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Aloe vera is extensively used as a base element in preparation of medicine, cosmetics and food
supplements. The objective of this study was to find out the effect of different nitrogen (N) and
Benzyladenine (BA) rates on the growth, yield and aloin concentration of A. vera plants. Treatments
include four levels of N (0, 500, 1000 and 1500 mg pot'l) and four levels of Benzyladenine (0, 500, 1000
and 1500 ppm). After 12 months of growth, morphological and physiological traits such as plant height,
leaf number, leaf length, leaf diameter, leaf wide, leaf weight, gel fresh weight, fresh weight of leaf peel
and gel to peel ratio were measured. The results showed that the concurrent application of N and BA
increased the growth factors such as leaf nhumber (23.16%), leaf thickness (23.81%), offset humbers
(100%) and leaf weight (59.11%). The highest levels of aloin concentration and chlorophyll content were
obtained in N1500+BA1000 ppm and N1500 mg per pot absolutely, respectively. Increasing N supply

interacted positively with added BA by increasing A. vera yield, growth and aloin concentration.
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INTRODUCTION

Aloe barbadensis Miller is an important medicinal plant
from Liliaceae family with African origin. Among 300
species, Aloe vera is considered as an important
medicinal plant in many countries (Hasanuzzaman et al.,
2008; Reynolds, 2004). The two major liquid sources of
A. vera are yellow latex and clear gel, which is obtained
from the large parenchymatic cells of the leaf (Ni et al.,
2004). The main constituents of the latex are
anthraquinones including  the hydroxyathracene
derivatives, aloin A and B, barbaloin, isobarbaloin and
aloe amedin (Bradley, 1992). A. vera possesses different
biological and physiological activities, Such as wound
healing, anti-inflammatory, antibiotic, anti-bacterial, anti-
viral, anti-fungal, anti-diabetic and anti-neoplastic against
some diseases (diabetes, cancer and allergy) (Eshun and
He, 2005; Hamman, 2008; Reynolds, 2004). Therefore, A.
vera is a succulent plant and more responsive to nutrients
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in comparison to the other plants. Nevertheless, the
excess doses of chemical nutrients are improper sources
and can show negative effect on its quality
(Hasanuzzaman et al., 2008). Fertilizers are sources of
plant nutrient that can be added to the soil to supply its
natural productivity. There is wusually a dramatic
improvement in both quantity and quality of plant growth
when appropriate fertilizers are added (Sakakibara et al.,
2006). Fertility management in A. vera under greenhouse
conditions may be one of the strategies for increase in
the yield of A. vera (Hasanuzzaman et al., 2008).

It has 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). Babatunde and
Yongabi (2008) observed that the growth parameters of
Aloe plants increased significantly, by increase in N
levels. Cytokinins are important plant hormones that
regulate various processes of plant growth and
development with cell division and differentiation,
enhancement of leaf extension and nutrient mobilization
(Shudo, 1994). Plant species have different responses to



Cytokinins. 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 (Nahed and Aziz, 2007).

Interaction between N Fertilizers and BA resulted in
significant increase in plant height, number of leaves,
number of branches and leaf area in C. variegatum
(Nahed and Aziz, 2007). Nevertheless, there has been no
report on N and BA on the growth of Aloeaceae plant
species. The objective of this study was to determine the
effects of different levels of N and BA on the growth,
yield and aloin concentration of A. vera plants under
greenhouse conditions.

MATERIALS AND METHODS
Plant material and growth conditions

Pot experiment was carried out during the successive years 2009 to
2010 under greenhouse conditions. When the offsets of A. vera
were 18 to 20 cm long and their weight 100 to 125 gr, these
seedling were left to grow in each pot (12 inches in thickness and of
12 inches in height) containing 20 kg soil. The experiment was
arranged in factorial based on complete randomized block design
(RCBD) with four replications. Treatments included four levels of N
from Urea source (N1: control, N2:500, N3:1000 and N4:1500 mg
pot™) and four concentrations of BA (BA1: control, BA2: 500, BA3:
1000, BA4: 1500 ppm) and the combination of the above. The
fertilizers were added every three months during the 12 month
experiment. The air temperature in the greenhouse was regulated
at a maximum of 28°C for the day and a minimum 22°C for night
during the growth period. The used soil was homogenous and the
results of its analysis are presented in Table 1. Also plants were
irrigated according to field capacity during period of the
experiments. After one year of growth, five plants per treatment
randomly selected and four leaves per plant were harvested.

BA application

BA was dissolved with a small amount of 1 gy KOH and mixed with
distilled water, that BA stock solution was diluted into 10 L aliquots
of 0, 500, 1000 and 1500 ml L™* BA, each containing 10 ml (0.1%)
Tween-20 surfactant. All mixtures were formulated and sprayed in
17" week after planting. Control plants were sprayed with Distilled
water plus 10 ml L Tween 20.

Data collection

Data was recorded at harvest on growth parameters included leaf
length (cm), leaf thickness (cm), leaf width (cm), leaf number, leaf
weight (g), fresh weight of gel and peel, leaf volume (cm®), number
of offsets. Leaf volume was calculated using the leaf length (L), leaf
width (W) and leaf thickness (T) (Hernandez-Cruz et al., 2002) as
are bellowed:

V= (L/12) 3.14 WT

The aloin concentration assay

The aloe juice was collected from leaf samples and freeze dried for
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48 h. Then aloin content was determined using a high-performance
liquid chromatography (HPLC) system (Model, 2487 Waters, USA)
(Guliaa et al., 2009). An aloin stock solution (5000 ppm) was made
up in a 1:1 of methanol/water. The solvents were selected 500, 100,
80, 50 and 25 ppm. The accuracy of the calibration curves for aloin
was tested using reference samples with known concentration of
the compounds.

Aloe powder (20 mg) was dissolved in 2 ml methanol and water
(1:1) passed through a C18 cartridge to selectively extract only the
phenol fraction. Injection volume is true 20 pl. The chromatography
was obtained by using HPLC equipped with a C18 column (4.6x250
mm, dp 10 um). A diode array detector with two channels was used
(channel A set at 275 nm, channel B set at 365 nm) (Waller et al.,
2004).

Determination of chlorophyll content

Determination of chlorophyll content was performed according to
the method of Arnon (1949). 0.2 g of fresh leaf samples was ground
with 10 ml of 80% acetone at 4°C and centrifuged at 2500 rpm for
10 min at 4°C. Three milliliters aliquots of the extract were
transferred to a cuvette and the absorbance was read at 645, 663
and 480 nm with spectrophotometer.

Statistical analysis

Data were statistically analyzed using two way analysis of variance
(SAS Institute, 9.1.3). The significance of differences among
treatment means were compared by Fisher's least-significant
difference test (LSD) at P<0.05. The number of replications (n=4) in
the table/figures denotes individual plants from each treatment
measured for each parameter.

RESULTS
Growth characteristics
Leaf number and length

Analysis of variance showed that N and BA levels had a
significant effect on length and number of A. vera leaves
(P<0.05) (Figure 1), but interaction between N and BA
had no significant effect on leaf length. The highest
number of leaves was observed in combined application
of 1000 mg N with 1000 ppm BA treatment that was
23.16% over the control plants (Table 2).

Width and thickness of leaves

Application of N and BA significantly affected on leaves
thickness (P<0.05). The highest leaf thickness was
obtained in 1000 mg N and 1000 ppm BA and the lowest
was obtained in control treatment (8.7%).

But it had no significant effect on leaf width. However,
concurrent application caused increased thickness of
leaves that the highest was observed in 1000 mg N with
1500 ppm BA that was 23.81% over the control plants
(Figure 2).
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Table 1. Physic and chemical properties of soil used in pot experiments.

Texture pH  EC(mmhos/cm) P(mg/kg) O.C'(%) T.N% %) M.N°(mg/kg) K(mg/kg) Sulfur (mg/kg)
Sandy loam 7.5 1.68 17 1.09 0.09 17 433 48
1, 2 and 3 denotes the organic matter, total N and mineral N, respectively.
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Figure 1. Effects of different rates of N and BA on leaf length of Aloe vera plants. Values are mean +
SE (n = 4) and differences between means were compared by Fisher’'s least significance test.
Different letters indicate significant differences with control at P<0.05.

Volume of leaves

Analysis of variance results showed that the application
of N and BA and their interaction had significant effect on
the leaf volume of A. vera plants (P<0.05). The highest
volume was obtained in concurrent application of 1500
mg N with 1500 ppm BA in comparison to the control
treatment (47.66%) (Table 2).

Offset numbers

The application of N and BA and their interaction had
significant effect on number of offsets. Means
comparison showed that an increase in N and BA levels
significantly increased the number of plant offsets. The
highest number of offset was observed in the plants
treated with 1500 mg BA alone, while the control
treatment had no offsets (Figure 3).

Yield parameters
Leaf weight

The application of N and BA had a significant effect on

leaf fresh weight of A. vera plants (P<0.01). Maximum
leave weight was obtained in 1500 mg N with 1000 ppm
BA (407.01 g) (Figure 4).

Gel and peel weight

Results of analysis of variance showed that application of
N had significant effect on gel weight (P<0.05) but had no
significant effect on peel weight. The highest gel weight
was obtained in 1000 mg N. Also, gel and peel weight
were significantly affected by BA application (P<0.01).
The maximum gel and peel weight was observed in 1000
ppm BA treatment. The concurrent application of N and
BA had significant effects on gel and peel weight. The
application of 1500 mg N with 1000 BA ppm resulted in
the highest gel and peel weight compared to control
treatment (64.49 and 47.51%), respectively (Table 2).

Gel/peel ratio

Analysis of variance showed that the application of N and
BA had no significant effect on gel/peel ratio. The



Table 2. Results of means comparison the influence of application N whit foliar BA and their interaction on some characterize growth and yield Aloe vera plants.
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' Chlorophyll content (mg g™

Treatment Leaf numbers Le?:nvr\:]l;dth Gel weight (g) Peel weight (g) Leaf volume(cm3) Gellpeel ratio A Py ( gg )
N1*BA1 18.25:25°  68.05x4.95"  99.54+11.92' 66.88+7.77° 113.2+13.68' 1.49+.081° 0.16+.0021° 0.05+.0017'
N1*BA2 20+.408" 68.37+4.22%  169.65+20.71% 84.13+7.749 139.82+13.68%¢ 2.017+.17%¢ 0.20+.0083%¢ 0.06+.0055™
N1*BA3 22.25+.75 74.44+2.18%%  257.36+15.54%°  120.64+5.58 * 184.62+16.25%¢ 2.13+.093%°¢ 0.21+.0041% 0.07+.0019%"
N1*BA4 22+.40cd 67.04+2.98%  160.03+39.43%  91.22+16.82%¢ 148.63+13.88° 1.71+.21°¢ 0.17+.0053"¢ 0.09+.0082%"
N2*BAL 20.25+.47" 68.47+2.17"%  205.71+22.85%  95.56+10.39 ¢ 152.3+10.21%" 2.33+.57% 0.20+.0055°¢ 0.08+.0084"
N2*BA2 20.25+.25' 70.86+3.42 %%  153.75+7.33 e 95.23+2.29 ¢ 142.7+7.32 % 1.61+.078% 0.21+.0085% 0.09+.0027'
N2*BA3 2225+ .47 % 68.12+.82 %%  176.24+19.13 % 99.83+5.3 F 157.1+10.36 %° 1.75+.13%¢ 0.28+.0035% 0.12+.0035°
N2*BA4 2244+ 019"  71.13+.80%%  158.73x1.27 % 105+67.5 2" 168.59+6.75 1.51+.038% 0.22+.0058% 0.09+.0041
N3*BAL 21.25+25%  71.92+4411%% 207.48+18.99°% 112.57+578%° 171.17+14.58 ** 1.83+.07"¢ 0.23+ .0022°* 0.08+.006™"
N3*BA2 20.67+.23%9 71.46+7.9%¢ 157.7+13.62d°  102.43+10.47"" 158.49+19.46%" 1.58+.19% 0.21+.015%° 0.09+.0031°¢
N3*BA3 23.75+.25% 77.32+1.49%°  238.04+22.49%¢  9579+12.74°" 206.26+12.17% 2.58+ .30° 0.27+.011% 0.10+.0063%®
N3*BA4 23+0ab 69.76+2.54%%  244.88+4.11%°  115.44+3.93% 189.7+8.3%°¢ 2.13+.10%°¢ 0.28+.0092° 0.11+.013"
N4*BAL 20.5+.41° 66.00+4.025%%  134.03+6.78° 89.06+4.38%¢ 136.6.7+8.26" 1.51++.10% 0.27+.033%" 0.15+.0100%
N4*BA2 20.25+.25' 77.95+4.31% 168.7+25.83% 84.13+5.14" 184.7+13.83 % 2.07+.45% 0.24+.0068"° 0.11+.0060"
N4*BA3 23+.408% 70.093+2.5%¢ 280.35+18.28% 127.41+10.63° 183.5.4+7.63"¢ 2.25+.26% 0.28+.029% 0.11+.029"
N4*BA4 23+0%° 79.53+3.83% 258.6+25.76a°  116.48+11.86%°¢ 216.3+9.25% 2.26+.22% 0.26+.012%°¢ 0.09+.0041°"
LSD at (%) 0.98 10.79 52.008 24.77 32.61 0.63 0.039 0.02

1837

Values are mean + SE (n = 4) and differences between means were compared by Fisher’s least significance test. Means within the same column followed by the same letter were not significantly
different. N1, N2, N3, N4 show 0, 500, 1000, 1500 mg N pot™, respectively. Also, BA1, BA2, BA3, BA4 show 0, 500, 1000, 1500 ppm Benzyladenine, respectively.

interaction of N with BA had a positive effect on
gel to peel ratio. Also, the highest value was
obtained in 1000 mg N with 1000 ppm BA (Table
2).

Effect on chemical constituents
Concentration of aloin
Application of N and BA significantly affected the

aloin concentration. In this experiment, combined
application of treatments significantly increased

aloin concentration in Al vera plants. The highest
concentration of aloin was obtained in
combination of 1500 mg N with 1000 ppm BA
(67.17%) Figure 5.

Chlorophyll contents

Analysis of variance showed that application of N
and interaction of N with BA treatments had a
significant effect on chlorophyll ‘a’, ‘b’ and total
chlorophyll content. In this experiment, BA had
significant effects on chlorophyll ‘@’ and total

chlorophyll content, The highest chlorophyll a, b
and total chlorophyll content were observed in the
plant treated with 1500 mg N without BA (40, 66.6
and 50%, respectively) that considerably were
more than control plants (Table 2 and Figure 6).

DISCUSSION

This experiment showed that application of N and
BA had positive effect on the growth and aloin
concentration of A. vera plants. Previous study
inadequate level of N shortens the plants life
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Figure 2. Effects of different rates of N and BA on leaf thickness of Aloe vera plants. Values are mean = SE
(n = 4) and differences between means were compared by Fisher’s least significance test. Different letters
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Figure 3. Effects of different rates of N and BA on number of offsets of Aloe vera plants. Values are mean +
SE (n = 4) and differences between means were compared by Fisher’s least significance test. Different
letters indicate significant differences with control at P<0.05. N1, N2, N3, N4 show 0, 500, 1000 and 1500
mg N pot?, respectively. Also, BA1, BA2, BA3, BA4 show 0, 500, 1000 and 1500 ppm benzyladenine,

respectively.

cycle, plant matures early and economic yield is generally
poor. It is proven that N is often regarded as limiting for

biomass production in natural ecosystems (Babatunde
and Yongabi, 2008). In the present study, application of N
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Figure 5. Effects of different rates of N and BA on the aloin concentration of Aloe vera plants. Values are mean
+ SE (n = 4) and differences between means were compared by Fisher’s least significance test. Different letters
indicate significant differences with control at P<0.05. N1, N2, N3, N4 show 0, 500, 1000 and 1500 mg N pot’l,
respectively. Also, BA1, BA2, BA3, BA4 show 0, 500, 1000 and 1500 ppm benzyladenine, respectively.

and BA sprayed on A. vera plant has increased the documents, growth parameter values were increased by
growth parameters. The best growth parameters were enhancement of N levels. There is scarcity of information
obtained in the plants treated with 2000 mg N and 1000 about the application of hormones sprayed on plants to
ppm BA foliar spray. In this regard, on the previous this family. However, a number of studies showed that an
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Figure 6. Effects of different rates of N and BA on the chlorophyll content of Aloe vera plants. Values are mean + SE
(n = 4) and differences between means were compared by Fisher’s least significance test. Different letters indicate
significant differences with control at P < 0.05. N1, N2, N3, N4 show 0, 500, 1000 and 1500 mg N pot™, respectively.
Also, BA1, BA2, BA3, BA4 show 0, 500, 1000 and 1500 ppm benzyladenine, respectively.

increase in N and 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 A. vera plants (Sakakibara et al.,
2006; Halmann, 1990).

Also, by increase in the levels of N and BA growth
parameters were increased, while in the plants treated
with N or BA increase in the growth parameters was less
observable and these results were similar with other
studies. In our study, 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 (Hernandez-Cruz et al.,
2002). A leaf of A. vera is an important factor in yield
determining in A. vera plant (Eshun and He, 2005). The
application of 1000 mg N per pot had significantly
increased the yield; similar results were obtained by
Khandelwal et al. (2009). Increased N uptake from the
soil by the root system of A. vera plant could be the
reason for its higher gel content (Ray, 1999). Ji-Dong et
al. (2006) reported that the N application increased leaf
fresh weight and total biomass. 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, 2008). Hernandez-Cruz et al. (2002)
showed that the yield of aloe gel was better with a low
frequency of watering and a high amount of fertilizer. 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 branches in this experiment
(Duck et al., 2004).

Similar results were obtained by Carey et al. (2008) on
Echeveria and Sempervivum plants that 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 A. vera plants
(Sakakibara et al., 2006). Phenolic compounds are
considered to be secondary metabolites synthesized in
plants and make a defense mechanism that reacts to
different biotic and abiotic stress conditions (Dixon and
Paiva, 1995). Aloin is an important phenolic compound in
A. vera plants. Results showed that application of N and
BA caused aloin concentrations to be increased. Similar
results were obtained by Ji-Dong et al. (2006). They
showed that the amount of aloin was enhanced in A. vera
with N increases. In another study, application of N
increased the phenolic compounds (aloin and Barbaloin)
in latex leaves (Saradhi et al., 2007). The treatment that
had the highest level of yields had also the highest aloin
concentration.

N is one of the most important elements of the
chlorophyll structure; low rate of photosynthesis under
conditions of N limitation can too often be attributed to the
reduction of chlorophyll content (Toth et al., 2002).
Exogenous cytokinin increased the chlorophyll content in
the chloroplast (Davies, 2004). It was observed that the
application of N increased the chlorophyll content in
leaves of the A. vera plants. Generally, the highest levels
of chlorophyll ‘@’ and ‘b’ were obtained in the highest



level of N. Therefore, the results of this study showed that
the N and BA increased growth, yield and aloin
concentration in A. vera plants. From the results of this
investigation, it can be concluded that the interaction
between of N with BA increased yield at A. vera plant so
that the highest yield and aloin concentration were
observed in the simultaneous application of 1500 mg N
with 1000 ppm BA.

REFERENCES

Arnon DI (1949). Enzymes in isolated chloroplast. polyphenoloxidase in
beta vulgaris. Plant. Physiol., 24: 1-15.

Babatunde FE, Yongabi KA (2008). Effect of N on productivity of Aloe
barbadensis L. and its inhibitory effect on Trichophyton rubrum. Adv.
Hort. Sci., 22(3): 187-190.

Bradley PR (1992). British Herbal Compendium, British Herbal Medicine
Association: Vol. 1.I. Bournemouth, UK.

Carey D, Whipker B, McCall I, Buhler W (2008). Benzyl adenine foliar
sprays increase offsets in Sempervivum and Echeveria. J. Hort. Sci.,
53: 19-21.

Davies PJ (2004). The plant hormones: their nature, occurrence and
function. In Davies PJ (Eds). Plant hormones biosynthesis, signal
transduction, action, Kluwer Academic Publishers, Dordrecht, Boston,
London, pp. 471-492.

Dixon RA, Paiva NL (1995). Stress-induced phenylpropanoid
metabolism. Plant Cell, 7(7): 1085-1097.

Duck MW, Gregg BM, Fernandez RT, Royal DH, Cardoso FF (2004).
Height control of Picea spp and Chamaecyparis lawsoniana with
uniconazole and 6-benzyladenine. J. Environ. Hortic., 22 (3): 165-
169.

Eshun K, He Q (2005). Aloe vera: A valuable ingredient for the food,
pharmaceutical and cosmetic industries a review. Crit. Rev. Food Sci.
Nutr., 44: 91-96.

Hamman JH (2008). Composition and Applications of Aloe vera Leaf
Gel. Molecules, 13: 1599-1616.

Hasanuzzaman M, Ahamed KU, Khalequzzaman KM, Shamsuzzaman
AMM, Nahar K (2008). Plant characteristics, growth and leaf yield of
(Aloe vera L.) as affected by organic manure in pot culture. Aust. J.
Crop. Sci., 2(3): 158-163.

Guliaa A, Sharmaa HK, Sarkara BC, Upadhyayb A, Shitandic A (2009).
Changes in physico-chemical and functional properties during
convective drying of Aloe vera (Aloe barbadensis) leaves. Food
Bioprod. Process, 88(104): 1-4.

Hazrati et al. 1841

Halmann M (1990). Synthetic plant growth regulators. Adv. Agron., 43:
47-105.

Hernandez-Cruz LR, Rodriguez-Garcia R, Rodriguez DJ, Angulo-
Sanchez JL (2002). Aloe vera Response to Plastic Mulch and N. In
En Janik J, Whipkey A (Eds). Trends in new crops and new uses,
ASHS Press. Alexandria: VA, EEUU, pp. 570-574.

Ji-Dong W, Zaho-pu L, Qing-song Z, Ling L, Feng- zhi P (2006). Effects
of different N levels on seedling growth, nitrat and its secondary
metabolites in Aloe vera seeding. Plant Nutr. Fertil. Sci., 12(6): 864-
868.

Khandelwal SK, Meenakshi J, Choudhary MR, Gupta KN (2009). Effect
of N and spacing on growth and yield of Indian aloe (Aloe
barbadensis L.). J. Med. Aromat. Plant Sci., 31(3): 203-205.

Nahed G, Aziz E (2007). Stimuatory Effect of NPK Fertilizer and
Benzyladenine on Growth and Chemical Constituents of Codiaeum
variegatum L. Plant. Am-Eurasian. J. Environ. Sci., 2(6): 711-719.

Ni Y, Turner D, Yates KM, Tizard | (2004). Isolation and characterization
of structural components of Aloe vera L. leaf pulp. Int.
Immunopharmacol., 4(14): 1745-1755.

Ray Pk (1999). Orchard management. In: Bos Tk (Eds) Naya porkash
publishers, Calcutta, India, pp. 43-45.

Reynolds T (2004). Aloe chemistry. In Reynolds T (Ed). Aloes: the
genus Aloe, CRC Press, Boca Raton. Florida, USA, pp. 39-74.

Sakakibara H, Takei K, Hirose N (2006). Interactions between N and
cytokinin in the regulation of metabolism and development. Trends
Plant Sci., 11: 440-448.

Saradhi VSP, Khanam S, Shivananda BG, Vasantha KT, Shivananda
TN (2007). Effect of NPK fertilizers on chemical constituents of Aloe
vera leaves. J. Nat. Rem., 7(2): 258-262.

Shudo K (1994). Chemistry of Phenylurea cytokinins. In Mokk DV, Mok
Mc (Ed) Cytokinins: Chemistry, activity and function, CRC Press,
Boca Raton, pp. 35-42.

Toth VR, Meszkaros |, Veres S, Nagy J (2002). Effects of the available
N on the photosynthetic activity and xanthophyll cycle pool of maize
in field. J. Plant. Physiol., 159: 627-634.

Van SHS, Struik PC, Damian G (1997). Effects of irrigation and N on
the vegetative growth of Aloe barbadensis Mill. Trop. Agric., 74(2):
104-109.

Waller GR, Mangiafico S, Ritchey CR (2004). A chemical investigation

of Aloe barbadensis Miller. Proc. Okla. Acad. Sci., 58: 69-76


http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=Q146NoaLnKOn8mbgPHc&field=AU&value=Yongabi,%20K.%20A.&ut=20083258340&pos=1
http://www.cabdirect.org/search.html?q=au%3A%22Meenakshi+Jain%22
http://www.cabdirect.org/search.html?q=au%3A%22Choudhary%2C+M.+R.%22
http://www.cabdirect.org/search.html?q=au%3A%22Gupta%2C+K.+N.%22
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=W2F@87jnpdmg3N1EIeP&field=AU&value=van%20Schaik%20AH&ut=000171775300004&pos=1
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=W2F@87jnpdmg3N1EIeP&field=AU&value=Damian%20TG&ut=000171775300004&pos=3

