢
0.5mg.I'"' HA + 0.25mg.lI" GA; (T3) 23.36b 31.08b 20.84b | 29.33b

Means with different letters within columns are significantly different at 0.05 level of
the probability using "Duncan's multiple range test".
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Table 5. Means of percentage net weight of plant leaves of three Jew’s Mallow eco-
types as affected by GA3 and HA foliar application and planting dates during
2015 and 2016.

Jew’s Mallow

Foliar applications

% net weight of plant leaves

ecotypes 2015 2016
15" Oct | 15™Feb | 15" Oct | 15" Feb
Unteated (T0) 29.61De 34.45¢ 22.00efg | 27.17g
0.25mg.I" GA3 (T1) 33.74bc 40.36b 32.25b | 37.13cbd
Eskandarany | o smo 1! HA (T2) 29.70de | 37.18cd | 25.45de | 32.33edfe
g:i?rrglg.;" GAH;?B) | 31.56bede | 35.67de | 30.73bc | 40.55b
Unteated (T0) 32.82bcd 36.78cde | 27.64cd | 33.18edfg
0.25mg.I" GA3 (T1) 41.68a 50.56a 44.95a 51.45a
Assiut 0.5mg.I'"' HA (T2) 32.84bcd 39.05cd | 30.25bc | 36.28cbd
g:i?;ﬁ;.;" GAH;?B) *| 34946 | 4023bc | 31.52bc | 35.67d
Unteated (T0) 31.08bcde 40.19bc 20.94fg | 32.26edfg
0.25mg.I" GA3 (T1) 29.60de 34.23¢ 30.08bc | 37.58cbd
Aswan 0.5mg.I'' HA (T2) 28.31e 36.10cde | 18.06g 28.90g
g:i?;ﬁ;.;" GAH;?B) Tl 29.03cde | 3425¢ | 25.22def| 31.45f
Mean Planting dates
32.15c | 3825a | 2825b | 35.32a
Mean Jew’s Mallow ecotypes
Eskandarany 31.15b 37.56b 27.66b 35.45b
Assiut 35.57a 40.23a 33.59a 38.18a
Aswan 29.73b 36.58b 23.57c 30.87¢
Mean foliar applications
Unteated (T0) 31.17b 38.27b 23.59¢ 32.13d
0.25mg.l'1 GA3 (T1) 35.01a 41.12a 35.76a 41.29a
0.5mg.I'"' HA (T2) 30.28b 33.35¢ 24.59c | 34.56¢
0.5mg.I'"' HA + 0.25mg.lI" GA3 (T3) 32.14b 36.40b 29.16b 35.78b

Means with different letters within columns are significantly different at 0.05 level of the
probability using "Duncan's multiple range test".
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Table 6. Means of foliage yield (kg.plot") of three Jew’s Mallow ecotypes as af-
fected by GA3 and HA foliar application and planting dates during 2015 and

2016.
Foliage Yield (kg/plot
Jew’s Mallow Foliar applications 2015 e i )2016
ecotypes
15" Oct | 15™Feb | 15" Oct | 15" Feb
Unteated (T0) 12.11c 17.34d 9.01de 14.91fg
0.25mg.I" GA3 (T1) 16.16b 21.56b 15.76b 19.34bc
Eskandarany | o smo 1! HA (T2) 14.87b 19.27¢c | 11.98cd | 18.69bc
g:i?rrglg.;" GAH;?B) TIo1219c | 17.76d | 12.09¢d | 18.08c
Unteated (T0) 11.83cd 19.32¢ 9.78de 15.45ef
0.25mg.I" GA3 (T1) 19.06a 28.35a 21.24a 26.26a
Assiut 0.5me.I'" HA (T2) 13.24c 16.56edf | 11.99cd | 14.67fe
g:i?;ﬁ;.;" GAH;?B) TIo1571b | 1923¢ | 14.87bc | 16.46de
Unteated (T0) 10.07¢ 15.45gh 8.03¢ 12.39h
0.25mg.I" GA3 (T1) 12.94¢ 16.23fg 12.11cd | 15.55ef
Aswan 0.5mg.I'' HA (T2) 11.85¢cd 15.37gh 8.23e 12.70gh
g:i?;ﬁ;.;" GAH;?B) Tl 1033de | 1456h | 8.53¢ | 13.24gh
Mean Planting dates
| 1336b | 184la | 11.96c | 16.47a
Mean Jew’s Mallow ecotypes
Eskandarany 13.83a 17.58b 12.21a 15.06b
Assiut 15.96a 19.89a 14.47a 17.45a
Aswan 11.30b 15.44c 9.24b 12.35¢
Mean foliar applications
Unteated (T0) 11.34c 13.67c 8.94c 12.45c¢
0.25mg.l'1 GA3 (T1) 16.05a 20.34a 16.37a 19.24a
0.5mg.I'"' HA (T2) 13.32b 17.58b 10.75¢cb 15.46b
0.5mg.I'"' HA + 0.25mg.lI" GA3 (T3) 12.74b 16.90b 11.83b 15.34b

Means with different letters within columns are significantly different at 0.05 level of the
probability using "Duncan's multiple range test".
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