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Abstract

For many years, the gel and distillate of Aloe vera as a medicinal plant have been used in medical and cosmetic
industries. Aloe vera gel is used in medical and cosmetic industries. Aloe vera’s gel has various biologic and
physiologic features such as curing the burning and skin ulcers, anti dirt, stopping the growth of bacterium and
parasites, having resistance impact against chemical synthesis due to Antraquinone compounds and stopping the
growth of HIV activity. In order to examine the influence of planting density and vermicompost on the rate of
active substances Aloenin and Aloe emodin in AloeVera, an experiment was performed in Ahwaz experimental
farm, Khozestan province, 2009. The experiment was done as a factorial on the basis of randomized complete
blocks design in three replications. Vermicompost and density treatments were used in three levels involving 5,
10 and 15 ton/hec and levels of 2, 4 and 6 plants/m’, respectively. After extracting the gel from the leaves of
Aloe vera, the rate of active substances of Aloenin and Aloe emodin has been evaluated using high performance
liquid chromatography (HPLC). Regarding the obtained results, Vermicompost and planting density treatments
had a significant effect on the rate of active substances and the highest amounts of Aloenin and Aloe emodin
were measured as 1193.3 ug/g and 536.3 pg/g in the fertilizer treatment of 15 ton/hec and density of 4

plants/m”.
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Introduction

Nowadays, clarifying the side complications of
chemical medicines, the use of medicinal plants is
increasing. Since many researchers have not been
done on the increase of medicinal plant production,
introducing appropriate methods for medicinal
plant cultivation is of importance so as to increase
the quality and quantity of medicinal plants
(Farooqi et al., 2001). Aloe vera has 300 species
and the most important species called Aloe
barbadensis is used in pharmaceutical, food,
cosmetic and health industries (Yogee Swaran et
al., 2005). Aloe vera is classified as the perennial
meat plant from the family of liliaceae and has a
variety of eatures (Hsanuzzaman et al., 2008). It is
used as the gel for curing the burning, wound,
insect bite, rash, spot and freshness, dandruff,
blotch and dermatitis and as an oral medicine to
improve the body immune system against the
diseases such as AIDS, leukemia and diabetes
(Talmadge et al., 2004). The leaves of this plant are

also widely- used because they contain the required
gel, which is applied along with the distillate in
pharmaceutical, food, cosmetic and health
industries (Davis et al., 2003). The most primary
ingredients of Aloe Vera are found in the class of
Antraquinone and Glycoside (Josias et al., 2008).
Among these compounds, we can refer to Aloenin
and Aloe emodin which are formal medicines in
the U.S.A pharmacopoeias (Joshi, 1998).
Vermicompost is one of suitable fertilizers for the
organic agriculture. Vermicompost is considered as
a rich source of macro/micro elements, vitamins,
enzymes and growth stimulating hormones which
accelerate the growth of medicinal plants. It also
increases the access to nitrogen and phosphours by
increasing the Nitrogen fixation and dissolving
phosphorus (Prabha et al., 2007).

Most nutrients in vermicompost are nitrates,
phosphates, exchangeable calcium and soluble
potassium (Edwards, 1998). Due to large
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particulate surface area, Vermicompost has many
microsites for microbial activity and strong
retention of nutrients. Plant growth regulators and
other materials which are affecting the growth are
available in vermicompost(Atyieh et al., 2002).
Large amounts of humic substances are found in
vermicompost which have some plant growth
effects similar to the impacts of soil applied plant
growth regulators (Muscolo et al., 1999).
Vermicompost has some beneficial influences on
horticultural and agronomic crops (Goswami et al.,
2001; Roy et al., 2010). According to previous
studies, vermicompost has a positive effect on the
growth and yield of medicinal plants such as garlic
(Arguello et al., 2006), basil (Anwar et al., 2005),
fennel (Darzi et al.,2008) and chamomile (Azizi et
al., 2009). It has also been shown to increase the
flower yield and essential oil of roman chamomile
(Liuc and Pank, 2005). Furthermore, previous
works have reported that using vermicompost
enhances the essence rate and improves the quality
of the medicinal plant( Arthemis nobilis) (Liuc &
Pank, 2005).

Surveying the sources indicates that much
researches have not been done on the agriculture
management, especially the impact of climatic
elements such as organic fertilizer and plant density
on the growth, behavior and substances
(Hsanuzzaman et al., 2008; Cruz et al., 2002 &
Alagukannan et al., 2008). Studying the effect of
mulch on AloeVera has shown that mulch increases
the bush weight (20.81 ton/ hectare), leaf number,
leaf weight and its performance (Cruz et al., 2002).
In examining the performance and its components,
the highest leaf length and highest performance
were seen in the planting distance of 120 cm (two
bushes) and 90 cm, respectively (Yogee swaran €t
al.,, 2005). In another investigation done on the
various ecotypes of Aloe Vera, it was determined
that the nutrients have a positive influence on the
rate of the active substance, Aloenin. As the gel
weight increases, the rate of active substance is
enhanced (Alagukannan et al., 2008). Examining
Aloe Vera indicated that plants being able to use
the most of nutritive and optical sources had a
better growth and the plants with shadowing
produce more leaves and splits (Kawther et al.
,2002). In another investigation on the medicinal
plant, namely Aloe Vera, it was observed that the
nutrients such as Nitrogen increase the plant
growth and rate of active substance (Alejandra et
al., 2000). This study aims to measure the
influences of vermicompost and plant density on
active substances in medicinal plant, Aloe vera

Material and Methods

I) Planting

This research aims to study the impact of the rate
of the active ingredient from Aloe Vera that is
considered as a medicinal plant, in various levels of
vermicompost and plant density by using a factorial

design based on randomized complete blocks in 3
replications. The experiment was performed in an
area of 450m?in Ahwaz experimental farm, located
in Khozestan province. Each furrow has 5 planting
lines in the length of 4 m and the distance between
two planting lines is 50 cm (the area, length and
width of a furrow are 10 mz, 4 and 2.5 m,
respectively). The climatic features and soil of the
studied area are presented in Tables 1 and 2. The
experimental treatments involved the use of
vermicompost in three levels consisting of 5, 10
and 15 tons per hectare. The main characteristics of
the vermicompost used in this study are presented
in Table 3. The plant density was 2, 4 and 6
plants/m* and the distance between two plants
were 100, 50 and 33.3 cm for the densities of 2, 4
and 6 plants, respectively. Firstly, the farm was
plowed, flattened and furrowed. The plant splits
with the same size were cultivated in the farm in
May, 2009. Then, Vermicompost fertilizer
treatments were applied in the planting rows. The
weeds were rooted out by hand several times.
During the experiment, no pests and diseases were
observed.

II) Collecting

Harvesting was done manually in December, 2010.
The plants were cut below the crown and the leaves
were cut from the lowest leaf near to the crown
with a clean knife. Then, they were prepared for the
required analyses after washing and cleaning.

III) Extracting

Some features including the rates of Aloenin and
Aloe emodin were measured. The leaves were
gathered from various furrows after washing with
distilled water to extract the gel and perform the
related experiments.

IV) Method to Measure the Active Substances,
Aloenin and Aloe emodin using HPLC

The gel was broken and homogenized, and the
mixture was then centrifuged at 4°C for 30 minutes.
The above solution was passed through a
membrane Millex — GV filter with the thickness of
0.22 micrometer. It was purified and injected into
the column of HPLC machine which was Inlersil
Ops-2 type having 4.6 x 150 mm dimensions made
in Glsciences, Japan. This column was washed
using Acetonitrile solution with a concentration
slope of 15 to 40 percents for 10 minutes. The
transit velocity was computed as 1 millimeter per
minute and the absorption measurement was
performed in the wavelength of 293 nm.

HPLC system is of reverse type and its pump is Ic —
10 AT. The output peaks recorded by the detector
and standard peaks of Aloenin and Aloe emodin
were evaluated and their concentrations were
determined (Kuzuya et al., 2001).

The study data were analyzed using the statistic
software, MSTAT-C and the means comparison
was performed by Duncan method.
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Table 1.Climatic characteristics of the experimental farm

Longitude Latitude Mean Mean Maximum Minimum
precipitation humidity temperature temperature

Northern Northern 335-420 81% 34

48°,40' 20°,31" mm

Table 2 . Chemical and physical characteristics of the soil from the experimental farm (at the soil depth of

0-30 cm)
Soil pH EC Water Organic Total Absorptive  Absorptive
texture (ds/m) absorption Carbon Nitrogen Phosphorus Potassium Clay Sand Silt
% % % % % % % %
(p.p-m) (p.p-m)
Loamy- 7.2 1.03 57 4.24 0.12 19.80 290 34 39 27
clay
Table 3. Chemical analysis of vermicompost used in the experiment
pH EC 0.C Absorptive Absorptive  Fe ZN Mn
(ds/m) % Organic  Total Phosphorus  Potassium (p.p-m)
carbon Nitrogen % % (p.pom) (p.p-m)
(p-p-m) (p.p-m)
7.10 2.36 11.80 4.24 0.12 35 368 42 33 20
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Fig 1. Standard curve of Aloenin with R7=17'72"

(i)

Fig 2.Standard curve of Aloe emodin with R7=36'/1""
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Results

Plant Density

Variance analysis results showed that various
levels of density have the significant level of 0.01
(Table 4). Also, comparing the means by Duncan
method indicated that the highest rates of Aloenin
computed as 983.2 and Aloe emodin as 426.5 ng/g
were obtained in the density of 4 plants/m” (Table
5). Between the densities of D; and D, a
significant difference was not seen for three studied
characteristics and they were classified in the same

statistical group.
Vermicompost

Variance analysis showed that

Vermicompost

levels were significant at 0.01 level (Table 4). The

mean comparisons using Duncan test indicated that
highest rates of active substances of Aloenin and
Aloe emodin computed as 1112 and 472.7 ng/g
were measured for the fertilizer V; treatment
(Table 5).
“Interaction  of
Vermicompost’’
The variance analysis results demonstrated that the
interaction of planting density and Vermicompost
has a significant level of 0.01 for all studied
features. Comparing the means using Duncan test,
it was clear that the highest rate was obtained in
V3D, treatment (Table 6).

Plant Density and

Table 4.Variance analysis results of plant density and Nitrogen effects on active substance characteristics

of Aloe vera
Square Means
S0V df Aloenin Aloe emodin
replication 2 68.8 ns 93.7 ns
density 2 195718.5%* 62863.8**
Vermicompost 2 187464 ** 63957.8%*
1tk
Density 4 4932 8% 58130372+
Vermicompost
Error 16 1029.7 113.2
CV% 3.6 3.7

*Means and ** : Non significant ,and significant at the 5% and 1% levels of probability, respectively

Table 5.Mean comparisons of various density and Vermicompost levels on active substance
characteristics of Aloe vera

Measured Features

. 2
Density (plant/m”) Aloenin
D, 963.6a
D, 983.3a
D; 813.8b
Vermicompost(ton/hec)
\'A 843.6¢
Vv, 982.3d
V; 1112a

Aloe emodin
436.2a
426.5a

285b

308.8c
367.1d
472.7a

*Means with the same letters in each column are not significantly different.
*D: 2(Plant/m®) , Dy: 4(Plant/m?) , D5: 6(Plant/m?), V, = 5ton/hec, V, = 10 ton/hec and V5 = 15 ton/hec

Table 6: Mean comparison of density and Vermicompost interaction for the features of active substances

Aloe emodin
317.4e

354d

177.4g

432b

412.3¢

196f

539.3a
536.3a

in Aloe Vera
Density Treatment and Measured Features
vermicompost Aloenin
DV, 896¢
D,V, 835.8c
D;V, 711.4e
D,V, 988b
D,V, 998.8b
D3V, 782.6d
D1V3 1198a
D2V3 1193.3a
D3V3 872.6¢

298.6de
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Conclusion

By investigating the literature, it was shown that
there are sufficient data on the medicinal and
hygienic influences of Aloe Vera but a few studies
deal with farming management of this plant
(Hasnuzzaman et al., 2008; Cruz et al., 2002;
Alagukannan et al., 2008).

Environmental factors play important roles in the
quality and quantity of active substances of
medicinal plants.

Among these factors, we can mention the plant
density and organic fertilizer. Active substance
biosynthesis of Aloe Vera depends on the light
treatments and plant respiration (Alagukannan et
al., 2008). Therefore, due to the less shadowing
and receiving more light through the lower parts in
D, and D, densities, the highest rate of active
substance was obtained. In D, and D, densities, the
plant receives higher levels of light and the
increase in light has a positive effect on the active
substance rate but due to the shadowing, Aloenin
and Aloe emodin‘s active substances are decreased
in D; density.

Investigating the growth of Aloe Vera and
production of Aloenin demonstrated that the plants
being able to consume the light and food sources
optimally had grown better and their active
substances were increased to 145.6 pg/g as
compared to the shadowing plants. These
observations are compatible with the study results.
As the gel rate increases, the active substance rate
is increased (Alagukannan et al., 2008). While
higher levels of Vermicompost are applied,
investing the photosynthetic substances is increased
in various parts of leaf and it leads to the increase
in Alkaloid production in the leaves. This increase
in turn enhances the active substance (Alagukannan
et al., 2008). The increase in the nutrients of Aloe
Vera results in higher levels of sugar in the plant
(Alagukannan et al., 2008).

In other words, the plants which received more
levels of Vermicompost produce active substances
more than those receiving lower levels of
Vermicompost because of lower growth of
vegetative organs.

A study done on the vegetative growth and Aloenin
rate in a variety of ecotypes showed that the
increase in active substance rate depends on the
environmental conditions such as nutrients
Vermicompost and density and the plants having
access to these factors have more vegetative growth
and active substance (Alagukannan et al., 2008).

In this study, the treatment having the desired
density and highest rates of nutrients (V;D,) has
acquired the highest levels of active substance. In
D; density, the active substance rate is reduced
because of shadowing, competing of bushes for
light and water absorption and the increase in
consuming the photosynthetic substances.

The research results indicated that in Ahwaz,
Khozestan province, if there are the soil and
nutrients similar to the experiment conditions and
the weeds are rooted out, the maximum rate of
active substance will be obtained using 15 ton/hec
of vermicompost fertilizer and 4 plants/m®.

Reference

Alejandra, P.  Micheal Gebre, G. Maria, E.
Timothy, G. Tsvhaplinski,J. 2000. Growth , soluble
carbohydrates and aloin concentration of Aloe vera
plants exposed to three irradiance levels.
Environmental and Experimental Botany, 44:133-
139. http://dx.doi.org/10.1016/s0098-
8472(00)00062-9 .

-Alagukannan ,G . Ganesh , S. Gopal .S.K.,2008 .
Characterization and Screening of Different
Ecotypes of Aloe vera for Growth , Yield and
Quality.Internationnal Aloe Science Council
Texas.302-624.

-Anwar M, Patra DD, Chand S, Alpesh K, Naqvi
AA, Khanuja SPS.2005. Effect of organic manures
and inorganic fertilizer on growth, herb and oil
yield, nutrient accumulation, and oil quality of
French basil. Communication in Soil science and
Plant Analysis. 36 ( 13-14): 1737-1746
http://dx.doi.org/10.1081/css-200062434 .

-Arguello JA, Ledesma A, Nunez SB, Rodriguez
CH, Goldfard MDD.2006. Vermicomposts effects
on bulbing dynamics, nonstructural carbohydrate
content, yield, and quality of Rosado paraquayo
garlic bulbs. Hort.Sci., 41(3): 589-592.

-Atiyeh, R.M., Arancon, N.Q., Edwards, C.A. and
Metzger, J.D., 2002. The influence of
earthwormprocessed pig manure on the growth and
productivity of marigolds. Journal of Bioresource
Technology, 81(2): 103-108.
ttp://dx.doi.org/10.1016/s0960-8524(01)00122-5 .

- Azizi M, Rezvani F, Hassan ZKM, Lekzian A,
Nemati A (2009). Effects of vermicompost and
irrigation on morphological traits and essential oil
of chamomile. Iran. J. Med. Plants Spices Res.,
24(1): 82-93. http://dx.doi.org/10.1055/s-0028-
1084702 .

- Cruz, LR. Rodriguez,DJ. Angulosanchez, Jl.,
2002 .Aloe vera response to plastic mulch and
nitrogen. In:Trends in newcrops and new uses .
j-janick and a. whipkey . ashs press .

-Darzi MT, Ghalavand A, Rejali F, Sephidkon

F.2007. Effect of biofertilizers Application on yield
and Yield components in Fennel ( Foeniculum

136



Available online at www.ijpras.com

vulgare Mill).Iran. j. Med. Aroma. Plants.,22(4):
276-292

-Davis, RH. Leitner, MG.,2003 .Wound healing,
oral and topical activity of Aloe vera. Journal of
American Podiatric Medical Assn. 79:11:559-562,
http://dx.doi.org/10.7547/87507315-79-11-559 .

-Edwards CA (1998). The use of earthworms in the
breakdown and management of organic wastes. In:
Earthworm Ecology. CRC Press LLC, Boca Raton,
pp. 327-354. http://dx.doi.org/10.1201/b10453-22 .

-Farooqi,A.A. Sreeramu,B.S., 2001.Book on
cultivation of medicinal and aromatic
crops.Universities press (india) Lth; p.115-120.

Goswami B, Kalita MC, Talukdar S (2001).
Bioconversion of municipal solid waste through
vermicomposting. Asian J. Microb. Biotech.
Environ. Sci., 3: 205-207.

-Hsanuzzaman ,M. uddin,k.A. Khaleguzzaman
JK.M. shamsuaazman . A .M.M.Nahar.K.,2008.
plant characteristics , growth and Leaf yield of
Aloe vera as affected by organic manure in pot
culture , Australian Journal of crop Science .
2(3):158-163
http://dx.doi.org/10.6088/ijcser.00202030016 .

- Josias, H. Hamman., 2008. Composition and
Applications of Aloe vera Leaf Gel, Molecules, 13,
1599-1616; DOI: 10.3390/molecules13081599.

-Joshi,S.P.,1998.Chemical constituents and
biological activity of Aloe barbadensis. Journal of
Medicinal and Aromatic Plant Sciences. 20:768-
773 ,http://dx.doi.org/10.14233/ajchem.2013.14418

-Kawther, M. Tawfik . Soud,A. sheteawi and
AELGawad,Z., 2001. Growth and Alion production
of Aloe vera and Aloe eru under different

ecological condition . Egyption Journal of Biology
Vol .3:PP149-159

-kuzuya . k ., tamai. T., Beppu,H., Chihara t., 2001.
Determination of aloenin , Dbarbaloin and
isobarbalion in Aloe species by micellar
electrokinetic =~ chromatography.  Journal  of
Chromatography B. 752: 91-
97, http://dx.doi.org/10.1016/s0378-
4347(00)00524-7 .

- Luic, J. and Pank, B., 2005. Effect of
Vermicompost and fertility levels on growth and
oil yield of Roman chamomile, Scientia
Pharmaceutica. 46: 63-69.

- Prabha, M.L., Jayraaj, I.A., Jayraaj, R. and Rao,
D.S., 2007. Effect of vermicompost on growth
parameters of selected vegetable and medicinal
plants.  Asian Journal of  Microbiology,
Biotechnology and Environmental Sciences, 9:
321- 326.

-Roy S, Arunachalam K, Kumar DB, Arunachalam
A .,2010. Effect of organic amendments of soil on
growth and productivity of three common crops
viz Zea mays Phaseolus wulgaris and
Abelmoschus esculentus. Appl. Soil. Ecol., 45: 78-
84. http://dx.doi.org/10.1016/j.aps0il.2010.02.004 .

- Talmadge, J; Chavez, J. Jacobs, L. Munger, C.,
Chinnah, T., Chow, J.T., Williamson, D., Yates, K.
. 2004, Fractionation of Aloe vera L. inner gel,
purification and molecular profiling of activity. Int.
4: 1757-1773.
http://dx.doi.org/10.1016/j.intimp.2004.07.013 .

-Vanschaik, AH., struik ,Pc and damian ,TG.,1997.
Effect of irrigation and N on the vegetative growth
of Aloe barbadensis mill in aruba. Abstract .

Yogeeswaran .G.,S.Anbarasu and S.N. Kkarthick.
2005, Aloe vera :A miracle herb. Herbal Tech
Industry;1(8):17-2

137



