Chapter one

Introduction and Objectives

1.1 Introduction
Aloe vera (L.) Burm. is a multifarious and enormously adaptable plant having

botanical name as Aloe barbadensis Miller, it is a well known for its health, beauty,
medicinal and skin care properties (Mukesh et al., 2010; Dagne et al.2000). The name
aloe was derived from the Arabic word Alloeh means “shining bitter substance,”
while vera in Latin means “true.” It belongs to Asphodelaceae, Liliaceae, or Aloaceae
families, and its legitimate name according to the international rules of botanical
nomenclature is Aloe vera L. Burm. (Grindlay and Reynolds, 1986). It is a shrubby or
arborescent, perennial, xerophytic, succulent, pea- green color plant. It can grow from
80 cm to 100 cm tall. The leaves are 40 to 60 cm long with thorns on both edges, with
a width at the base as 6 cm to 15 cm. It grows mainly in the dry regions of Africa,
Asia, Europe, and America (Dagne et al.2000). So, there are over 400 species of Aloe
vera in the Lily family. It is famous by the name Lilly of the desert (Mukesh et al.,
2010). The plant has triangular, ample leaves with saw-like edges, blonde tubular
flowers and fruits that contain several seeds. Each leaf has a three layers composition,
(i) Aloe Rind- the protective, green, outer leaf skin. This layer does not contain any
significant nutritional value. (ii) Aloe Latex- the pungent, yellowish, deplete fluid
which has strong odor and flows in between the leaf ring and the inner fleshy part of
leaf. Aloe latex is not recommended for consumption and (iii) Inner Leaf Juice- the
lucid, inner fleshy portion of leaf has a tremendous nutritional value for the health and
can be consumed both internally and externally. Aloe vera L. has seventy five active
constituents with the most documented are: 20 minerals, 20 amino acids, 12 vitamins,
and water (Thiruppathi et al., 2010). The vitamins present in Aloe plants are vitamin
A (beta carotene), vitamin B (thiamine), B2 (riboflavin), B3 (niacin), B5, B6
(pyridoxine), B12, Vitamin C, Vitamin E, and Folic Acid. Vitamin B complex and
vitamin C play an important role in reducing stress and inflammation. Besides
vitamins, enzymes, minerals, sugars, lignin, saponins, salicylic acids and amino acids
etc.. are also present (Rodriguez Garcia et al., 2007; Andreas et al., 2001). Minerals
found in the Aloe vera are calcium, sodium, zinc, chromium, potassium, magnesium,

copper, manganese, and selenium as reported by Andreas et al., (2001). It provides 20
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out of 22 required amino acids required for human being and 7 of the 8 essential
amino acids. Essential amino acids present are alanine, arginine, asparagine, cysteine,
glutamic acid, glycine, histidine, proline, serine, tyrosine, glutamine, and aspartic
acid. Moreover, it contains salicylic acid that possesses anti-inflammatory and
antibacterial properties (Josias, 2008). Lignin, an inert substance, when included in
topical preparations, enhances penetrative effect of the other ingredients into the skin.
Saponins that are the soapy substances form about 3% of the gel and have cleansing
and antiseptic properties. As with age, the level of collagen in human bodies naturally
decreases and is one of the reason for older people to heal up the wound as compared
to the children (Josias, 2008). Aloe vera contains the bulk of the required amino acids
and vitamins that the human skin needs to heal. The glue-like substance keeps out any
bacteria or agents that could cause healing to slow or cease completely (Josias, 2008).
Several researchers had reported different hypothesis that attest to the effects of Aloe.
Still the researchers are reporting latest information as every person has a different
genetic structure that requires different amounts of nutrients depending on the
particular situation (Andreas et al., 2001 and Josias, 2008). Thus, Aloe vera is an
excellent source of nutrients that can help our body in a multitude of ways. Herbs are
staging a comeback and herbal ‘renaissance’ is happening all over the globe. The
herbal products today symbolize safety in contrast to the synthetics that are regarded
as unsafe to human and environment. Although herbs had been priced for their
medicinal, flavoring and aromatic qualities for centuries, the synthetic products of the
modern age surpassed their importance, for a while. However, the blind dependence
on synthetics is over and people are returning to the naturals with hope of safety and
security. Over three-quarters of the world population relies mainly on plants and plant
extracts for health care. More than 30% of the entire plant species, at one time or an
other were used for medicinal purposes (Grindlay and Reynolds, 1986). It has been
estimated that in developed countries such as the United States, plant drugs constitute
as much as 25% of the total drugs, while in fast developing countries such as China
and India, the contribution is as much as 80% (FAO, 2012).These countries provide
two thirds of the plants used in modern system of medicine and the health care system
of rural population depends on indigenous systems of medicine (FAO, 2012).

Although biosynthesis of plant metabolites (e.g. alkaloids, terpenoids, phenolic
compounds, etc.) is primarily controlled genetically, environmental factors such as

stresses and nutrient elements affect the production of metabolites in plants. Many
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biological activities have been ascribed to these metabolites. In addition to their
therapeutic effects, they play a role as chemical defense agents against
microorganisms and herbivores. Therapeutic effects of medicinal plants are associated
with their chemical peculiarities. Chemical features of these plants serve as integral
determinant of their species specificity and pharmacological properties and facilitate
their wide use in medical practice and other uses (Vio et al, 2005). The relationship
between the synthesis of physiologically active substances and accumulation of
elements is mediated by several levels of molecular regulation. There is general
agreement that various mineral nutrients increase the growth of individual plants and,
consequently, enhance the total plant biomass yield. However, the effects of certain
macro- and micro-nutrients on the production of secondary metabolites are also
modulated by environmental conditions and depend on plant species. Incorporation of
one or more of the trace elements could increase or decrease the production of
secondary metabolites depending on the plant species as well as on the concentrations
of these elements (FAO, 2012).

Green plants synthesize and preserve a variety of biochemical products, many of
which are extractable and used as source materials for various scientific
investigations. Many secondary metabolites of plants are commercially important and
find use in a number of pharmaceutical compounds. However, a sustained supply of
the source material often becomes difficult due to the factors like environmental
changes, cultural practices, diverse geographical distribution, labour cost and
selection of the superior plant stock and over exploitation by pharmaceutical industry
(FAO, 2012). However, some plant products either sprayed in extract forms or direct
addition to the soil had been shown to enhance growth and yield parameters as well as
having pesticidal properties. The geographic origin of Aloe vera L. is believed to be in
Sudan, with the plant subsequently being introduced in the Mediterranean region and
most other warm areas of the world (Grindlay and Reynolds, 1986). Aloe (Aloe vera)
is an important traditional medicinal plant of the family Liliaceae and it is indigenous
to Africa and Mediterranean countries. The species does not have any naturally
occurring populations, although closely related Aloes do occur in northern Africa
(Boudreau and Beland, 2006). However, it was reported to grow wild on islands of
Cyprus, Malta, Sicily, Canary Islands, Cape Verde and arid tracts of India. It is a
hardy perennial tropical plant that can be cultivated in drought areas, but its potential
is yet to be exploited (Lans, 2006). Aloe, despite being identified as ‘a new plant
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resource with the most promising prospects in the world, remains a disregarded plant.
It is scattered in the wild, along the coast of southern India, China, U.S.A., Mexico
and Australia. Some of the Latin American countries are the major producers and
exporters of Aloe products. These countries are exploiting the plant potential with the
growing cosmetic and neutraceutical market (Danhof, 1987). Aloe was officially
listed as a purgative and skin protectant by the U.S. pharmacopoeia in 1820 (Park and
Lee, 2006) and was clinically used in the 1930s for the treatment of radiotherapy
burns to the skin and mucous membranes (Collins and Collins, 1935; Manderville
1939). Until today, Aloe is an important traditional medicine in many countries,
including China, India, the West Indies, South Africa, and Japan (Grindlay and
Reynolds, 1986). Application of chemicals in intensive agriculture has not been
successful and has resulted in soil degradation, reduction of soil organic matter
content, imbalance condition of soil acidity and mineral nutrient content. The mineral
nutrients of non-chemical fertilizers are released more slowly; however, are more
persistent in soil and supports plants in longer period. On the other hand,
improvement of environmental and health conditions, in addition to the reduction of
fertilizers costs are the reason why non-chemical fertilizers are more under attention
today (Nejatzadeh et al 2011).

Potassium (K), nitrogen (N), phosphorous (P), sulfur (S), magnesium (Mg) and
calcium (Ca) are the macro-nutrient elements, which have some important functions
in living organisms. These elements are known to be essential and necessary for
plants (Yaronskay et al., 2007). Plants and other living organisms utilize the
following three elements: potassium (K), sodium (Na) and calcium (Ca) for regulation
of cell membrane potential and turgor. The uptake of K+, Na+ and Ca2+ occurs
through ion channels in the plasma membrane of the cells. The concentrations of
potassium, sodium and calcium induced changes of membrane permeability that
facilitates solute diffusion into plant tissues. However, the buildup of cell structures
and the capacity for cell elongation and cell division are dependent on the
accessibility of calcium and the influence of Ca2+ on carbohydrate metabolism is
known, too, (Stirk et al.(2008).

Magnesium (Mg) is one of the key nutrients for plant. Mg2+ influences the
organization of protoplasmatic structures in cells, growth of plants, on plant pigments
synthesis, activates many enzymatic systems of photosynthesis and respiration and

acts on phosphorus management in plants and Mg is constituent of chlorophyll
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molecules. Magnesium deficiency induces chlorosis and necrosis of the leaves and
easy reutilization (Hamman, 2008).

Iron (Fe) also plays an important role in cell function and is an essential metal for
some metabolic processes in plants. Iron enters many plant enzymes which play the
dominant role in oxidoredox reactions of photosynthesis and respiration. It also takes
part in chlorophyll pigment synthesis, synthesis of some proteins and in the
accumulation of nitrogen in plants (Strnad et al, 1997). lron participates in content of
many enzymes: Cytochromes, ferredoxine, SOD (superoxide dismutase), catalases,
peroxidases and nitratereductases. The deficiency of Fe2+ in plants causes significant
changes in the plant metabolism and induces chlorosis. One of the most important
factors determining uptake of this element is the form and concentration of Fe in the
soil. Iron in low concentrations influences in a negative way on plants induces toxicity
of manganese but the higher concentrations of iron are toxic and induce deficiency of
Mn2+. At high concentrations Fe is toxic to plants (Hamman, 2008). Manganese
(Mn), in turn, is regarded as an activator of many different enzymatic reactions and
takes part in photosynthesis. Mn2+ activates decarboxylases, dehydrogenases and is a
constituent of the complex PSll-protein, SOD and phosphatase. Deficiency of Mn
induces inhibition of growth, chlorosis and necrosis, falling the leaves, and low
reutilization (Strnad et al, 1997).

Copper (Cu) is an essential micronutrient for plant metabolism, enters the oxidoredox
enzymes, acts as a component of several enzymes, involved in carbohydrate, nitrogen
(N) and cell wall metabolism. Copper takes part in protein synthesis and in the
synthesis of some amino acids. Cu2+ is important to seed production, disease
resistance and the water relations in the plant. Visible symptoms of Cu toxicity are
small chlorotic leaves and early leaf fall, the growth stunted and poor initiation of
roots and development of root laterals are also poor. Cu2+ ions inhibit photosynthesis
and respiration and copper also decreased the chlorophyll content in the leaf cells.
Copper plays an important role in cell function and is essential in structural stability
of chromosomes and energy transfer. Deficiency of Cu induces chlorosis of leaves,

(Hamman, 2008).

Zinc (Zn) is an essential trace element for every living organism. About two hundred
enzymes and transcription factors require Zn2+ as a functional component. Therefore,
zinc affects major metabolic processes, as well as regulation of the cell cycle and cell

division. This metal plays an important role in the protein synthesis, as in the
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carbohydrate, takes part in metabolism regulation of saccharides, nucleic acid and
lipid metabolism. One of the first symptoms of zinc deficiency is an inhibition of cell
growth and proliferation. The toxic concentrations of zinc negatively affect
photosynthetic electron transport and photophosphorylation and have an effect on the
photosynthetic enzymes. Zinc affects the biosynthesis of chlorophyll. One of the
primary mechanisms of Zn toxicity may be an increased permeability of root

membranes, which will cause nutrients to leak out from the roots, Dagne et al. (2000).

1.2 Objectives:

In effort to establish a scientific base that enables enhanced production of Aloe vera

under Sudan conditions, this study aimed to fulfill the following objectives:

1. To investigate the influence of nutrient elements namely: nitrogen,
phosphorus, sulfur and the compound fertilizer NPK on growth and gel yield.

2. To test the influence of various concentrations of 6- Benzyl adenine on growth
attributes and gel content of Aloe Vera plants.

3. To test the bio-stimulative effects of two Sudanese indigenous plants, namely
Argel and Haza, on growth and gel yield as a step towards organic production

of Aloe Vera plants.



Chapter Two

General Literature Review

2.1. Origin and distribution:

Aloe vera L. is an important medicinal plant from the Liliaceae family with African
origin. Among 300 species, it is considered as an important medicinal plant in many
countries (Hasanuzzaman et al., 2008). The natural range of Aloe vera is unclear, as
the species has been widely cultivated throughout the world. Naturalized stands of the
species occur in the southern half of the Arabian Peninsula, through North Africa
(Morocco, Mauritania, and Egypt) as well as Sudan and neighboring countries, along
with the Canary, Cape Verde, and Madeira Islands (Reynolds, 2004). It is originated
in South Africa or Sudan, but have been indigenous to dry subtropical and tropical
climates, including the southern USA. This distribution is somewhat similar to the one
of Euphorbia balsamiferous, Pistacia atlantica, and a few others, suggesting that a
dry sclerophyl forest once covered large areas, but has been dramatically reduced due
to desertification in the Sahara, leaving these few patches isolated Reynolds and
Dweck (1999). Several closely related (or sometimes identical) species can be found
on the two extreme sides of the Sahara: Dragon trees (Dracaena) and Aeonium being
two of the most representative examples as the species were introduced to China and
various parts of southern Europe in the 17th century. The species is widely naturalized
elsewhere, occurring in temperate and tropical regions of Australia, Barbados, Belize,
Nigeria, Paraguay and the United States It has been suggested that the actual species’
distribution is the result of human cultivation (Reynolds, 2004). Recently, only a few
species of Aloe have been considered for commercial importance, of which Aloe vera
is considered the most potent and, thereby, the most popular plant in the research field
(Eshun and Qian, 2004). However, over the last decade, various Aloe species have

gained popularity as therapeutic botanicals.

2.2. Botany:

A.vera is a succulent plant. Succulents are xerophytes, which are adapted to areas of
low water availability and are characterized by possessing a large water storage tissue
(Reynolds and Dweck, 1999). Aloe vera is perennial succulent xerophytes; with

elongated and pointed leaves that are joined at the stem in a rosette pattern and grow
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to about 30-50 cm in length and 10 cm in breadth at the base in the adult plant
(WHO, 1999). The leaf is protected by a thick, green epidermis layer (skin or rind),
which surrounds the mesophyll. Immediately beneath the rind are located the vascular
bundles, which are composed of three types of tubular structures; the xylem
(transports water and minerals from roots to leaves), the phloem (transports starch and
other synthesized products to the roots), and the large pericyclic tubules (contains the

yellow leaf exudates commonly referred to as “aloes,” “sap,” or “latex”; (Boudreau
and Beland, 2006). The pericyclic portion of the vascular bundle is adherent to the
rind, whereas the remainder of the vascular bundle protrudes into the mesophyll layer
(Danhof, 1987). The mesophyll can be differentiated into chlorenchyma cells and

thinner-walled parenchyma cells.

Aloe (Aloe vera) is an important and traditional medicinal plant belonging to the
family Liliaceae (WHO, 1999). It is indigenous to Africa and Mediterranean
countries. The species does not have any naturally occurring populations, although
closely related aloes do occur in northern Africa. However, it is reported to grow wild
on islands of Cyprus, Malta, Sicily, Canary cape, Cape Verde and arid tracts of India.
This is a hardy perennial tropical plant that can be cultivated in drought areas. But its

potential is yet to be exploited (Danhof, 1987).

2.3 Aloe vera Varieties:

Commercially important sub-species are Aloe barbadensis, A. chinensis, A. perfoliata,
A. wulgaris, A indica, A. littoralis and A. abyssinica. National Botanical and Plant
Genetic Resource, ICAR, has released varieties like 1C111271, 1C111269, and
IC111280 etc. Central Institute of Medicinal and Aromatic Plants, Luck now, has also

released the variety AL-1 for cultivation (Reynolds, 2004).

2.4 Environmental requirements:

2.4.1 Soils:

According to Lans (2006), the plant can be grown in a variety of soils ranging from
sandy coastal soils to loamy soils of plains. It is sensitive to water logged conditions.
The crop also comes up well in light soils. It can tolerate higher pH and high Na and

K salts. Growth is faster under medium fertile, heavy soils such as black cotton soils.



In well drained, loam to coarse sandy loam in a pH range up to 8.5, it grows well with
higher foliage.

2.4.2 Climate:

As reported by Reynolds (2004), Aloe has wide adaptability and can be grown in
various climatic conditions. It can be seen growing equally good in warm humid or
dry climate. However, it is intolerant to extreme cool conditions. The plant flourishes
well on dry sandy soils at localities with lower annual rainfall of 50 to 300mm. It
needs protection against frost and low winter temperature. The species is popular with
modern gardeners as a putatively medicinal plant and due to its interesting flowers,
form, and succulence. This succulence enables the species to survive in areas of low
natural rainfall, making it ideal for rockeries and other low-water use gardens. The
species is hardy in warm zones of the world and intolerant to very heavy frost or snow
(Eshun and Qian (2004).

2.5 Cultivation:

According to IJAS (2012), Aloe vera has been widely grown as an ornamental plant.
The species is relatively resistant to most insect pests, though spider mites, mealy
bugs, scale insects, and aphid species may cause a decline in plant health. In pots, the
species requires well-drained sandy potting soil and bright sunny conditions;
however, aloe plants can burn under too much sun or shrivel when the pot does not
drain the rain (Pichgram, 1987). The use of a good-quality commercial propagation
mix or pre-packaged “cacti and succulent mix” is recommended, as they allow good
drainage (Lans, 2006 ). Terracotta pots are preferable as they are porous. Potted plants
should be allowed to completely dry prior to re-watering. When potted aloes become
crowded with “pups” growing from the sides of the “mother plant,” they should be
divided and re-potted to allow room for further growth and help prevent pest
infestations. During winter, Aloe vera may become dormant, during which little
moisture is required (Reynolds, 2004). In areas that receive frost or snow, the species
is best kept indoors or in heated glasshouses. Large scale agricultural production of
Aloe vera is undertaken in Australia, Bangladesh, Cuba, the Dominican Republic,
China, Mexico, India, Jamaica, Kenya, Tanzania and South Africa, along with the

USA to supply the cosmetics industry with Aloe vera gel (1JAS, 2012 ).



2.6 Propagation:

It is generally propagated by root suckers or rhizome cuttings. For this purpose,
medium sized root suckers are chosen and carefully dug out without damaging the
parent plant at the base and directly planted in the main field (Lans, 2006 ). It can also
be propagated through rhizome cuttings. In this case, after the harvest of the crop, the
underground rhizome is also dug out and made in 5-6 cm length cuttings which
should have a minimum of 2-3 nodes on them. It is rooted in specially prepared sand
beds or containers and after starting sprouting, it is ready for transplanting. On an
average, about 36500 suckers are required for a nursery of 1 ha size (14550 for 1 acre
nursery) (IJAS, 2012).

Aloe vera (Liliaceae) is a succulent plant indigenous to Northern Africa and
Mediterranean countries and has become naturalized almost in all parts of India
(Klein and Penneys, 1988). The plant has stiff gray-green lance-shaped leaves
containing clear gel in a central mucilaginous pulp. Aloe Vera has been used for
several thousands of years in folk medicine in many cultures from ancient Egypt,
Greece, and Rome to China and India (Kemper and Chiou, 1999). Aloe vera
propagates vegetatively in its natural state. However, propagation rate is very slow
because a single plant can produce only three to four pronounced lateral shoots in a
year. Moreover, the production of Aloe leaves is insufficient to meet the industry
demand in India (Aggarwal and Barna, 2004). The production of cosmetics, foods and
pharmaceuticals containing Aloe vera has experienced a slow increase due to limited
availability of raw material with high quality (Campestrin et al., 2006). Therefore,
there is a need to develop suitable, an alternative method for traditional propagation of
Aloe vera. In vitro techniques using micro propagation and tissue culture offer a great
possibility to overcome this problem. Micro propagation using stem and lateral shoot
pieces of Aloe vera has already been proved successful (Natali et al. 1990; Roy and
Sarkar, 1991; Meyer and Staden, 1991; Aggarwal and Barna, 2004). However, source
of explants, their sterilization procedure, media composition, culture conditions,
phenolic browning of explants and media discoloration greatly affect shoot
regeneration from different genotypes of the same species. Aloe vera exudes lot of
phenolic substances into the culture media which could decrease the survival of
explants (Roy and Sarkar, 1991). Concentration of phenolic compounds may vary in

different genotypes of the same species (Glynn, et al., 2004), and also those were
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grown under different climatic conditions (Kjaer et al., 2001). Hence culture
conditions are needed to be modified accordingly to achieve the desirable targets.
Thus it is important develop a rapid and high frequency shoot regeneration protocol
for elite plants of Aloe vera suitable for mass propagation by improving culture media
while controlling phenolic browning of ex-plants.

2.7 Spacing and plant population:

Normally a spacing of 40cm x 45cm or 60cm x 30cm is followed. This accommodates about
55000 plants per hectare (Reynolds, 2004; Pichgram, 1987).

2.8 Land preparation and planting:

The land is ploughed and cross ploughed thoroughly. Farm yard manure is added at
15 t/ha during the last ploughing. Ridges and furrows are formed at 45 or 60cm apart.
The plot may be irrigated if necessary. The suckers are planted at 40 or 30cm apart,

maintaining the spacing suggested (IJAS, 2012).

2.9 Manures and fertilizers:
The crop responds well to the application of farm yard manure and compost. In the

first year of plantation, (FYM) at 15 t/ha is applied during the land preparation.
During the subsequent years, the same dose of FYM is applied every year. Besides
50:50:50 kg/ha of N: P: K is applied as basal dose (Steenkamp and Stewart, 2007;
Pichgram, 1987).

2.10 Irrigation:

According to (IJAS, 2012), Aloe can be successfully cultivated both under irrigated
and rain fed conditions. Provision of irrigation immediately after planting and during
summer season will ensure good yields. However, the plants are sensitive to water

logged conditions.

2.11 Plant protection:

Aloe is known to be infected by fungus causing leaf spot disease. This affects yield
and quality of the gel adversely. The disease can be controlled by spraying

recommended fungicides (Lans, 2006).

2.12 Chemical constituents:
The main feature of the A.vera plant is its high water content, ranging from 99-99.5%.

(Hamman, 2008). the remaining 0.5-1.0% solid material is reported to contain over 75
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different potentially active compounds including water- and fat-soluble vitamins,
minerals, enzymes, simple/complex polysaccharides, phenolic compounds, and
organic acids. In compositional studies on the structural components of the Aloe vera
plant leaf portions, the rind was found to be 20-30% and the pulp 70-80% of the
whole leaf weight.

On a dry weight basis, the percentages of the rind and pulp represented as lipids
(2.7% and 4.2%) and that as proteins (6.3% and 7.3%) only accounted for a minor
fraction (Femenia et al., 1999). However, the non starch polysaccharides and lignin
represented the bulk of each leaf fraction and were found to be 62.3% and 57.6% of
the dry weight of the rind and pulp, respectively.

Consist of linear chains of glucose and mannose molecules; of which mannose is
more concentrated than glucose, thereby the molecules are referred to as polymannans
(Ni et al., 2004). These are linear chains ranging in size from a few to several
thousand molecules (Hutter et al., 1996). The major polysaccharide, acemannan, is
composed of one or more polymers of various chain lengths with molecular weights
ranging from 30 kDa to 40 kDa or greater, and consisting of repeating units of glucose
and mannose in a 1:3 ratio (Femenia et al., 1999; Chow et al.,2005).. In western
societies, especially in the USA, Aloe vera has been grown mainly to supply the latex
component of the leaf to the pharmaceutical industry (Lee et al., 2000).

The ten main areas of chemical constituents of Aloe vera include: amino acids,
anthraquinones, enzymes, minerals, vitamins, lignins, monosaccharide,
polysaccharides, salicylic acid, saponins, and sterols, (Boyer, 2012). The amino acids
in Aloe vera are the building blocks of protein and influence brain function (AOAC,
1990). Humans require 22 amino acids and the body will make all of them except for
eight essential amino acids which our body gets from the food/drinks that we take in.
Every one of the essential amino acids is available in Aloe vera and they include
isoleucine, leucine, lysine, methionine, phenylalanine, threonine, valine, and
tryptophan. Some of the other non-essential amino acids found in Aloe vera include
alanine, arginine, asparagine, cysteine, glutamic acid, glycine, histidine, proline,
serine, tyrosine, glutamine, and aspartic acid, AOAC (1990).

Located in the sap of the leaves, are phenolic compounds that has stimulating effects
on the bowels and antibiotic properties. In small amounts the anthraquinones do not
have a purgative effect. They help with absorption from the gastro intestinal tract and

have anti-microbial and pain killing effects (Rajasekaran et al., 2006). Too many

12



anthraquinones can produce abdominal pain and diarrhea. The most important
anthraquinones are aloin and emodin. They are anti-bacterial, anti-viral, and analgesic
Steenkamp and Stewart (2007).

Enzymes act as biochemical catalysts that break down the proteins into amino acids.
The enzymes turn the food we eat into fuel for every cell in our body, enabling the
cells to function and work efficiently. The main enzymes found in Aloe vera include
Amylase (breaks down sugars and starches), Bradykinase (stimulates immune system,
analgesic, anti-inflammatory), Catalases (prevents accumulation of water in the body),
Cellulase (aids digestion - cellulose), Lipase (aids digestion - fats), Oxidase, Alkaline
Phosphatase, Proteolytiase (hydrolyses proteins into their constituent elements),
Creatine Phosphokinase (aids metabolism), and Carboxypeptidase (Chandan et al.,
2007).

Aloe vera contains salicylic acid which is an aspirin-like compound with anti -
inflammatory, analgesic, and anti-bacterial properties. It has anti-pyretic properties for
reducing fevers.

Other constituents of Aloe vera would include prostaglandins, tannins, magnesium
lactate, resins, mannins, proteins such as lectins, monosulfonic acid and gibberellins
(Aro et al., 2012). Another constituent of Aloe vera includes saponins. These are
soapy substances from the gel that is capable of cleansing and having antiseptic
properties.

Saponins perform strongly as anti-microbial against bacteria, viruses, fungi, and
yeasts (Aro et al., 2012). The plant sterols or phyto-steroids in Aloe vera include
Cholesterol, Campesterol, Lupeol, and B (Beta sign) Sitosterol. The plant steroids
have fatty acids in them that have antiseptic, analgesic, and anti-inflammatory
properties (Chandan et al., 2007).

Aloe gel: The parenchyma (filet or pulp), which is the major part of the leaf by
volume, contains a clear mucilaginous gel known as Aloe vera gel (Femenia et al.,
1999; Femenia et al., 2003).

Other medicinal constituents: Aloe vera has marvelous medicinal properties.
Scientists have discovered over 150 nutritional ingredients in Aloe vera. There seems
to be no single magic ingredient. They all work together in a synergistic way to create
healing and health giving benefits (Femenia et al., 1999).

It also contains Vitamins B1, B2, B3, B5, B6, and B12 along with choline, calcium

(teeth and bone formation, muscle contractions and heart health),
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magnesium(strengthens teeth and bones, maintains healthy muscles and nervous
system, activates enzymes), zinc (speeds up wound healing, mental quickness assists
with healthy teeth, bones, skin, immune system, and digestive aid), manganese
(activates enzymes, builds healthy bones, nerves and tissues), chromium (assists with
protein metabolism and balancing of blood sugars), selenium which all influence
brain performance, Steenkamp and Stewart et al.,(2007). Additional minerals_found
in Aloe vera include copper (important for red blood cells, skin and hair pigment, iron
(involved in oxygen transportation and making of hemoglobin in red blood cells,
potassium (helps with fluid balance), phosphorus (helps build bones and teeth, assists
with metabolism and body pH, and sodium regulates body liquids, helps with nerve
and muscle performance, and helps deliver nutrients into body cells (Aro et al.,
2012). Aloe vera also contains the trace minerals of rhodium and iridium used in
cancer and tumor research experiments Chandan et al. (2007). Another component of
Aloe vera consists of the lignins, a major structural material of cellulose content that
allows for penetrative properties, (AOAC, 1990). Aloe vera can soak into the skin up
to seven layers deep. Lignins penetrate the toughened areas of the skin being
beneficial for skin problems such as eczema and psoriasis Steenkamp and Stewart et
al. (2007).

2.13 Uses of Aloe vera:

2.13.1 Traditional uses:

Aloe vera has a long history of popular and traditional use. It is used in traditional
Indian medicine for constipation, colic, skin diseases, worm infestation, and infections
(Heber, 2007). It is also used in Trinidad and Tobago for hypertension Lans (2006)
and among Mexican Americans for the treatment of type 2 diabetes mellitus
(Coronado et al., 2004). In Chinese medicine, it is often recommended in the
treatment of fungal diseases, while in Western society, Aloe vera is one of the few
herbal medicines in common usage, and it has found widespread use in the cosmetic
(Heber, 2007).

2.13.2 Medical uses:

A.vera has been used in folk medicine for over 2000 years, and has remained an
important component in the traditional medicine of many contemporary cultures, such

as China, India, the West Indies, and Japan. It is also used in Trinidad and Tobago for
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hypertension, pharmaceutical and food industries (Lans, 2006). In the case of health,
the therapeutic claims for the topical and oral application of Aloe vera cover a wide
range of conditions, but few claims have been the subject of robust clinical
investigation (Heber, 2007). The conditions for which clinical trials of Aloe vera have
been conducted include skin conditions, management of burn and wound healing
(Ashley et al., 1957), constipation and gastrointestinal disorders (Coronado et al.,
2004).

Aloe has been used extensively by the Egyptians, Assyrians, and Mediterranean
civilizations and in Biblical times (Grindlay and Reynolds, 1986). Aloe vera is one of
the few herbal medicines widely used in Western society, with the manufacturing of
Aloe vera extracts being one of the largest botanical industries worldwide (Eshun and
He, 2004; Grindlay and Reynolds, 1986). In 2004, the value of the Aloe industry was
estimated to be US$125 million for the cost of the raw Aloe material and US$110
billion for finished Aloe-containing products (IASC, 2009). Aloe vera is used in the
cosmetic, food, and pharmaceutical industries. In the cosmetic and toilet industry, it is
used as a base material for skin moisturizers, soaps, shampoos, sun lotions, makeup
creams, perfumes, shaving creams, bath aids, and many other products (Boudreau and
Beland, 2006; Eshun and He, 2004). The food industry uses Aloe in the manufacture
of functional foods, especially health drinks, and as a bitter agent (Saccu et al., 2001).
Pharmaceutical products are available for topical applications (gels and ointments)
and oral use (tablets and capsules; Hamman 2008). A.vera has been used in folk
medicine for over 2000 years, and has remained an important component in the
traditional medicine of many contemporary cultures, such as China, India, the West
Indies, and Japan. (AOAC,1990). Some of the most important pharmacological
activities of A. vera are antiseptic (Capasso et al.,1998), antitumor (Winter, et
al.,1981), antiinflammatory (Yagi et al.,1998), wound and burn healing effect
(Heggers et al., 1993), anti diabetic (Rajasekaran et al., 2006) and as an adjunct to
current AIDS therapy (Mc Daniel et al., 1990). Because of the healing properties of
Aloe vera and its synergistic action, the body receives what it needs to work properly.
Aloe vera, an anti-oxidant rich plant, contains vitamins such as A, C, and E plus the
minerals, zinc, and selenium. Anti-oxidants help boost the immune system and
combat free radicals in the body (AOAC, 1990).
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2.14 The scientific evidence:

The therapeutic claims for Aloe vera cover a broad range of conditions. It is
commonly used topically in the treatment of dermatological and wound healing
conditions, (t'Hart et al. 1990). The oral application of the Aloe vera latex is promoted
as a laxative, whereas gel and whole-leaf oral preparations have been variously
recommended for use as an adjunct to chemotherapy treatment and to ameliorate
diverse disorders such as DM, infectious diseases, metastatic cancer, and ulcerative
colitis (t'Hart et al. 1990). The clinical use of Aloe vera is supported primarily by
anecdotal evidence and case reports. The number of clinical trials exploring its
effectiveness has begun to increase; however, a standardization of methodological
trial quality has yet to be achieved, (Samman, 1998).

Topical Applications: The first case report of the beneficial effects of Aloe vera in the
treatment of skin and wound healing was published in 1935, with fresh whole-leaf
extract reported to provide rapid relief from the itching and burning associated with
severe roentgen (radiation) dermatitis and complete skin regeneration (Collins and
Collins, 1935). Numerous subsequent reports have explored the role of topical Aloe
vera administration in skin conditions and wound healing management, including
psoriasis, dermatitis, oral mucositis, burn injuries, and surgical wounds.

Safety and efficacy: Determining the safety and efficacy of Aloe vera is difficult due
to the lack of standardization of commercially available Aloe vera preparations.
Similarly, the need for a more detailed understanding of the plant’s active components
makes it difficult to evaluate the optimal doses of particular Aloe vera preparations for
the treatment of specific disorders (Collins and Collins, 1935). Despite these
challenges, a recent systematic review of Aloe vera by the Natural Standard Research
Collaboration concluded that topical application of Aloe vera gel or extract is safe for
the treatment of mild to moderate skin conditions, burns, wounds, and inflammation
(Ulbricht et al. 2008). In terms of efficacy, reasonable evidence in humans supports
the topical use of Aloe vera for the treatment of burn wounds. Evidence for its use in
psoriasis, dermatitis, and surgical wound healing is conflicting. Regarding the
increasing significance of Aloe vera in human health and its application in
development of new food and cosmetic products, it is important to study the methods

of increasing its yield and quality (Manderville, 1939).
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2.15 Effect of cultivation and processing:

The composition of Aloe vera extracts differs according to the plant variety, climatic
and seasonal variations, and the age of the plant (Eshun and He, 2004). However, the
processing method has the largest effect on the number and amount of active
ingredients in a product (Wang and Strong, 1995). The commercial production
process of Aloe vera products typically involves crushing, grinding, or pressing of the
whole Aloe vera leaf to produce juice, followed by various steps of filtration and
stabilization to achieve the desired extract (Eshun and He, 2004). This method
provides ease of processing and higher efficiency in the recovery of the solids
(Agarwala, 1997), but it can result in a product that contains little or no active
ingredients (Eshun and He, 2004).

2.16 The role of macro-nutrient elements on plant growth:

The role of macronutrients, some plant extracts and growth regulators in various
physiological and biochemical processes in plant is well known, which enables a
rapid change in the physiology of plant within one season to achieve desirable results.
The essential mineral elements which are required in higher concentrations by the
plant have a major role in determining the growth and development of Aloes, often
produces more vegetative growth, than needed for maximum latex production
especially when climatic conditions favor vegetative growth by directing the nutrients
and photo assimilates towards vegetative growth at the expense of latex and gel
production (Hazrati, 2012); Ji-Dong et al., 2006).

Minerals have a diversified role in medicinal plant metabolism. Severity or scarcity of
these causes multifarious effects in plant metabolism. Each and every aspect of plant
biochemistry, physiology, anatomy, etc. is affected due to mineral nutrient
composition of soils. Medicinal plants inherit resistance due to biosynthesis of
bioactive substances (secondary metabolites) against various types of diseases caused
due to fungus, bacteria, viruses, mycoplasmas, insects and pests. The concentration of
these minerals of both group i.e. activators or inhibitors present in the soil play a vital
role in secondary plant metabolism. Minerals also play a major role in the
reproduction of these medicinally important plants. Bioactive molecules of medical
relevancy such as alkaloids, flavonoids, lignins, lipids, carbohydrates, resins,
glycosides, phenolic compounds, volatile oils, vitamins, tannins etc. produced through

various biosynthetic pathways of plants are a boon to urban, hilly and remote
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population of each nation. However, soils with different compositions of mineral
elements adversely influence the metabolic activities of such valuable medicinal
plants (Saradhi et al., 2007). Various physiological activities are governed through
important mineral elements present in soils from where these are transferred to area
where their need arises. So, accumulation and biosynthesis of these bioactive
molecules in plant system are widely dependent on the availability of mineral
elements in the soil. Different developmental stages of the medicinal plants need
supplementation of different macro- and micro- elements during its various growth

and biosynthesis steps Babatunde and Yongabi (2008).

2.17 The effect of nitrogen fertilizer (soil application) on growth and yield
parameters:

The largest natural source of nitrogen is the Earth’s atmosphere, which is roughly
78% gaseous nitrogen, an inert and essentially biologically unavailable form of the
element for natural use. Its biological unavailability is because the two nitrogen atoms
form an extremely stable bond, which is not easily broken. Apart from human
industrial processes that fix nitrogen gas to solid or liquid forms, the primary means
of nitrogen fixation are through the high temperature and energy of lightning strikes
and biological nitrogen fixation by bacteria. These processes produce nitrogen in three
main forms, each of which is available to plants: nitrate, nitrite, and ammonium
(Wiedenhoeft et al., 2006).

Herndndez-Cruz, et al. (2002), reported that, Nitrogen is the one nutrient most often
limiting plant growth. The needs of the plants for nitrogen depend on plant species.
However, tomatoes and vine crops (cucumbers, squash, and melons) develop
excessive vine growth at the expense of fruiting with excess nitrogen. Potatoes, corn
and Cole crops (cabbage, broccoli, and cauliflower) are heavy feeders and highly
benefit from soil nitrogen. Trees and shrubs have a low relative need for soil nitrogen,
as reported by Ji-Dong et al. (2006). Hazrati (2012) reported that the application of
nitrogen had positive effect on the growth and aloin concentration of Aloe vera plants.
Mengel and Kirkby (1987) reported that, inadequate level of nitrogen, shortens the
plants life cycle, plant matures early and economic yield is generally poor. Also it was
found that, the reason for the significant increase in yield parameters of Aloe vera is
recognized to be the fact that nitrogen is often regarded as limiting for biomass

production in natural ecosystems (Babatunde and Yongabi, 2008). (Hazrati, 2012)
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found that, the application of nitrogen on Aloe vera plant has increased the growth
parameters as the best growth parameters were obtained in the plants treated with
1000 mg nitrogen. In this regard, Tawaraya et al., (2007) showed that, shoot fresh
weight was increased by raising the dose from 500-1500mg/ plant and similar results
were obtained by Babatunde and Yongabi (2008), as they reported that, the growth
parameter values were increased by increase of nitrogen levels.

(Hazrati, 2012), reported that, the volume of leaf increased as a result of increase in
length and thickness of leaves. Thus, leaf volume can be an important factor for the
determination of leaf yield and leaf fresh weight (Herndndez-Cruz et al., 2002). The
leaf is an important factor in yield determining in Aloe vera plants (Eshun and He,
2004). The application of 1000 mg nitrogen per pot had significantly increased the
yield. This result was confirmed by (Khandelwal et al., 2009). Increased nitrogen
uptake from the soil by the root system of Aloe vera plant could be the reason for its
higher gel content (Ray, 1999). (Ji-Dong et al., 2006) reported that, the nitrogen
application increased leaf fresh weight and total biomass.

Phenolic compounds are considered to be secondary metabolites synthesized in plants
through the phenylpropanoid pathway. These make a defense mechanism that reacts
to different biotic and a biotic stress conditions (Dixon and Paiva, 1995). Aloin is an
important phenolic compound in Aloe vera plants and the application of nitrogen
caused an increase in aloin concentrations (Hazrati, 2012). Similar results were
obtained by (Ji-Dong et al., 2006), as they showed that, the amount of aloin was
enhanced in Aloe vera with nitrogen increases. In another study, the results recorded
showed that, the application of nitrogen increased the phenolic compounds (aloin,
barbaloin) in leaf latex (Saradhi et al., 2007).

Nitrogen is one of the most important elements of the chlorophyll structure; low rate
of photosynthesis under conditions of nitrogen limitation can too often be attributed to
the reduction of chlorophyll content (Toth et al., 2002), As they observed that, the
application of nitrogen increased the chlorophyll content in leaves of the Aloe vera
plants. Generally, the highest levels of chlorophyll ‘a’ and ‘b’ were obtained in the
highest level of nitrogen.

(Moradkhani et al., 2010) reported in (Mellissa officinalis L), the best plant height
was obtained under application of 90 kg N ha™. Suresh (1980) revealed that,

application of nitrogen at 100 kg per h* was optimum for increasing stem diameter,
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while nitrogen at 150 kg per h* it was optimum for increasing plant height of
Catharanthus roseus.

(Garnayak et al., 2000) studied the effect of varied levels of nitrogen on plant height
of mustard and reported significant increase in the plant height with the increase in the
level of nitrogen application from 0 to 120 kg N per h. The highest was recorded in
the treatment supplied with 120 kg N per h* which was 200 cm. Okut and Yidirmi
(2005) concluded that, application of 90 kg N ha' in coriander resulted in
significantly higher plant height.

Attoe and Osodeke (2009) reported significantly higher plant height of ginger
(Zingiber officinale Roscoe) at 200 kg N per h™ compared to other levels of nitrogen.
Katarzyna and Jarosz (2006) reported significant increase in essential oil content of
Satureja hortensis L upon treatment of the plants with different levels of nitrogen.
(Hocking et al., 1997) assessed the influence of nitrogen on oil content of canola in a
two year field experiment and reported that, nitrogen application up to 75 kg per h
increased the oil content.  Application of 120 kg N per h? recorded significantly
higher oil content of mustard, which was superior over all other N levels tested
(Anilkumar et al., 2001). Similarly, Shishu and Vinay (2005) recorded significantly
higher oil content of mustard at 80 kg N ha-1 which was superior over all other N
levels including control.

In fact, the unique role of nitrogen in photosynthesis, energy compounds and
important physiological processes increases the content of chlorophyll, and is an
indirect cause of growth and yield enhancing and chemical compound (aloin) in Aloe
Vera plant (Nahed and Aziz, 2007). Similarly, Hazrati (2012) showed that, the

nitrogen increased growth, yield and aloin concentration in Aloe vera plants.

2.18 The effect of soil application of NPK fertilizer on growth and Yield
parameters of Aloe vera plants:

Merestala (1996) reported that, the soil application of (NPK) to Aloe vera plants
increased the yield by 25% under Ni20PsoK120 treatment compared to the control.
Growth rate over a period of four months showed a maximum increase of 43% in
N120PeoK120 and minimum of 23% in control and the maximum average number of
leaves per plant was obtained at highest concentration of chemical fertilizer
(Merestala, 1996).
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Chlorophyll content in leaves was significantly higher under fertilizer treatments as
compared to control (Merestala, 1996), and also stated that, the maximum chlorophyll
content of 39.13 mg/g was recorded under treatments supplied with the highest dose
of chemical fertilizers at N120PsoK120 level. The above findings showed that, the Aloe
vera responded to fertilizer dose in increasing the growth parameters.

The biological yield and gel yield of Aloe vera (fresh and dry weights) were
significantly increased under different fertilizer treatments as compared to control, as
reported by (Saradhi et al., 2007). Maximum biological yield of 130 g/plant and gel
yield of 61.4 g/plant were obtained under chemical fertilizer treatment at N120PsoK120
level (Saradhi et al., 2007).

(Merestala, 1996) reported that, The growth and weight of Aloe vera root (fresh
weight) attained maximum weight of 9.8 g/plant when the crop received chemical
fertilizer at N120PsoK120 compared to the control. Higher dose of chemical fertilizer is
expected to release greater quantity of nutrients particularly N, P and K at a faster rate
and higher level and there by greater uptake by the plants which resulted in higher
growth and yield parameters of Aloe vera plants (Saradhi et al., 2007).

2.19 The effect of soil application of Phosphorus fertilizer on growth and Yield
parameters of Aloe vera plants:

Phosphorus has many important functions in plants and medicinal plants, the primary
one being the storage and transfer of energy through the plant. Adenosine diphosphate
(ADP) and adenosine triphosphate (ATP) are high-energy phosphate compounds that
control most processes in plants including photosynthesis, respiration, protein and
nucleic acid synthesis, and nutrient transport through the plant’s cells (Sharpley et al.,
1994).

Phosphorus is frequently a limiting nutrient, particularly in tropical regions, where the
soil chemistry differs from temperate soils, or in highly weathered soils, where
phosphorus has long since been leached away. Phosphorus is one of the three main
elements in commercial lawn fertilizers, though there is mounting evidence that many
lawns and green areas already have ample phosphorus, and thus it is being phased out
of some commercial fertilizers. The ultimate source of virtually all terrestrial
phosphorus is from the weathering of minerals and soils in the Earth’s crust.

Phosphorus is generally available as phosphate, an anion that is not bindable by the
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cation exchange complex and thus can be easily leached from the soil by rain or run
off (Wiedenhoeft, 2006).

Literature review shows that, although there are large amount of information on
medicinal and cosmetic functions of Aloe vera; however, we lack information about
cultivation and production of the plant (Merestala, 1996).

Nematian et al, 2011) reported that, Aloe plants treated with Phosphorus fertilizer at
once 0, 5, 10, 15 and 20 g/plant during the growth period of six month, showed
significant increase in leaf number, as all treated plants were better than those of
control with the average mean of (9 , 12 ,13 , 15, 18) respectively. Regarding the
role of phosphorus in plants vegetative growth, high phosphorus content in soil would
probably increase the number of leaves, leaf weight, leaf diameter and leaf
chlorophyll content, Nematian et al., 2011).

In an experiment on the effect of phosphorus fertilizer on Aloe vera, it was indicated
that, higher phosphorus application rates increased the number of leaves, leaf fresh
weight, leaf length and leaf diameter (Luis Rodolfo et al, 2002). In another
experiment it was indicated that, the highest number of leaves was achieved in 5 %
phosphorus fertilizer + 95% soil, and the highest leaf length was also achieved in 5 %
P fertilizer + 95% soil (Nejatzadeh et al, 2011).

Boroomand et al. (2011) found that, application of 100 kg P,Os / ha! increased leaf
number and leaf length in Aloe vera plants and reported significantly higher plant
height of Basil at 150 kg P-Os ; ha which was superior over all other phosphorus
levels tested. (Saraf et al., 2002), studied the effect of two levels of P20s 25 and 50 kg
ha) on the yield of Danti (Baliospermum montanum) crop, as the effect of
phosphorus was significant and the highest plant height, number of leaves per plant,
branches per plant and plant spread were observed with the application of 50 kg P2Os
per ha™ as compared to 25 kg P,Os per ha.

The effect of phosphorus fertilizers on fresh leaf weight of Aloe vera was also
revealed in the experiment of Faryabi and Ghazanchi (2005), as they reported that, the
higher doses of phosphorus significantly increased the fresh leaf weight, while
medium doses of nitrogen induced significances. (Mirza et al., 2008), also reported
that, mixing 5 % phosphorus with 95% soil resulted in the highest leaf growth rate,
number of leaves/plant, leaf fresh weight, leaf area index and leaf width.

Regarding the effect of phosphorus application on leaf chlorophyll content, (Kawther

et al., 2001) found that, application of phosphorus increased Aloe vera leaf
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chlorophyll content and they reported that leaf chlorophyll content is directly
correlated with phosphorus rate. Application of 100 kg P2Os; h! to Basil resulted in
significantly higher oil content (2.40%) which was superior over all other phosphorus
levels tested (Boroomand et al., 2011). Harendra and Yadav (2007) reported
significant increase in the oil content of mustard with increase in phosphorus level
from 0 to 39.3 kg P-Os /ha! as (30%) of oil content was recorded at 39.3 kg P2Os /ha”
! which were significant over all other levels including their control. (Boroomand et al.,
2011) found that application of 100 kg P,Os /ha™ increased leaf number, plant height and leaf
length in Aloe vera.

One of the earliest and most pronounced responses to phosphorus deficiency is
reduction in shoot growth, specifically reduction in leaf number and leaf size (Lynch
et al., 1991) where the Shoot development requires the production of leaves by shoot
apical meristem and their subsequent expansion. Decreased number of leaves with
phosphorus deficiency implies changes in leaf initiation and activity of shoot apical
meristem, while plant height of Phaseolus trilobus was increased due to increased
phosphorus fertilization at 80 kg P.Os /ha® (Kumar et al., 2002). Anilkumar et al.
(2001) reported significantly higher plant height of mustard at 37.35 kg P.Os /hat
(209.4 and 208.0 cm during 1998 and 1999, respectively which was superior over all
other phosphorus levels tested. Panwar and Singh (2003) also recorded significantly
higher plant height of groundnut at 60 kg P,Os /ha* (49.80 cm) over control.

Field investigation carried out by Pareek et al. (2002), to study the effect of P20s
levels on growth of Panchpatri (Ipomoea pestigrides), showed that, maximum plant
height and number of leaves per plant was obtained by application of 25 kg P,Os /ha™,
but increased levels of phosphorus over 25 kg decreased these parameters. Harendra
and Yadav (2007) reported that, plant height of mustard increased significantly with
each increment in the dose of phosphorus up to 13.1 kg P,Os /ha (165.7 cm).
However, the differences in plant height due to further increase in the dose of
phosphorus to 39.3 kg P20s /ha* were not significant.

Pareek et al. (2002) reported significantly higher number of branches of Panchpatri
plant at 25 kg P,Os /ha. Harendra and Yadav (2007), reported significant increase in
the number of primary branches of mustard with an increase in the phosphorus levels
from 0 to 13.1 kg P20s /ha which was 5.3 and 6.2 branch per plant respectively.
However, there was no significant increase in the number of primary branches with

further increase in the phosphorus level.
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Plants ultimately depend on green leaf area for dry matter accumulation as the leaves
intercept solar radiation and produce photosynthates through photosynthesis (Saraf et
al.,2002). The production, expansion and survival of green leaves are the important
determinants of crop productivity. The primary symptoms of nutrient deficiency are
reduction in leaf expansion.

In Aloe vera; application of 150 Kg P,Os /hal caused an increase in leaf area
(Boroomand et al., 2011). Lewis, et al. (1987) examined the response of oil seed rape
to phosphorus fertilization at 21 sites and significant increase in oil content to the tune
of 0.7 per cent was recorded in only one site.

Boroomand et al. (2011) recorded significantly higher gel content of Aloe vera at 150
Kg P20s /ha'* which was superior over all other phosphorus levels including control.
Response of various crops to phosphorus application indicated that yield and growth
attributing parameters increased with increase in levels of phosphorus and the
response varied from 25 to 80 kg P.Os /ha™.
These results indicated that the Aloe vera responds differently to inorganic sources. At
equivalent nutrient level of NsoP40Kso organic sources of fertilizer treatments was
superior to inorganic source. The information thus generated shows prospect of
growing organic Aloe vera in a commercial cultivation as a better marketable product,
Lewis et al. (1987).

2.20 The effect of sulfur fertilizer (soil application) on growth& yield of Aloe vera
plants:

Lalitha and Gopala (2004) reported that, sulfur is the one nutrient most often limiting
plant growth. The need for sulfur and nitrogen varies from plant to plant. For
example, tomatoes and vine crops grow vegetatively and develop excessive shoot
growth at the expense of fruiting with excess sulfur and nitrogen Korikanthimath
(1994). (Ross et al., 2010); Ross, 2004) reported that, the application of sulfur had
positive effect on the growth and aloin concentration of Aloe vera plants.
Korikanthimath (1994) also reported that, inadequate level of sulfur, prolongs the
plants life cycle, plant matures relatively late and economic yield is generally poor.
Also it was found that, the reason for the significant increase in yield parameters of
Aloe vera is recognized to be the fact that sulfur is often regarded as limiting for
biomass production in natural ecosystems (Minard, 1978). Hazrati (2012) found that,

the application of sulfur on Aloe vera plant has increased the growth parameters, as
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the best growth parameters were obtained in the plants treated with 2000 mg/ plant
sulfur. In this regard, Tawaraya et al. (2007) showed that, shoot fresh weight was
increased by bacterial colonization and can increase the nutrient up to 3000 mg /
plant.

Lynch et al. (1991) reported that, the growth parameter values were increased by
enhancement of nitrogen and sulfur levels applied. (Hazrati, 2012), reported that, the
volume of leaf increased as a result of increase in length and thickness of leaves.
Thus, leaf volume can be an important factor for the determination of leaf yield and
leaf fresh weight (Sadanandan and Hamza (1998). A leaf is an important factor in
yield determining in Aloe vera plants (Eshun and He, 2005). The application of 2000
mg sulfur per pot had significantly increased the yield. This result was confirmed with
that obtained by Khandelwal et al. (2009) in their study aimed towards investigating
the effect of sulfur fertilizer on growth and yield of sun flower (Allianthus annus).
Increased sulfur uptake from the soil by the root system of Aloe vera plant could be
the reason for its higher gel content (Ray, 1999).

Ji-Dong et al. (2006) reported that, the sulfur application increased leaf fresh weight
and total biomass. Ross (2005) Showed that, the yield of aloe gel was better with a
low frequency of watering and a high amount of fertilizer (2000 -3000 mg) sulfur per
plant.

Wang and Strong (1990 ) reported that, there was a significant response when aloe
plants were fertilized with sulfur, the best results were obtained with the increase in
dose (0, 50, 100, 150 and 200 gm / h), as all the growth characters ( number of
leaves, plant height, fresh leaf weight, number of offsets) were higher than the
controlled ones. Muralidharan (1973) and Muralidharan et al. (1976) reported a slight
increase in the yield of fresh ginger rhizome when sulfur was raised from 50 to 100 kg
per ha. Further increase in sulfur levels showed a decline in the yield.

A field experiment conducted by Ray (1999) with two levels of sulfur at 5 and 10 kg
per ha? revealed that, the plant characters studied did not show any significant
differences due to the application of sulfur to Danti crop. These results were
confirmed with those obtained by (Saraf et al., 2002) on their study on Danti crop
investigating the effect of sulfur fertilization on growth and yield parameters.
Ashokan et al. (1984) reported that, application of 10 kg sulfur per ha? produced
maximum marketable tuber yield of sweet potato (13.8 ton per ha), dry matter

content in vine (11.9 %) and tuber (30.7 %) as compared to 7.5 kg sulfur per ha™.
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Marlatt (1974) found that, Sensevieria trifasciata developed chilling injury (CI)
symptoms of white lesions after exposure to 2 to 8 °C and found symptoms of chilling
in Sensevieria trifasciata to be more severe with increasing levels of nitrogen and
sulfur applications.

Conover and Poole (1976) determined that, increased tissue nitrogen and decreased
levels of sulfur were mostly closely associated with increased CI. These observations
are consistent with the more severe CI found on the fertilized aloe plants. The results
of the second experiment suggest that, there is no apparent benefit of applying
powdered sulfur and micronutrients, whether or not plants are fertilized Ashokan et
al. (1984).

In the experiment conducted by Kawther et al., (2001), regarding the effect of sulfur
application on leaf chlorophyll content, they found that, application of sulfur
increased Aloe vera leaf chlorophyll content with the raise in level of sulfur and they

concluded that, leaf chlorophyll content is directly correlated with sulfur rate.

2.21 The role of biostimulants on plant growth and development:

Growth is a multifactor dependent rhythmic phenomenon. Besides the availability of
nutrients, plants require growth regulators for their growth and development and these
are available/ synthesized endogenously in the plant system. Under favorable
conditions, the levels of endogenous growth promoting substances are higher than that
of inhibiting substances which, indeed, accelerate growth and development of the
plant (Thomas et al., 2009; Gensheng, 1991). The plant growth regulators, as reported
by (Thomas et al., 2009) include: a. Auxins: 1-naphthalenacetic acid (NAA), 2,4-D,
3-indoleacetaldehyde acid, 3-indoleacetic acid (IAA), 3-indolepyruvic acid (IPA) and
indolebutyric acid (IBA) b. Gibberellins (GA): GA4, GA7 and GA3 c. Cytokinins:
CPPU and kinetin. d. Ethylene and Ethylene releasers (ethephon / ethylene). e.
Inhibitors/Retardants: ~ Abscisic acid (ABA), ancymidol, carbaryl, chlormequat,
chloro IPC, daminozide, flurprimidol, hydrogen cyanamide (H2CN2), mefluidide,
mepiquat chloride, paclobutrozol, prohexadione calcium and succinic acid (SADH).
Several organic products called “biostimulants” are now available in the market to
make agriculture more sustainable Collal et al. (2014). Agricultural biostimulants
include diverse formulations of compounds, substances and micro organisms that are
applied to plants or soils to improve crop vigour, yields and quality (Khan et al.,
2009). The crop life cycle from seed germination to plant maturity can be influenced
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by biostimulants in some certain ways, that include increase plant metabolism
efficiency, improve plant tolerance to a biotic stresses, facilitating nutrient
assimilation, translocation and use, enhancing quality attributes of produce, including
sugar content, color, fruit seeding, etc., increasing water use efficient, enhancing
certain physicochemical properties of the soil and support to the development of
complementary soil microorganisms. Commonly used biostimulants are amino acid
formulations, mixtures of nutrients, hydrolyzed proteins, triacontanol, humic acids,
seaweed extracts and brasinolides (Calvo et al., 2014; Thomas et al., 2009; Mandal et
al., 2007). Some studies expressed that foliar application of these chemicals, are able
to enhance plant productivity (Khan et al., 2002; Biles and Cothren (2001). Cerdan et
al. (2009) and Ertani et al. (2009) reported nutrient uptake in particular nitrogen and
iron increased in corn and tomato plants with using of protein hydrolysates. Also they
stated that increasing nitrogen and iron uptake, led to enhancing activities of nitrate
reductase and glutamine synthetase, and Fe (lll)-chelate reductase activity,
respectively. Amino acids are biologically important organic compounds which are
composed of amine and carboxylic acid functional groups. The amino acids have
various functions in plants. So they are vital for the synthesis of proteins or used as
precursors for various metabolites with multiple functions in plant growth and
development such as hormones, cell wall components, and a large group of secondary
metabolites. For example methionine is a precursor for ethylene and polyamines such
as spermine and spermidine, which synthesized from S-adenosyl methionine.
Tryptophan is a precursor for auxin synthesis. Glycine and glutamic acid are
fundamental for chlorophyll synthesis. Proline helps in pollen fertility and lysine,
methionine; glutamic acids are essential amino acids for pollination. Also, amino
acids have a chelating effect on micronutrients when applied together with
micronutrients. Amino acids exudated from the plant's root help in improving the
micro flora of the soil, thereby facilitating nutrient uptake (Less and Galili, 2008;
Tempone et al., 2007; Sharma and Dietz (2006). Nutritional spray on plants can
decrease the delay between absorption and consumption of elements of plant that is
very important for fast growth stage of plant (Taiz, and Zeiger, 2002). Follet et al.,
(1981) reported that chlorophyll content is related to the amount of nutrient uptake by
plants from the soil. Follet et al., (1981) and Khan et al., (2002) reported foliar
application of chitosan enhanced physiological efficiency of plants. Mustafa et al.

(2009) studied the effect of plant growth regulators for improvement of ornamental
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plants. There are several reports on the effect of growth promoters on crop with
particular reference to increased vegetative growth characters; the quantity and quality
yield (Hampton et al., 1994). Increased values of biochemical constituents
strengthened the role of biologically active amino acids in the metabolism of tea
plants (Camellia sp.) (Thomas et al., 2009).

2.22 The effect of foliar application of 6-Benzyl Adenine (BA) on growth and
yield parameters of Aloe vera plants:

(Hazrati, 2012) reported that, application of BA had positive effect on the growth and
aloin concentration of Aloe vera plants. Similar results were obtained by (Toth et al.,
2002), as they found that, BA sprayed on Aloe vera plants has increased the growth
parameters and the best growth parameters were obtained in the plants treated with
1000 ppm BA foliar spray. However, a number of studies showed that, an increase in
BA, led to increase in photosynthesis, chlorophyll content and cell division in apex
meristem and cambium that caused an increase in the leaf yield and growth
parameters in Aloe vera plants (Sakakibara, 2006; Hamman, 1990). Also, by increase
in the levels of BA, growth parameters were increased, while in the plants untreated
with  BA increase in the growth parameters was less observable (Toth et al.,
2002).These results were similar with other studies obtained by (Nahed and Aziz,
2007).

The volume of leaf increased as a result of increase in length and thickness of leaves.
Thus, leaf volume can be an important factor for the determination of leaf yield and
leaf fresh weight (Herndndez-Cruz et al., 2002). A leaf of Aloe vera is an important
factor in yield determination in Aloe vera plants (Eshun and He, 2005) as he reported
that, the application of 1000 ppm BA per pot had significantly increased the yield.
Similar results on aloe plants were obtained by Khandelwal et al. (2009). On the other
hand, the increased in BA intake from the leaves by the shoot system of Aloe vera
plant could be the reason for its higher gel content (Ray, 1999). Ji-Dong et al., (2006)
reported that, the BA application increased leaf fresh weight and total biomass.
However, cytokinin can increase cell division, cell enlargement and distribution of
assimilates in succulent plants and thus cause better development of the leaves and
increase in gel weight (Carey, 2000). It was observed that, the BA increased the
number of offsets in Aloe vera plants that might be due to the release apical
dominance and stimulation of branches (Duck et al., 2004). Similar results were

obtained by Carey et al. (2008) on Echeveria spp and Sempervivum juncea plants that
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belong to the Liliaceae family. Thus, BA may be used for increasing the number of
offsets and the number of propagules or for reducing the apical dominance of the Aloe
vera plants (Sakakibara, 2006). Aloin is an important phenolic compound in aloe vera
plants. (Carey, 2000) reported that, the application of BA caused an increase in aloin
concentrations. Similar results were obtained by Ji-Dong et al. (2006), as they showed
that, the amount of aloin was enhanced in aloe vera with BA increases. In another
study carried on Aloe plants, it was revealed that, the application of BA increased the
phenolic compounds (aloin and Barbaloin) in latex leaves (Saradhi et al., 2007), as the
treatment that had the highest level of yields had also the highest aloin concentration.
(Toth et al., 2002) reported that, low levels of BA resulted in low rate of
photosynthesis and under conditions of N limitation can too often be attributed to the
reduction of chlorophyll content. Exogenous application of cytokinin increased the
chlorophyll content in the chloroplast (Davies, 2004). Also it was observed that, the

application of BA increased the chlorophyll content in leaves of the aloe vera plants.

2.23 The effect of Argel and Haza extracts on growth and yield parameters:
Sandra (2011), reported that, some plants extracts as: onion (Allium ascalonicum L.),
coconut water (Cocos nucifera L), snaps (Phaseolus vulgaris L), banana (Musa
paradisiaca L.), mung bean sprouts (Vigna radiata), corn grain (Zea mays L.) are
expected to contain bioactive compound to be used as plant growth regulators.

Sandra (2011) also, suggested that, mung bean sprouts (Vigna radiata), bananas
(Musa paradisiacal L.), onions (Allium ascalonicum L.) contain auxin; snaps
(Phaseolus vulgaris L) contain cytokinins; coconut water (Cocos nucifera L.)
contains auxin, cytokinins and gibberellins. Whereas (Anonymous, 2011) stated that,
corn grain (Zea mays L.) contains giberellin and cytokinin.

Lethan and Miller, 1963 in Wijaya (2002), Zamroni and Darini (2009) studied the
effects of coconut water on growth of chilli (Capsicum annuum L.). The results
obtained showed that, the use of 25% coconut water (Cocos nucifera L.) significantly
enhanced the growth of chilli plants compared to the untreated.

Mahanani (2003) investigated the effect of various sources of natural plant growth
regulator and frequency of application of the growth and yield of Aloe vera plants, in
which coconut water (Cocos nucifera L.), mung bean sprouts (Vigna radiata), soy

bean sprouts (Glycine max) and cow urine were used. The result showed the
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Application of mung bean sprouts (Vigna radiata) extract on aloe varieties twice gave
the best growth and yield compared with control.

Beneficial effects were recorded by (ldris et al, 2011), as they stated that, the addition
of dried argel leaves to the soil significantly affected the growth and yield of palm
trees compared to the control, where the Barakawi date palm cultivar was planted.
The addition of argel in split doses resulted in doubling of the yield in the first season.
However, all the treated trees showed significant increase in yield in both seasons
compared to the control.

In the experiment conducted by (Idris et al, 2011) on the effect of argel leaf extract as
antifedant against cotton leaf worm, showed that, all the treated plants showed healthy

growth and significant increase in yield compared to the untreated ones.

(Idris et al, 2011), reported that, the application of high doses in two successive
seasons should be avoided because of the suppressive effect of argel in high doses.
The significant effect of argel was also shown in the increment of the fruit length of
Barakawi which is considered as one of the market preferences.

The overall argel benefits may be owed to either of the following effects: an
insecticidal effect as proposed by Sidahmed et al. (2011) who reported an insecticidal
effect on white scale insects upon treatment of date palms with argel. Elkamali (2001)
reported larvicidal effects of argel's crude aqueous extract against mosquito larvae.
Moreover, an argel insecticidal effect on adult beetles of faba beans was also reported
by Bakhiet and Taha (2009). Similarly, the beneficial effect was also reported by
(Idris et al, 2011) as the application of argel resulted in reduction of termites and ants
populations after the treatment.

In addition, the application of argel on palm trees resulted in antimicrobial effects as
proposed by Elhady et al., (1994) had improved the health status of the palms. More-
over, the speculation of a flowering promoting effect seems valid and fortified by the
increments in number of bunches and spike length (Idris et al, 2011). A nutritive
effect cannot result from the low amounts of argel leaves used in the study. A date
palm is normally fertilized by 20-40 kg of farm yard manure in Sudan. Argel action
seems to be systemic, absorbed by roots and translocated upwards where it imposes
its effects on foliage and flowering initials. This assumption needs further
biochemical studies to bio-assay the chemical constituents responsible for growth and

flowering enhancements (ldris et al, 2011). Significant yield gains were obtained in
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this study upon addition of low quantities of non-costly argel leaves to the soil of the
date palms. This study attests to the practical potential of argel and Hazza which
might be extended to other horticultural crops. As these plants did not receive
agronomic research attention, such a move might be needed in the near future.
Different plants extracts contain varied types of growth regulators therefore have
different effect on the improvement of the plant seedlings growth, hence quality of the
whole plant.

According to Sandra (2011), bioactive compounds such as auxin, cytokinin and
gibberellins could be extracted from coconut water and corn grain, while auxin is
found in mung bean sprouts, banana and onion extracts. In addition, cytokinin was
found in snaps extract. These plants extract have potential to be used as exogenous
growth regulator as reported by Sandra (2011).

Application of exogenous growth regulators from plant extracts can stimulate growth
which is mostly related to the mechanism played by the growth regulators. Increased
growth such as longer shoot and root or higher leaf numbers (Mahanani, 2003).
Hartati (2009) showed that, the effect of maize grain extract application as a natural
plant growth regulator was significant in Vigna radiata seedlings at the time of root
emergence and number of roots produced. As natural plant extracts contain different
growth regulators, Hayashi (1961) and Arteca (1996) reported that, administration of
giberellin (GA3) through the leaves may increase growth due to an increase in the
effective leaf area, hence photosynthesis increases.

Other than gibberellins, extract of corn grain also contain cytokinin. Cytokinins were
also reported as one of important factors for the regulation of root growth, especially
cell differentiation in the elongation zone (Dello et al., 2007).

Auxins are formed from the amino acid tryptophan which acts to stimulate stem
elongation, leaf growth, and influence the development of roots in plants. Tryptophan
is an auxin-forming compound (Abidin, 1983). According to Lathan and Miller
(1963) in Wijaya (2002), there are natural cytokines in the immature corn kernels
called zeatin. Cytokinins are compounds that can increase cell division in plant tissues
and regulate plant growth and development, as well as Kkinetin (6-
furfurylaminopurine) (Zulkarnain, 2009).

The work of Arditti and Ernts (1992) showed auxin and gibberellins were contained
in banana. Similarly, use of maize seed extract as growth regulator has been

investigated by Hartati (2009) to study its effect on orchid plantlets and the results
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showed that, the extract application significantly affected early root emergence and
the number of roots produced. Although researches on the use of plant growth
regulators naturally in plants has been done, but its use is limited to the production of
crops, instead of improving the quality of cuttings (Sujal et al., 2012 ). In addition, the
type of plants used as plant growth regulators is still limited. Thus research needs to
be done on a wider variety of crops to determine the concentration of growth
regulators containing compounds and see its effect on the growth of plant growth and

development.
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Chapter Four
Impact of urea applications on growth attributes and gel yield of Aloe vera L. plant.

Abstract:

Although Aloe vera is an indigenous plant of Sudan with numerous applications in health,
cosmetics and food industries in global markets, agricultural research to exploit the
potential of this plant is almost lacking. This study aimed to investigate the impact of
urea applications at various rates on the growth attributes and quality of Aloe vera plants
under nursery conditions, at Shambat, Khartoum North, Sudan. Five levels of urea (0,
1.5, 3, 4.5 and 6 g/plant) were tested as soil dressings in 25X30 c¢cm plastic bags. The
study was arranged in a complete randomized design where each treatment was replicated
eight times. Data were collected after 12 months. The 1.5 g urea treatment enhanced
growth, leaf gel and chlorophyll contents, whereas the higher levels of urea were
suppressive. The encouraging results of this study elucidated an economical potential for
possible large scale production of the plant under Sudan conditions.

Key words: Aloe vera; Urea, Growth, Chlorophyll, Gel Content.

Introduction:

Aloe vera is a medicinal plant belonging to the family Liliaceae (Hasanuzzaman, et al.,
2008). It is indigenous to Sudan and other African countries (Grindlay and Reynolds
1986). The exploitation of the potential of the plant is increasing with growth of cosmetic
and neutraceutical markets (Danhof, 1987). This perennial succulent is drought tolerant
and can thrive well under xerophytic conditions (Heber, 2007). It was officially listed as a
purgative and skin protectant by U.S. pharmacopoeia in 1930 (Park and Lee, 2006). The
two major products of Aloe vera are yellow latex and clear gel, which are obtained from
the large parenchymatic cells of the leaf (Ni, et al., 2004). The main constituents of the
latex are anthraquinones including the hydroxyanthracene derivatives, aloin A and B,
barbaloin, isobarbaloin and aloeamedin (Bradley, 1992). Aloe vera possesses several
biological and physiological activities, such as wound healing, anti-inflammation, anti-
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bacterial, anti-viral, anti-fungal, anti-diabetic and anti-neoplastic (Hamman, 2008; Eshun
and He, 2005; Reynolds, 2004).

The uses of Aloe vera are diverse in Sudan. In ethno medicine it is used for skin
moisturing, treatment of burns and a purgative especially for injuries in diabetic patients.
Besides, it is a component of the drought tolerant ornamentals of rocky gardens. Research
aiming at economic exploitation of this plant under Sudan conditions is almost lacking. In
response to the international awareness about the significance of Aloe vera in human
health and its applications in development of cosmetic products, it is important to study
the means of increasing its production and quality. Hence, this study aimed to investigate
the impact of urea applications on growth attributes of Aloe vera.

Materials and method:

This test was conducted in complete randomized design in the nursery of Sudan
University of Science and Technology, at Shambat, Khartoum North, Sudan, for
determination of the impact of urea applications on growth attributes of Aloe vera.
Tillers, 12-15 c¢cm long were planted in 25X30 cm plastic bags containing river Nile
sedimentary silt soil (Gureira). A month after establishment, they were used as test plant
material. Urea (46% N) treatments were applied in rates of: 0.0, 1.5, 3.0, 4.5 and 6.0
g/plant as soil dressing. Each treatment was replicated 8 times and each plant in a bag
was considered a replicate. Urea applications were repeated every 3 months and irrigation
was applied according to need. Final data were collected after 12 months for number of
leaves, leaf length, leaf width, leaf thickness, number of tillers, number of roots, root
length, shoot fresh and dry weights, root fresh and dry weights, leaf fresh weight, leaf gel
weight, leaf peel weight, and chlorophyll ‘a’ and ‘b’ contents. For dry weights, the
harvested shoots and roots were subjected to sun drying for 30 days, prior to oven drying
for a week at 70° C until weights were constant. For determination of leaf gel content, the
leaves were cut into several portions with scalpel blades to ease gel extraction after
weighing the leaves. The remaining peels were weighed separately with a portable digital
balance. Determination of chlorophyll content was performed according to the method of
Arnon (1949) by using the chlorophyll flourometer (Li-Cor, Lincoln, NE, USA). Two
hundred milligrams of fresh leaf samples were ground with 10 ml of 80% acetone at 4°C
and centrifuged at 2500 rpm for 10 minutes at 4°C. Three milliliters aliquots of the
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extract were transferred to a cuvette and the absorbance was read at 665 and 649 nm
with spectrophotometer after which the chlorophyll (a) and (b) were determined by
Vernon’s models. The collected data were subjected to analysis of variance and means
were separated by Duncan’s Multiple Range Tests with the aid of MstatC computer
program.

Results:

According to Table (1) no significant differences were observed among treatments in
number of leaves. The leaf length was not significantly different between the control and
urea treatments 1.5- 4.5 g/plant, although the value of the control was slightly higher.
However, the highest dose of urea resulted in significant decrease in leaf length compared
to the control (Table 1). The leaf width was equally increased by the different urea
treatments with significant difference from the control (Table 1). On the other hand, the
results of leaf thickness showed no significant differences between the treatments and the
control (Table 1).

Significant differences were observed among treatments in the number of tillers/plant.
The highest values were recorded for the 1.5 g urea treatment. Above that, the 3 g urea
treated tillers showed no significant difference from the control. However, the 4.5 and 6 g
urea treatments were inferior compared to the control (Table 2). The 1.5 g urea treatment
resulted in increase in the number of roots significantly compared to other treatments.
With increase in urea level the number of roots decreased steadily (Table 2). However,
the least root length resulted from the 1.5 and 6 g urea treatments, while the other urea
treatments performed similar to the control and ranked top (Table 2).

Table (3) illustrates the impact of urea treatment on fresh and dry weights of shoots and
roots. Except the 3 g/plant urea treatment that was equal to the control, the other urea
levels resulted in significant decrease in shoot fresh and dry weights. The 1.5 g urea
treatment resulted in significant increase in the root fresh weight compared to other
treatments except the 3 g urea treatment. Again the 1.5 g urea treatment increased root
dry weight significantly over the 4.5 and 6 g urea treatment but without difference from
the control and the 3 g urea treatment.

Table (4) demonstrates the impact of urea treatments on leaf fresh weight, gel weight,
peel weight and chlorophyll content. The highest leaf fresh weight was obtained from the
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1.5 g urea treatment followed by the 3 g treatment. Regarding gel weight, the 1.5 g urea
treatment also excelled other treatments that performed alike with significant decrease
compared to the control. The 1.5 urea treatment also resulted in significant increase in
peel weight compared to other treatment except the 3 g treatment. The 1.5 g urea
treatment also increased leaf chlorophyll ‘a’content significantly compared to other
treatments. The highest urea dose resulted in the least chlorophyll ‘a’content. However,
chlorophyll ‘b’ content was equally enhanced by the 1.5- 4.5 g urea treatments with
significant difference from the other treatments.

Discussion:
Fertilizers are sources of plant nutrients that can be added to the soil or foliarly applied to

maintain optimum productivity. There is a usually dramatic improvement in both quantity
and quality of plant growth when appropriate fertilizers are added (Sakakibara, et al.,
2006). According to Herndndez-Cruz, et al. (2002), nitrogen is one of the nutrients
elements that often limit growth of most plants and the need for nitrogen varies from
plant to plant. Mengel and Kirkby (1987) reported that, inadequate level of nitrogen
shortens plant life cycle, and decrease economic yield. Toth, et al., (2002) reported that
nitrogen is one of the most important elements of the chlorophyll structure and low rate
of photosynthesis under conditions of nitrogen limitation can too often be attributed to
the reduction of chlorophyll content. Besides, they observed that, the application of
nitrogen increased the chlorophyll content in leaves of the Aloe vera plants and the
highest levels of chlorophyll “a” and ‘b’ were obtained in the highest levels of nitrogen.
Soil fertility management may be one of the strategies to increase yield of Aloe vera
(Hasanuzzaman, et al., 2008). Urea is an accessible source of nitrogen which is the basic
unit for amino acids and subsequently the biosynthesis of proteins. However, the results
of this study revealed the benefits of urea addition to the potting soil of Aloe vera plants
at low concentration as it enhanced most of growth attributes significantly. The results
are in line with preceding findings as it had been reported that the application of N
fertilizer enhanced the growth and yields of A. vera (Khandelwal et al., 2009; Van Schaik
et al.,, 1997). Besides, Hazrati, (2012), reported that the application of nitrogen had
positive effect on the growth and aloin concentration of Aloe vera plants. Nevertheless,
the result is in contrast with that of Babatunde and Yongabi (2008) who observed an

48



increase in growth parameters of Aloe vera plants with increase in N levels. The river
Nile sedimentary silt soil used in this study seems fertile enough to meet the nutritional
requirement of the plants without need for higher urea concentrations. The increase in
tillers obtained by the low urea level is advantageous for propagators as tillers are the
major propagation means of this plant. The increase in gel weight by the lowest urea
treatment means increase in marketable yield. This enhancement may owe to the increase
in chlorophyll content of leaves. This result is supported by the findings of Nahed and
Aziz, (2007) who stated that, the unique role of nitrogen in photosynthesis and other
important physiological processes had been related to increase in chlorophyll content, and
the indirect effect on enhanced yield and concentration of aloin which is the active
ingredient in Aloe vera plant. Similarly, Hazrati, (2012) showed that, the nitrogen
increased growth, yield and aloin concentration in Aloe vera plants. The increments
obtained in other parameters in this study were also supported by the findings of
preceding studies. As the leaf is an important factor in yield determining in Aloe vera
plants (Tawaraya, et al., (2007), Eshun and He, 2005), showed that, shoot fresh weight of
Aloe vera was increased by application of nitrogen in the range of 0.5-1.0 g/ plant.
Besides, Hazrati, (2012), reported that, the volume of leaf increased as a result of increase
in length and thickness of leaves upon nitrogen application to Aloe vera plants. Ji-Dong,
et al., (2006) reported that, the nitrogen application increased leaf fresh weight and total
biomass. Inasmuch as, Hernandez-Cruz, et al., 2002), showed that, the yield of aloe gel
was better with a low frequency of watering and a adequate amount of fertilizer. In
conclusion the results of this study confirmed the need of Aloe vera plants to nitrogen
nutrition for enhanced growth attributes and gel yield. Besides, the encouraging results of
this study elucidated an economical potential for possible large scale production of the
plant under Sudan conditions. Yet, further biochemical studies are needed to determine
the impact of nitrogen levels on active ingredients contents, which are the critical quality

determining factors.
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Table 1: Impact of urea levels on number, length, width and thickness of leaves of Aloe
vera L. plants.

Urea level No. of leaves Leaf length Leaf width Leaf thickness
(g/plant) (cm) (mm) (cm)
0.0 146a 41.10a 3.10b 0.94a
15 148a 38.36ab 4.12a 1.06 a
3.0 15.0a 38.34ab 3.76a 1.10a
4.5 144 a 40.21ab 4.02a 1.16a
6.0 148a 36.36b 4.12a 1.04a
C.V. 8.14 9.20 10.79 19.10

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limit
according to DMRT.

Table 2: Impact of urea levels on number of tillers, number and length of roots of

Aloe vera L plants

Urea level No. of tillers No. of roots Root length
(g/plant) per plant per plant (cm)
0.0 13.8b 24.8hc 21.08a
15 17.6a 36.8a 14.88b
3.0 13.2b 28.0b 21.48a
4.5 10.8¢c 27.8b 21.48a
6.0 10.6¢ 22.4c 14.82b
C.V. 13.39 12.22 10.84

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limit
according to DMRT.
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Table 3: Impacts of urea levels on shoot and roots fresh and dry weights of

Aloe vera L. plants.

Urea level Shoot fresh weight ~ Shoot dry weight  Root fresh weight Root dry weight

(g/plant) (@) (@) (@) (@)

0.0 738.4a 73.96a 29.54b 2.98ab
15 632.8b 63.34b 33.96a 3.36a
3.0 777.3a 77.66a 31.40ab 3.12ab
4.5 527.2¢ 52.76¢ 27.82b 2.78b
6.0 558.8¢ 55.98¢ 20.40c 2.02¢
C.V. 4.93 4.57 11.37 11.12

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limit
according to DMRT.

Table 4: Impacts of urea levels on leaf, gel and peel weights and chlorophyll ‘a” and ‘b’
contents of Aloe vera L. plants

Urea level Leaf fresh  Gel weight (g) Peel Wt () Chlorophyll (mg/g)
(g/plant) weight (g) a b
0.0 196.2c 113.0b 082.2c 17.96b 08.24 b
15 228.2a 131.2a 103.8a 24.38a 12.66 a
3.0 211.2b 111.0b 100.2ab 19.64b 12.12 a
4.5 188.0c 101.6b 089.6bc 18.58b 10.96 a
6.0 171.8d 085.8 ¢ 079.4c 11.76¢ 07.34b

C.V. 5.16 8.25 10.16 10.84 18.24

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limit
according to DMRT.
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Chapter Five

Response of Aloe vera plants to phosphorous nutrition

Abstract:

This study aimed to study the impact of phosphorus applications at various rates on
growth attributes of A.vera plants under nursery conditions, at Shambat, Khartoum
North- Sudan. Triple super phosphate (46% P20s) was tested at 0, 2.5, 5, 7.5 and 10
g/plant as soil dressings in 25X30 cm plastic bags containing (Gureira). The complete
randomized design was used and each treatment was replicated eight times. Data were
collected 12 months after commence of the test. The analysis revealed a general increase
in growth parameters in P-treated plants compared to the control. Except for the peel
weight, the highest values of all growth parameters were obtained from the 10 g P
treatment. The improvements in growth and gel content are indicators of the benefit of P
application.

Key words: phosphorus, growth, chlorophyll, gel content.

Introduction:

Aloe vera is one of approximately 300 species of the genus Aloe, which is variously
classified as belonging to the Asphodelaceae, Liliaceae, or Aloaceae families (Dagne, et
al., 2006, Hasanuzzaman, et al., 2008; Reynolds, 2004). Commonly known as Aloe
barbadensis Miller, its legitimate name according to the international rules of botanical
nomenclature is Aloe vera L. (Grindlay and Reynolds, 1986). The geographic origin of
Aloe vera is believed to be in Sudan, with the plant subsequently being introduced in the
Mediterranean regions and most other warm areas of the world (Grindlay and Reynolds,
1986). This perennial succulent is drought tolerant and can thrive well under xerophytic
conditions (Heber, 2007). It was officially listed as a purgative and skin protectant by
U.S. pharmacopoeia in 1930 (Park and Lee, 2006). The two major products of Aloe vera
are yellow latex and clear gel, which are obtained from the large parenchymatic cells of
the leaf (Ni, et al., 2004). The main constituents of the latex are anthraquinones (Bradley,
1992). The most important anthraquinones are aloin and emodin which are anti-bacterial,
anti-viral, anti-fungal, anti-diabetic and analgesic (Eshun and He, 2005; Hamman, 2008;
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Reynolds, 2004 and Steenkamp, et. al., 2007). The uses of Aloe vera are diverse in
Sudan. In ethno medicine it is used for skin moisturing, treatment of burns and a
purgative especially for injuries in diabetic patients. Moreover, it is among the drought
tolerant ornamentals used in rocky gardens.

The exploitation of the potential of the plant is increasing with growth of cosmetic and
neutraceutical markets (Danhof, 1987). According to Ndhlala, et al., (2016), the global
market of aloe products is currently estimated to be USD 13 billion and it has appeared in
more than 50 different product categories globally since 2012. Research aiming to the
economic exploitation of this plant under Sudan conditions is almost lacking. In response
to the international awareness about the significance of Aloe vera in human health and its
applications in development of cosmetic products, it is important to study the means of
increasing its production and quality. Hence, this study aimed to investigate the impact of
phosphorous applications on growth attributes of Aloe vera plants.

Materials and methods:

This test was conducted in complete randomized design in the nursery of Sudan
University of Science and Technology, at Shambat, Khartoum North, Sudan, for
determination of the impact of phosphorous applications on growth attributes of Aloe
vera. Tillers, 12-15 cm long were planted in 25X30 cm plastic bags containing river Nile
sedimentary silt soil (Gureira). A month after establishment, they were used as test plant
material. Triple super phosphate (46% p20s) was tested in rates of: 0.0, 2.5, 5.0, 7.5 and
10.0 g/plant as soil dressing. Each treatment was replicated 8 times and each plant in a
bag was considered a replicate. All tested plants received a dose of 2 g urea once at the
beginning of the study. The P applications were repeated every 3 months and irrigation
was applied according to need. Final data were collected after 12 months for number of
leaves, leaf length, leaf width, leaf thickness, number of tillers, number of roots, root
length, shoot fresh and dry weights, root fresh and dry weights, leaf fresh weight, leaf gel
weight, leaf peel weight, and chlorophyll ‘@’ and ‘b’ contents. For dry weights, the
harvested shoots and roots were subjected to sun drying for 30 days, prior to oven drying
for a week at 70° C until weights were constant. For determination of leaf gel content, the
leaves were cut into several portions with scalpel blades to ease gel extraction after
weighing the leaves. The remaining peels were weighed separately with a portable digital
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balance. Determination of chlorophyll content was performed according to the method of
Arnon (1949) by using the chlorophyll flourometer (Li-Cor, Lincoln, NE, USA). Two
hundred milligrams of fresh leaf samples were ground with 10 ml of 80% acetone at 4°C
and centrifuged at 2500 rpm for 10 minutes at 4°C. Three milliliters aliquots of the
extract were transferred to a cuvette and the absorbance was read at 665 and 649 nm
with spectrophotometer after which the chlorophyll (a) and (b) were determined by
Vernon’s models. The collected data were subjected to analysis of variance and means
were separated by Duncan’s Multiple Range Tests with the aid of MstatC computer
program.

Results:

The number of leaves was equally affected by various levels of phosphorus with
significant increase compared to the control (Table 1). All P treatment resulted in
significant increase in leaf length compared to the control. The 10 g P treatment ranked
top with significant difference from other P treatments that shared a second position
(Table 1). Likewise, all P treatments excelled the control for leaf width. The highest dose
of P ranked top but without significant difference from the 7.5 g P treatment (Table 1).
Regarding leaf thickness, all P treatment increased this parameter significantly compared
to the control. The highest value was recorded for the 10 g P treatment without significant
difference from the 7.5 and 5 g P treatments (Table 1).

According to Table (2), the number of tillers was significantly increased by all P
treatments. The highest values were equally obtained from the 7.5 and 10 g P treatments.
The number of roots and root length were affected by the different P treatments in a
similar pattern. The 7.5 and 10 g P treatments shared the top rank with significant
difference from other treatments, while the 5 g treatment ranked second with significant
difference from the control (Table 2).
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The shoot fresh weight was significantly enhanced by P treatments except the 2.5 g P
treatment that resembled the control (Table 3). The shoot dry weight was also increased
significantly by all P treatments, and the increase was positively correlated to dose
increase. The root fresh weight was enhanced by all P treatments. The higher the dose,
the higher the increase, but the difference between the 2.5 and 5 g P treatments was not
significant. Similarly, the root dry weight was significantly increased by P treatments
compared to the control and the increase was progressive with increase of P dose (Table
3).

According to Table (4), progressive increase was obtained in leaf fresh weight with
increase of P dose and all P levels increased this parameter significantly compared to the
control. The same pattern was obtained for gel weight. However, the highest peel weight
resulted from the 5 g P treatment with significant difference from all treatments. Leaf
chlorophyll “a’ content was significantly increased by all P treatments. The 10 g P
treatment almost tripled this parameter in comparison to the control. As for chlorophyll
‘b” content, the 5, the 7.5 and the 10 g P treatments performed equally and induced
significant increase over the control which equaled the 2.5 g P treatment statistically.

Discussion:
Fertilizers are sources of plant nutrients that can be added to the soil or foliarly applied to

maintain optimum productivity. There are usually dramatic improvements in both
quantity and quality of plant growth when appropriate fertilizers are added (Sakakibara,
et al., 2006). Phosphorous is a vital element in plant biochemistry. It is a structural
component of nucleic acids, phosphor-lipids and co-enzymes and it functions in energy
transfer via the phosphate bond in ATP. Phosphate groups attached to different sugars
provide energy in respiration, photosynthesis while phosphate bound to proteins regulate
their activities (George et al., (2008). According to (Saradhi, et al., 2007), the primary
function of phosphorous is the storage and transfer of energy through the plant and
adenosine diphosphate (ADP) and adenosine triphosphate (ATP) are high-energy
phosphate compounds that control most processes in plants including photosynthesis,
respiration, protein and nucleic acid synthesis, and nutrient transport through plant cells.
The results of this study revealed improvements in growth attributes upon phosphorous
application and the best results were obtained with the highest dose of P. The result is in
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agreement with the findings of Nematian, et al., (2011), who reported that, Aloe plants
treated with various levels of phosphorus fertilizer, showed significant increase in
number of leaves and the growth of all P treated plants was better than that of the control.
Besides, Luis, et al, (2002), reported enhancements in the number of leaves, leaf fresh
weight, leaf and root length and leaf diameter of aloe vera plants with the higher
phosphorus application rates. Similar results were also reported by Boroomand, et al.,
(2011) who reported that, the application of P fertilizer enhanced the growth attributes of
Aloe vera plants. The results are also matching those of Kumar, et al. (2002), Babatunde
and Yongabi (2008) who observed an increase in growth parameters of Aloe vera plants
with increase in P levels. However, the results of this study revealed the benefits of
phosphorus addition to the potting soil of Aloe vera plants as it enhanced most of growth
attributes significantly. The river Nile sedimentary silt soil used in this study seems
deficient to meet the ultimate P nutritional requirement of the plants, and therefore plant
growth increase with increase in P concentration. The increase in number of tiller upon P
application is advantageous for propagators as tillers are the conventional means of the
vegetative propagation of aloes. The increase in gel weight with increase in P dose
means an enhanced marketable yield. The enhanced gel yield may owe to the increase of
chlorophyll content of leaves in P treated plants. This result is supported by Faryabi and
Ghazanchi (2005) who reported that, the higher doses of phosphorus significantly
increased the fresh leaf weight, aloin content and chlorophyll content in Aloe vera plants.
Inasmuch as, Harendra and Yadav (2007) reported significant increase in the gel content
in P treated Aloe vera plants. In conclusion, the results of this study indicated the need of
Aloe vera plants to phosphorus nutrition for enhanced quantitative growth attributes. Yet,
further biochemical studies are needed to determine the impact of phosphorus levels on

active ingredients contents, which are the critical quality determining factors.
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Table 1: Impact of phosphorous levels on number of leaves, leaf length, width and

thickness of (Aloe vera L.) plants

P levels No. of Leaf length Leaf width Leaf thickness
(9/ plant) leaves (cm) (cm) (cm)
00.0 14.0b 34.64c 3.72d 0.72c

02.5 17.2a 39.82b 4.32cd 1.08b

05.0 18.0a 40.14b 4.60bc 1.14ab

07.5 17.8a 41.02b 5.02ab 1.18ab

10.0 18.8a 44.80a 5.50a 1.36a
C.V. 6.23 4.33 10.05 17.41

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 2: Impact of phosphorous levels on number of tillers, root number and root length
of (Aloe vera L.) plants.

P levels No. of tillers No. of roots Root length
(9/ plant) (cm)
00.0 19.0d 26.8¢ 18.4c
02.5 21.8¢c 28.4hc 20.8bc
05.0 24.8b 33.2b 22.2b
07.5 27.6a 38.4a 25.6a
10.0 27.6a 40.6a 26.1a
C.V. 6.77 11.44 8.52

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Table 3: Impact of phosphorous levels on shoot fresh and dry weights, root fresh and dry
weights of (Aloe vera L.) plants

P levels Shoot fwt Shoot dwt Root fwt Root  dwt
(9/ plant) (9) (9) (9) (9)

00.0 337.3d 23.71e 15.56 d 1.546 d
02.5 365.0d 36.34d 19.04c 1.894c
05.0 456.3 ¢ 4582 c 20.54 c 2.096 bc
07.5 862.1b 86.35b 23.04b 2.294 b
10.0 956.4 a 95.60a 2794 a 2.856 a
C.V. 9.12 9.46 6.49 8.06

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 4: Impact of phosphorous levels on leaf fresh weight, gel and peel weights and
chlorophyll *a’ and ‘b’ contents of (Aloe vera L.) plants

P levels Leaf fwt Gel wt Peel wt Chlorophyll (mg/g)
(9/ plant) (9) (9) (9) a b

00.0 215.4d 101.2d 1142 ¢ 08.16d 08.04b
02.5 233.6¢ 112.8¢ 120.8 bc 19.70c 08.72b
05.0 258.2b 126.4b 132.0a 21.74b 10.94a
07.5 258.6ab 134.8 ab 123.4b 22.32b 11.10a
10.0 263.6a 140.2 a 123.4b 24.10a 11.48a
C.V. 1.63 5.85 4.94 5.72 10.92

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Chapter Six

Influence of NPK on growth and yield of Aloe vera plants
Abstract:
This study aimed to investigate the impact of the application of NPK fertilizer at various
rates on growth and gel yield of Aloe vera plants under nursery conditions, at Shambat,
Khartoum North, Sudan. Commercial NPK (15-10-15) was tested at 0, 2.5, 5, 7.5 and 10
g/plant as soil dressings on 12-15 cm long tillers of the plant grown in 25X30 cm plastic
bags containing (Gureira). The study was conducted in a complete randomized design
where each treatment was replicated 8 times. Data were collected 12 months after
commence of the study. The analysis revealed no significant differences in parameters of
number of leaf and root length, while limited enhancement was observed in other
parameters in NPK-treated plants compared to the control. Except for the number of
leaves and the root length, the highest values of growth parameters were obtained from
the 2.5 g NPK treatment. The improvements in growth and gel content at the low rates
of the fertilizer are indicators of the benefit of NPK application.
Key words: Aloe vera; NPK fertilizer; Growth; Chlorophyll; Gel content.
Introduction:
The genus Aloe (family Liliaceae) consists of at least 600 known species, many of which
have been used as botanical medicines in many countries for centuries (Okamura et al.,
1996). Species of Aloe which have been used as folk medicine includes: Curacao Aloe
(Aloe barbadensis or Aloe vera), Cape Aloe (Aloe ferox), and Socotra Aloe (Aloe perryi).
Aloe vera is perennial, succulent evergreen plant of the family Liliaceae (Omidbeigi et
al., 2009). The geographic origin of Aloe vera was believed to be in Sudan, with the plant
subsequently being introduced into the Mediterranean regions and most other warm areas
of the world (Grindlay and Reynolds, 1986). This perennial succulent plant is drought
tolerant and can thrive well under xerophytic conditions (Heber, 2007).The useful parts
of the plant are leaves which contain the gel. This plant species can be easily propagated
from tillers and is probably the most widely cultivated species of the genus in the world.
It is widely used in world, not only as a folk remedy for gastrointestinal complaints, skin
injuries and burns, but also as an ingredient in health foods and cosmetics (Capasso et al.,
1998). It is beneficial in curing wounds, scorches, blisters; and it has shown to have some

63



effects on AIDS, cancers and diabetes (Yazdani et al. 2006). The gel of Aloe vera
contains an anthraquinone compound, which is why this gel is important in traditional
medicine. The most important Active ingredients in aloe are in the group of
anthraquinone glycosides. Aloe emodin, aloenoside and aloein are among these
compounds (Faryabi and Ghazanchi 2005). Aloe gel, among other things, enhances
immunity, improves liver function, prevents asthma and has antiinflammatory, anti-
ulcerous, anti-diabetic and antihypertensive properties (Dagne et al., 2000). Besides,
epidemiological data suggest that, the intake of A. vera gel prevents human lung cancer
(Sakai, 1989). Regarding the increasing significance of Aloe vera in human health and its
application in development of new food and cosmetic products, it is important to study
the methods of increasing its yield and quality.

The cultivation of A. vera has acquired great commercial importance for medicinal
products and cosmetics processing but information are scarce about agronomic
management of this crop (Nasrin et al., 2013). Cultivation of A. vera is expanding day by
day in the world as it provides quick and regular income to the farmers. Fertility
management in A. vera field may be one of the strategies for increasing of the yield of A.
vera (Saha et al., 2005).

The role of macro and micro nutrient elements in various metabolic and biochemical
processes in plant is well recognized and subsequently used in plant nutrition to enhance
rapid growth changes to increase the productivity of various crop species. The compound
fertilizer ‘“NPK’ is composed of 3 essential macro-nutrient elements which are generally
required in high concentrations by plants due to their diverse roles in plant structure and
physiology and are growth limiting factors. In frequent cases, growth and yield responses
upon use of compound fertilizers had been reported better in various crops than the use of
a nutritional regime based on a single element of the compound (Faryabi and Ghazanchi
2004). The exploitation of the potential of the plant is increasing with growth of cosmetic
and neutraceutical markets (Danhof, 1987). According to Ndhlala et al., (2016), the
global market of aloe products is currently estimated to be USD 13 billion and it has
appeared in more than 50 different product categories globally since 2012. Research
aiming to the economic exploitation of this plant under Sudan conditions is almost

lacking. In response to the international awareness about the significance of Aloe vera
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plant in human health and its applications in development of cosmetic products, it is
important to study the means of increasing its production and quality. Hence, this study
aimed to investigate the impact of fertilizing the Aloe vera plants with different rates of
the compound fertilizer (NPK) on their growth and gel yield.

Materials and methods:

This study was conducted in the nursery of Sudan University of Science and Technology,
at Shambat, Khartoum North, Sudan. Aloe vera tillers, 12-15 cm long, were planted in
25X30 cm plastic bags containing river Nile sedimentary silt soil (Gureira). A month after
establishment, they were used as test plant material. Commercial NPK (15-10-15)
fertilizer was tested in rates of: 0.0, 2.5, 5.0, 7.5 and 10.0 g/plant as soil dressing. Each
treatment was replicated 8 times and each plant in a plastic bag was considered a
replicate. All tested plants received a dose of 2 g urea once at the beginning of the study.
The NPK applications were repeated every 3 months and irrigation was applied according
to need. Treatments were arranged in randomized complete block design. Final data were
collected 12 months after commence of applications for number of leaves, leaf length,
width and thickness, number of tillers, number of roots, root length, shoot and root fresh
and dry weights, leaf weight, leaf gel weight, leaf peel weight, and chlorophyll ‘a’ and
‘b’ contents. For dry weights, the harvested shoots and roots were subjected to sun drying
for 30 days, prior to oven drying for a week at 70° C until weights were constant. For
determination of leaf gel content, the leaves were cut into several portions with scalpel
blades to ease gel extraction after weighing the leaves. The remaining peels were
weighed separately with a portable digital balance. Determination of chlorophyll content
was performed according to the method of Arnon (1949) by using the chlorophyll
flourometer (Li-Cor, Lincoln, NE, USA). Two hundred milligrams of fresh leaf samples
were ground with 10 ml of 80% acetone at 4°C and centrifuged at 2500 rpm for 10
minutes at 4°C. Three milliliters aliquots of the extract were transferred to a cuvette and
the absorbance was read at 665 and 649 nm with spectrophotometer after which the
chlorophyll (a) and (b) were determined by Vernon’s models. The collected data were
subjected to analysis of variance and means were separated by Duncan’s Multiple Range
Tests with the aid of MstatC computer program.
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Results:

Result of the impact of NPK applications on number of leaves, leaf length, width and
thickness of Aloe vera plants is presented in Table (1). The number of leaves was not
affected by NPK treatments. The longest leaves were obtained from the control, while
NPK treatments resulted in lesser values with successive decrease upon the increase of
NPK dose. However, the 2.5 and 5 g/plant NPK doses did not differ significantly from
the control. The best leaf width was recorded for the 2.5 g/plant NPK treatment that
ranked top without significant difference from the control, but with significant difference
from the other treatments. The increases in NPK doses resulted in decreases of this
parameter. Likewise, the best leaf thickness was obtained from the 2.5 g/plant NPK
treatment with significant difference from the 7.5 and 10 g/plant NPK treatments, but
without significant difference from the control and the 5 g treatments.

Data regarding the impact of NPK treatments on the number of tillers, number of roots
and root length of Aloe vera plants are shown in Table (2). The 2.5 g of NPK per plant
enhanced the formation of tillers significantly compared to other treatments. The 5 and
7.5 g treatments also excelled the control for this parameter, while the 10 g NPK
treatment equaled the control and shared the bottom rank for number of tiller. Data
revealed a general decrease in the number of roots with the application of NPK. The best
number of roots was achieved from the control which was significantly different from all
NPK treatments except the 2.5 g dose. However, regarding root length, no significant
difference was obtained from NPK applications which were statistically equal to the
control.

Results regarding the impact of NPK treatments on fresh and dry weights of shoots and
roots of Aloe vera plants are illustrated in Table (3). The control and the 2.5 g NPK
treatments ranked top with significant difference from the other treatment for the fresh
and dry weights of the shoot, beside the root dry weight. The best root fresh weight was
obtained from the control with significant difference from all NPK treatments.

Table (4) demonstrates the impact of NPK on leaf, gel and peel weights beside leaf
chlorophyll content of Aloe vera plants. The highest leaf weight was recorded for the 2.5
and 5 g NPK treatments with significant difference from the other treatments. The gel
was increased significantly by the 2.5 g treatment that ranked top, while the 5 g treatment
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ranked second with significant difference from the other treatments. The control, the 7.5
and 10 g treatments resulted in the least peel weight, while the 2.5 g treatment ranked top
for this parameter. The highest chlorophyll “a’ content resulted from the 2.5 g, followed
by the 5 g NPK treatment and the least values were recorded for the control and the 10 g
treatments that shared the bottom rank. Regarding chlorophyll ‘b’ content, the 2.5 and the
5 g treatments resulted in the highest values with significant difference from other
treatments while the control and the 10 g treatments recorded the least values and were
lower than other treatments.

Discussion:

Fertilizers are sources of nutrients that can be added to the soil or foliarly to plants to
maintain optimum growth and productivity. Their application is generally followed by
considerable improvements in growth and yield of different plant species (Sakakibara, et
al., 2006). However, the results of this study revealed no or limited gains in growth
attributes from the various levels of NPK, while the yield was enhanced upon treating
Aloe vera plants with low levels of the fertilizer. Except for the number of tillers, this
result is contradictory to the findings of Nematian, et al., (2011), who reported significant
increases in number of leaves, tillers and leaf length in NPK treated Aloe vera plants. The
result also differ from those reported by Boroomand, et al., (2012) who obtained
enhanced growth attributes of Aloe vera plants treated with NPK. However, this result is
in agreement with Faryabi and Ghazanchi (2005) who reported that, the higher doses of
NPK significantly decreased the leaf weight, aloin and chlorophyll contents in Aloe vera
plants. It is worthy to recognize the benefit of the low NPK dose (2.5 g) that matched the
control in most measured growth parameters and excelled it in gel and chlorophyll
contents. This result might be indicative to a positive linkage between gel yield and high
chlorophyll content. The enhanced formation of tillers obtained from the low dose (2.5 g)
is advantageous for propagators. The use of a low fertilizer dose that satisfies optimum
growth and yield is of economical advantage. In conclusion, the results of this study are
indicative to the possibility of a large scale production of Aloe vera plants under Sudan

conditions with very low fertilizer input.
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Table 1: Impact of NPK levels on number of leaves, leaf length, leaf width and leaf
thickness of (Aloe vera L.) plants

NPK levels No. of Leaf Leaf width Leaf
(g/plant) leaves length (cm) thickness

(cm) (cm)
00.0 16.0a 39.0a 4.80ab 1.18ab
02.5 17.6a 38.2ab 5.54a 1.30a
05.0 17.2a 37.2ab 4.66b 1.14ab
07.5 16.0a 35.9b 3.78c 0.94bc
10.0 16.2a 32.3c 3.68¢c 0.72c
C.V. 8.19 6.47 13.24 19.38

* Means with the same letter (S) in the same column are not significantly different at 95% confidence
limits.

Table 2: Impact of NPK levels on number of tillers, number of roots and root length of

Aloe vera plants.

NPK levels No. of No. of Root length

(g/plant) tillers roots (cm)
00.0 15.8d 39.6a 20.6a
02.5 27.8a 34.4ab 20.6a
05.0 21.0b 30.4b 18.4a
07.5 19.2¢ 30.2b 20.9a
10.0 17.2d 31.0b 20.1a
C.V. 6.78 12.31 10.30

* Means with the same letter (s) in the same column are not significantly different at 95% confidence
limits.
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Table 3: Impact of NPK levels on Aloe vera shoot fresh and dry weights, root fresh and

dry weights.

NPK levels  Shoot fwt Shootdwt Root fwt Root dwt
(9/plant) (9) (9) (9) (9)
00.0 954.5a 97.68a 25.71a 2.58a
02.5 947.1a 94.82a 22.76b 2.65a
05.0 568.9b 56.70c 17.04c 1.68b
07.5 624.3b 64.34b 19.57c 1.95b
10.0 587.7b 66.72b 12.59d 1.25¢
C.V. 6.07 5.08 10.42 11.08

* Means with the same letter (S) in the same column are not significantly different at 95% confidence
limits.

Table 4: Impact of NPK levels on Aloe vera leaf fresh weight, gel weight, peel weight
and chlorophyll content

NPK levels Leaf wt Gel Wit Peel Wt  Chlorophyll (mg/g)
(9/plant) (9) (9) (9) a b
00.0 203.2c 103.2d 100.0c 11.48d 09.08b
02.5 263.4a 136.8a 126.6a 23.40a 12.60a
05.0 249.4a 130.8b 118.6b 20.54b 11.84a
07.5 220.2b 117.4c 102.8c 18.00c 09.19b
10.0 194.4c 100.6d 099.8¢ 12.44d 07.22¢
C.V. 5.89 10.02 11.14 11.0 13.98

* Means with the same letter (S) in the same column are not significantly different at 95% confidence
limits.
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Chapter Seven

Influence of sulfur fertilizer on growth and yield of Aloe vera plants

Abstract:

This study aimed to investigate the influence of sulfur fertilizer on growth and yield of
Aloe vera plants under nursery conditions, at Shambat, Khartoum North, Sudan. The
experimental materials were tillers of the plant 12-15 cm long, planted in 25X30 cm
plastic bags containing river Nile sedimentary soil (Gureira). Prior to test, each plant
received a dose of 2 g urea. Elemental sulfur was tested as soil application to the potting
media at rates of 0.0, 0.5, 1.0, 2.0 and 4.0 g/plant. The study was accomplished in
complete randomized design and each treatment was replicated 8 times. Treatments were
repeated every 3 month. Data were collected 12 months after the commencement of the
study. Data analysis revealed a general increase in growth parameters in sulfur treated
plants compared to the control. Except for the peel weight and chlorophyll content, the
highest values of measured parameters were obtained from the 4.0 g sulfur treatment /
plant. Under the conditions of the study, these results elucidated the benefit of sulfur
fertilizer as a tool for enhanced production of Aloe vera.

Key words: Aloe vera; Sulfur; Growth; Chlorophyll; Gel content.

Introduction:

Aloes are xerophytes in the Aloeaceae family that are cultivated for ornamental,
medicinal, vegetable, and cosmetic purposes in Africa, North America, Europe, and
Southeast Asia (Tawaraya, et al., 2007). Approximately 500 species had been described
in the genus Aloe, ranging from diminutive shrubs to large tree-like forms and it is
represented in several biodiversity hotspots (Zapata, et al., 2013). Basically, all the Aloe
species have similar constituents; however, Aloe barbadensis Miller (often called Aloe
vera L.) and Aloe arborescens Miller are the most extensively cultivated in the world
(Liao, et al., 2006). The chemical composition of the leaf gel is very complex, composed
mainly of polysaccharides and soluble sugars followed by proteins, many of which are
enzymes, amino acids, vitamins, and anthraquinones (Liu, et al., 2007). It had been

shown that polysaccharides derived from Aloe vera enhance immunity activity and exert
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antioxidant effects (Zhanhai, et al., 2009) and most of the activity was attributed to -
polysaccharides (Ramachandra and Srinivasa Rao, 2008). Anthraquinones are the second
class of bioactive metabolites, including C-glucosyl derivatives such as barbaloin (10-
glucopyranosyl-1,8-dihydroxy-3-hydroxymethyl-9-10H-anthracenone), a mixture of the
two diastereoisomers aloin A and B, as well as glucose-free compounds such as aloe-
emodin (Fanali, et al., 2010). Anthraquinones were reported to have cathartic effects,
anti-inflammatory effects in vivo as well as anti- (bacterial, viral and cancer) effects
(Park, et al., 2009; Pellizzoni, et al., 2012). The demand for the aloe products is
increasing with growth of cosmetic and neutraceutical markets (Danhof, 1987).
According to Ndhlala, et al., (2016), the global market of aloe products is currently
estimated to be USD 13 billion and it has appeared in more than 50 categories of products
since 2012. Research aiming to the economic exploitation of this plant under Sudan
conditions is almost lacking, but badly needed.

Sulfur is among the essential macro nutrient elements that limit plant growth. Its
deficiency has deleterious effects on plant growth. In Aloe vera plants, sulfur deficiency
resulted in reduced leaf size, retarded growth and caused chlorosis (Ergle, et al., 2005).
The functional chloroplasts are normally rich in sulfur (Hanson, et al., 2011) and the
chloroplast morphology is considerably affected by sulfur deficiency (Hall, et al., 2002;
Repica, et al., 2001). According to Pirson (1955), sulfur deficiency upsets photosynthesis
in a profound way which, after readdition of external sulfate, can only be corrected
slowly through the synthesis of new protein and chloroplasts. However, beneficial
responses to sulfur fertilization had been reported in lime (Citrus aurantifolia Swingle)
(Idris et al., 2012) and banana (Musa AAA) (Idris et al., 2014) under Sudan conditions.
Based on these considerations, this study aimed to investigate the influence of sulfur
fertilizer on growth and yield of Aloe vera plants.

Materials and methods:

This test was conducted in complete randomized design in the nursery of Sudan
University of Science and Technology, at Shambat, Khartoum North, Sudan, to
determine the impact of sulfur fertilization on growth attributes and yield of Aloe vera
plants. Tillers, 12-15 cm long were planted in 25X30 c¢cm plastic bags containing river
Nile sedimentary silt soil (Gureira). A month after establishment, they were used as test
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plant material. Elemental sulfur was tested in rates of: 0.0, 0.5, 1.0, 2.0 and 4.0 g/plant as
soil dressings in 25X30 cm plastic bags. Each treatment was replicated 8 times and each
plant in a bag was considered a replicate. All tested plants received a dose of 2 g urea
once, at the beginning of the study. The S applications were repeated every 3 months and
irrigation was applied according to need. Final data were collected after 12 months for
number of leaves, leaf length, leaf width, leaf thickness, number of tillers, number of
roots, root length, shoot fresh and dry weights, root fresh and dry weights, leaf weight,
leaf gel weight, leaf peel weight, and chlorophyll ‘a” and ‘b’ contents. For dry weights,
the harvested shoots and roots were subjected to sun drying for 30 days, prior to oven
drying for a week at 70° C until weights were constant. For determination of leaf gel
content, the leaves were cut into several portions with scalpel blades to ease gel
extraction after weighing the leaves. The remaining peels were weighed separately with a
portable digital balance. Determination of chlorophyll content was performed according
to the method of Arnon (1949) by using the chlorophyll flourometer (Li-Cor, Lincoln,
NE, USA). Two hundred milligrams of fresh leaf samples were ground with 10 ml of
80% acetone at 4°C and centrifuged at 2500 rpm for 10 minutes at 4°C. Three milliliters
aliquots of the extract were transferred to a cuvette and the absorbance was read at 665
and 649 nm with spectrophotometer after which the chlorophyll (a) and (b) were
determined by Vernon’s models. The collected data were subjected to analysis of
variance and means were separated by Duncan’s Multiple Range Tests with the aid of
MstatC computer program.

Results:

The result of the influence of sulfur fertilizer treatments on number, length, width and
thickness of leaves is indicated in Table 1. Compared to the control, no significant
differences were observed for number of leaves, leaf width and leaf thickness. However,
longest leaves were obtained from the 4 g sulfur treatment with significant difference
from the 2 g sulfur treatment, but without significant difference from the other
treatments.

Table (2) presents the results of the impact of sulfur fertilizer treatments on number of
tillers, number of roots and root length. The number of tillers was best increased by the 4
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g sulfur treatment, with significant difference from the control and the 0.5 g sulfur
treatments, while the other treatments ranked intermediate. All sulfur treatments
increased the number of roots and root length significantly in comparison to the control.
The highest values for number of roots were recorded for the 4 and 2 g sulfur treatments
which were significantly higher than the 1.0 and 0.5 g sulfur treatments. Likewise, all
sulfur treatments increased root length significantly compared to the control. The 4 g
treatment was best although it did not differ significantly from the other sulfur treatments.
Results regarding the impact of sulfur applications on shoot and root fresh and dry
weights are compiled in Table 3. Except the shoot fresh weight, all sulfur treatments
enhanced these parameters significantly compared to the control. The 4.0 g treatment
resulted in best increase in shoot fresh and dry weights. The increase was significant
compared to other treatments. The 2 g sulfur treatment enhanced root fresh and dry
weights significantly and ranked top, sharing this position with the 4 g sulfur treatment
for the root dry weight.

The statistical analysis of data concerning leaf, gel and peel weights and chlorophyll
content is illustrated in Table 4. Except for the peel weight, all sulfur treatments enhanced
these parameters significantly compared to the control. The 4 g sulfur treatment resulted
in best leaf and gel weights but without significant difference from the 1.0 and 2.0 g
treatments for the gel weight. The peel weight decreased in all sulfur treatments
significantly compared to the control and the least value was recorded for the 4 g sulfur
treatment. The highest chlorophyll *a’ and ‘b’ contents were recorded for the 0.5 g sulfur
treatment. However, the least value for chlorophyll ‘a’ was obtained from the control,
while the least chlorophyll ‘b’ content was obtained from the 4 g sulfur treatment.

Discussion:

Manipulation of target compounds in plants such as phytochemicals and antioxidants by
the management of the mineral nutrition had been recognized as a research area
attracting applied scientists interest (Fallovo, et al., 2009a, 2009b; Fanasca, et al., 20064,
2006b). Proper management of the fertilization and the use of suitable irrigation water
can provide an effective tool to improve the target compounds in plants such as
phytochemicals and antioxidants (Rouphael, et al., 2012a). Sulfur is one of the most
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essential macro-nutrient minerals that play different structural and physiological roles in
plant. It is a constituent of some amino acids such as cysteine, cysteine, and methionine
and thus contributes to protein synthesis and buildup of plant mass. In this study the Aloe
vera plant responded positively to the low doses of sulfur fertilizer as reflected in most
measured growth and yield parameters. This growth and yield enhancements obtained
from sulfur application in this study is in line with preceding research findings as Ross
(2005) reported positive effects from sulfur application on the growth and gel content of
Aloe vera plants. The result also agreed with the findings of Korikanthimath (1994) and
Lalitha (2004), who reported significant increase in number of leaves and other growth
parameters in sulfur treated Aloe vera plants compared to the control. The improvements
obtained from sulfur applications might also be interpreted by efficient utilization of
nutrient elements as suggested by Kumar and Singh (1994), who attributed low yield of
onions under conditions of sulfur deficiency to poor utilization of macro and
micronutrients.

According to Minard, (1978), sulfur is often regarded a limiting factor for biomass
production in natural ecosystems. Besides, Korikanthimath (1994) reported that
inadequate level of sulfur prolongs the life cycle of Aloe vera plant, delays maturity and
decreases its economical yield. The improvements obtained in this study might be
interpreted by efficient uptake and metabolism of nitrogen under conditions of sulfur
availability. According to Nasreen et al., (2005), absorption of nitrogen is disrupted in
soils deficient in sulfur. Improved growth upon use of a combination of nitrogen and
sulfur fertilizers had been reported by Smriti et al., (2002) for onion, Idris et al., (2012)
for lime and Idris et al., (2014) for banana. Regarding chlorophyll content, the
application of sulfur at 0.5-1.0 g /plant was associated with increases in both chlorophyll
‘a’ and ‘b’ compared to the control. This result is partially contradictory to the findings of
Hanson, et al, (2011), who reported increase in leaf chlorophyll content with sulfur
application, but the increase was steady with the increase of sulfur dose. This might be
explained by differences in soils sulfur content. Nevertheless, the 4 g/plant sulfur
treatment was found most enhancive for leaf weight and gel content which are the most
important yield parameters of this plant and the result is matching that of Idris et al.,
(2014) and Salih (2013) who reported growth enhancements in banana propagules
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planted in Gureira soil under the same conditions of this study they found that,
application of sulfur increased Aloe vera leaf chlorophyll content with the raise in level
and they concluded that, leaf chlorophyll content is directly correlated with sulfur rate.
The results of this study disagreed with the findings of Hanson, et al., (2011) and Zheng
et al., (2009) who claimed a positive correlation between sulfur concentration and leaf
chlorophyll content; the disagreement may owe to differences in soils used in the two
studies. The enhanced formation of tillers due to sulfur treatments is an advantage to
propagators as tillers are the major propagation means of the plant. The enhanced gel
formation by 1-4 g sulfur treatments is a privilege as the gel is the economically valued
harvest, and therefore the 1 g sulfur treatment might seem more attractive on cost
reduction bases. In conclusion, regarding commercial production of Aloe vera under
Sudan conditions, the overall results of this study may seem encouraging enough for
adoption of a pilot project to found the basis for future expansions. The sulfur nutrition
should be accompanied as a cultural due to its significant impact on growth and gel yield
of the plant. Besides, the positive result obtained here from sulfur fertilization, fortifies
the limited preceding reports on the positive impact of sulfur fertilization and may justify
further research on sulfur nutrition of other plant genera and species under Sudan

conditions.
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Table 1: Impact of sulfur applications on leaf number, length,

width and thickness of Aloe vera

Sulfur levels No. of Leaf length  Leaf width  Leaf

(9/plant) leaves (cm) (cm) thickness (cm)
0.0 15.4a 37.20ab 4.02a 0.88a
0.5 17.0a 38.90ab 4.25a 1.08a
1.0 16.0a 39.54ab 4.26a 1.02a
2.0 15.8a 36.02b 4.40a 1.04a
4.0 16.8a 41.00a 3.30a 1.10a
C.V. 7.87 8.65 25.11 18.70

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 2: Impact of sulfur applications on number of tillers and roots and root

length of Aloe vera plants.

Sulfur levels No. of tillers No. of  Root length
(9/plant) roots (cm)
0.0 19.8b 26.2c 19.0c
0.5 19.8b 29.4b 22.5ab
1.0 22.0ab 29.4b 22.4ab
2.0 22.0ab 35.4a 21.4ab
4.0 23.6a 36.4a 25.2a
C.Vv. 12.27 10.87 11.70

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Table 3: Impact of sulfur applications on shoot and root fresh and dry
weights of Aloe vera plants.

Sulfur levels Shoot fwt Shoot dwt  Root fwt Root dwt
(9/plant) (9) (9) (9) (9)
0.0 654.2d 065.12d 15.77d 1.562c
0.5 753.0c 075.10c 23.89hc 2.310b
1.0 807.4b 080.74bc 21.83c 2.290b
2.0 657.2d 084.06b 26.90a 2.670a
4.0 913.2a 132.00a 24.46b 2.660 a
C.V. 3.58 5.41 8.19 8.83

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 4: Impact of sulfur applications on leaf, gel and peel weights and chlorophyll
content of Aloe vera plants.

Sulfur levels Leaf Wt  Gel Wt Peel Wt Chlorophyll (mg/g)

(g9/plant) ) ) ) a b
0.0 212.8d 103.0c 109.8a  14.10d 10.08c
05 245.4¢ 141.2b 1042b  25.06a 13.06a
1.0 258.80  155.4ab 103.8b  21.58b 11.48b
20 258.9b  156.0ab 097.8c  17.69c 10.60c
4.0 267.0a 166.0a 094.4c  19.93b 08.06d
C.V. 3.46 7.34 5.21 6.98 6.81

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Chapter Eight

Response of Aloe vera plants to foliar applications of 6-benzyladenine (BA)
Abstract:

Aloe vera is progressively gaining importance in global markets due to its numerous uses
as a base in preparations of medicines, cosmetics and food supplements and therefore
research effort is needed in Sudan to explore possible factors that may qualify for its
production at commercial level. This study aimed to investigate the possibilities of
growth and yield enhancements of Aloe vera plants upon their treatment with foliar
applications of 6-Benzyladenine (BA) under nursery conditions, at Shambat, Khartoum
North, Sudan. BA concentrations 0.0, 75,150, 300 and 600 ppm were tested on 12-15 cm
Aloe tillers planted in 25X30 cm plastic bags containing (Gureira). The complete
randomized design was used with eight replicates. The applications were repeated every
3 months and data were collected 12 months after commencement of the test. The
analysis revealed a general increase in growth and yield parameters in BA-treated plants
compared to the control. Except for the root fresh weight, the highest values of all growth
parameters were obtained from the 600 ppm BA treatment. The enhanced growth
attributes and gel yield obtained from BA applications in this study, might put this
growth regulator among success supporting factors for large scale production of the plant
under Sudan conditions.

Key words: Aloe vera; 6-Benzyladenine; Foliar; Growth; Chlorophyll; Gel content.

Introduction:

6-Benzylaminopurine, 'benzyl adenine' or "BA™ is a first-generation of synthetic
cytokinins that elicits plant growth and development responses, setting blossoms and
stimulating fruit richness by stimulating cell division. It is an enzyme inhibitor (inhibitor
of respiratory kinase) in plants, and increases post-harvest life of green vegetables
(Siddiqui, et al., 2011).

Aloe vera (Liliaceae) is a succulent plant indigenous to Northern Africa and
Mediterranean countries and has become naturalized almost in all parts of India (Klein, et
al. 1988). The plant has stiff gray-green lance-shaped leaves containing clear gel in a
central mucilaginous pulp. Aloe vera has been used for several thousands of years in folk
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medicine in many cultures from ancient Egypt, Greece, and Rome to China and India
(Kemper and Chiou 1999). Some of the most important pharmacological activities of
Aloe vera are antiseptic (Capasso, et al. 1998), anti- tumor (Winter, et al. 1981), anti-
inflammatory (Yagi, et al. 1998), wound and burn healing effect (Heggers, et al. 1993),
anti diabetic (Rajasekaran, et al. 2006) and as an adjunct to current AIDS therapy (Mc
Daniel, et al. 1990).

Aloe vera propagates vegetatively in its natural state. However, propagation rate in some
varieties is very slow because a single plant can produce only seven to nine lateral shoots
in a year. Moreover, the production of Aloe leaves is insufficient to meet the industry
demand in India (Aggarwal and Barna 2004) and the production of cosmetics, foods and
pharmaceuticals containing Aloe vera has experienced a slow increase due to limited
availability of raw material with high quality (Campestrin, et al. 2006).

Aloe vera L. is an economically important herbaceous plant from Liliaceae (Reynolds,
2004). The geographic origin is believed to be in Sudan and was subsequently dispersed
in the tropical, subtropical and Mediterranean regions (Grindlay and Reynolds, 1986). It
is a succulent perennial that can thrive well under xerophytic conditions (Heber, 2007). It
was officially listed as a purgative and skin protectant by the American Pharmacopoeia in
1930 (Park and Lee, 2006). The major products of Aloe vera are the latex and the gel,
which are obtained from the storage tissues of the leaf (Ni, et al., 2004). The main
constituents of the latex are anthraquinones (Bradley, 2002). Aloin and emodin are the
most important anthraquinones having anti- (bacterial, viral, fungal, diabetic) and
analgesic properties (Hamman, 2008; Steenkamp et. al., 2007; Eshun and He, 2005 and
Reynolds, 2004). The uses of Aloe vera are diverse in Sudan. In traditional medicine it is
used for skin moisturing, treatment of burns and a purgative especially for injuries in
diabetic patients (Hasanuzzaman, et al., 2008). Moreover, it is among the drought
tolerant ornamentals used in rocky gardens. The exploitation of the potential of the plant
is increasing with growth of cosmetic and neutraceutical markets (Danhof, 1987).
According to Ndhlala et al., (2016), the global market of aloe products is currently
estimated to be USD 13 billion and it has appeared in more than 50 different product
categories globally since 2012. In response to the international awareness about the
significance of Aloe vera in human health and its applications in development of
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cosmetic products, it is important to study the means of increasing its production and
quality. Nevertheless, research aiming to the economic exploitation of this plant under
Sudan conditions is almost lacking.

Cytokinins are important plant hormones that regulate numerous processes of plant
growth and development. They influence cell division, differentiation and enhance leaf
extension, beside mobilization of nutrients (Shudo, 1994). Zeatin and 2ip are the
naturally occurring cytokinins, while 6-benzyladenine (BA) and 6-furfurylaminopurine
(kinetin) are the two most pronounced synthetic forms of this group of hormones.
However, plant species respond differently to cytokinins. Regarding Aloe vera plant, the
preceding research reports highlighted the benefits of cytokinins applications on Aloe
vera plant. According to Khandelwal, et al., (2009), the foliar application of BA on this
plant was enhancive for growth attributes and gel yield. More-over, Babatunde and
Yongabi (2008) observed that, the growth parameters such as number of leaf, leaf length,
leaf width, leaf weight and the whole plant weight of Aloe plants increased significantly,
by increase in BA rates. In addition, Hazrati, et al., (2011) reported that, the gel and peel
weights were significantly increased by BA application and the maximum gel and peel
weights were observed in plants that received a dose of 1000 ppm. In as much as, Ji-
Dong, et al. (2006) reported that, the BA application increased leaf weight and total
biomass. Hence, the objective of this study was to determine the effects of different levels
of BA on the growth attributes and gel concentration of Aloe vera plants under nursery
conditions in Sudan.

Materials and methods:

This test was conducted in the nursery of Sudan University of Science and Technology,
at Shambat, Khartoum North, Sudan, in a complete randomized design for determination
of the impact of 6-benzyladenine applications on growth attributes of Aloe vera. Tillers,
12-15 cm long were planted in 25X30 cm plastic bags containing river Nile sedimentary
silt soil (Gureira). A month after establishment, they were used as test plant material. 6-
Benzyladenine was tested in rates of: 0.0, 75, 150, 300 and 600 ppm as foliar application.
Each treatment was replicated 8 times and each plant in a bag was considered a replicate.
All tested plants received a dose of 2 g urea once at the beginning of the study. The BA

applications were repeated every 3 months and irrigation was applied according to need.
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Final data were collected after the 12" month for number of leaves, leaf length, width
and thickness, number of tillers, number of roots, root length, shoot fresh and dry
weights, root fresh and dry weights, leaf weight, leaf gel weight, leaf peel weight, and
chlorophyll *a’ and ‘b’ contents. For dry weights, the harvested shoots and roots were
subjected to sun drying for 30 days, prior to oven drying for a week at 70° C until
weights were constant. For determination of leaf gel content, the leaves were cut into
several portions with scalpel blades to ease gel extraction after weighing the leaves. The
remaining peels were weighed separately with a portable digital balance. Determination
of chlorophyll content was performed according to the method of Arnon (1949) by using
the chlorophyll flourometer (Li-Cor, Lincoln, NE, USA). Two hundred milligrams of
fresh leaf samples were ground with 10 ml of 80% acetone at 4°C and centrifuged at 2500
rpm for 10 minutes at 4°C. Three milliliters aliquots of the extract were transferred to a
cuvette and the absorbance was read at 665 and 649 nm with spectrophotometer after
which the chlorophyll (a) and (b) were determined by Vernon’s models. The collected
data were subjected to analysis of variance and means were separated by Duncan’s
Multiple Range Tests with the aid of MstatC computer program.

Results:

The impact of BA foliar applications on number of leaves, leaf length, width and
thickness of Aloe vera plants is illustrated in Table (1). All BA rates resulted in
significant increase in these parameters compared to the control. The number of leaves
was equally increased by various rates of BA with significant difference from the control.
The highest value of leaf length was obtained from the 600 ppm BA treatment with
significant difference from the other BA treatments. The leaf width was also increased by
the 600 ppm BA treatment with significant difference from all treatments except the 300
ppm BA treatment. The leaf thickness was also increased significantly by all BA
treatments at an equal statistical level except the 150 ppm level that ranked second.

Results of the impact of BA foliar applications on number of tillers, number of roots and
root length of Aloe vera plants are compiled in Table (2). Except the 75 ppm, all BA
treatments increased the number of tillers per plant significantly. The highest value was
obtained from the 600 ppm treatment that ranked top without significant difference from
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the 300 ppm treatment. The number of roots was not affected by all BA treatments which
were statistically equal to the control. The root length was significantly increased by the
600 ppm BA treatment, while the other concentrations were similar to the control.

The impact of BA treatments on shoot fresh and dry weights, root fresh and dry weights
of Aloe vera plants is demonstrated in Table (3). BA concentrations 150-600 ppm
increased shoot fresh weight at an equal statistical level with significant difference from
the 75 and 0.0 ppm BA levels. The shoot dry weight was also increased significantly by
all BA treatments except the 75 ppm treatment which was not different from the control.
On the other hand, the least root fresh weight was obtained from the 600 ppm BA
treatment, while the highest values for this parameter were recorded for the control, the
75 and 300 ppm BA treatments. However, the highest root dry weight was recorded for
the 300 ppm BA treatment with significant difference from the 150 and 600 ppm BA
treatments, but without statistical difference from the control and the 75 ppm BA
treatment.

The result of foliar applications of BA on leaf, gel and peel weights and chlorophyll
content of Aloe vera plants is shown in Table (4). Except for the peel weight and
chlorophyll ‘b’ content, all parameters were significantly enhanced by BA applications
compared to the control. The gel weight and chlorophyll ‘a’content increased in the same
pattern with the increase of BA concentration. The leaf weight also increased with
increase of BA concentration with the 600 ppm ranking top, the 300 ppm ranking second
while the third position was shared by the 150 and 75 ppm BA treatments. However, the
highest peel weight resulted from the 150 ppm treatment without significant difference
from the 600 and 75 ppm BA treatments. Leaf chlorophyll ‘a’ content of the control was
almost doubled by the 300 and 600 ppm BA treatments. As for chlorophyll ‘b’, its
content increased progressively with increase of BA concentration and the increase was
statistically significant except for the 75 ppm treatment that shared the fourth position
with the control.

Discussion:

Cytokinins are important plant hormones that regulate various processes of plant growth

and development with cell division and differentiation, enhancement of leaf extension
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and nutrient mobilization (Shudo, 1994). Taking in consideration that, Plant species have
different responses to Cytokinins, there are usually dramatic improvements in both
quantity and quality of plant growth when appropriate fertilizers are added (Sakakibara,
et al., 2006). It had been reported that, the foliar application of BA enhanced the growth
and yields of Aloe vera (Khandelwal, et al., 2009; Babatunde and Yongabi, 2008); they
observed that, the growth parameters of Aloe plants increased significantly, by increase
in BA rates. Application of Benzyladenine in Codiaeum variegatum plants significantly
increased plant height, number of leaves and fresh weight of leaves in comparison to the
control plants (Van Schaik, et al., 1997). In addition, Hazrati, et al., (2011) reported that,
the gel and peel weights were significantly enhanced by BA application as the maximum
gel and peel weights were observed in the dose of 1000 ppm BA treatment. A leaf of Aloe
vera is an important factor in yield determining in A.vera plant (Eshun and He, 2005),
thus the application of foliar BA had significantly increased the yield; similar results
were obtained by Khandelwal, et al. (2009). On the other hand, Cytokinin can increase
division, cell enlargement and distribution of assimilates in the succulent plants and thus
cause to better development of the leaves and increase in gel weight (Carey, et al., 2008).
Hernandez-Cruz, et al. (2002) showed that the yield of aloe gel was better with a low
frequency of watering and high rates of BA. It was observed that, the BA increased the
number of offsets in Aloe vera plants that might be due to the apical dominance and
stimulation of offsets (Duck, et al., 2004). Davies, (2004) reported that, exogenous
application of cytokinin increased the chlorophyll content in the chloroplast and it was
observed that the application of N +BA increased the chlorophyll content in leaves of the
Aloe vera plants. Generally, the highest levels of chlorophyll ‘a’ and ‘b’ were obtained in
the highest level of BA (Davies, 2004). Therefore, he concluded that, the foliar
application of BA increased growth parameters, chlorophyll content and gel
concentration in Aloe vera plants. Similar results were also obtained by Khandelwal, et
al. (2009). Ji-Dong, et al. (2006) reported that, the BA application in rates of (1000-1500
ppm) increased leaf weight and total biomass.

The results of this study revealed improvements in growth attributes upon BA application
and the best results were obtained with the highest dose of BA. The result is in agreement
with the findings of (Sakakibara, et al., 2006), who reported that, Aloe plants treated with
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various levels of BA, showed significant increase in number of leaves and the growth of
all BA treated plants was better than that of the control. Besides, Babatunde and Yongabi
(2008), reported enhancements in the number of leaves, leaf weight, leaf and root length
and leaf diameter of Aloe vera plants with the higher BA application rates. Similar results
were also reported by (Carey, et al., 2008) who reported that, the application of BA
enhanced the growth attributes of Aloe vera plants. The results are also matching those
of (Duck, et al., 2004), Babatunde and Yongabi (2008) who observed an increase in
growth parameters of Aloe vera plants with increase in BA levels. However, the results of
this study revealed the benefits of foliar application of BA on the potting plants as it
enhanced the growth attributes of Aloe vera plants. The enhanced formation of tillers and
gel weight due to BA treatments is an advantage to aloe propagators as tillers are the
major propagation means of the plant. The increment in gel formation by the high rates of
BA treatments is a privilege as the gel is the economically valued harvest of this
promising plant, and therefore the 600 ppm BA treatment might seem more attractive on
cost reduction bases. In conclusion, regarding commercial production of Aloe vera under
Sudan conditions, the overall results of this study may seem encouraging enough for
adoption of a pilot project to find the basis for future expansions. The BA application
should be accompanied as a cultural practice due to its significant impact on growth and
gel yield of the plant. Besides, the positive result obtained here from BA application,
fortifies the limited preceding reports on the positive impact of BA application and may
justify further research on cytokinins and other plant growth promoters on other plant
genera and species under Sudan conditions.
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Table 1: Impact of BA foliar applications on number of leaves, leaf length, width and
thickness of Aloe vera plants

BA conc. No. of Leaf length Leaf width Leaf thickness
(ppm) leaves (cm) (cm) (cm)
0.00 13.20b 36.88c 4.20d 0.80c
075 17.40a 40.40b 5.44c 1.24a
150 17.80a 41.40b 5.72bc 0.98b
300 19.20a 40.60b 6.28ab 1.16a
600 19.20a 44.60a 6.66a 1.24a
C.V. 8.67 5.24 9.12 12.08

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 2: Impact of BA foliar applications on number of tillers, number of roots and root
length of Aloe vera plants

BA conc. No. of No. of Root length
(ppm) Tillers roots (cm)
0.00 18.4c 30.2a 18.0b
075 18.8¢c 29.8a 20.4b
150 21.4b 33.4a 20.6b
300 22.4ab 33.8a 18.8b
600 24.6a 34.8a 24.6a
C.Vv. 9.27 13.75 10.65

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Table 3: Impact of BA foliar applications on Aloe vera shoot and root
fresh and dry weights

BA conc. Shoot fwt Shoot dwt Root fwt Root dwt
(ppm) (9) (9) (9) (9)
0.00 436.5b 39.64c 41.44a 4.28ab
075 416.1b 40.20c 41.60a 4.18ab
150 582.9a 55.26b 37.26b 3.72hc
300 625.1a 62.54a 43.34a 4.32a
600 640.5a 64.20 a 33.43c 3.24c
C.V. 8.23 9.38 5.64 11.04

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 4: Impact of BA foliar applications on the leaf, the gel and peel weights
and chlorophyll ‘a’ and ‘b’ contents of Aloe vera plants.

BA conc. Leaf wt Gel wt Peel wt Chlorophyll (mg')

(ppm) (9) (9) (9) a b
0.00 205.0d 101.4e 103.6¢ 10.76e 07.66d
075 230.4c 113.8d 114.6ab 13.44d 08.14d
150 240.4c 125.0c 121.4a 15.86¢ 11.34c
300 256.0b 148.6b 111.4hc 21.62b 12.08b
600 276.0a 157.8a 118.8ab 24.12a 14.28a
C.V. 4.04 4.72 6.31 8.96 8.07

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Chapter Nine

Response of Aloe vera plants to foliar and soil applications of Argel
(Solenostemma argel Del. Hayne)

Abstract:

This study aimed to investigate the response of Aloe vera plants to foliar and soil
application treatments with Argel in 2 separate tests under the conditions of the nursery at
Shambat, Khartoum North, Sudan. The foliar treatments were cold, hot and boiled water
extracts of 15 g dry leaves of Argel per litre. The soil dressing test was for 0, 2.5, 5, 7.5
and 10 g dry Argel leaves per plant. The two tests were arranged in complete randomized
design with 7 replicates per treatment. Treatments were repeated every 3 months. At the
termination of the experiments growth attributes were evaluated in the terms of number,
length, width, thickness and fresh weights of leaves, number of tillers and roots, root
length, fresh and dry weights of shoots and roots, weights of peel and gel beside
chlorophyll a and b contents. Data were analyzed separately and combined. The analysis
revealed a general increase in growth parameters in the treated plants compared to the
control. Except for the root fresh and dry weight, the highest values of all growth
parameters were obtained from the boiled Argel extract and the 7.5 and 10 g/plant soil
dressing treatments. The significant improvements in growth and gel content are
indicatives to the possibility of commercial organic production of this plant under Sudan

conditions.

Keywords: Aloe vera; Argel; Extracts; Soil dressing; Growth; Gel content

Introduction:

This plant is a member of Liliaceae family and is a native of Sudan (Heck, et al., 1981). It
can thrive well under xerophytic conditions. Aloe vera is an important constituent of
cosmetics and pharmaceuticals and had been used in folk medicine for over 2000 years,
and still remains as an important component in the traditional medicine of many

contemporary cultures, such as China, India, West Indies, and Japan (WHO, 1999). Some

of its most important pharmacological activities are the antiseptic (Capasso, et al.,1998),
antitumor (Winter et al.,1981), antiinflammatory (Yagi et al.,1998), wound and burn

96



healing (Heggers et al., 1993), anti diabetic (Rajasekaran, et al., 2006) and the adjunct to
current AIDS therapy effects ( Daniel et al., 1990). Aloe vera is an anti-oxidant rich plant
that contains vitamins such as A, C, and E plus zinc and selenium minerals which boost
the immune system and combat free radicals in the body (AOAC, 1990). The gel
extracted from leaves contains more than 75 potentially active medicinal ingredients
including vitamins, minerals, saccharides, amino acids, anthraquinones, enzymes, lignin,
saponins, salicylic acids, and the anthraquinones, particularly barbaloin, are responsible
for its bitter taste and cathartic effect (Cook and Samman, 1996, Dagne et al. 2000;
Boudreau and Beland, 2006). Aloe vera also contains products of the isoprenoid pathway,
including carotenoids, steroids, terpenes, and phytosterols (Samman, 1998).The demand
for aloe products in the world markets is increasing due to its multiple uses in industries
(Ndhlala et al., 2016). However, this plant did not receive scientific or even cultural
attention in Sudan for regular economical production except the limited production for
local ornamental and ethno-medicine uses.

Recently there is a growing interest in Sudan in the use of some plant products for
agriculture production as these plants were assumed to contain bioactive compounds that
can be used as growth promoters or biostimulants. Such tendency is in conformity with
international efforts. Bio-stimulants are organic materials that had been shown to
influence several metabolic processes such as respiration, photosynthesis, nucleic acid
synthesis and ion uptake and when applied in small quantities, enhance plant growth and
development (Arpiwi, 2007). According to Sandra (2011), mung bean sprouts (Vigna
radiata), bananas (Musa paradisiaca L.) and onions (Allium cepa L.) contain auxin; snap
beans (Phaseolus vulgaris L) contain cytokinins; coconut water (Cocos nucifera L.)
contains auxin, cytokinins and gibberellins. Besides, Wijaya (2002), reported cytokinin
content in corn grain (Zea mays L.). In as much as, Zamroni and Darini (2009) studied
effects of coconut water on growth of chili (Capsicum annuum L.) and reported
significant enhancements in growth parameters. Likewise, Idris et al., (2012) reported
significant increase in date palm yield and improvements in the physical quality
characters of the fruits upon addition of small quantities of dry leaves of Argel
(Solenostemma argel Del., Hayne) to the soil of the palms, under the conditions of the
Northern State, Sudan. They attributed the yield and quality gains to a growth regulator-
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like effect of Argel. It is noteworthy to recognize that, the argel plant is a native of the
northern parts of Sudan, where it grows wild. Besides, Eldoash et al., (2012), reported
efficient control of the green pit-scale insect on date palm coupled with yield
enhancement when the palms were treated with argel. In addition, Idris et al., (2014),
reported restoration of normal growth in vegetatively malformed mango trees, beside
enhancements in characteristics of inflorescence, fruit set and fruit retention upon
treatment of the malformed mango trees with different forms of Argel. Such efforts are of
value when considering means for organic production of horticultural crops.
Nevertheless, organic production is also highly valued for the production of medicinal
plants (Merestala, 1996). Therefore, this study aimed to investigate the impact of Argel
applications on growth and gel yield of Aloe vera plants.

Materials and methods:

This test was conducted in complete randomized design in the nursery of Sudan
University of Science and Technology, at Shambat, Khartoum North, Sudan, for
determination of the impact of the foliar application of water extracts and soil dressing
with dried leaves of Argel on growth attributes and gel content of Aloe vera plant. Tillers,
12-15 c¢cm long were planted in 25X30 cm plastic bags containing river Nile silt soil. A
month after establishment, they were used as test plant materials. Two separate tests were
conducted as follows:

1. Test of Argel water extracts: The impact of foliar treatment with either cold, hot
or boiled extracts of 15 g of dry Argel leaves per liter were compared against an
untreated control.

2. Test of soil dressing with dry Argel leaves powder: The Argel concentrations
tested were: 0.0, 2.5, 5.0, 7.5 and 10 g/ plant.

The cold extraction was prepared by direct submersion of dry leaves in tap water. For
preparation of hot water extract, tap water was heated to around 90° C prior to
submersion of the dry leaves, while leaves were submersed in tap water and heated to
boiling for 10 minutes for the preparation of the boiled water extract. In the three cases,
leaves were left for 60 minutes in water and then filtered with sach cloth for the final
preparation of the extracts. The treated plants were sprayed to run-off. Each treatment
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was replicated 7 times and each plant in a plastic bag was considered a replicate. Each
plant received a dose of 2 g urea at the beginning of the study. The Argel applications
were repeated every 3 months and irrigation was applied according to need. Data were
collected after 12 months for number of leaves, leaf length, leaf width, leaf thickness,
number of tillers, number of roots, root length, shoot fresh and dry weights, root fresh
and dry weights, leaf weight, leaf gel weight, leaf peel weight, and chlorophyll ‘a’ and
‘b’ contents. For dry weights, the harvested shoots and roots were subjected to sun drying
for 30 days, prior to oven drying for a week at 70° C until weights were constant. For
determination of leaf gel content, the leaves were cut into several portions with scalpel
blades to ease gel extraction after weighing the leaves. The remaining peels were
weighed separately with a portable digital balance. Determination of chlorophyll content
was performed according to the method of Arnon (1949) by using the chlorophyll
flourometer (Li-Cor, Lincoln, NE, USA). Two hundred milligrams of fresh leaf samples
were ground with 10 ml of 80% acetone at 4°C and centrifuged at 2500 rpm for 10
minutes at 4°C. Three milliliters aliquots of the extract were transferred to a cuvette and
the absorbance was read at 665 and 649 nm with spectrophotometer after which the
chlorophyll (a) and (b) were determined by Vernon’s models. Data were analyzed
separately and combined by analysis of variance and means were separated by Duncan’s
Multiple Range Tests with the aid of MstatC computer program.

Results:
1. Foliar application of different water extracts:

Data on the impact of the type of extract on the number of leaves, leaf length, width,
thickness and number of tillers of Aloe vera plants are illustrated in Table (1). All Argel
extracts resulted in significant increments in the above mentioned parameters compared
to the control. The boiled extract ranked top for these parameters with significant
differences from other treatments except the leaf thickness. The performance of plants
treated with the hot extract was better than that of plants treated with the cold extract.

Table (2) demonstrates the impact of applied extracts on the number and length of roots,
shoot and root fresh and dry weights of aloe plants. The highest number of roots and root
length resulted from plants treated with the boiled extract with significant difference from
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other treatments. Again, better gains in these parameters were obtained from the hot
extract compared to the cold one. All Argel treatments resulted in statically equal
increment in shoot fresh weight with significant difference from the control. However,
the highest shoot dry weight was recorded for plants treated with the cold water extract,
followed in rank by the hot, then the boiled extract and finally the control. All extracts
enhanced root fresh weight significantly compared to the control and the best gain in
weight was achieved in plants treated with the hot water extract. The highest root dry
weight was equally enhanced in plants treated with hot and boiled extracts with
significant difference from plants sprayed with the cold extract that equaled the control
statistically.
The effects of Argel water extracts on weights of leaf, gel and peel beside chlorophyll ‘a’
and ‘b’ contents are compiled in Table (3). Except for chlorophyll ‘b’ content, the
different types of extracts enhanced these parameters significantly compared to the
control. The values for leaf weight and chlorophyll ‘a’ content were equally increased by
the boiled and hot extracts. The hot extract resulted in best gel yield with significant
difference from other treatments, while the weight of peel was increased significantly in
plants treated with boiled extract. However, the highest values for chlorophyll ‘b’ content
were equally obtained from the control and the hot extract.

2. Soil applications analysis:
Results of the impact of Argel soil application on the number of leaves, leaf length, width,
thickness and number of tillers of Aloe vera plants are presented in Table (4). Significant
enhancements in these parameters were obtained in all Argel treated plants compared to
the control. Regarding the number of leaves, the 7.5 and 10 g treatments resulted in
significant statistically equal enhancement of this parameter. The 7.5 g treatment was
found best as it induced significant increments in leaf length, width, thickness and
number of tillers.
The impact of Argel soil applications on number of roots, root length, shoot and root
fresh and dry weights of Aloe vera plants are shown in Table (5). The 7.5 g Argel
treatment resulted in significant increase in the values of these parameters compared to
other treatments. The number of roots was equally enhanced by the 2.5, 5 and 10 g
treatments that shared a second rank. Otherwise, the 10 g treatment ranked second for
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root length, shoot and root fresh and dry weights with significant difference from the 2.5
and 5 g Argel treatments.

The results of impact of Argel soil dressings on leaf gel and peel weights, beside
chlorophyll content of Aloe vera plants are presented in Table (6). Except for chlorophyll
“b” content, all Argel-treated plants showed significant enhancement of these parameters
compared to the control. The 7.5 and 10 g equally enhanced the leaf and gel weights with
significant difference from other treatments. The highest peel weight resulted from the
7.5 g treatment with significant difference from the other Argel treatments that shared a
second position. The 10 g treatment ranked top for chlorophyll ‘a’ content, while the 5
and 7.5 g treatments ranked second. However, the lowest chlorophyll ‘b’ content was
recorded for the 2.5 and 5 g treatments and the highest was recorded for the 10 g
treatment that did not differ from the 7.5 g and the control treatments.

3. Combined analysis:
The combined analysis of Argel water extracts and soil application revealed similarity in

outstanding performance of the boiled extract and the 7.5 g dressing treatments for their
effects on number of leaves, leaf length, width and thickness, but the number of tillers
was significantly enhanced by the boiled extract compared to the 7.5 g soil dressing
treatment (Table 7).

According to Table (8), the number of roots and root length were also increased
significantly by the boiled extract and the 7.5 g soil dressing treatments that ranked top
compared to other treatments. Regarding shoot and root fresh and dry weights, the 7.5 g
soil dressing treatment was the most enhancive for these parameters compared to other
treatments (Table 8).

The hot and boiled extracts and the soil dressing with 5, 7.5 and 10 g treatments increased
leaf weight at the same statistical level and shared the top rank (Table 9). The highest gel
weight was achieved from the boiled extract beside the 7.5 and 10 g soil dressing
treatments (Table 9). The peel weight was highest in plants that received the 7.5 g soil
dressing treatment, but the difference was not significant from those that received 2.5 and
5 g dressing or those sprayed with the hot extract (Table 9). The highest chlorophyll “a’
content was recorded for the 10 g soil dressing treatment which was statistically equal in
plants sprayed by the boiled extract, whereas chlorophyll ‘b’ content was also highest in
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plants that received the 10 g soil dressing treatment without significant difference from
the control, the hot extract or the 7.5 g soil dressing treatments (Table 9).

Discussion:

Among the 422,000 plant species documented worldwide, 12.5% were reported to have
medicinal value (Rao et al., 2004). Medicinal plants have a global recognition in health
care apart from monetary benefits to local communities (Rashid, 2009) and are gaining
momentum as means of livelihood due to their marketing potential, provision of labor
opportunities and contribution to efficient land use (Caniago and Siebert, 1998). Sudan is
a flora-rich country owing to diversity of its ecological zones. This flora is mostly
exploited as pasture or limited uses in traditional medicine based on wild collection.
Argel is among these plants that did not receive sufficient attention for economical
production, despite the scientific confirmation of its pharmacological potency Capasso et
al., (1998), beside scientific reports on its pesticide properties for agricultural and
medical insect pests (Eldoash et al., 2012; Elkamali 1991) and recent reports on its
growth, flowering and yield promotion of some horticultural crops Idris et al., (2014).
However, the particular feature of this study is the test of Argel which is an indigenous
under-exploited medicinal to explore its potential as an enhancer of growth and gel
yielder of Aloe vera which is also a medicinal plant of Sudanese origin. The results
clearly exhibited the advantages of Argel applications particularly the foliar spray of
boiled water extract of 15 g/l, or the soil dressing of 7.5 g of dry leaves powder per plant,
for enhanced growth and gel yield. This result is in line with preceding research findings
as Idris et al., (2011) reported significant increments in yield and yield components
coupled with improved fruit size upon dressing date palm trees soil with dry leaves of
Argel. Likewise, Idris et al., (2014), reported enhanced flowering, fruit set and fruit
retention in malformed trees of “Tommy Atkins’ mango cultivar, upon foliar spray with
shoot water extract or soil dressing of the trees with ground Argel shoots. In both cases,
the authors owed the enhancements to growth regulator-like effects of Argel. Basically,
the natural plant hormones are classified into juvenility and senescence hormones.
Auxins, cytokinins and gibberellins are the most outstanding juvenility hormones that
regulate and promote growth beside morphogenesis (George and Deklerk, 2008). The
growth and yield stimulated by Argel applications on Aloe vera may also be attributed to
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its mineral composition as Argel is extremely rich in potassium and moderately high in
manganese and iron (Sabahelkheir and Mohamed, 2010). Potassium influences the water
potential of plant cells beside its role in translocation and accumulation of carbohydrates
in plant tissues. More-over, Sabahelkheir and Mohamed (2010) reported the presence of
elevated phytic acid concentration in Argel leaves. This constituent might have an
influence on the enzymatic processes of the recipient plant. The increase in chlorophyll
content is an indication of adequacy of active chloroplasts and therefore efficient
photosynthesis (Avenson et al., 2005). It is noteworthy that iron and manganese are
necessary for photosynthesis (Yaronskay et al 2007). The beneficial responses of some
plant species to the applications of plant extracts had been frequently reported and
attributed to their elevated endogenous hormones levels. Auxins were isolated from
extracts of mung bean sprouts (Vigna radiata), bananas (Musa paradisiaca L.) and
onions (Allium cepa L.), while cytokinins were isolated from snap beans (Phaseolus
vulgaris L) and a mix of auxin, cytokinins and gibberellins was obtained from coconut
water (Cocos nucifera L.) (Sandra, 2011). The enhanced tillers formation obtained in this
study through Argel applications is a celebrity to propagators and is needed for large
scale production of the Aloe vera which is conventionally propagated by tillers.
Nevertheless, the possibility of economical production of Aloe vera under Sudan
conditions seems valid as no pests or diseases were encountered throughout the study and
the growth and gel yield were within limits reported in preceding studies (Calvo et al.,
2014; Khan et al., 2009; Thomas et al., 2009 and Mandal et al., 2007). In conclusion, the
study demonstrated significant enhancements in growth and yield of Aloe vera plant
treated with Argel which are indicative to the bio-stimulating effect of Argel, but further
biochemical studies are needed to define the constituent(s) behind the enhancements
especially its content of juvenility hormones. The encouraging agronomic responses of
Aloe vera to Argel applications are a step towards its organic production that may add to
its commercial value.

Determination of chlorophyll content: Determination of chlorophyll content was
performed according to the method of Arnon (1949). Two hundred milligrams of fresh
leaf samples was ground with 10 ml of 80% acetone at 40C and centrifuged at 2500 rpm
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for 10 minutes at 40C. Three milliliters aliquots of the extract were transferred to a
cuvette and the absorbance was read at 645, 663 and 480 nm with spectrophotometer.
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Table 1: Impact of foliar applications with different types of Argel water extracts on the

number, length, width and thickness of leaves and number of tillers of Aloe vera plants.

Type of argel No.of  Leaflength  Leafwidth Leaf thickness  No. of tillers

extract leaves (cm) (cm) (cm)
Control 13.0d 32.52d 3.88d 0.54d 19.40d
Boiled extract 19.6a 48.66a 5.18a 1.12a 33.00a
Hot extract 17.6b 42.90b 4.58b 1.10ab 27.80b
Cold extract 15.4c 38.86¢ 4.06¢ 0.76c¢ 21.80c
C.Vv. 10.11 7.23 6.88 13.56 9.42

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 2: Impact of foliar applications with different types of Argel water extracts on shoot and

root fresh and dry weights, number of roots and root length of Aloe vera plants.

Type of argel No. of Root length  Shoot fwt Shoot dwt Root fwt Root dwt

extract roots (cm) (9) (9) (9) (9)

Control 26.80c 14.86d 0757.1b 27.44d 070.78d 2.86b

Boiled extract 39.80a 27.10a 1232.0a 32.97b 113.10c 3.30a

Hot extract 31.80b 22.70b 1226.0a 35.54a 118.00b 3.56a

Cold extract 27.20c 19.52¢ 1259.0a 29.28¢ 130.50a 3.02b
C.V. 6.21 11.94 5.02 8.17 2.23 8,61

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 3: Impact of foliar applications with different types of Argel water extracts on

leaf, gel and peel weights and chlorophyll ‘a’ and ‘b’ contents of Aloe vera plants.

Type of extract Leaf wt Gel Wt Peel Wt Chlorophyll (mg/g)

@ (9 (9) a b

Control 199.0c 110.0d 089.0d 14.14c 12.74a

Boiled extract 264.0a 156.4a 103.6b 23.14a 05.96¢

Hot extract 258.2a 145.8b 111.2a 21.74a 12.72a

Cold extract 242.0b 136.8c 098.8¢c 18.10b 10.68ab
C.V. 7.86 6.57 8,14 8.16 18.31

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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2. Soil applications:

Table 4: Impact of Argel soil applications on the number of leaves, length, width and
thickness and number of tillers of Aloe vera plants.

Argel levels (g) No. of Leaf length Leafwidth  Leaf thickness No. of
leaves (cm) cm) (cm) tillers

Control 13.0c 32.52d 3.88d 0.54d 19.40d

02.5 14.8b 40.90c 3.74d 0.70c 20.60d

05.0 15.6b 45.40b 4.40c 1.04b 26.60b

07.5 18.2a 51.06a 5.04a 1.22a 30.60a

10.0 18.0a 46.60b 4.00b 1.12ab 23.20c

C.V. 7.82 6.17 8.21 11.48 8.22

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 5: Impact of Argel soil applications on number of roots, root length, shoot and

root fresh and dry weights of Aloe vera plants.

Argel levels No. of roots  Root length  Shoot fwt Shoot dwt Root fwt Root dwt
(9) (cm) (9) (9) (9) (9)
Control 26.80d 14.86e 0757.10d 27.44d 070.78d 2.86d
02.5 21.60e 18.14d 0773.40d 24.14e 089.08c 2.42d
05.0 23.60c 20.56¢ 0897.40c 33.40c 090.00 c 3.38¢
07.5 39.00a 27.24a 1537.00b 36.54b 148.00 b 3.84b
10.0 32.20b 24.42b 1666.00a 40.40a 163.90a 420 a
C.V. 11.20 9.04 5.02 8.65 2.24 8,69

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 6: Impact of Argel soil applications on leaf, gel, peel weights and chlorophyll

‘a’ and ‘b’ contents of Aloe vera plants.

Argel levels (g) Leafwt  Gel wt Peel wt  Chlorophyll (mg/g)
@ (@ (9) a b
Control 199.0d 110.0d 089.0c 14.14d 12.74ab
02.5 245.2¢ 142.2¢ 109.0ab 17.86c¢ 10.80b
05.0 262.2a 154.4a 107.8ab 19.82b 10.48b
07.5 254.8b 146.2b 114.6a 20.56b 11.48ab
10.0 266.6a 157.0a 104.2b 23,90a 14.72a
C.V. 4.46 5.65 8,14 7.16 22.40

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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3. Combined analysis:

Table 7: Impact of foliar and soil applications of Argel on the number of leaves, length,
width and thickness and number of tillers of Aloe vera plants.

Type of Argel No. of Leaf length Leaf width  Leaf thickness No. of tillers
extract leaves (cm) (cm) (cm)

Control 13.0d 32.52d 3.88d 0.54d 19.40d
Boiled extract 19.6a 48.66a 5.18a 1.12a 33.00a
Hot extract 17.6b 42.9b 4.58b 1.10ab 27.80b
Cold extract 15.4c 38.86¢ 4.06¢ 0.76¢ 21.80c
02.59 14.8¢c 40.90c 3.74d 0.70c 20.60d
05.0g 15.6¢ 45.40bc 4.40b 1.04b 26.60b
07.59 18.2a 51.06a 5.04a 1.22a 30.60a
10.0g 18.0a 46.60b 4.00bc 1.12a 23.20c

C.V. 8.09 6.24 7.88 15.56 8.22

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 8: Impact of foliar and soil applications of Argel on number and root length, shoot and

root fresh and dry weights of Aloe vera plants.

Type of Argel No.of  Rootlength  Shoot fwt Shoot dwt Root fwt Root dwt
extract roots (cm) (9) (9) (9)

(9)
control 26.80cd 14.86d 0757.10e 070.78f 27.44d 2.86d
Boiled extract 39.80a 27.10a 1232.00a 113.10d 31.97c 3.30bc
Hot extract 31.80b 22.00bc 1226.00c 118.00d 35.54b 3.56a
Cold extract 27.20c 19.52¢ 1259.00b 130.50c 29.28d 3.02c
02.5g9 21.60e 18.14c 0773.40e 089.08e 24.14e 2.42¢
05.0g9 23.60c 20.56¢ 0897.40d 090.00 e 33.40c 3.38b
07.5g9 39.00a 27.24a 1537.00b 148.00 b 36.54b 3.84a
10.0g 32.20b 24.42b 1666.00a 163.90a 40.40a 420a
C.V. 7.25 6.72 5.02 2.24 8.65 8,66

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

110



Table 9: Impact of foliar and soil applications of Argel on leaf, gel, peel weights and

chlorophyll *a’ and ‘b’ contents of Aloe vera plants.

Type of extract Leaf wt Gel wt Peel wt Chlorophyll (mg/g)
(9) (9) (9) a b
Control 199.0d 110.0e 089.0d 14.14d 12.74a
Boiled extract 264.0a 156.4a 103.6b 23.14a 05.96¢
Hot extract 258.2a 145.0b 111.2a 21.74ab 12.72a
Cold extract 242.0c 137.8d 098.8c 18.10c 10.68ab
02.5g9 245.2¢c 142.2¢ 109.0ab 17.86¢ 10.80ab
05.0g 262.2a 154.4a 107.8ab 19.82b 10.48b
07.59 254.8b 146.2b 114.6a 20.56b 11.48ab
10.0g 266.6a 157.0a 104.2b 23,90a 14.72a
C.V. 4.86 5.55 8,14 8.16 25.29

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Chapter Ten

Responses of Aloe vera to applications of Haza

(Haplophyllum tuberculatum L.)

Abstract:

Various plant extracts are being marketed based on claims of their potencies as yield and
quality enhancers and/or for the environmentally friendly pesticidal properties. In two
separate tests, this study aimed to investigate the response of Aloe vera plants to Haza
ground shoots applied as soil dressing and foliar sprays. The soil application test was for
0,2.5,5,7.5and 10 g/ plant and the foliar treatments were for cold, hot and boiled water
extracts of 15 g dry shoots of haza per litre. Tillers, 12-15 cm long, of Aloe vera plants
established in 25X30 cm polyethylene plastic bags were employed for the tests under
nursery conditions. All the tested plants received a dose of 2 g urea prior to treatments.
The two tests were arranged in complete randomized design with 7 replicates. Treatments
were repeated every 3 months. Data were collected 12 months after first application for
number, length, width, thickness and fresh weights of leaves, number of tillers and roots,
root length, peel and gel weights, shoots and roots fresh and dry weights beside
chlorophyll ‘a’ and “ b’ contents. Data were analyzed separately and combined. The
analysis revealed a general increase in growth parameters in treated plants compared to
the control. Except for the root fresh and dry weight, the highest values of all growth
parameters were obtained from the boiled water extract and the 7.5 and 10 g soil dressing
treatments. The improvements in growth and gel content are indicators of the agronomic

benefit of Haza applications; a step towards organic farming.

Keywords: Aloe vera; Haza; Extracts; Soil application; Growth stimulation; Gel content

Introduction:

Growth is a multifactor dependent rhythmic phenomenon. Besides the availability of
nutrients, plants require hormones for their growth and development. Under favorable
conditions that accelerate plant growth and development, the levels of endogenous
growth promoting substances are higher than that of inhibiting substances (Marshall,
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1999; Davis, 2010). Several organic products called “biostimulants”, assumed to make
agriculture more sustainable, were available in markets (Tyler, 1993). These
biostimulants include diverse formulations of compounds, plant products and micro
organisms that are applied to plants or soils to improve crop vigour, yields and quality
(Atherton, 1998). The crop life cycle from seed germination to plant maturity can be
influenced by biostimulants in some ways such as increase plant metabolism efficiency,
improved tolerance to a biotic stresses, efficient nutrient assimilation, translocation and
use, enhanced quality attributes of produce, increased water use efficiency, enhanced
physicochemical properties of the soil and development of complementary soil
microorganisms (Davis, 2010). According to Ro, (2000) and Hutter, (1996) foliar
application of biostimulants were able to enhance plant productivity. Cerdan et al.,
(2009) and Ertani et al., (2009) reported increased nutrient uptake, in particular nitrogen
and iron, when corn and tomato plants were treated with protein hydrolysates. The
increase in nitrogen and iron uptake, leads to enhanced activities of nitrate reductase and
glutamine synthetase, and Fe (l11)-chelate reductase activity, respectively (Chithra et al.
1998); Heggers et al. 1996). Nutrients spray on plants can accelerate absorption and
consumption of elements ending in fast growth (Byeon, et al. 1988). Priming seeds of the
rangeland grass Echinochloa crusgalli with Moringa leaf extract resulted in significant
increase of shoot vigour coupled with higher number of leaves and fertile tillers (Nouman
et al., 2011). According to Makkar et al. (2007), Moringa leaf extract contains significant
quantities of calcium, potassium, and cytokinin in the form of zeatin, antioxidants
proteins, ascorbates and phenols. Mglgaard et al., (2000) investigated the response of
Vinca rosea to foliar spray with saponins rich extracts of Daldomera triangulata L. and
reported higher values for shoot and root characters in treated plants compared to the
untreated control. Furthermore, DeKroon and Hutchings (1995) studied the response of
mustard plants to extracts from corn seed, shoot of colythanthus spp. and bark from
Quillaja tree. Their findings revealed improvements in shoot growth and plant yield upon
treatment with corn seed extract without influence on the root system, while the
colythanthus spp. extract resulted in maximum shoot weight, plant height, leaf number
and the total chlorophyll content. However, the extract from the Quillaja tree
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significantly increased the root length and number but reduced the total chlorophyll
content.

The Aloe vera plant has been known and used for centuries for its health, beauty,
medicinal and skin care properties (Ea et al., 2008). Aloe vera is perennial, succulent
evergreen plant of the family Liliaceae (Omidbeigi et al., 2009). The geographic origin of
Aloe vera was believed to be in Sudan, with the plant subsequently being introduced into
the Mediterranean regions and most other warm areas of the world (Grindlay and
Reynolds, 1986). This perennial succulent plant is drought tolerant and can thrive well
under xerophytic conditions (Heber, 2007). The useful parts of the plant are leaves which
contain the gel. The chemical composition of the leaf gel is very complex, composed
mainly of polysaccharides and soluble sugars followed by proteins, many of which are
enzymes, amino acids, vitamins, and anthraquinones (Liu et al., 2007). It had been shown
that polysaccharides derived from Aloe vera enhance immunity activity and exert
antioxidant effects (Zhanhai et al., 2009) and most of the activity was attributed to [3-
polysaccharides (Ramachandra and Srinivasa, 2008). Anthraquinones are the second
class of bioactive metabolites, including C-glucosyl derivatives such as barbaloin (10-
glucopyranosyl-1,8-dihydroxy-3-hydroxymethyl-9-10H-anthracenone), a mixture of the
two diastereoisomers aloin A and B, as well as glucose-free compounds such as aloe-
emodin (Fanali et al., 2010). Anthraquinones were reported to have cathartic effects, anti-
inflammatory effects in vivo as well as anti- (bacterial, viral and cancer) effects (Park et
al., 2009; Pellizzoni et al., 2012). The demand for the aloe products is increasing with
growth of cosmetic and neutraceutical markets (Danhof, 1987). According to Ndhlala et
al. (2016), the global market of aloe products is currently estimated to be USD 13 billion
and it has appeared in more than 50 categories of products since 2012. Research aiming
to the economic exploitation of this plant under Sudan conditions is almost lacking, but
badly needed.

The genus Haplophyllum belongs to Rutaceae family which contains about 70 species
distributed in tropical, subtropical and Mediterranean regions of the world (IJAS, 2011;
Townsend, 1996). Various members of the genus are used in traditional medicine for the
treatment of herpes, warts, erysipelas, toothache, stomach and skin diseases (Bessonova,
1989) beside testicular cancer (Ea et al., 2008). Haplophyllum tuberculatum is an
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endogenous plant of Sudan where it is locally named, Haza. It grows wild along the
banks of the Nile and its tributaries as well as banks of seasonal streams. Growth starts
after water recession from banks at the end of the rainy season. It is of wide use in
Sudanese ethno-medicine for treatment of rhinitis and skin allergies, spasmo-colon,
gynecological disorders, asthma and breathing difficulties (Mohamed et al., 1996).
Khalid and Waterman (1981) reported isolation of alkaloid, lignan and flavonoids
constituents from Haplophyllum tuberculatum collected from Sudan. Under conditions of
Egypt, essential oils were isolated from the aerial parts of Haplophyllum tuberculatum,
collected from different locations, showed significant differences in their yield and
chemical composition of estragole, myrtenal, spathulenol and homologous series of
medicinally important monoterpene and sesquiterpenes (ElI Naggar et al., 2014).
Nevertheless, Haza shoot is rich in triterpenoid saponins, and around 20 types of saponins
had been identified in samples from the shoots of Haplophyllum tuberculatum plant
(Chaicharoenpong and Petsom, 2009; Morikawa et al., 2007). Reports on its agronomy or
its probable benefits when applied exogenously on other plants are lacking according to
our intensive literature search. Therefore, this study aimed to investigate the growth and

yield responses of Aloe vera plant to Haza soil and foliar applications.

Materials and methods:

The study was accomplished in complete randomized design in the nursery of Sudan
University of Science and Technology, at Shambat, Khartoum North, Sudan, to
determine the impact of Haza applications on growth and yield of Aloe vera. Tillers, 12-
15 cm long, were planted in 25X30 cm plastic bags containing river Nile silt soil. Four
weeks after planting, they were used as test plant materials. Two separate tests were
conducted as follows:

1. Test of Haza water extracts: Aloe vera plants received foliar spray with cold, hot
or boiled water extracts of 15 g of dry Haza shoots per liter and were compared
against an untreated control.

2. Test of soil dressing with concentrations of ground Haza shoots powder: The
impact of soil dressing with 2.5, 5.0, 7.5 and 10 g/ plant was compared against an

untreated control.
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The extraction was made 60 minutes after dry shoots submersion in water. Foliarly
treated plants were sprayed to run-off. Each treatment was replicated 7 times and each
plant in a plastic bag was considered a replicate. Each plant received a dose of 2 g urea at
the beginning of the study. The Haza applications were repeated every 3 months and
irrigation was applied according to need. Data were collected after 12 months for number
of leaves, leaf length, leaf width, leaf thickness, number of tillers, number of roots, root
length, shoot fresh and dry weights, root fresh and dry weights, leaf, gel and peel weights
and chlorophyll ‘a’ and ‘b’ contents. For dry weights, the harvested shoots and roots
were subjected to sun drying for 30 days, prior to oven drying for a week at 70° C until
weights were constant. For determination of leaf gel content, the leaves were cut into
several portions with scalpel blades to ease gel extraction after weighing the leaves. The
remaining peels were weighed separately with a portable digital balance. Determination
of chlorophyll content was performed according to the method of Arnon (1949) by using
the chlorophyll flourometer (Li-Cor, Lincoln, NE, USA). Two hundred milligrams of
fresh leaf samples were ground with 10 ml of 80% acetone at 4°C and centrifuged at 2500
rpm for 10 minutes at 4°C. Three milliliters aliquots of the extract were transferred to a
cuvette and the absorbance was read at 665 and 649 nm with spectrophotometer after
which the chlorophyll (a) and (b) were determined by Vernon’s models. Data were
analyzed separately and combined by analysis of variance and means were separated by
Duncan’s Multiple Range Tests with the aid of MstatC computer program.

Results:
1. Foliar applications of water extracts:

Data on the impact of the extracts on the number of leaves, leaf length, width, thickness
and number of tillers of Aloe vera plants are shown in Table (1). The boiled water extract
ranked top for all parameters with significant difference from all treatments except for
leaf thickness where it shared the rank with other treatments. The hot extract ranked
second differing significantly from the cold water extract and the control except for leaf
thickness. The cold water extract performed similarly to the control except for leaf length

where it induced significant increase.
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The impact of extracts on number and length of roots, shoot and root fresh and dry
weights, is presented in Table (2). The results revealed the advantages of the boiled
extract compared to other treatments. However, the hot extract shared the top rank with
the boiled extract for root dry weight and ranked second for other parameters.

Table (3) illustrates the effects of Haza water extracts on leaf, gel and peel weights,
beside chlorophyll ‘a’ and ‘b’ contents. Best values for leaf weight and chlorophyll ‘a’
content were equally achieved from the boiled and hot extracts. The boiled extract
resulted in highest gel content. It also ranked top for chlorophyll ‘b’ content but without
significant difference from the hot extract. However, the highest peel weight was
recorded for the treatment of hot water extract.

2. Soil applications:

Results of the impact of Haza soil applications on leaf number, length, width and
thickness beside number of tillers of Aloe vera plants are presented in Table (4). The leaf
length was equally enhanced by the 7.5 and 10 g treatments significantly compared to
other treatments. Best leaf length was obtained from the 7.5 g treatment. Maximum leaf
width resulted from the 10 g treatment with significant difference from all treatments
except the 7.5 g treatment. Regarding leaf thickness, no significant difference was
obtained among treatments. The highest number of tillers resulted from the 7.5 g
treatment with significant difference from other treatments.

Table (5) demonstrates the influence of Haza soil applications on number and length of
roots, in addition to shoot and root fresh and dry weights of Aloe vera plants. The 7.5 g
treatment resulted in highest number of roots and longest roots. However, the highest
values for shoot and roots fresh and dry weights were recorded for the 10 g treatment
with significant difference from other treatments.

Data regarding the impact of Haza soil dressings on leaf, gel and peel weights as well as
chlorophyll “a’ and ‘b’ contents of Aloe vera plants are compiled in Table (6). These
parameters were significantly enhanced by Haza treatments compared to the control. The
7.5 and 10 g treatments resulted in equal increase in leaf weight and shared top rank for
this parameter. The 10 g treatment also recorded the highest values for gel weight and
chlorophyll ‘a’ and ‘b’ contents, whereas the highest value for peel weight was recorded
for the 2.5 g treatment.
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3. Combined analysis:

The main features of the combined analysis are presented in Tables 7, 8 and 9.
According to Table (7), the boiled extract resulted in highest number of leaves/ plant,
while the highest leaf length was recorded for the 7.5 g soil dressing treatment. Leaf
width was equally enhanced by the boiled extract and the 10 g treatment, whereas the
leaf thickness was not affected by all Haza treatments that equaled the control. Tillers
formation was equally increased by the boiled and the 7.5 g treatments.

According to Table (8), the boiled extract and the 7.5 g treatments equally resulted in best
enhancements of number and length of roots, whereas the boiled extract was solely
ranked top for shoot fresh and dry weights. However, the fresh and dry weights of roots
were increased significantly by the 10 g soil dressing treatment.

All Haza treatments resulted in significant increments in the values of leaf, gel and
peel weights as well as chlorophyll content of Aloe vera plants compared to the
control (Table 9). The boiled and hot extracts and the 5, 7.5 and10 g treatments
equally shared top rank for leaf weight. The highest gel weight was achieved from
the 10 g treatment. The hot extract enhanced peel weight significantly. The 10 g, the
hot and boiled extracts increased chlorophyll ‘a’ and ‘b’ contents to a statistically

equal level.

Discussion:

The results of this study revealed growth and yield benefits in Aloe vera plants treated
with Haza particularly the boiled extract and the soil dressing with 7.5 and 10 g dry Haza
shoots. These enhancements were coupled with increase in chlorophyll content.
Chlorophyll molecules are arranged in and around the membranes of chloroplasts. The
function of most chlorophyll is to absorb light energy and transfer it to photosynthesis
reaction centres (Gilpin, 2001). Chlorophyll ‘a’ and ‘b’ are named after the wavelength
(in nanometers) of their red-peak absorption maximum Jeffrey et al. (1969).
Nevertheless, the high levels of chlorophyll content obtained in this study are indications
of healthy and active growth and might be among factors related to the gain in gel
content. The gains in growth and gel yield might also be related to growth-regulator-like
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constituent(s) in Haza shoots. Such gains in date palm vyield resulting from the soil
application of Argel (Solenostemma argel) were attributed to a growth-regulator-like
effect of Argel (Idris et al., 2010). Commercially registered growth regulators are all
phytohormones and fall into the following categories: auxins, gibberellins, cytokinins,
abscisic acid, and ethylene. Recently, several other hormonal compounds such as
oligosaccharins, brassinosteroids, jasmonates, salicylates, and polyamines had been
shown to have growth-regulating properties (Basra, 2000). According to Ali et al.,
(2009), the scarce scientific literature combined with less validated producer information
on natural growth enhancers shows that the growth-enhancing effect of different products
can be roughly divided into three categories: compounds enhancing nutrients availability
or facilitate their uptake, or decreasing damage by pests, and/or interfere with the plant
hormone system either directly or indirectly through microbes. Sato (2004) and
Wagentrisl (2003) reported that commercial products based on extracts from saponin-
containing plant parts, had been shown to enhance the yield, quality and growth
characters of tomatoes, cucumbers, and strawberries and owed the effect to improved
uptake of nutrients from soil and air, effectiveness against fungal infections, nematodes,
and pathogens and growth stimulating properties. Foidle et al. (2001) reported that a
spray made from moringa leaves extract resulted in increased strawberry production and
claim the possibility of its use as a foliar spray to accelerate growth of young plants.
According to Sims et al. (2009), the tea seed extract applied on Euphorbia obtusifolia
grown under non-nutrient-limiting conditions, resulted in increase in number of leaves,
plant height, number of branches and roots compared to the untreated plants, and claimed
that tea seed powder contains substances with hormone-like properties or substances that
interfere with endogenous hormones that can stimulate or affect biomass allocation in
plants. Other studies had also shown that treating soil or spraying plants with saponins-
containing plant products based on the bark from the soap bark tree (Quillaja saponaria)
had a positive effect on the yield and quality of strawberries, tomato, and grapes
(Wagentrisl, 2003). Apart from the growth-stimulating effects, plant extracts also
displayed growth-reducing effects at increased doses in seeded plants such as corn,
mustard, barley, and the soil-treated strawberries (Wagentrisl, 2003). Growth-reducing
effects have also been found for early water grass (Panicum crusgalli L.), green foxtail
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(Setaria viridis Beauv.L.), and white clover (Trifolium repens L.) at saponins different
concentrations (Kohata et al., 2004).

Conclusion: The stimulations of growth and gel yield of Aloe vera plants treated with
Haza in this study necessitate further biochemical studies of Haza to define the
constituent(s) responsible for these enhancements; the priority should be for its content of
nutrient elements and juvenility hormones namely auxins, cytokinins and gibberellins
which might be tools for better interpretation of the stimulative effects. Regardless of the
solid interpretation, the results revealed the possibility of organic commercial of Aloe

vera plants based on Haza applications.
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Table 1: Impact of Haza water extracts on number, length, width and thickness of
leaves and number of tillers of Aloe vera L. plants.

daza trt. (g/plant) No. of Leaf length Leaf width Leaf thickness  No. of
leaves (cm) (cm) (cm) tillers
Control 14.0c 31.74d 4.14c 1.66a 18.4c
Boiled extract 19.8a 48.34a 5.32a 1.14a 30.8a
Hot extract 17.8b 41.86b 4.64b 1.04a 26.6b
Cold extract 14.8c 39.58¢c 4.12c 0.92a 20.6¢
LSD. 1.461 2.391 0.33 0.709 2512
C.V. 8.66 5.45 7.58 14.04 10.05

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 2: Impact of Haza water extracts on number of roots and root length, shoot and
root fresh and dry weights of Aloe vera plants.

Haza trt. No. of roots Root length  Shoot fwt Root fwt Shoot dwt Root dwt

(g/plant) (cm) (9) (9) ) 9)

control 26.2c 13.78d 0787.8c 14.36d 078.0c 2.02b

Boiled extract 40.2a 27.7a 1746.0a 26.16a 173.4a 2.82a

Hot extract 30.8b 23.82b 0899.7b 23.08b 090.5b 2.72a

Cold extract 27.2¢c 19.96¢ 0782.3c 19.22¢c 078.5¢c 1.88c

LSD. 3.347 1.894 38.03 2.172 5.081 0.1991

C.V. 9.97 7.45 3.34 8.82 441 7.19

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 3: Impact of foliar applications with Haza water extracts on leaf, gel and peel
weights and chlorophyll ‘a” and ‘b’ contents of Aloe vera plants.

Haza trt. Leaf fwt Gel wt Peel wt Chlorophyll (mg/g)
(g/plant) (9) ) 9) a b
Control 196.2c 112.0d 090.0d 14.06¢ 06.76¢C
Boiled extract 261.0a 152.4a 108.6b 22.54a 15.28a
Hot extract 256.2a 144.6b 115.0a 22.30a 14.84ab
Cold extract 239.0b 137.6¢ 101.4c 18.60b 13.60b
LSD. 11.13 4.73 4.37 1.68 1.34
C.V. 4.87 3.23 4,19 8.27 10.41

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Table 4: Impact of Haza soil applications on number, length, width and thickness of
leaves and number of tillers of Aloe vera L. plants.

Haza trt. No. of leaves Leaf length  Leaf width Leaf thickness  No. of tillers
(g/plant) (cm) (cm) (cm)

control 14.0c 31.74d 4.14d 1.10a 18.4d

02.5 14.4c 41.26¢ 3.90d 1.22a 19.2d

05.0 16.4b 45.56b 4.46¢ 1.12a 26.2b

07.5 18.0a 51.66a 4.96ab 1.22a 30.4a

10.0 18.2a 47.20b 5.20a 1.66a 23.6¢

LSD. 1.461 2.391 0.35 0.799 2.612
C.V. 7.63 5.46 7.58 12.04 10.55

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 5: Impact of Haza soil applications on roots number and length, fresh and dry
weights of shoot and root of Aloe vera plants.

Haza trt No. of roots Root length  Shoot Root Shoot Root dwt
(9/plant) (cm) fwt (g) fwt (g) dwt (g) (9)

control 26.2¢c 13.78e 0787.8e 14.36d 078.00e 2.02d

02.5 21.6d 18.94d 0981.9d 14.56d 098.28d 1.76¢e

05.0 25.0c 20.96¢ 1007.0c 24.50c 108.30c 2.82¢

07.5 38.6a 27.78a 1180.0b 32.98b 120.80b 3.60b

10.0 31.8b 24.72b 1624.0a 39.96a 162.60a 4.26 a
LSD. 3.347 1.894 38.03 2.172 5.081 0.1997
C.V. 10.93 8.41 3.34 8.82 4.41 7.19

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 6: Impact of Haza soil applications on leaf, gel and peel weights and chlorophyll

‘a’ and ‘b’ contents of Aloe vera plants.

Haza trt. Leaf wt Gel wt Peel wt Chlorophyll (mg/g)
(g/plant) ) (@) (9) a b
Control 196.2d 112.0d 090.0c 14.06d 06.76d
025 242.2¢ 146.0c 104.2a 18.44c 10.66¢
05.0 251.2ab 148.6¢ 102.0b 20.26b 12.78b
075 259.8a 153.8b 102.4b 20.96b 12.48b
10.0 263.2a 161.6a 101.8b 23.38a 15.46 a
LSD. 12.13 4,725 1.372 1.679 1.341
C.V. 4.87 3.23 4,19 8.27 10.41

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Table 7: Impact of foliar and soil applications of Haza on the number, length, width and
thickness of leaves and number of tillers of Aloe vera plants.

Haza trt. No. of Leaf length Leaf width Leaf thickness  No. of tillers
leaves (cm) (cm) (cm)

Control 14.0d 31.74e 4.14ef 1.66a 18.4d
Boiled extract 19.8a 48.34b 5.32a 1.14a 30.8a

Hot extract 17.8bc 41.86d 4.64cd 1.04a 26.6b

Cold extract 14.8df 39.58d 4.12ef 0.92a 21.6d
02.5¢9 14.4d 41.26d 3.90f 1.10a 19.2d
05.09 16.4c 45.56¢C 4.46¢ce 1.22a 26.2bc
07.5¢9 18.0b 51.66a 4.96bc 1.12a 30.4a
10.0g 18.2b 47.20bc 5.20ab 1.22a 24.6¢

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.

Table 8: Impact of foliar and soil applications of Haza on number of roots, root length,
shoot and root fresh and dry weights of Aloe vera plants.

Haza trt. No. of Root length  Shoot fwt ~ Shoot dwt  Root fwt  Root dwt
roots (cm) (9) (9) (9) (9)

Control 26.2c 13.78e 0787.8e 078.00g 14.36f 2.02d
Boiled extract 40.2a 27.70a 1646.0a 173.40a 23.08d 2.72c
Hot extract 30.8b 23.82b 0899.7d 090.50f 26.16¢ 2.82¢c
Cold extract 27.2¢c 19.96¢cd 0782.3e 078.50g 19.22e 1.88de
025¢g 21.6d 18.94d 0981.9¢ 098.28e 14.56f 1.76¢
05.0¢g 25.0c 20.96¢ 1007.0c 108.30d 24.50cd 2.82¢
075¢ 38.6a 27.78a 1180.0b 120.80c 32.98b 3.60b
10.0¢g 31.8b 24.72b 1624.0a 162.60b 39.96a 4.26a

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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Table 9: Impact of foliar and soil applications of Haza on leaf, gel and peel weights and
chlorophyll *a’ and ‘b’ contents of Aloe vera plants.

Haza trt. Leafwt (g) Gel wt. (9) Peel wt. (9) Chlorophyll (mg/g)
Control 196.2d 112.0f 090.0d 14?06d 06t.)76e
Boiled extract 261.0a 152.4bc 108.6b 22.54ab 15.28a
Hot extract 256.2a 144.6cd 115.0a 22.30ab 14.84ab
Cold extract 239.0c 141.6d 101.4c 18.60c 13.60bc
02.5¢9 242.2bc 146.0c 104.2c 18.44c 10.66d
05.09 251.8ab 148.6¢ 102.0c 20.26bc 12.78c
07.5¢9 259.2a 153.8b 102.4c 20.96bc 12.48c
10.0g 263.2a 161.6a 101.8c 23.38a 15.46 a

* Means with the same letter (s) in the same column are not significantly different at 95% confidence limits.
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