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SABDARIFFA L.) AS AFFECTED BY YEAST AND HUMIC ACID
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ABSTRACT: This field study was undertaken at the Experimental
Farm of Agriculture Faculty, Tanta University, during two seasons of
2015 and 2016 to investigate the efficiency of yeast and humic acid
foliar application with the half recommended dose of NPK on plant
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growth, yield components and biochemical composition of roselle
plant. The experiment consisted of five levels of yeast extract 0, 2, 4, 6
and 8 g/l and three levels of humic acid i.e. 0, 1 and 2 g/l. Fifteen
treatment combinations were laid out in a split plot design. Treatments
were twice applied, the first application was 30 days after sowing
while, the second one was 20 days after the first one. Yeast and humic
acid combinations influenced positively on roselle productivity as it

o raised plant height, stem diameter, branch number, fruit number/plant,
Scientific J. Flowers & cajices yield/plant compared to control plants. Total chlorophyll,
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humic acid.

carbohydrates and anthocyanin content were increased by yeast and
humic acid applications. Total protein and macro elements N, P and K
showed an increase more so by the treatment of 8 g/l yeast plus 2 g/l

So, it could be recommended for using foliar spray of yeast at
concentration of 8 g/l plus 2 g/l humic acid with the half recommended

dose of NPK for improving the growth and productivity of roselle

plant.

Key words: Hibiscus sabdariffa L., roselle, biofertilizer, yeast, humic
acid, anthocyanin, and macro elements.

INTRODUCTION

Recently, for modern horticultural
production, the target goal of the researchers
is organic farming with lower fertilizers
input or developing new fertilizers or
fertilization systems for increasing the
nutrient uptake, growth and development of
the plants, as well as improving the quality,
quantity and environmental impact (Ahmed
etal., 2011).

Bio-fertilizers are formulations of
beneficial microorganisms which improve
soil health, increase nutrients availability,
also, are a renewable source of plant
nutrients for substituting chemical fertilizers

(Boraste et al., 2009). Microbes formulation
not only improve the availability of nitrogen
and phosphorus for plants but also produce
the healthy food (Oliver et al., 2013).

Saccharomyces cerevisiae (yeast) is used

as a positive alternative to chemical
fertilizers ~ which is safety  and
environmentally (Omran, 2000). It is

considered as a plant growth promoting for
different crops during growth stages due to
its high contents of auxins and cytokinins
(Barnett et al., 1990) protein, amino acids
and cryoprotective agent (Mahmoud, 2001).
Yeast positively affected cell division,
nucleic acid synthesis or chlorophyll
formation and carbohydrates accumulation
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(Wanas, 2006). Root development may be
enhanced by yeast application (Nassar et al.,
2005; El-Tarabily and Sivasithamparam,
2006; Cloete et al., 2009). Some plants
showed an improvement in their growth and
productivity by yeast foliar spray application
(Fathy et al., 2000; Abou-Aly, 2005 and
Wanas, 2006).

Humic acid (HA) is the end product of
chemical and biological transformations of
organic matter. The functional groups of
humic acid include carboxyl alcoholic
hydroxyl, quinoid, phenolic hydroxyl and
ketone in addition to protein, amino acids
and several vitamins (Mahmoud, 2001).
Humic acid increased cell membrane
permeability, oxygen uptake, photosynthesis,
respiration rate, nutrients uptake as well as
root cell elongation and seed germination
rate (Russo and Berlyn, 1990). Sprayed
roselle with humic acid achieved an increase
in plant growth and seed yield/ plant (Ahmed
et al.,, 2011). Humic acid had promoting
effect on the growth of Mentha piperita
when used as a foliar spray (Hendawy et al.,
2015).

The subtropical plant roselle (Hibiscus
sabdariffa L.) belongs to family Malvaceae
(Mohamed et al., 2007) widely grown in
Africa, South East Asia, and tropical
countries. It is cultivated for its calices,
stem, leaves and seeds where it’s all parts
have industrial, medicinal and other
applications (Rao, 1996). Sepals are the
economic parts of roselle plants as have high
nutritional value (protein, fats,
carbohydrates, fibre, oxalic, citric and malic
acid, vitamin C, B-carotene, calcium and
iron) Ismail et al., 2008. Roselle is used in a
lot of ways; the calices are used for home
consumption as well as used for medicinal
uses where, their juice has antibacterial
properties (Aziz et al., 2007), also have a
great therapeutic action for curing heart,
nerve diseases and high blood pressure
(Sharaf, 1962). Roselle is used for industrial
uses too as its red beverage using as natural
food coloring agents in jams, tea pies and
deserts. Therefore the objectives of this

study were to shed more light for evaluating
the physiological role of biofertilizer based
on yeast and organic fertilizer based on
humic acid foliar applications on the plant
growth, yield components and biochemical
composition of roselle plant.

MATERIALS AND METHODS
Plant material and experimental site:

Seeds of roselle (Sabhya 17, dark red)
were obtained from the Medicinal and
Aromatic Institute, Ministry of Agriculture,
Egypt. Two field experiments were
undertaken at the Experimental Farm,
Faculty of Agriculture, Tanta University,
Tanta, Egypt (30° 47" N: 31° 0" E).

Crop,
design:

treatments, and experimental

Roselle seeds were sown on 10 and 17 of
April in 2015 and 2016 respectively, on plots
with unit area of 10.5 m? contained five rows
3 m length 70 cm apart at a spacing of 50cm
apart (intra-row spacing). Seedlings after
crop establishment were thinned to plant per
hill.

The plants have been received half
recommended dose of NPK and the cultural
practices were done as recommended by the
Egyptian Ministry of Agriculture. The
experiment consisted of five levels of yeast
extract (0, 2, 4, 6 and 8 g/l) and three levels
of humic acid (0, 1 and 2 g/l), Fifteen
treatment combinations were laid out in a
split plot design and replicated three times.
Soil samples were taken to analyzed for
physicochemical properties and presented in
Table (a). These treatments were tested on
roselle plants as twice foliar spray, the first
application was 30 days after sowing while,
the second one was 30 days after the first
one.

Data recorded:

Plant samples were taken at the harvest
stage for measured the following parameters:

Determination of growth attributes:

Plant height (cm), branch number /plant
and stem diameter (mm).
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Table a. Physical and chemical properties of experimental soil.

Texture  EC H Ca':ig'c?t Na Ca Si  HCO; N P K
class  (mmhos) P ?%) y (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/kg) (mg/kg) (mg/kg)
I?)?n); 286 7.78 36.81 464 1376 824 1224 518 324 9.2 1706

Determination of yield components: RESULTS AND DISCUSSION

Fruit ~ number/plant,  fruit  dry Efficiency of yeast and humic acid foliar

weight/plant (g) and calices dry weight /plant
(9).

Biochemical analysis:
1. Total chlorophyll content:

Leaves  chlorophyll  content  was
determined before harvesting by 3 weeks
with chlorophyll meter (SPAD-502, Minolta
Co., Japan) and represented by SPAD value.

2. Total carbohydrate percentage:

Total carbohydrates was determined
according to Herbert et al. (1971).

3. Total anthocyanins percentage:

Powder of dried calices was used for
determination according to Du and Francis
(1973).

4. Total protein content:

Total protein content was calculated by
multiplied N value by 6.25 according to Pirie
(1955).

5. The macro elements (N, P and K):

Dried leaves were used for determination
according to Chapman and Pratt (1961).

Statistical analysis:

The analysis of variance (ANOVA) was
performed to compare means using least
significant difference (LSD) test at 0.05 level
of probability according to Waller and
Duncan (1969). The error mean squares of
split plot design were homogenous
(Bartlett’s test). Combined analysis was
calculated for studied characters in both
seasons.

spray on Hibiscus sabdariffa L. growth
attributes:

Results presented in Table (1) show the
effect of yeast, humic acid and their
interaction on plant height (cm), number of
branches/plant and stem diameter of
Hibiscus sabdariffa L.

Regarding to the effect of yeast foliar
spray, results illustrated that plant height was
significantly affected by yeast application.
Using the highest rate of yeast increased
plant height, number of branches/plant and
stem diameter. On the other hand, using the
low rate of yeast recorded the least values in
this respect compared to control plants.
Humic acid significantly increased the
growth parameters especially with the high
rate relative to untreated plants.

Treated plants by the high rate of yeast
(8 g/l) in combination with humic acid (2
o/l) gave the best values of plant growth
parameters (Table 1)  which might be
attributed to the role of humic acid which
can be used as growth regulate-hormone
improves plant growth (Albayrak and
Camas, 2005). Humic acid acts an in direct
role for stimulating plant growth through its
interactions  with plant membrane
transporters responsible for nutrients uptake
and membrane associated signal transduction
cascades which regulate growth and
development (Canellas and Olivares, 2014).
It has been reported that the promoting
action of yeast is due to its role as a co-factor
for 60 enzymes that remove amine groups
from amino acids which are necessary for
producing energy required in several
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Table 1. Means of varietal differences of roselle growth and yield parameters under
yeast and humic acid application on the combined analysis of two seasons.

Treatments Plant height r?ur;rlgcer:’ dii:ﬁgt]er Fruit Wzi;lﬁ'rlglrgnt ch:,-?g%)t(/p(i;)r/lt
(cm) Iolant number/plant
plan (mm) () (9)

Yeast extract ()

Y1 (0gll) 100.28 8.22 9.16 36.72 21.76 13.04
Y, (2 g/l) 119.17 11.00 9.67 42.89 25.44 16.66
Y3 (4 g/l) 126.50 11.61 9.60 44.44 26.64 18.75
Y4 (6 g/l) 142.89 12.56 9.70 47.33 27.56 18.84
Ys (8 g/l) 158.33 13.50 9.79 48.67 28.15 20.14
LSDg 05 2.30 0.42 0.08 0.62 0.34 0.48
Humic acid (H)

H; (0 g/l) 120.30 10.27 9.49 42.17 25.10 16.04
H, (1 g/l) 130.60 11.40 9.58 44.07 26.03 17.77
Hs (2 g/l) 137.40 12.47 9.68 45.80 26.59 18.65
LSDg 05 1.85 0.43 0.06 0.39 0.26 0.31
Interaction YxH

Y1xH; 90.83 6.00 9.05 34.50 20.41 11.74
Y,xH, 102.17 8.50 9.14 36.83 21.77 12.93
YxHs 107.83 10.17 9.29 38.83 23.10 14.44
Y,xH; 110.50 9.33 9.61 41.00 24.36 14.79
Y,xH, 121.17 11.00 9.66 42.67 25.66 17.37
Y, xHs 125.83 12.67 9.73 45.00 26.32 17.81
Y3xH; 119.67 11.00 9.47 42.50 26.17 16.89
Y3xH, 125.83 11.50 9.61 44.67 26.73 19.25
Y3xHs 134.00 12.33 9.74 46.17 27.01 20.11
Y xH; 129.33 11.83 9.59 45.67 27.02 17.77
Y, xH, 145.00 12.67 9.72 47.33 27.81 18.86
Y, xHs 154.33 13.17 9.78 49.00 27.85 19.89
YsxH, 151.17 13.17 9.73 47.17 27.57 18.98
YsxH, 158.83 13.33 9.80 48.83 28.20 20.45
YsxHs 165.00 14.00 9.84 50.00 28.68 20.99
LSDq s 4.15 0.97 NS NS 0.600 0.69

bioactivities including cell division, as well
as its content of cytokines which affect cell
divisions and enlargement as reported
(Mahmoud, 2001; Mok and Mok, 2001 and
El-Tarabily, 2004).

Efficiency of yeast and humic acid foliar
spray on Hibiscus sabdariffa L. yield
components:

As shown in Table (2) fruit number/plant
was significantly increased by yeast
application relative to untreated plants.

Using the high rate of yeast increased fruit
number/plant, fruit dry weight/plant and
calices dry weight/plant. Yeast increased
plants content of growth regulators and
vitamins which consequently reflected on the
dry matter (Alonso et al., 2008; Hesham and
Mohamed, 2011).

Yeast extract induced beneficial effects
during all plant development stages and
improved flower formation due to its high
auxins and cytokinins content in addition,
yeast raised carbohydrates accumulation,
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Table 2. Means of varietal differences of roselle growth and yield parameters under
yeast and humic acid application on the combined analysis of two seasons.

Treatments Chlorophyll Carbc(;(t}g/():lrates Anthc(n(t):/z/?nlns Pr((g/ze;m ((!Z) (02) ((!/(0)
Yeast extract ()
Y, (0 gll) 52.11 16.15 2.18 13.40 2.14 0.359 2.19
Y, (2 g/l) 55.57 16.90 2.23 13.71 2.19 0.371 2.23
Y3 (4 gll) 56.90 17.67 2.27 14.21 2.27 0.380 2.26
Y4 (6 g/l) 58.02 18.13 2.31 14.70 2.35 0.395 2.29
Y5 (8 g/l) 58.92 18.63 2.34 15.80 2.53 0.425 2.32
LSDg g5 0.34 0.07 0.0002 0.14 0.02  0.0002 0.0002
Humic acid (H)
H; (0 g/l) 54.45 17.05 2.24 13.68 2.19 0.373 2.23
H, (1 g/l) 56.71 17.55 2.27 14.31 2.29 0.388 2.26
Hs (2 g/l) 57.75 17.88 2.29 15.10 2.42 0.397 2.28
LSDg g5 0.23 0.03 0.0001 0.12 0.01  0.0001 0.0001
Interaction YxH
Y xH; 48.27 15.51 2.15 12.18 1.95 0.350 2.16
Y,xH, 53.22 16.30 2.18 13.39 2.14 0.359 2.20
Y xH, 54.83 16.64 2.20 14.63 2.34 0.368 2.21
Y,%H, 54.27 16.41 2.21 13.45 2.15 0.363 2.21
Y,xH, 55.73 16.87 2.23 13.80 2.21 0.372 2.22
Y,xHs 56.72 17.42 2.25 13.88 2.22 0.379 2.25
Y3xH; 55.37 17.34 2.23 13.61 2.18 0.372 2.24
Y3xH, 57.02 17.68 2.26 13.97 2.24 0.381 2.26
Y3xH, 58.32 18.00 2.30 15.06 2.41 0.385 2.27
Y xH, 56.53 17.75 2.29 14.40 2.30 0.379 2.26
Y xH, 58.50 18.22 2.31 14.72 2.36 0.392 2.28
Y xHs 59.03 18.41 2.34 14.98 2.40 0.413 2.32
YsxH; 57.80 18.25 2.32 14.76 2.36 0.399 2.29
YsxH, 59.10 18.70 2.34 15.68 2.51 0.434 2.33
YsxHs 59.85 18.93 2.36 16.96 2.71 0.442 2.35
LSDq g5 0.51 0.08 NS 0.27 0.03  0.0003 0.0003

increased the contents of amino acids,
vitamins and cryoprotective agents as
previously mentioned (Shady, 1978; Barnett
et al., 1990 and Mahmoud, 2001).

Humic acid application significantly
increased fruit yield/plant and fruit dry
weight/plant relative to untreated plants
more so by the high rate. Turkmen et al.,
(2004) has been reported that humic acid
influences on plant yield through its effect
on respiration, photosynthesis as well as dry

199

matter accumulation in plants. Highest fruit
yield/plant and calices dry weight/plant
recorded by treating plants with yeast at 8 g/l
and humic acid at 2 g/l relative to untreated
plants. Vegetative and flowering growth
stages and consequently yield components
were enhanced by foliar application of yeast
extract in many crops as reported (Fathy et
al.,, 2000; Abou-Aly, 2005 and Wanas,
2006).
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Efficiency of yeast and humic acid foliar
spray on Hibiscus sabdariffa L.
biochemical analysis:

1. Total chlorophyll and carbohydrates
content:

Chemical analysis of roselle leaves
indicate  that total chlorophyll and
carbohydrates percentage in the leaves were
significantly raised due to using any
fertilization treatment in comparison to
control plants more so when treated plants
by the highest rate of yeast plus humic acid
(Table 2). Yeast application induced the
formation of photosynthetic  pigments
(Khama et al., 2013). Hassan (2007) and
Stino et al., (2009) mentioned that yeast
application increased total chlorophyll and
carbohydrates content since it enhanced cell
division and elongation producing more leaf
area. Humic acid enhanced the quantitative
and qualitative traits due to its positive role
in raising respiration, photosynthesis rate and
more accumulation of total chlorophyll and
carbohydrate content in plants as found
(Nardi et al,. 2002, Turkmen et al.,2004 and
Cangi et al., 2006).

2. Total anthocyanins percentage:

Anthocyanins percentage significantly
increased by using any level of yeast or
humic acid relative to control plants (Table
2). Regarding the combination; the
combination between any bio and organic
fertilizers gave higher values compared to
control plants but the differences were not
significant. Parandian and Samavat (2012)
reported that spraying humic acid at high
concentration was efficient for increasing
anthocyanins content in lilium petals. Abdel-
Salam (2016) illustrated that treated Ruby
seedless grapevine by humic acid achieved
an increment in total anthocyanins content.

3. Total protein content:

Results given in Table (2) illustrated that
using any Yyeast treatment separately or
combined with humic acid increased protein
percentages in roselle leaves in comparison
to untreated plants. High total proteins

content in plant tissues were affected by
humic acid application (Nardi et al., 2002).

4. The macro elements (N, P and K):

All used treatments maintained higher
values of macro elements content in the
leaves compared to the control plants as
shown in Table (2). The highest values were
obtained by the foliar spray of yeast at 8 g/l
and humic acid at 2 g/l. Macro and micro
elements uptake in Asparagus shoots
increased by using humic acid application
(Cangi et al., 2006). The genes answerable
for nitrogen and photosynthetic pathways
were more activated by using humic acid
(Jannin et al., 2012).
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