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1. INTRODUCTION

Aloe vera Burm.f. is the oldest medicinal plant ever known and is the most utilized

medicinal plant worldwide. It is a perennial, drought-resisting, succulent plant belonging to the
Liliaceae family. The plant has been known and used for centuries for its health, beauty,

medicinal and skin care properties; had its origin in Africa and Mediterranean countries. It grows

mainly in the dry regions of Africa, Asia, Europe and America. Aloe has been used for
pharmaceutical, food, and cosmetic industries (Gui et a/.,1990; Meyer and Staden, 1991). In the

food industry, A. vera has been utilized as a resource of functional food, especially for the

preparation of health food drinks and other beverages, including tea. The amount of A.vera gel

that finds its application in the pharmaceutical industry is not negligible as far as the

manufacturing of topical ointments, gel preparations, and tablets and capsules are concerned. A.

vera gel also finds its application in the cosmetic and toiletry industries, where it is used as a

base material for the preparation of creams, lotions, soaps, shampoos, and facial cleansers. The

major producers and exporters of the aloe products are China, U.S.A., Mexico, Australia and

some the Latin American countries. Presently, these countries are exploiting its potential

especially with the growing demand amongst cosmetic and nutraceuticals demands. In terms of

value, the friture market of Aloe vera extracts is expected to expand at a CAGR of 7.7% during

the year 2016-2026 (PR Newswire, London, June 2016). According to NUTRA (2014) the

current global market for aloe products is estimated to reach $ 13 billion. In cosmetic industry,

aloe can be a good substitute to the synthetic ingredients. According to market demand, many

processing units have already established in the country & according to estimation, more than

300 industries are processing Aloe vera leaf.

In India, it is found as a wild herb along the coast of south India. It is under cultivation in

fairly large areas in many parts of India viz; Tamil Nadu, Gujarat, Maharashtra etc. Aloe is often

thought to only grow in hot and dry climates but they actually grow in a variety of climates

including desert, grassland, and coastal or even alpine locations. It is a hardy perenmal tropical

plant that can be cultivated in drought prone areas and is one of the crops whose potential is yet

to be exploited, despite being identified as 'a new plant resource with the most promising

prospects in the world'. Farmers in India regularly faces problem like lack of rain, low ground

16
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water level, soil degradation etc. Therefore cultivation of Aloe vera would be beneficial as it
requires minimum usage of water and the returns from it would be more than 50,000 yearly per
acre. Cultivation oiAloe vera is expanding day by day as it provides quick and regular income to

the farmers. In Kerala, it has traditionally been a household plant used extensively in home

remedies and its commercial exploitation is rather limited.

In nature, A. vera is propagated through lateral buds, which is slow, very

expensive and low income practice (Meyer and Staden, 1991). About 28000 — 34000 suckers are

needed for one hectare planting and the traditional offset propagation is used almost exclusively

even now. Although the offset production rate in Aloe vera plants is high, it is not enough for

commercial production, and slow rate of offset production is a serious obstacle in developing its

cultivation (Hazrati et al.^ 2011). In vitro propagation protocols have been developed for aloe,

but is not easily affordable for an ordinary farmer/gardener. For commercial production and

increasing leaves yield, we need to have a method that plantlet can be produced in a short period

of time. Although mention about propagation using stem cuttings is there (Hartmann and Kester,

1978), beyond the basic observations, the method has not been optimised. Fine tuning of this

propagation technique for aloe permitting rapid multiplication of limited quantities of planting

materials will be a boon to the farming community. Hence, the present study entitled

"Refinement of macro-propagation technique for the mass multiplication of aloe {Aloe vera

Burm.f.)"has been undertaken at the department of Plantation Crops and Spices with the

following objectives:

• To refine the stem disc method of macro propagation of aloe by evaluating the capacity

of stem sections of varying size to sprout with or without the application of root and/or

shoot-inducing growth regulators

• To evaluate various pre treatments for inducing axillary bud break in aloe

• To select the best treatment by analysing the seedling growth at different stages

• To compare the economics of different treatments

17
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2. REVIEW OF LITERATURE

Aloe vera is one of the oldest medicinal plant ever known and the most demanded

medicinal plant world-wide. The present study aims at the refinement of macro-propagation

techniques for the mass-multiplication of aloe {Aloe vera Burm.f.)"and the following pages

provides a brief review of the research carried out in this area as well as on related aspects.

Wherever information is lacking pertinent literature on other crop has been included.

2.1 Genus Aloe

The genus Aloe L. is a member of family Liliaceae (Tribe Aloineae). Its representatives are

perennial succulent plants, often arboreal, bearing rosettes of leaves at the end of juicy green

branches (Hepper, 1968).Leaves are fleshy, stiff, molted, lance shaped with glabrous surfaces,

sharp apices and spiny edges. The leaves send out sticky exudates when they are broken or

injured. The name Aloe is derived from the Arabic word Alloeh, meaning shining bitter

substances (Ajabnoor, 1990). According to Anselm (2004), over 325 species of genus Aloe have

been identified by the year 2004. Basically, all the various species of Aloe have similar

constituents but A. vera is more popular all over the world because it propagates itself faster than

any other species of Aloe (Anselm, 2004). Hence, Aloe vera is more readily available for use

than any other species of Aloe. A. vera is native to Afiica but was taken out to other tropical

climates for cultivation. It was later introduced to the Caribbean Island, India, Venezuela and

Mexico. It was only during the 1970s that people in the USA started cultivating A. vera for its

gel. A. vera belongs to a large class of plants known as xeroids because it possesses the ability to

close its stomata completely to avoid loss of water. This makes the plant to have the natural

ability to survive long periods of drought (Hect, 1981). A. vera is monocotyledonous plant which

grows to about three feet in height (Davis et al., 2000). It takes four to five years to mature and

can live up to 25 years (Aloe vera company, 2002). A. vera grows best in full sunshine and does

not perform well at temperature below 32'' P. It requires little water for its reproduction (Shelton,

1991). The plant has been in existence for over 2000 years.

2.2 Uses of Aloe vera

Apart from its use as ornament in homes, gardens and yards, A. vera is one of the medicinal
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plants widely used throughout the world (Sofowora, 1984). Biblical report, as recorded in John
19 verses 39 and 40, reveals that it was used to embalm the body of Jesus Christ. There is also a

report that Alexander the Great used A. vera to treat the wounds of his soldiers that got injured
during the war and that Cleopatra used it for the care of skin (Ajabnoor, 1990). Works carried
out on A. vera show that the plant is effective in the treatment of cancer (Grimando et al. ,1997)

and intestinal ulcer and has a modulating effect on Human Immunodeficiency Virus- HIV

(Anselm, 2004).The sap of the plant is used to sooth the pain of bums, rashes, insect bites and
other skin irritations (Womble and Helderman, 1998). A. vera is also used to cure such illness

and impotence, liver and kidney problems, piles, eczema, glaucoma, jaundice and ameneorrhea.

It has been established that the inner gel of the leaf contains most of its beneficial part

(Swaminathan and Kochhar, 1992). McCauley (1992) reported that the eight essential amino

acids that human body needs, which cannot be manufactures but can only be obtained from food,

are present in A. vera. These amino acids are isoleucine, leucine, lysine, methioine,

phenylalanine, threonine, valine and tryotophan. Enzymes that are beneficial to human

metabolism such as amylase, bradykinase, catalase, cellulose, lipase, oxidase, phosphokinase,

proteolytiase and carboxypeptidase can also be obtained from the plant (Blumenthal and Mark,

2000). Tyler (1994) found out that the gel of the leaf of A. vera is made up of 96% of water and

that the other 4% consists of at least 7.5 different elements such as vitamin B (including 61,62,

63, Be, B\2 ) , vitamin C, vitamin E, folic acid and minerals. The minerals such as magnesium,

calcium, potassium, phosphorous, sodium, manganese, zinc, copper, nitrogen, iron and

chromium found in the gel all contribute to the healing property of A. vera. Hect (1981) found

out that the plant contains cineole, cariofilene and pinene which are essential oils needed by

human body. The plant also contains glutamic acids, aspartic acid, aloetic acid, formic acid,

palmitic acid, estearic acid and ascorbic acid all of which are essential components of food

(Davis et al., 2000). A. vera is commonly referred to as miracle plant for its numerous uses,

particularly in the area of man's health.

Aloe has been used for pharmaceutical, food, and cosmetic industries (Gui et a/., 1990;

Meyer and Staden, 1991). In the food industry, A. vera has been utilized as a resource of

functional food, especially for the preparation of health food drinks and other beverages,

including tea. The amount of A.vera gel that finds its application in the pharmaceutical industry

is not negligible as far as the manufacturing of topical ointments, gel preparations, and tablets

20
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and capsules are concerned (Cristiano et al, 2016). A. vera gel also finds its application in the
cosmetic and toiletry industries, where it is used as a base material for the preparation of creams,
lotions, soaps, shampoos, and facial cleansers. Currently, production of aloe leaves is insufficient
to meet the industrial demand.(Sampath Kumar et a/,2010)

A.vera is found as a wild herb along the west coast of South India (Robert and

Henry,2004). It is under cultivation in fairly large areas in many parts of India such as
TamilNadu, Gujarat, Maharashtra etc. Genus Aloe is found in the tropics and was introduced to

India for ornamental and medicinal purpose.

2.3 Propagation techniques in Aloe vera

Propagation in aloe is either by seed or by sucker (Duke, 1987). Aloe plants are

propagated by two methods: sexual and vegetative. In Aloe barbadensiSy the most common

species in gel production, there is high rate of male sterility which results in cross-pollination;

therefore propagation via seed leads to genetic segregation in daughter plants (Natali et al., 1990;

Keijzer and Cresti, 1987). Aloe can be propagated fi-om seeds, suckers, cuttings and tissue

culture (Mukonyi and Oduor, 2008).

Main vegetative propagation method of Aloe plants is by using offsets. Offsets are

produced from the end of short stolon and can be used as a propagule in perennial plants

propagation (Carey, 2008). Although the offset production rate in Aloe vera plants is high, it is

not enough for commercial production of plantlets, and this is a serious obstacle in developing its

cultivation (Hazrati et al., 2011).. Therefore, offset production should somehow be increased.

Due to these reasons, using agronomy practices seems to be necessary in order to produce

maximum plants number in minimum time. The application of nitrogen had a sigmficant effect

on number of offsets and an increase in levels significantly increased the number of plant offsets

in aloe (Hazrati et al., 2012).

Aloe vera is usually propagated through lateral shoots which the donor-plant produces

mostly over the growth season. The number of lateral shoots/donor plant is low and also variable

over time, becoming difficult to plan in a rational basis a production system in commercial scale

for obtainment of plant propagation material. In general, 3 to 4 lateral shoots/donor plant/year are

21

V



found in conventional production systems, what is a time-consuming and tedious task, as well as
an obviously meaningful drawback for purpose of large scale production of plant propagation
material. This picture points to a significant constraint concerning the availability of propagation

material from A. vera with superior genetic and sanity qualities, so that the enlargement of the

cultured area is a difficult task (Campestrini et al, 2006).

Van Shaik et al, (1997) reported that in aloe vegetative reproduction by suckers was

reduced by drought.

Aloe vera (and many other species) reproduces only by vegetative propagation as the

seeds are not viable due to the sterility of the male flowers (Keijzer and Cresti, 1987).

Adventitious shoots and/or buds are formed on the underground stem. The frequency of

formation of vegetative shoots is very low and seasonal. Due to slow natural rate of

reproduction, the ever-increasing demand of this wonder "potted physician" in various industries

cannot be met with (Singh and Sood, 2009).

2.3.1 Micro propagation in Aloe vera

One of the major applications of plant tissue culture is micropropagation or rapid

multiplication. Compared to conventional propagations, microprogation has the advantage of

allowing rapid propagation in limited time and space. The microprogation of elite or selected

plants have shown good results, which benefits the forestry, agriculture and horticultural

industries (Drew, 1979). A. vera L. has been cultured in vitro by various researchers (Natali et

al., 1990; Roy and Sarkar, 1991; Abrie and Staden, 2001; Comeanu et al., 1994; Chaudhuri and

Mukandan, 2001). Based on previous researches, it is believed that the best explants for

micropropagation of aloe are shoot tips and axillary buds (Meyer and Staden, 1991). Besides

shoot tip, underground stems bearing adventitious buds in Chinese variety of Aloe vera (Liao et

al., 2004), axillary shoot segments (Roy and Sarkar, 1991) and leaf (Hosseini and Parsa, 2007) of

Aloe vera have also been utilized as explants for its in vitro multiplication.

Plant growth regulators and explants are very important factors for successful plant

regeneration. Natali et al. (1990) reported a rapid highly effective plant micropropagation from

meristems. Rich- wine et al (1995) reported and Velcheva et al. (2005) developed a system for

in vitro regeneration of aloe, using young inflorescences as explants.



2.3.2. Apical Dominance

Apical dominance may be defined as the control exerted by the shoot apex over the
outgrowth of the lateral buds (Cline, 1994). As an apical shoot meristem of a herbaceous plant
develops, axillary buds "arise exogenously from superficial cell layers in the axils of leaf

primordia" (Fahn, 1990).These embryonic lateral buds may have inhibition imposed upon them

shortly after their formation or after a brief period of growth. Lateral bud formation is inhibited

by the shoot apical meristem (SAM). The lateral bud primordium (fi-om which the lateral bud

develops) is located below SAM. The shoot tip rising from the SAM inhibits the growth of the

lateral bud by repressing auxin.

Typically, the end of a shoot contains an apical bud, which is the location where shoot

growth occurs. The apical bud produces an auxin (lAA) that inhibits growth of the lateral buds

further down on the stem towards the axillary bud. It was first discovered that the plant hormone

auxin likely regulates apical dominance (Thimann &Skoog;1934) Auxin is predominantly

produced in the growing shoot apex and is transported throughout the plant via the phloem and

diffuses into lateral buds which prevents elongation (Booker ef.a/,2003).When the apical bud is

removed, the lowered lAA concentration allows the lateral buds to grow and produce new

shoots, which compete to become the lead growth.

2.3.3. Breaking of apical dominance

If the shoot apex is decapitated apical dominance is released and one or more lower

axillary buds begins to grow out. Within a few hours after apex removal, measurable increases in

the length of the emerging lateral bud can be detected in some species. In other species the lag

period may be longer depending upon the degree of inhibition and the stage of the cell cycle at

the time of inhibition (Tamas, 1987). In the days and weeks following decapitation, subsequent

elongation and development of the lateral bud into a branch shoot occur.

The release of apical dominance may be promoted by direct application of cytokinin to

the lateral bud (Pillay and Railton, 1983) and is often repressed by auxin treatment of the

decapitated stump just above the lateral bud (Thimann and Skoog, 1934). In contrast, soon after

apical dominance has been released and lateral bud elongation is underway (Stage IV), this

developing lateral shoot or branch may begin to produce its own auxin, which may enhance
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elongation (Thimann and Skoog, 1934) as may gibberclHc acid at this time (Prochazka and

Jacobs, 1984), although Isbell and Morgan (1982) have reported gibberellin repression of tiller

growth in sorghum. Any treatment given to a plant 24 hour after apex removal will have a much
different effect on lateral bud outgrowth than if it is given immediately following decapitation

(Cline,1977).

Cytokinins are present in all parts and are equally distributed between the apical, lateral,

and intemodal tissue when dormant. However, the breaking of dormancy coincided with a rapid

increase in the free base cytokinin levels in the apical buds and the tissue adjacent to it. These

high levels of cytokinin in the apical tissue were maintained while apical dominance was

displayed. Once apical dominance was overcome the cytokinin levels in the lateral buds and the

tissue adjacent to them were similar to the levels in the apical regions. The present evidence

suggests that cytokinin glucosides are transported to the meristematic regions of the tubers where

they are hydrolysed to their free bases. Amounts of free bases in excess of those required for

growth are apparently again converted to storage forms (particularly zeatin glucoside) in the

meristematic regions of the tubers and in the sprouts.(van Staden and Dimall, 1978.)

2.3.3.1.RoIe of Cytokinin

Cytokinin is widely used in ornamental plants production. It is one of the most important

plant hormones which regulates plant growth and development and has an important role in

promoting cell division with similar functions to kinetin such as differentiation, leaf development

and increased nutrients mobility in plants (Duan et al.^ 2006; Shudo, 1994). Previous study

results show that plant growth regulators such as cytokinins could improve shoot growth (Carey,

2008). Spraying cytokinins on Hemerocallis citrine shows that this group of plant growth

regulators can increase offset production via affecting cell division, offsets size and growth by

stimulating lateral buds growth (Amling et ai, 2007).

2.3.3.2.Role of auxin

Applying naphthaleneacetic acid (NAA) to the shoot of decapitated plants almost eliminated

the effect of shoot tip removal on cytokinin concentration, suggesting that cytokinins in the

xylem exudate of intact plants are under the control of the polar auxin transport system. Other

xylem constituents, such as potassium or free amino acids did not show this strong increase after

decapitation and did not respond to NAA application. It is concluded that the observed
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auxin/cytokinin interaction has an important regulatory role to play, not only in apical dominance

but in many other correlative events as well (Bangerth,1994).

2.3.3.3.RoIe of Benzyl adenine

Sucrose and BA were recognized the most important factors affecting the bud initiation and

promoted efficient multiplication (Abrie and Staden ,2001).

2.4.Honey as a rooting hormone

Honey is a natural antiseptic and contains antifimgal properties; both of which are believed

to be one of the reasons honey as a root hormone seems to work so well.In addition to containing

possible rooting agents, it is thought that honey for cuttings helps guard against bacterial or

fungal problems, allowing the little cuttings to remain healthy and strong(Nikki Philips,2005).

Honey when added to water aid in rooting,but the ratio is adjusted as 1:3 of honey to water ,

Dip each cutting into the honey mixture and plant the cuttings in selected potting medium.

Honey for cuttings has been found effective using a number of potting mediums, including soil,

water and even rockwool.

2.5.Mmisett Technique

In the late 1970s,the "minisett technique" was developed for the production of seed tubers

separated from the production of yam.The technique utilizes a small (20-25g) part of a whole

non-dormant tuber containing periderm and some cortex parenchyma (Okoli,1982).

In the study conducted by George (1990),four different minisett sizes (15g 30,45 and 60)were

tried in Dioscorea alata and D.rotundata. Minisetts weighing 60g was found to be

superior.However the performance of mini-setts weighing 30g was fotmd to be par with 45g

minisett.

Okwuowulu (1992) studied the influence of varying minisett weights,intra row spacing,sites

and weather condition on yield of ginger cv.Taffm-giwa. He observed that small seed rhizome
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weighing 3g can give potential setts.Using minisetts stimulated complete harnessing food reserve

in mother rhizome.

4
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3.MATERIALS AND METHODS

The experiment entitled "Refinement of macro-propagation technique for mass

multiplication of aloe(/4/oe vera Burm.f.) was earned out at the Department of Plantation Crops

and Spices,College Of Agriculture,Vellayani,Thiruvananthapuram during 2014-2016.The
objective of the study was to refine the stem disc method of macropropagation of aloe for rapid
mass multiplication,which has been used in pharmaceutical,food and cosmetic industries.

The details of the materials used and methods adopted for the study are discussed in this

chapter.

3.1.PLANTING MATERIAL

The planting material used for the study was collected from the mature plants with elongated

stem (after the final harvest of the fertilizer trial going on in the department).

3.2.SEASON

The experiment was conducted during March 2016-January 2017

33.EXPERIMENT

The experiment was conducted with the following technical programme.

Outline of the technical programme

Design: CRD

Material:Mature aloe plants after final harvest

Treatment combinations:48

Replication:3

The experiment was laid out in CRD with three replications during December 2015-January

2016.
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Fig. 1.Mature mother aloe

Plate.l.Matured mother plant stem
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I.Pre-curing of stem for triggering adventitious/axillary bud break.

Treatments

V\-In-situ decapitation

P2-Partial crushing of interaode

P3-foliar spraying of BA

P4-control(no pre curing)

For the study,mature plants with elongated stem were selected.Th^e plants were subjected to

•  certain in -situ pre-curing treatments for inducing adventitious/axillary bud break.

In-situ decapitation(Pl)

The entire leaves were removed and only the stem portion kept in the field.

Partial Crushing of Intemode(P2)

The intermodal region has crushed using cutting plair in order to restrict the apical auxin

flow.

Foliar Spraying of BA (P3)

The selected plants were given a foliar spray of BA(500ppm).

Control(P4)

•  Without pre-curing.

ILOptimization of segment size

One month after pre-curing cylindrical stems(both pre-cured and control) having uniform

length and girth will be taken.Each pre-cured plants were divided into one,two and three

nodes.The stems were treated with bavistin(0.1%) for 15 minutes before cutting into different

nodal segments.The different nodal segments are exposed to air for 2 hrs (suberization).
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Plate.2.Mother plant subjected to in-situ decapitation

Plate.3.Mother plant subjected to partial crushing of inter-node
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Treatments

SI - disc with one node

52- disc with two nodes

53- disc with three nodes

Exogenous hormone application done to the stem segments.The treated segments were weighed.

Ill.Standardization of Sprouting Treatment

Gl- lOOOppm BA + 25ppm GA3

G2-2ppm LAA +2ppm BA

G3-Honey treatment

G4-Control

TREATMENT COMBINATIONS ;48

Ti-PiSiGi:/n-5/m decapitation +one node disc+BA{1000ppm)& GA3(25ppm)

T2-PiSiG2:/n-5z7w decapitation+ one node disc+BA(2ppm)&IAA(2ppm)

T^'?]S\Gy.in-situ decapitation+ one node disc+honey

T4-PiSiG4:m-5i7M decapitation+ one node disc+control

Ts- PiS2Gi:/n-5/7« decapitation +two node disc+BA(1000ppm)& GA3(25ppm)

Te- ViSzGi'.m-sitii decapitation +two node disc+BA(2ppm)&IAA(2ppm)

T?- PiS2G3:m-5/7w decapitation+ two node disc+honey

Tg- PiS2G4:m-5/n/ decapitation+ two node disc+control

T9- P1S3G1; in-situ decapitation+three node+ BA(1000ppm)& GA3(25ppm)

T10-P1S3G2; in-situ decapitation+three node+ BA(2ppm)&IAA(2ppm)

T11-P1S3G3: in-situ decapitation+three node+honey

T12-P1S3G4; in-situ decapitation+three node+control

T13-P2S1G1: Partial crushing of intemode+one node+ BA(1000ppm)& GA3(25ppm)

30^

if-



T14-P2S1G2: Partial crushing of intemode+one node+ BA(2ppm)&IAA(2ppm)

T15-P2S1G3: Partial crushing of intemode+one node+honey

T16-P2S1G4: Partial cmshing of intemode+one node+control

T17-P2S2G1: Partial cmshing of intemode+two node+ BA(I000ppm)& GA3(25ppm)

T18-P2S2G2: Partial cmshing of intemode+ two node+ BA(2ppm)&IAA(2ppni)

T19-P2S2G3; Partial cmshing of intemode+two node+honey

T20-P2S2G4: Partial cmshing of intemode+two node+control

T21-P2S3G1: Partial cmshing of intemode+three node+ BA(1000ppni)& GA3(25ppm)

T22-P2S3G2: Partial cmshing of intemode+three nodef BA(2ppni)&IAA(2ppm)

T23-P2S3G3: Partial cmshing of intemode+three node^-honey

T24-P2S3G4: Partial cmshing of intemode+three node+control

T25-p3SiGi:foliar spraying of BA+one node+BA(1000ppm)& GA3(25ppm)

T26-P3S1G2: foliar spraying of BA+one node+ BA(2ppm)&IAA(2ppm)

T27-P3S1G3: foliar spraying of BA+one node+honey

T28-P3S1G4: foliar spraying of BA+one node+control

T29-P3S2G1: foliar spraying of BA+ two node disc+BA(1000ppm)& GA3(25ppm)

T30-P3S2G2: foliar spraying of BA+ two node disc+ BA(2ppm)&IAA(2ppm)

T31-P3S2G3: foliar spraying of BA+ two node disc+honey

T32-P3S2G4: foliar spraying of BA+ two node disc+control

T33-P3S3GI: foliar spraying of BA +three node+ BA(1000ppm)& GA3(25ppm)

T34-P3S3G2: foliar spraying of BA+ three node+ BA(2ppm)&lAA(2ppm)

T35-P3S3G3: foliar spraying of BA+three node+honey

T36-P3S3G4: foliar spraying of BA+three node+control
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Plate.4.$tein disc cuttings with different sizes prepared from mother plant stem

PIate.5.a.Sprouted stem disc cuttings of Aloe vera
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T37-P4S1G1: no pre-curing+one node+ BA(1000ppm)& GA3(25ppm)

T38-P4S1G2: no pre-curing+one node+ BA(2ppm)&IAA(2ppm)

T39-P4S1G3: no pre-curing+one node+honey

T40-P4S1G4: no pre-curing+one node+control

T41-P4S2G1: no pre-curing+two node+ BA(1000ppm)& GA3(25ppm)

T42-P4S2G2: no pre-curing+two node+ BA(2ppm)&IAA(2ppm)

T43-P4S2G3: no pre-curing+two node+honey

T44-P4S2G4: no pre-curing+two node+control

T45-P4S3G1: no pre-curing+three node+ BA(1000ppm)& GA3(25ppm)

T46-P4S3G2: no pre-curing+three node+BA(2ppm)&IAA(2ppm)

T47-P4S3G3: no pre-curing+three node+honey

T48-P4S3G4: no pre-curing+three node^-control

3.4.0BSERVATI0NS

3.4.I.I11 the Nursery

3.4,LLSprouting percent

The number of disc cuttings sprouted were counted for a period of first two weeks and

expressed as percentage.

3,4.L2.Survival percent

The number of sprouted disc cuttings survived in the nursery stage were counted for first two

months and expressed as percentage.

3.4.1.3.Seedling height

The height of the seedlings was measured fi-om the ground level to the top most leaf of all

9  observational plants,mean worked out and expressed in centimeter.
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3.4.1.4.Number of leaves

Number of leaves were determined by counting the number of leaves at weekly interval.

3.4.1.5.Number ofroots

The plants were uprooted 2 MAP and maximum number of roots was counted and mean

worked out.

3.4.1.6.Root length

The plants were uprooted with disc and maximum length of roots were measured and the

mean length expressed in centimeter.

3.4.1.7.Root girth

Root girth is the circumference or perimeter of the roots.Circumference of the roots were

measured and expressed in centimeter.

3.4.2.MorphoIogicaI Characters

Three plants from each treatment were selected and tagged for recording the morphological

parameters from planting till harvesting at monthly intervals.

3.4.2.1.Plant Height

Plant height is the shortest distance between the upper boundary of the main photosynthetic

tissues (excluding inflorescences) on a plant and the ground level.The height of the plant was

measured from ground level to the top most leaf of all observational plants,mean worked out and

expressed in centimeter.

3.4.2.2.Number ofleaves

The number of fully opened leaves was counted at weekly interval and the mean was recorded.

3.4.2.3.Leaflength

The length of the leaf was measured from the base of the leaf to the tip and expressed in

centimetres.As the Aloe vera plant show similarity with pineapple in the leaf orientation the
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"D"leaf(Ray, 1999) which is the longest flly grown leaf was selected for recording the

morphological characters.

3.4.2.4.Leafbreadth

The maximum breadth of the reference leaf was measured from the basal portion of the leaf and

expressed in centimeter.

5.4.2.5.Leafthickness

The maximum thickness from the middle portion of the reference leaf was measured using

vernier calipers and expressed in centimeter.

3.4.2.6.Leaf weight

Fresh weight of the reference leaf was measured and expressed in gram.

3.4.2.7.Number of offsets

The number of offsets produced by the sample plants for the growth period as counted and

recorded as number of offsets per plant.

3.4.3.GROWTH CHARACTERS

Absolute Growth Rate(AGR),Relative Growth Rate(RGR) and Net Assimilation

Rate(NAR)were computed at bimonthly intervals from 2 MAP till final harvest.

3.4.3.1.Absolute Growth Rate(AGR)

Absolute Growth Rate (AGR) is the total gain in height or weight by a plant within a

specific time interval.lt is generally expressed as mm per day in case of plant height.AGR was

computed by the following formula.

AGR(height day "*) = H^-H]

t2-ti

where,Hi and H2 stand for plant height per plant at ti and t2 times,respectively.
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3.4.3.l.Relative Growth Rate(RGR^

From two consecutive harvests at time tl and t2,yielding plant masses Ml and M2,the

average Relative Growth Rate was expressed as g day

(lOgeMz-lOgeMi)

-1.

RGR= (t2-ti)

Logarithmic transformation was done before the statistical analysis.

3.4.3.3.Net Assimilation Rate (NAR)

A  I

Net Assimilation Rate (NAR) was calculated and expressed in g m day' .NAR was

calculated as per the procedure given by Watson (1958) and modified by Buttery (1970).

NAR = Wz-W,

(t2-t,)(Ai +A2)/2

Where,

Wz-total dry weight of the plant in g at time tz

Wi-total dry weight of the plant in g at time ti

(t2-tl) = time interval in days

Az = Leaf area (cm )at time tz

A|= Leaf area (cm^)at time ti

3,4.3.4.Leaf Area Index

Leaf area index (LAI) was calculated by bimonthly intervals from 2MAP.Leaf Area Index

refers to the leaf area per unit area of land.Length (1) and breadth(b) of one hundred leaves were

recorded.The corresponding leaf area of these leaves was recorded graphically.Based on the



relationship between the above parameters,the following regression equation was computed

statistically to estimate the leaf area of the sample plants.

Leaf Area = 0.521(lxb)

Where,l and b is the length and breadth of the sample leaves respectively.

The LAI was computed using the equation

LAI= Sum of leaf area of N sample (cm^)
2

Area of land covered by N plants (cm )

3.4.4.Yield

3A,4.LFresh Leaf Yield

Three cuttings were taken from each plant.First cutting was taken 2 months after

planting and subsequent two cuttings were taken at two months intervals at 4 and 6MAP.The

fully grown mature leaves from the tagged plants were judged by visual observation .These

leaves were removed from the plants at their point of attachment with a sharp knife and

counted.The leaves were then wiped with a clean cloth to remove the soil particles adhered to it

and weighted and the pooled data presented as yield per plant and expressed in kg plant"'.

3.4.4,2.Fresh Latex Yield

The leaves after cleaning were given a transverse cut 2 cm above the basal portion and

immediately placed in a slanting position in a pre-weighed petri dish and allowed to remain

undisturbed for half an hour for complete draining of the latex.After the cessation of latex

exudation,the petri dish along with the latex was weighed again and difference in weight was

recorded.The latex weights per leaf during each harvest were summed upto get the total weight

and were expressed in grams plant"' year"'.

3.4.4J.Gel Yield

Immediately after harvesting, the Aloe leaves are tipped, tailed, and its spiny ridges are removed

after harvesting. For the extraction, juice is allowed to drain from the cut leaves into suitable

vessels or it can simply be squeezed or grinded to get the gel. There are other sophisticated ways
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to separate the gel without loss of the product quality (Nilanjana Das and R N

Chattopadhay,2004).The gel yield per leaf were expressed in grams plant■'year-^

3.5.Incidence of pests and diseases

The plants were closely observed at regular intervals for the presence of any pest and disease.

3.6.Economlcs

The total income,total cost,net return and benefitxost ratio (BCR) of various treatments as

worked out considering the cost of cultivation and the income derived from each treatment.The

norms and rates prevalent at Instructional Farm,College of Agriculture,Vellayani during 2014-

2016 were followed for estimation.The cost of planting material was taken as Rs.l5 per sucker.

Net Retum(Rs ha ')=Gross income-cost of cultivation

BCR - Gross income

Total expenditure

Statistical analysis was worked out using Analysis of Variance.
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4, RESULTS

The study entitled "Refinement of macro-propagation technique for mass-multiplication of aloe

(Aloe vera L.Burm.f.) was conducted at the Department of Plantation Crops and Spices,College

of Agriculture,Vellayani during 2014-2016.The data collected from the field experiment were

statistically analysed and the results are presented in this chapter.

4,1. Sprouting percentage

The data recorded 2IDA? of disc cuttings in protray suggest that both the segment

size as well as the pre-treatments given significantly influenced sprouting (Table.l).

Three node disc cuttings collected from in situ decapitated parent material which were

treated with Benzyl Adenine (1000 ppm) and Gibberillic Acid (25 ppm) (T9-PiS3Gi) recorded

the highest sprouting percentage(80.60%) followed by Tio (78.20%)[(PiS3G2-three node disc

cuttings from in situ decapitated mother plants soaked in Benzyl Adenine (2ppm) and Indole

Acetic Acid (2ppm)].Treatments T2i[(P2S3Gi: Partial crushing of intemode+three nodef

BA(1000ppm)& GA3(25ppm)],T33[P3S3Gi; foliar spraying of BA +three node+ BA(1000ppm)&

GA3(25ppm)] and T34 [P3S3G2: foliar spraying of BA+ three node+ BA(2ppm)&IAA(2ppm)]

showed more than 70% sprouting percentage. The lowest sprouting percentage (27.85) was given

by one node disc cuttings treated with honey taken from mother plants without pre-curing (T39-

P4S1G3) which was on par with control T4g( 28%)[ P4S3G4: no pre-curing+three node+control]

Overall perusal of the data indicates that, treatment combinations with three node disc

cuttings showed better sprouting than 2 node and 1 node disc cuttings. Among the pre curing

treatments, partial crushing of the intemodes of mother plants was found to be more effective

(48.20) than in situ decapitation (43.20) in inducing axillary bud break. Axillary bud break in

control plants was very low. Among the pre sprouting treatments, soaking the cuttings in growth

regulators BA(lOOOppm), GA3(25ppm), BA(2ppm)&IAA(2ppm) were found to enhance

sprouting while honey treatment had practically no effect. Sprouting percentage was low in

untreated cuttings also.
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Table 1. Effect of treatments on the sprouting percentage(%) ofAloe vera cuttings

Treatment 2 IDAS

Ti PiSiGi 33.50

T2 P1S1G2 33.50

T3 P1S1G3 00.00

T4P1S1G4 30.00

TSP1S2G1 48.20

Ts P1S2G2 52.30

T7 P1S2G3 32.30

Tg P1S2G4 44.60

Tg P1S3G1 80.60

Tio P1S3G2 78.20

Tu P1S3G3 46.00

Ti2 P1S3G4 42.30

Ti3 P2S1G1 30.00

Ti4 P2S1G2 33.20

Tis P2S1G3 34.50

Tie P2S1G4 34.00

Ti7 P2S2G1 52.60

Tig P2S2G2 64.00

Ti9 P2S2G3 48.50

T20 P2S2G4 46.60

T21 P2S3G1 75.30

T22 P2S3G2 66.45

T23 P2S3G3 45.50

T24 P2S3G4 48.00

Tis P3S1G1 32.30

T26 P3S1G2 35.60

T27 P3S1G3 30.30



^28 P3SlG4 32.50

T29 P3S2G1 46.60

T30 P3S2G2 54.20

T31 P3S2G3 34.50

T32 P3S2G4 31.00

T33 P3S3G1 72.40

T34 P3S3G2 70.50

T35 P3S3G3 44.50

T36 P3S3G4 48.00

T37 P4S1G1 30.00

T38 P4S1G2 30.50

T39 P4S1G3 27.85

T40 P4S1G4 32.30

T41 P4S2G1 44.40

T42 P4S2G2 42.70

T43 P4S2G3 38.00

T44 P4S2G4 42.00

T4S P4S3G1 48.80

T46 P4S3G2 44.50

T47 P4S3G3 42.30

T48 P4S3G4 28.00

SEm 0.015

CD(0.05) 0.042

DAS :Days after sowing



4,2Survival percentage

The survival percentage calculated at 4WAP revealed that pre-treatments, segment size

and growth regulator treatments significantly influenced the survival of sprouted seedlings

(Table.2).

Three node disc cuttings collected from in situ decapitated parent material which were

treated with BA(lOOOppm) and GA3(25ppm) (T9 - P1S3G1) recorded the highest survival

percentage(lOO) followed by Tio- P1S3G2 (92.50). A survival percentage of more than 70 was

noticed in treatment combinations Tn, Tn, Tig, T21, T22, T30, T34 and T35 (P1S3G3, P2S2G1,

P2S2G2, P2S3G1, P2S3G2, P3S2G2, P3S3G2and P3S3G3 respectively). Treatment T40 (P4S1G4)

showed the lowest survival percentage (33.80) after 4 weeks of planting.

4,3. Morphological Characters of the Seedlings in the Nursery

4.3.1. Seedling height

The size of the stem disc as well as the pre-curing and pre -sprouting treatments

combination significantly influenced seedling growth as observed by the steady increase in

seedling height throughout the observational period (Table.3).

At 1 WAP, T2i(P2S3Gi) recorded the highest (4.30 cm) seedling height which was on par

with T9 (PlS3Gl-3.70cm), Tio- P1S3G2 -3.20cm) and Tjo- P1S3G2 3.30cm). At 2 and 5 WAP no

significant difference in seedling height was noticed among the treatments. At 3 WAP, T9

recorded the highest seedling height (6.70cm) followed by Tio-PiS3G2-4.90cm), T2i(P3S3Gi) and

T4i(P4S2Gi)-4.80cm. T9 (P1S3G1 -7.90cm) showed superior seedling height at 4WAP which was

on par with T2i(P2S3Gi-7.1cm) followed by T10-P1S3G2 -6.70cm and T25(P3SiGi-5.60em).

During the 6^ week of observation the highest seedling height (10.20cm) was recorded by

treatment T9 ( P1S3G1) which was on par with Tio-PiS3G2-9.90cm), T2i(P2S3Gi-9.80em) and T25

(p3SiGi-9.80cm).The lowest value was given by T48 (p4S3G4-3.80cm) during the observational

period.

4.3.2. Number of leaves

M.



Table 2. Effect of treatments on the survival percentage (%) Aloe vera seedlings

Treatment Survival percentage(%)

4 WAP

Ti PiSiGi 74.50

T2 P1S1G2 68.00

T, PiS.G^ 00.00

T4 P1S1G4 65.50

Ts P1S2G1 58.60

T6 P1S2G2 54.00

T7 P1S2G3 60.00

Tg P1S2G4 52.00

T9 P1S3G1 100.0

Tio P1S3G2 92.50

Til P1S3G3 74.00

Ti2 P1S3G4 54.00

Ti3 P2S1G1 48.40

Ti4 P2S1G2 64.60

Tis P2S1G3 44.50

Ti6 P2S1G4 68.90

T,7 P2S2G1 76.00

Ti8 P2S2G2 85.90

Ti9 P2S2G3 40.00

T20 P2S2G4 43.20

T21 P2S3G1 72.60

T22 P2S3G2 78.60

T23 P2S3G3 34.00

T24 P2S3G4 64.00

T25 P3S1G1 48.50

T26 P3S1G2 46.60

T27 P3S1G3 45.90

T28 P3S1G4 46.00

T29 P3S2G1 42.30

T30 P3S2G2 74.00

T31 P3S2G3 52.20

T32 P3S2G4 44.50

T33 P3S3G1 68.30

T34 P3S3G2 74.50

T35 P3S3G3 82.80

T36 P3S3G4 54.10

T37 P4S1G1 45.60

T38 P4S1G2 44.40

T39 P4S1G3 48.50



T40 P4S1G4 33.80

T41 P4S2G1 48.30

T42 P4S2G2 45.00

T43 P4S2G3 48.50

T44 P4S2G4 36.40

T45 P4S3G1 42.60

T46 P4S3G2 58.20

T47 P4S3G3 38.60

T48 P4S3G4 47.50

SEm 0.356

CD(0.05) 1.024

WAP :Weeks after planting
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Fig:2.Efrect of different pre-treatments and disc size on sprouting percentage of Aloe vera
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Fig:3. Effect of different pre-treatments and disc size on survival percentage of Aloe vera



Fig:4.£frect of honey treated disc on sprouting percentage of Aloe vera

T, T4S T25 ^21 10

4

Fig:5.Effect of treatment on seedling height ofAloe vera at the time of transplanting
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Table 3. Effect of treatments on seedling height(cm) of Aloe vera at nursery

Treatments Seedling height(cm)

IWAP 2WAP 3WAP 4WAP 5WAP 6WAP

Ti PiSiGi 1.00 1.80 2.90 3.80 5.00 5.80

Ta P1S1G2 1.30 2.10 3.00 4.10 5.00 6.30

T3 P1S1G3 0.00 0.00 0.00 0.00 0.00 0.00

T4P1S1G4 0.80 1.20 1.90 2.40 3.60 4.00

T5P1S2G, 1.70 1.90 2.60 4.40 6.20 8.00

Te P1S2G2 1.60 1.90 4.20 4.60 6.10 8.20

T7 P1S2G3 0.70 0.90 2.85 3.15 3.90 4.20

Ts P1S2G4 1.00 1.40 1.40 3.60 4.20 5.70

T9P1S3G1 3.70 5.20 6.70 7.90 9.80 10.20

Tio P1S3G2 3.20 4.60 4.90 6.70 9.10 9.90

Tn P1S3G3 0.60 1.80 2.35 3.10 3.40 4.10

Ti2 P1S3G4 1.10 2.40 2.90 4.00 4.30 5.00

Ti3 P2S1G1 1.00 1.20 2.30 3.00 3.20 4.20

Ti4 P2S1G2 1.10 1.70 2.60 3.90 4.00 5.60

Ti5 P2S1G3 1.00 1.40 1.90 2.50 3.40 4.20

Tie P2S1G4 1.00 1.50 2.00 2.70 3.20 4.00

Ti7 P2S2G1 1.40 1.80 2.30 4.00 4.60 5.80

Ti8 P2S2G2 1.70 2.90 3.80 5.10 6.00 6.70

Ti9 P2S2G3 1.40 2.80 3.50 5.00 5.90 6.20

T20 P2S2G4 0.90 1.20 1.80 2.30 3.00 5.80

T21 P2S3G1 4.30 4.80 4.80 7.10 9.20 9.80

T22 P2S3G2 1.30 1.70 3.40 4.10 6.00 6.60

T23 P2S3G3 1.00 1.60 1.90 3.60 5.00 5.70

Ta4 P2S3G4 0.90 1.20 3.10 4.00 4.30 5.00

T25 P3S1G1 2.40 2.90 3.80 5.60 9.00 9.80
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Tje P3S1G2 1.60 2.60 3.20 3.25 5.40 6.20

T27 P3S1G3 1.10 2.60 3.20 3.35 5.00 4.20

T28 P3SiG4 0.90 1.80 2.30 2.80 3.10 4.00

T29 P3S2G1 1.20 1.90 2.40 2.40 5.00 5.80

T30 P3S2G2 1.50 2.10 2.90 3.25 5.30 6.10

T31 P3S2G3 1.60 2.10 2.70 3.70 5.50 6.20

T32 P3S2G4 1.00 2.60 2.60 3.10 4.00 4.70

T33 P3S3G1 1.40 2.30 3.60 4.40 5.00 6.20

T34 P3S3G2 1.60 2.60 3.20 3.25 5.00 6.20

T35 P3S3G3 0.90 2.20 3.00 3.10 3.00 4.20

T36 P3S3G4 1.10 2.50 3.10 3.35 4.00 4.60

T37 P4S1G1 1.70 2.40 2.90 3.80 5.70 6.10

T38 P4S1G2 1.60 2.30 2.80 3.85 5.50 6.00

T39 P4S1G3 0.90 1.60 2.10 3.00 3.60 4.20

T40 P4S1G4 3.00 3.70 3.80 4.30 4,70 4.90

T41 P4S2G1 3.30 4.80 4.80 4.10 4.20 4.80

T42 P4S2G2 3.70 4.20 4.50 4.50 4.80 5.20

T43 P4S2G3 1.10 2.40 2.90 3.20 4.20 4.60

T44 P4S2G4 1.00 2.30 2.80 3.00 3.70 3.90

T45 P4S3G1 1.10 1.70 3.00 3.80 4.00 4.90

T« P4S3G2 1.10 1.60 1.90 2.50 3.20 4.30

T47 P4S3G3 0.90 1.50 2.50 3.20 4.00 4.00

T48 P4S3G4 0.80 1.20 1.30 2.30 3.20 3.80

SEm 0.354 - 0.010 0.217 - 0.060

CD(0.05) 1.194 NS 0.257 0.945 NS 0.495

WAP - Weeks After Planting
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Table 4. Effect of treatments on number of leaves of Aloe vera at nursery

Treatments

Number of leaves

2WAP 3WAP 4WAP SWAP 6WAP

Ti PiSiGi
2.00 2.00 3.00 3.00 3.00

Tz P1S1G2 2.00 2.00 3.00 3.00 3.00

T3 P1S1G3
0.00 0.00 0.00 0.00 0.00

T4P1S1G4 2.50 2.50 3.00 3.00 3.00

T5P1S2G1 2.00 2.00 3.00 4.00 4.00

Tg P1S2G2 2.00 2.00 2.00 3.00 3.00

Ty P1S2G3
2.00 2.00 2.00 2.00 2.00

Ts P1S2G4 2.00 2.00 2.00 2.00 2.00

Tg P1S3G1
2.00 3.00 3.00 4.00 4.00

Tio P1S3G2 2.00 3.00 3.00 3.00 4.00

Til P1S3G3 2.00 2.00 2.00 2.00 3.00

Ti2 P1S3G4 2.00 2.00 2.00 2.00 3.00

Ti3 P2S1G1
2.00 2.00 2.50 2.50 4.00

Ti4 P2S1G2 2.00 2.00 2.00 2.00 3.00

Tis P2S1G3 2.00 2.00 2.00 2.00 2.00

Tie P2S1G4 2.00 2.00 2.00 2.00 2.00

Ti7 P2S2G1 2.00 2.00 2.00 3.00 3.00

Ti8 P2S2G2 2.00 2.00 2.00 3.00 3.00

Ti9 P2S2G3 2.00 2.00 2.00 3.00 3.00

T20 P2S2G4 2.00 2.00 2.00 3.00 3.00

T21 P2S3GI 2.00 3.00 3.00 4.00 4.00

T22 P2S3G2 2.00 3.00 3.00 3.00 3.00
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T23 P2S3G3 2.00 2.00 2.00 3.00 3.00

T24 P2S3G4 2.00 2.00 2.00 3.00 3.00

T25 P3S1G1 2.00 3.00 4.00 4.00 5.00

T26 P3S1G2 2.00 2.00 2.00 2.00 3.00

T27 P3S1G3 2.00 2.00 2.00 2.00 3.00

T28 P3S1G4 2.00 2.00 3.00 3.00 3.00

T29 P3S2G1 2.00 2.00 3.00 3.00 3.00

T30 P3S2G2 2.00 2.00 3.00 4.00 4.00

T31 P3S2G3
2.00 2.00 3.00 3.00 3.00

T32 P3S2G4 2.00 3.00 3.00 4.00 4.00

T33 P3S3G1 2.00 3.00 4.00 4.00 5.00

T34 P3S3G2
2.00 3.00 4.00 4.00 5.00

Tbs P3S3G3 2.00 2.00 2.00 3.00 3.00

T36 P3S3G4 2.00 2.00 3.00 4.00 4.00

T37 P4S1G1
2.00 2.00 3.00 3.00 4.00

T38 P4S1G2 2.00 3.00 4.00 4.00 4.00

T39 P4S1G3
2.00 2.00 2.00 4.00 4.00

T40 P4S1G4
2.00 3.00 3.00 4.00 4.00

T41 P4S2G1 2.00 2.00 2.00 3.00 3.00

T42 P4S2G2 2.00 2.00 2.00 2.00 2.50

T43 P4S2G3 2.00 2.00 2.00 3.00 3.00

T44 P4S2G4
2.00 2.00 2.00 3.00 3.00

T45 P4S3G1
2.00 2.00 2.00 3.00 3.00

T46 P4S3G2 2.00 3.00 3.00 4.00 4.00
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T47 P4S3G3
2.00 2.00 2.00 3.00 3.00

T48 P4S3G4
2.00 2.00 2.00 2.00 2.00

SEm - - 0.014 0.014 0.014

CD(0.05) NS NS 0.202 0.202 0.202

WAP: Weeks After Planting



No significant difference in the number of leaves among the treatment combinations was

observed during first 3 weeks of observation (Table. 4)

The trend in the number of leaves followed more or less similar pattern for various

treatment combinations during 4*'' and s"' weeks of observation. At 6*^ week of observation,

treatments T25(P3SiGi), T33(P3S3Gi) and T34(P3S3G2) recorded the highest number of

leaves(5.00).

4.3.3.Number of roots

Significant difference in the number of roots was observed due to the pre-curing and

pre-sprouting treatments on the planted discs during the period of observation (Table. 5).

Among the treatment combinations, T9(PiS3Gi) recorded maximum number of roots

(6.00) during 1 month after planting which was on par with Tio(PiS3G2)(5.50) and T33{

P3S3Gi)(5.50). During 2 months after planting also Tg P1S3G1 recorded maximum number of

roots (6.00) treatments which was on par with Ti (PiSiGi) (5.0), Tio (P1S3G2) (5.5), T13

(P2S,Gi)(5.00), Tn (P2S2G,)(5.00), Tia (P2S2G2) (5.00), T^o (P2S2G4o)(5.00), Tn (P2S3G1) (5.00),

T22 (P2S3G2)(5.00), and TasC P3S3Gi)(5.50).

Seedlings of single noded disc without pre-curing treated with honey, T39

(P4SiG3)recorded the lowest number of roots(2.0) during the nursery period.

4.3.4. Root length (cm)

As observed in Table. 6, the size of the disc cutting, the pre-curing and the pre-

sprouting treatment combination significantly influenced the length of roots throughout the

nursery period.

Among the treatment combinations,Tio (P1S3G1) recorded the maximum root

length(4.65cm) at 1®^ month of observation at nursery followed by T4i(P4S2Gi-3.50cm) and

T6(PiS2G2-3.35cm).Treatment,T9 (PiS3Gi-8.85cm) showed the highest value which was on par

with Tio(PiS3G2-8.60cm) during the 2"^ month of observation at nursery. Treatments

Ti,T5,Ti2,Ti5,T2i,T22,T23,T26,T27,T29,T33,T43,T45 and T47 attained root length more than 5cm.
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Plate.6.a,b. Experimental view of Aloe vera stem disc cuttings in pro-trays
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Seedlings of single node disc without pre-curing and growth regulator treatment,T40 (P4S1G4)

recorded the lowest value{3.6cm) at 2 MAP.

43.5.Root Girth(cm)

As observed in Table.7, the size of the disc cuttings, pre-curing as well as the pre-

sprouting treatment combination significantly influenced the girth of roots throughout the

nursery period. Among the treatment combinations, Tio (P1S3G2) recorded the maximum root

girth(0.65cm) which was on par with T9(0.63cm),foliowed by T34(p3S3G2-0.41cm) and T45

P4S3Gi-0.40cm) at month of observation at nursery. At 2 MAP, T9 (0.74cm) recorded the

highest root girth which was on par with T]o(0.73cm).Seedlings of single node disc(0.20cm)

recorded the lowest value during the observational period.

4.4.Morphological characters after transplanting

4,4.LPlant height(cm)

Average height of the plant recorded at 1,2,3,4,5 and 6 MAP is presented in the

Table.9.

The perusal of the data revealed that the various pre-curing as well as the growth

regulator treatments significantly influenced the plant height at all growth stages. Among the

type of seedlings, seedlings of 3 node stem disc from in situ decapitated parent material treated

with BA(lOOOppm) and GA3(25ppm)(PiS3Gi) produced significantly superior plant height.

Lowest plant height was noticed in T48 (P4S3G4) in all the stages.

With regard to seedling height, treatment T9 (10.85cm) was found superior followed by

Tio(lO.OOcm) and T33(9.60cm) at month of observation. At 2 MAP, the treatment T33

(16.03cm) recorded highest plant height which was followed by T9(14.20cm) and Tio

(13.36cm).At 3MAP also,T33(P3S3Gi-21.60cm)recorded the highest plant height followed by T25

(18.63cm) and T9(18.40cm). T33(27.36cm) recorded highest plant height at 4MAP followed by

T2i(24.20cm) and Tio(24.16cm).At 5MAP,the highest plant height was noticed in T33(33.33cm)

followed by T9(30.06cm) and Tio. At 6 MAP, maximum plant height (37.70 cm) was associated

with T9(PiS3Gi) which was on par with Tio(36.80cm) and T2i(36.80cm).Treatment combinations

involving honey also gave positive response with regard to seedling height.
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Table 5. Effect of treatments on number of roots at different growth stages in nursery

Treatments

Number of roots

IMAP 2MAP

Ti PiSiGi 3.50 5.00

T; PiSlG2 4.00 4.50

Tb P1S1G3 0.00 0.00

T4P1S1G4 2.00 4.00

T5P1S2G1 3.00 4.00

T5 P1S2G2 2.00 4.00

T7 P1S2G3 2.00 4.00

Tg P1S2G4 2.00 4.00

Tg P1S3G1 6.00 6.00

Tio P1S3G2 5.50 5.50

Til P1S3G3 2.00 3.50

Ti2 P1S3G4 2.00 2.50

Ti3 P2S1G1 2.50 5.00

Ti4 P2S1G2 3.00 4.00

Ti5 P2S1G3 2.00 3.50

Tie P2S1G4 2.00 3.50

Ti7 P2S2G1 5.00 5.00

Ti8 P2S2G2 2.50 5.00

Ti9 P2S2G3 2.50 3.50

T20 P2S2G4 2.00 5.00

T21 P2S3G1 4.00 5.00

T22 P2S3G2 3.50 5.00

T23 P2S3G3 2.00 3.00

T24 P2S3G4 2.00 3.00

T2S P3S1G1 4.50 4.50

T26 P3S1G2 2.50 2.50

T27 P3S1G3 2.00 3.50

T28 P3S1G4 2.50 3.00

T29 P3S2G1 2.00 4.00

T30 P3S2G2 2.50 3.50

T31 P3S2G3 2.00 4.00

T32 P3S2G4 2.00 4.00

T33 P3S3G1 5.50 5.50

T34 P3S3G2 2.50 3.50

T35 P3S3G3 2.00 2.50

T36 P3S3G4 2.00 3.50
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T37 P4S1G1 3.50 3.50

T38 P4S1G2 3.00 3.00

T39 P4S1G3 2.00 2.00

T40 P4S1G4 2.00 3.00

T41 P4S2G1 2.00 3.00

T« P4S2G2 2.50 3.50

T43 P4S2G3 2.50 2.50

T44 P4S2G4 3.00 3.00

T45 P4S3G1 2.00 3.50

T46 P4S3G2 2.00 3.50

T47 P4S3G3 2.00 3.00

T4g P4S3G4 2.00 2.50

SEm 0.217 0.375

CD(0.05) 0.945 1.234

MAP - Month After Planting



Table 6. Effect of treatments on the root length(cm) of Aloe vera in nursery

Treatments Root length(cm)

IMAP 2MAP

Ti PiSiGi 2.70 5.00

T2 P1S1G2 3.05 6.30

T3 P1S1G3 0.00 0.00

T4P1S1G4 1.35 4.45

T5P1S2G, 2.85 5.35

Te P1S2G2 3.35 4.50

T7 P1S2G3 1.35 4.30

Ts P1S2G4 1.50 4.60

Tg P1S3G1 2.35 8.85

Tio P1S3G2 4.65 8.60

Til P1S3G3 1.25 4.85

Ti2 P1S3G4 2.75 6.00

Ti3 P2S1G1 1.70 4.30

Ti4 P2S1G2 1.35 4.45

Tis P2S1G3 1.30 5.20

Tie P2S1G4 1.35 4.50

Ti7 P2S2G1 1.25 4.65

Tis P2S2G2 2.15 4.30

Ti9 P2S2G3 1.60 4.20

T20 P2S2G4 1.25 4.65

T21 P2S3GI 2.20 5.15

T22 P2S3G2 2.35 5.50

T23 P2S3G3 2.60 5.85

T24 P2S3G4 2.40 4.10

T25 P3S1G1 1.65 4.40

Tje P3S1G2 3.10 5.45

T27 P3S1G3 2.15 5.15

T28 P3S1G4 1.25 4.00

T29 P3S2G1 2.80 5.00

T30 P3S2G2 2.75 4.10

T31 P3S2G3 2.30 4.95

T32 P3S2G4 2.65 4.95

T33 P3S3G1 2.25 5.95

T34 P3S3G2 2.25 4.55

T35 P3S3G3 1.70 4.40

T36 P3S3G4 1.50 4.40

T37 P4S1G1 2.10 4.30
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T38 P4S1G2 2.05 4.55

T39 P4S1G3 1.65 4.35

T40 P4S1G4 3.15 3.60

T41 P4S2G1 3.50 4.00

T42 P4S2G2 3.15 3.95

T43 P4S2G3 1.70 5.10

T44 P4S2G4 1.40 4.25

T45 P4S3G1 2.85 5.40

T46 P4S3G2 2.60 4.50

T47 P4S3G3 2.40 5.60

T48 P4S3G4 1.05 4.05

SEm 0.028 0.103

CD(0.05) 0.345 0.638

MAP:Months After Planting
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Table.7. Effect of treatments on root girth(cm) in Aloe vera at nursery

Treatments

Root girth(cm)

IMAP 2MAP

Ti PiSiGi 0.33 0.45

Tj P1S1G2 0.24 0.36

T3 P1S1G3 0.00 0.00

T4P1S1G4 0.36 0.46

T5P1S2G1 0.21 0.31

Te P1S2G2 0.31 0.56

T7 P1S2G3 0.19 0.31

Ta P1S2G4 0.23 0.34

Tg P]S3Gi 0.63 0.74

Tio P1S3G2 0.65 0.73

Til P1S3G3 0.30 0.36

Ti2 P1S3G4 0.22 0.31

Ti3 P2S1G1 0.20 0.30

Tu P2S1G2 0.25 0.33

Tis P2S1G3 0.24 0.31

Tie P2S1G4 0.28 0.37

Ti7 P2S2G1 0.31 0.42

Tis P2S2G2 0.22 0.27

Ti9 P2S2G3 0.18 0.26

Tjo P2S2G4 0.23 0.27

T21 P2S3G1 0.21 0.33

122 P2S3G2 0.21 0.29

T23 P2S3G3 0.23 0.30

T24 P2S3G4 0.27 0.35

T25 P3S1G1 0.24 0.35

T26 P3S1G2 0.32 0.44

T27 P3S1G3 0.34 0.43

T28 P3S1G4 0.39 0.49

129 P3S2G1 0.27 0.37

T30 P3S2G2 0.23 0.30

T3I P3S2G3 0.24 0.35

T32 P3S2G4 0.26 0.28

T33 P3S3G1 0.38 0.47

T34 P3S3G2 0.41 0.46

T35 P3S3G3 0.38 0.47

T36 P3S3G4 0.41 0.46
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#

T37 P4S1G1 0.21 0.26

T38 P4S1G2 0.28 0.38

T39 P4SIG3 0.30 0.40

T40 P4S1G4 0.23 0.35

T41 P4S2G1 0.27 0.37

T42 P4S2G2 0.34 0.44

T43 P4S2G3 0.35 0.46

T44 P4S2G4 0.37 0.42

T4S P4S3G1 0.40 0.50

T46 P4S3G2 0.21 0.30

T47 P4S3G3 0.19 0.27

T48 P4S3G4 0.23 0.29

SEm 0.006 0.006

CD(0.05) 0.044 0.044

MAP:Month After Planting
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Sir

Piate.7.a.General field view after transplanting

Plate.T.b.General field view after transplanting
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Table. 8. Effect of treatments on the plant height(cm) of Aloe vera at different growth stages

Treatments

Plant Height (cm)

IMAP 2MAP 3MAP 4MAP 5MAP 6MAP

Ti PiSiGi
4.50 7.40 12.83 17.00 21.13 25.45

T2 P1S1G2
8.55 11.63 18.30 23.13 28.40 34.10

T3 P1S1G3
0.00 0.00 0.00 0.00 0.00 0.00

T4P1S1G4
4.25 5.03 5.46 7.10 12.83 17.10

T5P1S2G1
9.10 10.56 16.26 20.33 27.26 29.45

Te P1S2G2
6.20 7.76 13.80 18.40 26.70 28.80

T? P1S2G3
4.10 6.23 10.60 14.03 18.50 21.55

Ts P1S2G4
10.50 13.16 17.76 20.83 26.20 31.70

T9P1S3G1
10.85 14.20 18.40 23.83 30.06 37.70

Tio P1S3G2
10.00 13.36 16.30 24.16 28.53 36.80

Til P1S3G3
4.30 6.00 8.86 13.10 17.86 20.70

Ti2 P1S3G4
9.10 13.20 16.00 19.50 22.03 27.65

Ti3 P2S1G1 4.55 7.40 12.83 17.00 21.13 25.45

Ti4 P2S1G2 5.60 6.70 12.00 17.00 24.26 29.45

Ti5 P2S1G3
4.70 4.86 5.36 11.56 15.23 18.20

Ti6 P2S1G4 4.25 7.50 10.43 12.23 14.00 17.00

Ti7 P2S2G1 5.65 6.10 7.20 9.23 14.23 20.25

Ti8 P2S2G2 5.05 6.80 8.66 13.53 19.46 22.90

Ti9 P2S2G3
4.40 6.56 9.06 9.70 12.80 17.70

T20 P2S2G4 4.25 6.56 8.43 10.76 12.90 17.85

T21 P2S3G1 7.40 12.36 18.00 24.20 28.93 36.80

T22 P2S3G2 6.70 8.30 10.00 13.80 21.13 27.15
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l23 P2S3G3
5.65 8.60 12.20 13.96 19.00 24.25

T24 P2S3G4 5.30 8.70 10.46 13.03 17.03 21.85

T25 P3S1G1 9.50 10.66 18.63 22.16 28.26 32.75

T26 P3S1G2
5.35 8.20 12.25 14.13 18.36 22.60

T27 P3S1G3 5.40 8.26 11.10 11.10 17.63 23.10

T28 P3S1G4 4.40 7.26 9.26 13.26 18.90 20.95

Tag P3S2G1
6.30 8.33 10.16 13.96 21.60 25.35

T30 P3S2G2 6.20 8.36 10.83 14.36 21.90 27.75

T31 P3S2G3
5.25 8.56 10.90 14.13 16.36 22.55

T32 P3S2G4 5.45 6.26 6.86 9.60 15.93 19.85

T33 P3S3G1 9.60 16.03 21.60 27.36 33.33 35.65

T34 P3S3G2 5.95 7.73 9.66 15.66 25.33 31.20

T35 P3S3G3 4.50 6.20 7.36 11.00 15.50 19.60

T36 P3S3G4 4.70 5.60 7.00 10.20 14.20 20.00

T37 P4S1G1
6.10 6.83 9.06 14.00 20.63 26.70

Tag P4SiG2
5.90 7.43 13.60 16.53 21.36 26.80

T39 P4S1G3 4.60 8.00 9.50 14.00 18.80 22.15

T40 P4S]G4 6.90 9.80 12.63 14.86 17.83 23.40

T41 P4S2G1
6.50 10.00 13.56 15.00 21.66 27.50

T42 P4S2G2
6.45 7.36 10.00 16.93 18.90 23.00

T43 P4S2G3 4.75 6.03 8.23 12.86 16.80 22.60

T44 P4S2G4 4.20 4.76 6.16 10.26 14.10 19.25

T4S P4S3G1
7.25 9.46 11.46 14.13 21.06 26.80

T46 P4S3G2 7.50 9.20 11.60 15.23 21.86 25.65
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T4, P4S3G3 4.15 5.23 6.16 13.50 15.40 18.60

T48 P4S3G4 3.90 4.10 4.66
5.46

7.83 16.90

SEm 0.157 0.397 0.795 0.921 0.957 0.960

CD(0.05) 0.798 1.020 1.555 1.555 1.580 1.803

MAPiMonth After Planting
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4.4.2,Number of leaves

The number of leaves were significantly different under different treatments throughout

the growth period from 1 MAP to 6 MAP (Table.9).During 1^ month of

observation,T25(5.00)recorded the highest value which was on par with

T37,T34,T22,T]8(4.50).Treatment T22 produced maximum number of leaves(6.50 and 8.00 during 2

MAP and 3 MAP respectively) followed by treatment T33 and T25 and they were on par. At

4MAP,treatment 733(10.0) produced the highest number of leaves which was on par with

T27(8.50),Ti8(8.50) and 79(8.50).

Treatment 79 produced maximum number of leaves (10.5 and 10.7 during 5 MAP and

6MAP respectively) followed by 75,76,7io,72s,726 and 733 and they were on par. During

1MAP,Ti5 had the least number(2.00) of leaves and during 6 MAP,748 produced the least

number(5.00) of leaves.

4.4.3,Leaf length

As observed in the Table.lO, the length of A.vera leaves varied significantly by the

different treatment combinations. The treatment 79 recorded the highest leaf length of 37.40 cm

followed by 7io (36.20cm),76(35.40cm) and Tis (35.80cm) and they were on par during 6^

month of observation. At 5MAP, 7i8 (35.00cm) showed the maximum leaf length followed by

76(32.40cm), 79(29.25cm) and 7io(27.90cm).

The treatments 79(23.35 cm),Tio(23.9cm) and Tis (23.75cm) were on par with Te (26.85

cm) at 4 MAP. During 3"^ month of observation, treatment Te (21.50 cm) was on par with 79

(21.55 cm).7reatment 740 showed the lowest leaf length during 4 MAP, 5MAP and

6MAP(6.70cm,8.50cm and 11.50cm respectively).7reatment Te recorded the maximum leaf

length during 1®' and 2^^ month of observation(l 0.60cm and 15.46cm respectively) followed by

79 and 7io and they were on par.

The lowest value was observed in 7i5(3.60cm) and 78(4.20cm) during IMAP and 2 MAP

respectively.

4,4.4»Leafbreadth
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Table.9. Effect of treatments on number of leaves of Aloe vera at different growth stages

Treatments Number of leaves

IMAP 2MAP 3MAP 4MAP 5MAP 6MAP

Ti PiSiG,
3.00 4.00 6.50 6.50 8.00 8.00

T2 P1S1G2
4.00 4.00 4.50 7.00 7.00 7.00

T3 P1S1G3
0.00 0.00 0.00 0.00 0.00 0.00

T4P!SiG4 3.00 3.00 4.00 5.00 6.00 6.00

T5P1S2G1
4.00 4.00 6.00 7.00 8.00 10.5

Tb P1S2G2 3.50 4.00 6.00 8.00 10.0 10.5

T7 P1S2G3
2.50 3.00 5.00 5.00 7.00 7.00

Tg P1S2G4 3.00 3.50 4.50 5.50 7.00 7.00

Tg P1S3G1
4.00 4.50 6.50 8.50 10.5 10.7

Tio P1S3G2 3.00 4.00 6.00 8.00 10.0 10.5

Til P1S3G3
3.00 4.00 5.00 5.00 6.00 6.50

Ti2 P1S3G4
3.00 4.00 5.00 6.00 6.50 6.50

Ti3 P2S1G1
4.00 5.00 5.00 7.000 7.00 7.50

Ti4 P2S1G2
3.50 4.50 5.00 6.00 7.50 7.50

Tis P2S1G3 2.00 3.00 4.50 4.50 6.00 6.00

Tie P2S1G4
2.00 3.00 4.00 5.00 6.00 6.00

Ti7 P2S2G1
3.00 5.00 6.00 8.00 9.50 9.50

Ti8 P2S2G2 4.50 5.50 6.50 8.50 9.00 9.00

Ti9 P2S2G3 3.50 4.00 4.00 4.00 5.00 5.50

T20 P2S2G4 3.00 3.00 4.00 4.00 5.00 5.50

T21 P2S3G1 4.00 5.00 6.00 7.00 8.00 9.00

T22 P2S3G2 4.50 6.50 8.00 8.00 9.00 9.00



T23 P2S3G3 3.00 5.00 5.50 6.00 7.00 7.00

T24 P2S3G4 3.00 4.00 5.00 6.00 7.00 8.00

T2S P3S1G1
5.00 6.00 7.00 8.00 10.0 10.0

T26 P3S1G2 3.00 5.00 6.00 8.00 9.50 9.50

T27 P3SIG3
3.00 5.50 6.50 8.50 9.00 9.00

T28 P3S1G4 3.00 4.00 5.00 6.00 7.00 8.00

T29 P3S2GI 3.00 4.00 5.00 6.00 6.00 6.00

T30 P3S2G2 4.00 5.00 5.00 7.00 9.00 9.00

T31 P3S2G3 3.00 3.00 5.00 6.00 6.00 7.00

T32 P3S2G4
3.50 4.00 5.00 5.00 6.00 7.00

T33 P3S3G1
4.00 6.00 7.00 9.00 10.0 10.0

T34 P3S3G2 4.50 4.50 5.50 5.50 6.50 7.00

hs P3S3G3 4.00 4.00 5.00 6.00 7.00 7.00

T36 P3S3G4 3.50 3.00 4.50 4.50 5.00 6.00

T37 P4S1G1
4.50 5.50 6.00 7.00 8.00 9.00

T38 P4S1G2 4.00 4.00 5.00 6.00 7.00 9.00

T39 P4S1G3
3.50 3.50 4.50 4.50 6.00 7.00

T40 P4S1G4
4.00 4.00 5.00 5.00 6.00 6.50

T41 P4S2G1 4.00 4.00 6.00 6.50 6.50 7.00

T42 P4S2G2
4.00 4.50 5.50 6.00 6.50 6.50

T43 P4S2G3 3.50 4.00 6.00 6.50 7.00 7.50

T44 P4S2G4
3.50 4.00 6.00 6.00 7.00 7.50

T4S P4S3G1
3.50 4.500 5.00 5.00 5.50 6.00

T46 P4S3G2
3.50 4.00 6.00 6.00 7.00 7.00

7^
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T47 P4S3G3
4.00 4.50 6.50 8.00 8.50 8.50

T48 P4S3G4 3.00
4.00 4.00 4.50 4.50 5.00

SEm 0.174 0.174 0.174 0.200 0.248 0.224

CD(0.05) 0.831 0.831 0.831 0.900 0.996 0.953
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Table. 10. Effect of treatments on leaf length (cm) of Aloe vera at different growth stages

Treatments

Leaf length(cm)

IMAP 2MAP 3MAP 4MAP 5MAP 6MAP

Ti PjSiGi 4.00 6.90 12.30 16.30 21,10 24.60

T2 P1S1G2 4.60 6.60 8.10 13.00 13.90 22.30

T3 P1S1G3 0.00 0.00 0.00 0.00 0.00 0.00

T4P1S1G4 3.66 5.83 7.80 10.10 12.25 15.20

TsPiSaGi 5.60 9.30 12.65 17.50 21.10 26.30

Tfi P1S2G2 10.60 15.46 21.50 26.85 32.40 35.40

T7 P1S2G3
4.13 5.40 6.50 10.05 14.05 18.60

Ts P1S2G4 3.93 4.20 5.90 9.80 13.55 18.50

Tg P1S3G1
10.16 13.83 17.45 23.35 29.25 37.40

Tio P1S3G2 9.43 12.63 15.90 23.90 27.90 36.20

Til PiS3G3 3.93 4.83 5.75 13.10 14.25 18.25

Ti2 P1S3G4 4.00 5.80 7.20 9.72 13.20 16.40

Ti3 P2S1G1
6.80 9.03 10.75 13.85 20.70 26.20

Ti4 P2SiG2 4.10 7.50 9.30 13.50 18.50 21.50

Tis P2S1G3 3.60 5.30 10.35 13.50 17.50 20.70

Tie P2S,G4 5.60 6.33 9.50 15.10 17.95 22.85

Ti7 P2S2G1 7.83 12.20 15.80 17.70 21.05 24.60

Tig P2S2G2 6.73 11.83 17.05 23.75 35.00 35.80

Ti9 P2S2G3 3.93 4.83 5.75 13.10 14.25 18.25

T20 P2S2G4 4.10 4.26 5.10 10.90 14.30 17.80

T21 P2S3G1 4.36 6.26 12.40 16.45 23.50 27.30

T22 P2S3G2 9.50 12.33 15.00 21.50 27.20 34.80
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Tja P2S3G3
4.53 8.13 9.90 13.20 16.35 21.05

T24 P2S3G4 5.10 8.10 11.45 13.35 18.35 24.05

T25 P3S1G1 3.90 5.06 7.90 12.30 17.20 19.70

T26 P3S1G2 5.53 7.20 13.25 17.40 24.80 27.20

T27 P3S1G3 4.03 4.73 5.65 9.25 13.70 19.30

^28 P3S1G4 3.86 6.53 8.90 12.80 18.65 20.70

T29 P3S2G1 5.80 6.96 12.25 14.80 25.15 30.75

T30 P3S2G2 6.60 13.46 19.00 25.10 30.50 33.00

T31 P3S2G3
4.86 7.83 10.65 12.80 18.65 20.70

T32 P3S2G4 4.93 6.06 6.25 9.35 15.50 19.35

T33 P3S3G1
9.13 10.16 17.70 21.80 27.50 31.90

T34 P3S3G2 8.10 9.96 16.75 20.15 27.20 31.60

T35 P3S3G3 5.93 8.10 10.55 14.00 21.80 27.35

T36 P3S3G4 4.03 4.73 5.65 9.25 13.70 19.30

T37 p4S)Gi
5.36 6.10 8.35 13.20 20.05 26.15

T38 P4S1G2 5.16 6.90 13.20 16.25 20.95 26.05

T39 P4S1G3 4.10 7.50 9.30 13.50 18.50 21.50

T40 P4S1G4 3.86 4.53 5.00 6.70 8.50 11.55

T41 P4S2G1
6.00 7.50 9.80 13.30 20.90 25.25

T42 P4S2G2 4.90 8.60 10.35 13.50 15.85 21.80

T43 P4S2G3
4.10 5.20 7.60 12.30 16.25 21.90

T44 P4S2G4 3.93 4.20 5.90 9.80 13.55 18.50

T45 P4S3G1
6.30 7.90 9.65 13.30 21.10 26.50

T46 P4S3G2 6.56 8.50 10.95 14.85 21.65 24.85



T47 P4S3G3
3.86 5.90 8.80 9.15 12.15 16.25

T48 P4S3G4
4.00 5.46 7.00 10.30 13.10 15.70

SEm 0.159 0.397 1.167 0.891 1.157 1.033

CD(0.05) 0.647 1.011 2.179 1.895 2.159 2.042

MAP: Month After Planting



Fig:9. Effect of treatment on number of leaves of seedling of Aloe vera at the time of
transplanting

\

Plate.9.1node disc^ node disc and 3 node disc oiAloe vera
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T39

Fig:10.Sprouted Aloe vera disc treated with honey

10

Fig:ll.Effect of treatment on number of roots ulAloe vera at transplanting
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Significant differences were observed among various treatment combinations with

respect to mean leaf breadth during different crop periods in the Table.ll.In the and 2™*

month of observation,treatment T6 showed the superior leaf breadth of 1.75 cm and 2.0cm

respectively which was on par with treatments T28,T29 and T37(1.50cm) at IMAP and

T2(1.50cm),T5(1.75cm),T9(1.90cm),T|2(1.80cm),Ti6(1.90cm),T2i(l.85cm) and T28(1.70cm) at

2MAP.

The treatment,T9(2.50cm) recorded the highest leaf breadth which was on par with

T6(2.35cm),Ti2(2.30cm),Ti6(2.25cm),T2i(2.45cm),T26(2.35cm),T28(2.15cm) and T33(2.45cm)

during 3"* month of observation.At 4 MAP,T9(5.00cm) recorded the maximum leaf breadth

followed by T33(3.50cm) and T6(3.40cm).The treatment T9(5.00cm) recorded the maximum leaf

breadth followed by T33(4.30cm),T6(4.10cm) and T23(4.10cm) at 5 MAP.During 6^ month of

observation,T9(5.60cm) showed the highest leaf breadth which was on par with T33(5.20cm) and

Tio(5.45cm). The lowest leaf breadth was recorded in treatment T4o(2.70cm) in 6 MAP.

4.4.5,Leaf thickness

As observed in the Table.lO,the thickness of A.vera leaves varied significantly by the

different treatment combinations.The treatment T25 recorded the highest leaf thickness of

(0.55cm) which was on par with T6(0.50cm),T2i(0.53 cm),T26(0.51cm),T27(0.46cm),T4i(0.47

cm)T45(0.51cm) and T46(0.50cm) at IMAP..

At 2MAP,the treatment T6(0.750 cm) showed highest value which was on par with

T26(0.67cm),T27(0.68cm) and T2i(0.70cm).Treatment T9(0.86cm) showed highest leaf thickness

which as on par with treatmentsT6(0.80cm),T25(0.79cm),T26(0.83cm) during 3"* month of

observation.At 4MAP,T9( 1.00cm) was on par with

T26(0.87cm),T22(0.84cm),T2i(0.88cm),T6(0.85cm),T8(0.85cm)and Ti2(0.85cm).Treatment

T9(1.22cm) recorded the superior leaf thickness at 5 MAP followed by Tg and T8(1.05cm).At

6MAP T9 showed the highest leaf thickness(1.35cm) which was on par with T2i(1.26cm) and

Tio(1.30cm).Lowest leaf thickness was recorded in treatment T44(P4S2G4-0.52cm) during the

observation period.

4.4.6.Leaf Weight



TablelliEffect of treatments on leaf breadth(cm) of Aloe vera at different growth stages.

Treatments

Leaf breadth(cm)

IMAP 2MAP 3MAP 4MAP 5MAP 6MAP

Ti PiSiGi
0.50 0.65 0.95 1.80 2.50 3.20

T2 P1S1G2 0.55 1.50 1.50 1.90 2.40 3.40

T3 P1S1G3
0.00 0.00 0.00 0.00 0.00 0.00

T4P1S1G4
0.35 0.70 0.95 1.40 2.75 3.00

TsPiSzGi
1.30 1.75 1.95 3.20 3.90 4.65

Ts P1S2G2
1.75 2.00 2.35 3.40 4.10 4.75

T7 P1S2G3
0.30 0.50 0.90 1.60 3.10 3.20

Tg P1S2G4
0.50 1.10 1.40 2.10 2.40 2.85

T9 P1S3G1
1.35 1.90 2.50 4.10 5.00 5.60

Tio P1S3G2 0.90 1.15 1.55 2.95 3.95 5.45

Tn P1S3G3
1.00 1.40 1.75 2.10 2.75 3.00

Ti2 P1S3G4
1.45 1.80 2.50 3.15 3.25 4.50

Ti3 P2S1G1
0.75 1.20 1.65 2.90 3.00 3.00

Tu P2S1G2
0.35 0.45 0.80 2.20 3.00 3.00

Tis P2S1G3
0.55 0.75 1.35 2.10 2.50 3.10

Tie P2S1G4 1.75 2.00 2.25 3.20 3.90 4.35

Ti7 P2S2G1 1.20 1.50 1.85 2.60 3.50 3.65

Tis P2S2G2 0.80 1.00 1.20 2.60 3.10 4.45

Ti9 P2S2G3
0.45 0.85 1.15 1.45 1.85 2.80

T20 P2S2G4 0.60 0.95 1.30 1.95 2.50 3.40

T21 P2S3G1 1.35 1.85 2.45 2.85 3.35 3.90

7S



T22 P2S3G2 0.90 1.35 1.85 2.60 3.00 3.50

T23 P2S3G3 1.10 1.35 1.90 3.20 4.10 4.85

T24 P2S3G4 1.00 1.35 1.80 2.35 3.25 4.30

T25 P3S,G, 0.45 0.85 1.10 1.70 3.40 3.40

T26 P3S1G2 1.20 1.40 2.35 2.90 3.75 4.75

T27 P3S1G3 0.75 0.95 1.10 1.80 3.00 3.35

T28 P3S1G4 1.50 1.70 2.15 2.80 3.00 3.40

T29 P3S2G1 1.50 1.30 1.75 2.35 3.20 3.80

T30 P3S2G2 0.50 0.75 1.75 2.15 2.70 3.35

T31 P3S2G3 0.85 1.10 1.50 2.25 3.35 3.35

T32 P3S2G4 0.95 1.10 1.70 2.55 3.25 3.60

T33 P3S3G1
1.20 1.75 2.45 3.50 4.30 5.50

T34 P3S3G2 0.65 0.80 1.15 2.00 3.00 3.20

T35 P3S3G3 0.30 0.50 0.90 1.60 3.10 3.20

T36 P3S3G4 0.60 0.85 1.50 2.95 3.35 3.90

T37 P4S1GI
1.50 1.35 1.70 2.35 2.80 3.00

T38 P4S1G2
0.60 0.85 1.50 2.95 3.00 3.50

T39 P4S1G3
0.35 0.45 0.80 2.20 3.00 3.00

T40 P4S1G4 0.90 1.35 1.85 2.40 2.60 2.70

T41 P4S2G1 0.90 1.15 1.55 2.95 3.10 3.70

T42 P4S2G2 0.45 0.65 0.90 1.80 2.90 3.00

T43 P4S2G3
1.20 1.55 2.00 2.10 2.90 3.40

T44 P4S2G4
0.50 1.10 1.40 2.10 2.40 2.85

T45 P4S3G1
0.75 1.20 1.65 2.90 3.25 3.50
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T46 P4S3G2
0.55 1.00 1.25 2.00 2.20 2.90

T47 P4S3G3
0.45 0.85 1.15 1.45 1.85 2.80

T48 P4S3G4
0.30 0.50 0.90 1.60 3.10 3.20

SEm 0.017 0.025 0.038 0.023 0.017 0.029

CD(0.05) 0.268 0.320 0.358 0.295 0.244 0.297

50



Tablel2. Effect of treatments on the leaf thickness(cm) of Aloe vera at different growth stages

Treatments IMAP 2MAP 3MAP 4MAP 5MAP 6MAP

Ti PiSiGi 0.15 0.30 0.30 0.40 0.50 0.65

T2 P1S1G2 0.15 0.30 0.35 0.50 0.60 0.75

T3 P1S1G3 0.00 0.00 0.00 0.00 0.00 0.00

T4P1S1G4 0.15 0.20 0.30 0.40 0.50 0.55

TSP1S2G1 0.35 0.60 0.60 0.75 0.75 0.85

Tfi P1S2G2 0.50 0.75 0.80 0.85 1.05 1.15

T7 P1S2G3 0.30 0.45 0.50 0.60 0.72 0.80

Tg P1S2G4 0.50 0.60 0.75 0.85 1.05 1.15

Tg P1S3G1 0.47 0.71 0.86 1.00 1.22 1.35

Tio P1S3G2 0.20 0.40 0.55 0.80 0.95 1.30

Til P1S3G3 0.30 0.45 0.50 0.55 0.62 0.75

Ti2 P1S3G4 0.45 0.55 0.65 0.85 0.95 1.05

Ti3 P2S1G1 0.35 0.45 0.55 0.65 0.85 1.05

Ti4 P2S1G2 0.30 0.40 0.55 0.70 0.90 0.95

Tis P2S1G3 0.40 0.40 0.50 0.50 0.55 0.55

Tie P2S1G4 0.25 0.30 0.30 0.40 0.45 0.55

Ti7 P2S2G1 0.28 0.37 0.40 0.50 0.56 0.65

Ti8 P2S2G2 0.40 0.45 0.60 0.65 0.75 0.85

Ti9 P2S2G3 0.42 0.51 0.51 0.61 0.65 0.73

Tjo P2S2G4 0.30 0.41 0.44 0.50 0.62 0.62

Tzi P2S3G1 0.53 0.70 0.77 0.88 0.96 1.26

T22 P2S3G2 0.33 0.50 0.75 0.84 0.84 0.89

T23 P2S3G3 0.51 0.62 0.70 0.83 0.97 1.02

T24 P2S3G4 0.40 0.41 0.44 0.53 0.59 0.72

T25 P3S1G1 0.55 0.70 0.79 0.82 1.05 1.10

T26 P3S1G2 0.51 0.67 0.83 0.87 1.00 1.10

T27 P3S1G3 0.46 0.68 0.73 0.76 0.83 0.88

T28 P3S1G4 0.29 0.47 0.64 0.66 0.69 0.75

T29 P3S2G1 0.44 0.57 0.61 0.72 0.84 0.95

T30 P3S2G2 0.35 0.49 0.57 0.65 0.76 0.85

T31 P3S2G3 0.30 0.39 0.48 0.55 0.63 0.68

T32 P3S2G4 0.23 0.43 0.49 0.56 0.61 0.62

T33 P3S3G1 0.30 0.48 0.50 0.60 0.66 0.73

T34 P3S3G2 0.37 0.51 0.63 0.68 0.90 1.05

T3S P3S3G3 0.30 0.32 0.38 0.49 0.59 0.64

T36 P3S3G4 0.31 0.37 0.41 0.53 0.58 0.61
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T37 P4S1G1 0.30 0.48 0.52 0.67 0.76 0.81

T38 P4S1G2 0.40 0.51 0.68 0.69 0.75 0.82

T39 P4SIG3 0.31 0.42 0.52 0.57 0.64 0.70

T40 P4S1G4 0.36 0.53 0.72 0.76 0.80 0.82

T41 P4S2G1 0.47 0.53 0.66 0.75 0.75 0.82

T42 P4S2G2 0.45 0.50 0.60 0.72 0.78 0.81

T43 P4S2G3 0.28 0.52 0.61 0.63 0.68 0.72

T44 P4S2G4 0.30 0.37 0.40 0.46 0.51 0.52

T45 P4S3G] 0.51 0.60 0.68 0.77 0.88 0.95

T45 P4S3G2 0.50 0.58 0.67 0.80 0.92 1.05

T47 P4S3G3 0.37 0.37 0.43 0.47 0.57 0.62

T48 P4S3G4 0.37 0.51 0.63 0.68 0.90 1.05

SEm 0.000 0.007 0.006 0.007 0.000 0.009

CD(0.05)

0.092 0.086

0.085 0.163 0.120 0.128
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Table.13. Effect of treatment on leaf weight(g) of Aloe vera at different growth stages

Treatments

Leaf weight(g)

IMAP 2MAP 3MAP 4MAP 5MAP 6MAP

Ti PiSiGj 32.75 47.00 52.40 63.40 72.60 92.30

T2 PiS,G2 35.80 51.05 64.30 75.30 86.20 98.80

T3 P1S1G3 0.00 0.00 0.000 0.000 0.000 0.000

T4P1S1G4 16.00 28.40 40.10 51.50 62.66 75.98

T5P1S2G1 29.40 40.10 51.50 61.00 78.64 86.30

Te P1S2G2 18.10 28.60 38.95 46.60 54.50 68.60

T7 P1S2G3 10.90 25.30 35.80 47.30 52.60 72.40

Tg P1S2G4 38.75 58.05 66.90 77.65 88.60 104.4

T9P1S3G1 46.15 71.05 80.82 92.55 116.4 134.6

Tio P1S3G2 41.10 64.75 76.50 92.40 103.80 128.3

Til P1S3G3 11.95 22.90 33.00 40.10 52.30 66.80

Ti2 P[S3G4 31.60 42.80 54.90 65.20 77.80 84.20

Ti3 P2S1G1 13.60 23.30 32.97 45.20 62.30 74.80

Ti4 P2S1G2 13.15 22.65 34.80 46.20 52.20 72.60

Tis P2S1G3 13.25 27.80 36.40 47.60 54.50 68.40

Tie P2S1G4 15.40 27.25 38.50 49.20 60.60 68.20

Ti7 P2S2G1 17.20 29.00 39.50 51.80 72.50 94.60

Tis P2S2G2 19.20 29.15 40.00 50.20 74.30 96.40

Ti9 P2S2G3 16.40 28.60 37.10 47.10 58.40 64.30

T20 P2S2G4 15.70 26.35 36.00 46.50 60.60 78.20

T21 P2S3G1 31.05 43.65 52.10 58.90 77.50 104.5

T22 P2S3G2 31.65 43.75 53.70 63.60 84.20 106.6

T23 P2S3G3 26.80 35.00 44.85 54.95 63.20 74.60

T24 P2S3G4 23.15 34.30 43.80 55.30 62.50 76.30

T25 P3S1G1 37.80 49.10 59.80 69.60 78.90 84.60

T26 P3S1G2 30.90 44.30 56.30 64.10 76.70 82.50

T27 P3S1G3 16.10 26.35 37.60 49.50 54.90 68.30

T28 P3S1G4 13.90 27.85 36.25 47.10 57.30 72.60

T29 P3S2GI 33.95 47.95 58.77 66.25 84.50 95.40

T30 P3S2G2 43.90 59.35 70.10 79.60 94.60 110.2

T31 P3S2G3 20.50 32.00 45.55 57.20 64.30 76.40

T32 P3S2G4 20.75 33.40 44.80 56.80 68.20 80.60

T33 P3S3G1 29.50 42.25 51.40 60.40 72.60 98.20

T34 P3S3G2 32.10 45.45 56.00 65.20 89.60 110.2

T3S P3S3G3 25.30 39.30 51.15 61.85 68.70 72.40

T36 P3S3G4 24.10 37.30 45.90 59.90 65.30 74.60
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T37 P4S1G1 34.25 44.25 59.50 69.65 72.40 76.30

T3S P4S]G2 31.50 41.90 53.00 64.00 70.30 73.20

T39 P4S1G3 34.50 45.25 57.35 67.50 72.50 78.60

T40 P4S1G4 15.60 25.45 36.15 42.00 49.30 62.62

T41 P4S2G1 34.15 44.30 52.10 58.10 62.40 68.60

T« P4S2G2 14.65 30.25 43.10 52.80 64.50 70.30

T43 P4S2G3 16.40 31.25 41.40 51.40 65.20 72.65

T44 P4S2G4 15.30 25.10 38.10 49.55 52.30 64.50

T45 P4S3G1 29.20 43.15 53.45 62.45 75.45 79.80

T46 P4S3G2 25.30 30.00 40.00 50.50 62.70 70.40

T47 P4S3G3 20.45 31.90 42.10 55.10 60.40 68.50

T48 P4S3G4 15.95 27.65 36.40 41.40 52.30 64.20

SEm 1.513 5.562 1.041 3.137 1.625 2.781

CD(0.05) 2.478 4.749 2.058 3.556 4.663 8.032

MAP: Month After Planting
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♦  Fig: 12.Effect of treatments on leaf length(cm) of Aloe vera
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Treatment,T9 recorded the maximum leaf weight with 46.5 gm,71.05 gm,80.82

gm,92.55 gm,l 16.40 gm and 134.60 gm respectively during 1,2,3,4,5 and 6 MAP.T30 (43.90gm)

was on par with T9 at 1 MAP.At 4 MAP,Tio (92.40gm) found on par with the highest value

(92.55gm).Tio (128.30gm) found on par with T9 (134.68gm) at 6 MAP.T40 (62.62gm)recorded

the least value at 6 MAP.

4.4, l.Number of offsets

There was no significant difference among treatment combinations with respect to the

number of suckers produced during the first 2 MAP.

At 3 MAP,the number of offsets produced by different treatment combinations were more

or less in a similar trend with value 1 .OO.During 4 MAP,the maximum number of offsets was

recorded by treatment T26(2.50)and which was on par with Ti4,T2i,T22,T2sT32 and T4i(2.00).

At 5 MAP,treatment T26 and T32 (3.00) recorded the highest number of offsets which was

on par with treatment T9 (2.50).During 6 MAP, treatment Tg (3.50) recorded the highest number

of offsets which was on par with treatments Tio,T25,T26 T32 (3.00).

4.5.Growth Characters

4.5.1.Absolute Growth Rate(AGR)

In the case of Absolute Growth Rate(AGR) there was no significant difference was noticed

during the initial crop growth periods and significant difference was noticed at 6 MAP(Tablel5.)

T9 recorded the highest AGR ( 1.15) at 6MAP

4.5.2. Relative Growth Rate(RGR)

In the case of Relative Growth Rate(RGR) there was no significant difference was noticed

during the initial crop growth periods and significant difference was noticed at 6 MAP.

4.5.3. Net Assimilation Rate(NAR)

In the case of Net Assimilation Rate(NAR) there was no significant difference was noticed

during the initial crop growth periods and significant difference was noticed at 6 MAP.

4.5.4.Leaf Area Index ^



Table. 14. Effect of treatments on the number of offsets at different growth stages

Treatments Number of offsets

IMAP 2MAP 3MAP 4MAP 5MAP 6MAP

T1 0.000 0.000 0.000 0.000 0.000 0.000

T2 0.000 0.000 0.000 0.500 0.500 1.500

T3 0.000 0.000 0.000 0.000 0.000 0.000

T4 0.000 0.000 0.000 0.500 0.500 0.500

T5 0.000 0.000 0.000 0.000 0.000 0.000

T6 0.000 0.000 0.000 0.500 0.500 0.500

n 0.000 0.000 0.000 1.000 1.000 1.000

T8 0.000 0.000 0.000 0.000 0.000 0.000

T9 0.000 0.000 0.000 1.500 2.500 3.500

TIO 0.000 0.000 0.000 0.000 0.000 3.000

Til 0.000 0.000 0.000 0.000 0.000 0.000

T12 0.000 0.000 0.000 0.000 0.000 0.000

113 0.000 0.000 0.000 0.000 0.000 0.000

T14 0.000 0.000 1.000 2.000 2.000 2.000

115 0.000 0.000 0.000 0.000 0.000 0.000

T16 0.000 0.000 0.000 0.000 0.000 0.000

117 0.000 0.000 1.000 1.000 1.000 1.000

118 0.000 0.000 0.500 1.500 1.500 1.500

119 0.000 0.000 0.000 0.000 0.000 0.000

T20 0.000 0.000 0.000 0.000 0.000 0.000

T21 0.000 0.000 1.000 2.000 2.000 2.000

T22 0.000 0.000 1.000 2.000 2.000 2.000

T23 0.000 0.000 0.000 0.000 0.000 0.000

T24 0.000 0.000 0.000 0.000 0.000 0.000

T2S 0.000 0.000 1.000 2.000 2.000 3.000

T26 1.000 1.000 1.000 2.500 3.000 3.000

T27 0.000 0.000 0.000 0.000 0.000 0.000

128 0.000 0.000 0.000 0.000 0.000 0.000

T29 0.000 0.000 0.000 0.000 0.000 0.000

T30 0.000 0.000 0.000 0.000 0.000 0.000

131 0.000 0.000 0.000 0.000 0.000 0.000

132 0.000 0.000 1.000 2.000 3.000 3.000

T33 0.000 0.000 0.000 0.000 1.000 1.000

T34 0.000 0.000 0.000 0.000 1.000 1.000

T35 0.000 0.000 0.000 0.000 0.000 0.000

T36 0.000 0.000 0.000 0.000 0.000 0.000

^7



T37 0.00 0.00 0.00 0.00 0.00 0.00

T38 0.00 0.00 1.00 1.00 2.00 2.00

T39 0.00 0.00 0.00 0.00 0.00 0.00

T40 0.00 0.00 1.00 1.00 1.00 1.00

T41 0.00 0.00 1.00 2.00 2.00 2.00

T42 0.00 0.00 1.00 1.00 2.00 2.00

T43 0.00 0.00 1.00 1.00 1.00 1.00

T44 0.00 0.00 0.00 0.50 0.50 1.00

T45 0.00 0.00 1.00 1.50 1.50 1.50

T46 0.00 0.00 1.00 1.50 2.00 2.00

T47 0.00 0.00 0.00 0.00 0.00 0.00

T48 0.00 0.00 0.00 0.00 0.00 0.00

SEm - - 0.014 0.097 0.083 0.083

CD(0.05) NS NS 0.202 0.617 0.585 0.585

gg-



Fig:13. Offset production of Aioe vera disc



Table 15.Effect of treatments on Absolute Growth Rate(mm day'*) of Aloe vera at different
growth stages

Treatments Absolute Growth Ratefmm day*')
2MAP 4MAP 6MAP

Ti PiSiGi 0.744 0.900 0.85

T2 P1S1G2 0.967 0.828 0.70

TsPiSiGa 0.000 0.000 0.00

T4P1S1G4 0.761 0.744 0.18

TSP1S2G1 0.772 0.778 0.61

Ts P1S2G2 0.856 0.850 0.66

T7 P1S2G3 0.798 0.806 0.88

Tg P1S2G4 0.672 0.961 0.66

Tg P1S3G1 0.839 0.772 1.15

Tio P1S3G2 0.756 0.678 1.05

Til P1S3G3 1.050 0.760 1.00

Ti2 P1S3G4 0.922 1.022 0.76

Ti3 P2S1G1 0.756 0.678 0.48

Ti4 P2S1G2 0.772 0.778 0.61

Ti5 P2S1G3 0.833 0.744 0.47

Tie P2S1G4 0.722 0.833 1.01

Ti7 P2S2G1 0.861 0.967 0.82

Ti8 P2S2G2 0.833 0.639 0.41

Ti9 P2S2G3 1.033 0.756 0.67

T20 P2S2G4 0.772 0.778 0.61

T21 P2S3GI 0.756 0.678 0.48

T22 P2S3G2 0.850 0.944 0.70

T23 P2S3G3 0.706 0.794 0.52

T24 P2S3G4 0.794 0.661 0.21

T25 P3SIG1 0.889 0.806 0.79

T26 P3S1G2 0.944 0.711 0.86

T27 P3S1G3 0.744 0.900 0.85

Tjg P3S1G4 0.850 0.667 0.38

T29 P3S2G1 0.839 0.944 0.83

T30 P3S2G2 0.772 0.778 0.61

T31 P3S2G3 0.794 0.661 0.21

T32 P3S2G4 0.756 0.678 0.48

T33 P3S3G1 1.072 0.772 0.77

T34 P3S3G2 0.806 0.794 0.66

T35 P3S3G3 1.011 0.667 0.23



T36 P3S3G4 0.922 1.022 0.76

T37 P4S1G1 0.806 0.794 0.52

T38 P4S1G2 0.756 0.678 0.48

T39 P4S1G3 0.770 0.778 0.61

T40 P4S1G4 0.917 0.689 0.73

T41 P4S2G1 0.716 0.917 0.84

T42 P4S2G2 0.839 0.944 0.83

T43 P4S2G3 1.050 0.500 0.45

T44 P4S2G4 0.639 0.411 0.39

T45 P4S3G1 0.700 0.278 0.31

T46 P4S3G2 0.667 0.233 0.32

T47 P4S3G3 0.578 0.278 0.21

T48 P4S3G4 0.861 0.964 0.82

SEm - - 0.078

CD(0.05) NS NS 0.227



Table 16.Effect of treatments on Relative Growth Rate(gg day"') at different growth stages

Treatments

Relative Growth Rate(g g day"')

2-4 MAP 4-6 MAP

Ti PiSiGi 0.00180 0.00163

Tz P1S1G2 0.00342 0.00092

T3 P1S1G3 0.00427 0.00154

T4P1S1G4 0.00254 0.00774

T5P1S2G1 0.00600 0.00101

Te P1S2G2 0.00605 0.00120

T? P1S2G3 0.00200 0.00784

Tb P1S2G4 0.01055 0.00214

Tg P1S3G1 0.00575 0.00147

Tio P1S3G2 0.01246 0.01352

In P1S3G3 0.01242 0.00246

Tiz P1S3G4 0.01254 0.00104

Ti3 P2S1G1 0.01161 0.00621

Ti4 P2S1G2 0.01327 0.00084

Tis P2S1G3 0.02141 0.00152

Tie P2S1G4 0.00124 0.00056

Ti7 P2S2G1 0.00642 0.00054

Tib P2S2G2 0.00102 0.00016

Ti9 P2S2G3 0.00054 0.00024

Tzo P2S2G4 0.00046 0.00018

T21 P2S3G1 0.00242 0.00021

T22 P2S3G2 0.00180 0.00042

T23 P2S3G3 0.00012 0.00016

T24 P2S3G4 0.00078 0.00022

T25 PsSiGi 0.00054 0.00014

T26 P3S1G2 0.00122 0.00056

T27 P3S1G3 0.00058 0.00014

T28 P3SiG4 0.00048 0.00016

T29 P3S2G1 0.00124 0.00020

Tm P3S2G2 0.00076 0.00018

T31 P3S2G3 0.00068 0.00012

T32 P3S2G4 0.00084 0.00014

T33 P3S3G1 0.00078 0.00023

T34 P3S3G2 0.00174 0.00012

T35 P3S3G3 0.00120 0.00124

T36 P3S3G4 0.00242 0.00054

T37 P4S1GI 0.00272 0.00046

T38 P4S1G2 0.00054 0.00242

Tag P4S1G3 0.00060 0.00180



Jao P4S1G4 0.00012 0.00012

T« P4S2G1 0.00018 0.00078

T42 P4S2G2 0.00020 0.00054

T43 P4S2G3 0.00050 0.00122

T44 P4S2G4 0.00012 0.00058

T45 P4S3G1 0.00042 0.00048

T46 P4S3G2 0.00054 0.00124

T47 P4S3G3 0.00016 0.00076

T48 P4S3G4 0.00018 0.00068

SEm 0.012 0.018

CD(0.05) 0.028 0.042
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Table 17..Effect of treatments on Net Assimilation Rate(mg m"^ day-') oiAloe vera at different
growth stages

Treatments Net Assimilation Rate (mg m'^day"')
4MAP 6MAP

Ti PjSiGi 1.03 0.44

Tz P1S1G2 1.26 0.42

T3 P1S1G3 0.00 0.00

T4P1S1G4 1.63 0.23

T5P1S2G1 1.76 0.26

Tfi P1S2G2 0.61 0.62

T? P1S2G3 0.55 0.62

Tg P1S2G4 0.61 0.42

Tg P1S3G1 2.98 1.82

Tio P1S3G2 2.96 1.43

Til P1S3G3 2.72 1.16

Ti2 P1S3G4 0.55 0.63

Ti3 P2S1G1 1.04 0.96

Ti4 P2S1G2 0.96 0.26

Tis P2SiG3 1.02 0.68

Tie P2S1G4 0.88 0.96

Ti7 P2S2G1 1.28 1.40

Tia P2S2G2 1.82 0.80

Ti9 P2S2G3 1.96 0.84

T20 P2S2G4 1.12 0.96

T21 P2S3G1 2.96 1.43

n



T22 P2S3G2 2.44 1.48

T23 P2S3G3 1.04 0.98

T24 P2S3G4 1.02 0.76

T25 P3S1G1 1.76 0.26

T26 PsSiGz 1.87 0.46

T27 P3S1G3 2.96 1.48

T28 P3S1G4 2.44 1.40

T29 P3S2G1 2.58 0.56

Tm P3S2G2 3.14 1.40

T31 P3S2G3 1.20 0.78

T32 P3S2G4 0.84 1.74

T33 P3S3G1 1.64 0.23

T34 P3S3G2 1.36 0.46

T35 P3S3G3 1.87 1.18

T36 P3S3G4 1.32 0.95

T37 P4S1G1 1.67 1.04

T38 P4S1G2 1.72 0.96

T39 P4S1G3 0.98 0.78

T40 P4S1G4 1.24 1.06

T41 P4S2G1 1.44 0.24

T42 P4S2G2 1.63 0.27

T43 P4S2G3 0.94 0.68

T44 P4S2G4 0.88 1.02

T45 P4S3G1 0.61 0.46
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T46 P4S3G2 2.14 1.24

T47 P4S3G3 2.92 1.04

T4g P4S3G4 1.03 0.44

SEm 0.303 0.178

CD(0.05) 0.876 0.514

IS



Leaf area index was influenced by the size of disc as well as the pre-curing and growth

regulator treatments and significant differences were noticed among the treatments (Table. 18).

At 2 MAP,treatment Tio recorded the highest value of 0.224 which was on par with T9

(0.202).The next best result was given by T2i(0.172).T39recorded the least value(0.050).

During 4 MAP,treatment Tio recorded significantly superior leaf area index of 0.742

which was on par with T9 (0.726).Next best treatment was T22 (0.650) and the lowest LAI value

was recorded for T43 (0.128).

At 6 MAP,treatment T9 recorded the maximum LAI of 0.928 and treatment Tio

(0.910)and T26(0.914) were on par with it.T22 also recorded superior value (0.846) and the lowest

value was observed for T39 (0.188).

4.6.YieId

4.6.1.Fresh Leaf Yield

There was significant difference in the fresh leaf yield of A.vera under different

treatments (Table 19).Treatment T9 had the highest fresh leaf weight (4.20kg/plant) which was

significantly superior to all treatments followed by Tio(3.94kg/plant).The treatments

T5(PiS2Gi_3.20kgplant-'),T6(PiS2G2_3.40kgplant-'),Tio(PiS3G2-3.94kgplant-'),T,g(P2S2G2-

3.90kgplant"'),T2i(P2S3Gi-3.20kgplant"'),T22(P2S3G2-3.72kgplant"'),T33(P3S3Gi-3.62kgplant"')

and T34(3.32kgplant"') found on par with the highest value.The control T48 recorded the lowest

value (0.520kg/plant). Plants raised from 3 node disc recorded comparatively higher leaf yield

than other plants of single or double node disc.

4.6.2. Latex Yield

There was significant difference in the latex yield of A.vera under different treatments

(Table 20).Treatment T9 had the highest latex yield (16.60g/plant) which was significantly

superior to all treatments which was on par with Tio (16.40 g/plant),T8(15.90gplant-

l),Ti8(15.95g/plant) and T2i(I5.70g/plant) during the observation period.The control T48

recorded the lowest value (6.250g/plant).

4.6J,Gel Yield
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Table 18: Effect of treatment on Leaf Area Index of Aloe vera at different growth stages

Treatments

LAI

2MAP 4MAP 6MAP

Ti PiS,G, 0.088 0.256 0.464

T2 P1S1G2 0.062 0.167 0.442

T3 PiSiGs 0.000 0.000 0.000

T4P1S1G4 0.116 0.330 0.484

T5P1S2G1 0.072 0.174 0.386

Tg P1S2G2 0.128 0.362 0.665

T7 P1S2G3 0.136 0.254 0.321

Tg P1S2G4 0.126 0.228 0.280

T9P1S3G1 0.202 0.726 0.928

Tio P1S3G2 0.224 0.742 0.914

Tn P1S3G3 0.081 0.193 0.223

Ti2 P1S3G4 0.080 0.172 0.190

Ti3 P2S1G1 0.086 0.190 0.199

Ti4 P2S1G2 0.082 0.103 0.188

Ti5 P2SiG3 0.077 0.216 0.224

"Tie P2S1G4 0.070 0.202 0.216

Ti7 P2S2G1 0.086 0.190 0.382

Ti8 P2S2G2 0.082 0.182 0.361

Tjg P2S2G3 0.076 0.210 0.326

T20 P2S2G4 0.078 0.216 0.315

T21 P2S3G1 0.172 0.606 0.846

T22 P2S3G2 0.130 0.650 0.768

T23 P2S3G3 0.099 0.320 0.476

T24 P2S3G4 0.116 0.372 0.720

T25 PsSiGi 0.149 0.426 0.910

T26 P3S1G2 0.118 0.638 0.918

T27 P3S1G3 0.104 0.381 0.600

T28 P3S1G4 0.109 0.336 0.533

T29 P3S2G1 0.068 0.188 0.224

T30 P3S2G2 0.072 0.128 0.276

T31 P3S2G3 0.060 0.242 0.316

T32 P3S2G4 0.067 0.198 0.328
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T33 P3S3G1 0.099 0.168 0.340

T34 P3S3G2 0.081 0.198 0.254

T35 P3S3G3 0.062 0.328 0.344

T36 P3S3G4 0.224 0.224 0.274

T37 P4S1G1 0.202 0.498 0.740

T38 P4S1G2 0.130 0.542 0.726

T39 P4S1G3 0.050 0.180 0.188

T40 P4S1G4 0.066 0.188 0.234

T41 P4S2G1 0.153 0.192 0.224

T42 P4S2G2 0.162 0.188 0.206

T43 P4S2G3 0.120 0.128 0.260

T44 P4S2G4 0.054 0.216 0.268

T45 P4S3G1 0.141 0.498 0.582

T46 P4S3G2 0.098 0.354 0.572

T47 P4S3G3 0.086 0.182 0.398

T48 P4S3G4 0.070 0.220 0.284

SEm 0.0011 1.242 2.8280

CD(0.05) 0.0253 0.0200 0.0166

9?



Tablel9.Effect of treatment on fresh leaf yield(kg/plant) of Aloe vera

Treatment Fresh leaf yield (kg/plant)

Ti PiSiGi 0.72

I2 P1S1G2 0.76

T3 P1S1G3 0

T4P1S1G4 0.60

T5P1S2G1 3.20

Ts P1S2G2 3.40

T? P1S2G3 0.81

Ts P1S2G4 0.68

T9 P1S3G1 4.20

Tio P1S3G2 3.94

111 P1S3G3 0.72

Ti2 P1S3G4 0.78

Ti3 P2S1G1 0.96

Ti4 P2S1G2 1.05

Tis P2S1G3 0.72

Ti5 P2S1G4 0.68

Ti7 P2S2G1 1.64

Ti8 P2S2G2 3.90

Ti9 P2S2G3 0.71

T20 P2S2G4 0.70

T21 P2S3G1 3.20

122 P2S3G2 3.72

T23 P2S3G3 1.33

124 P2S3G4 0.82

T2S P3S1G1 1.45

T26 P3S1G2 1.90

127 P3S1G3 0.95

T28 P3S1G4 0.88

T29 P3S2G1 1.42

T30 P3S2G2 2.45

T31 P3S2G3 1.23

T32 P3S2G4 0.85

T33 P3S3G] 3.62

T34 P3S3G2 3.32

T35 P3S3G3 1.12

T36 P3S3G4 0.75

T37 P4S1G1 1.55
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T38 P4S1G2 1.20

T39 P4S1G3 0.72

T40 P4S1G4 0.77

T41 P4S2G1 0.94

T42 P4S2G2 1.16

T43 P4S2G3 0.98

T44 P4S2G4 0.62

T45 P4S3G1 0.65

T46 P4S3G2 0.98

T47 P4S3G3 0.68

T4S P4S3G4 0.52

SEm 0.252

CD(0.05) 1.248
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Table 20:- Effect of treatment on latex yield(g/plant) of Aloe vera

Treatment Latex Yield (g/plant)

Ti PiSiGi 5.40

T2 P1S1G2 4.40

T3 P1S1G3 0.00

T4P1S1G4 0.50

T5P1S2G, 11.50

Tfi P1S2G2 13.95

T7 P1S2G3 11.30

Ts P1S2G4 15.90

T9 P1S3G1 16.60

Tio P1S3G2 16.40

Tn P1S3G3 8.55

Ti2 P1S3G4 12.20

Ti3 P2S1G1 7.30

Ti4 P2S1G2 7.55

Tis P2S1G3 5.65

Tie P2S1G4 6.65

Ti7 P2S2G1 6.25

Ti8 P2S2G2 15.95

Ti9 P2S2G3 6.10

T20 P2S2G4 6.30

T;! P2S3G1 15.70

T22 P2S3G2 13.20

T23 P2S3G3 9.15

T24 P2S3G4 8.20

T25 P3S1G1 8.95

T26 P3S1G2 8.20

T27 P3S1G3 9.20

T28 P3S1G4 8.45

Tag P3S2G1 11.75

T30 P3S2G2 11.20

T31 P3S2G3 7.65

T32 P3S2G4 6.70

T33 P3S3G1 14.70

T34 P3S3G2 14.65

T35 P3S3G3 8.15

T36 P3S3G4 6.75

T37 P4S1G1 7.10
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T38 P4S1G2 8.25

T39 P4S1G3 7.45

T40 P4SIG4 7.55

T41 P4S2G1 6.60

T42 P4S2G2 6.40

T43 P4S2G3 7.30

T44 P4S2G4 8.80

T4S P4S3G1 8.20

T46 P4S3G2 7.00

T47 P4S3G3 9.15

T48 P4S3G4 6.25

SEm 0.380

CD(0.05) 1.257
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Table 21 :-Effect of treatment on gel yield(g/plant) of Aloe vera

Treatment Gel Yield

Ti PiSiGi 0.93

Tz P1S1G2 0.90

T3P1S1G3 0.00

T4P1S1G4 0.15

T5P1S2G1 0.80

Ts P1S2G2 0.85

T7 P1S2G3 0.20

Tg P1S2G4 0.88

Tg P1S3G1 1.05

Tio P1S3G2 0.98

Til P1S3G3 0.18

Ti; P1S3G4 0.32

Ti3 P2S1G1 0.28

Ti4 P2S1G2 0.38

Tis P2S1G3 0.18

Tie P2SiG4 0.17

Ti7 P2S2G1 0.16

Ti8 P2S2G2 0.97

Ti9 P2S2G3 0.18

T20 P2S2G4 0.17

T21 P2S3G1 0.80

T22 P2S3G2 0.93

T23 P2S3G3 0.33

T24 P2S3G4 0.20

T25 P3S1G, 0.36

T26 P3S1G2 0.48

T27 P3S1G3 0.24

T28 P3S1G4 0.22

T29 P3S2G1 0.36

T30 P3S2G2 0.61

T31 P3S2G3 0.31

T32 P3S2G4 0.21

T33 P3S3G1 0.91

T34 P3S3G2 0.83

T35 P3S3G3 0.28

T35 P3S3G4 0.19

T37 P4S1G1 0.39
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T38 P4S1G2 0.30

T39 P4S1G3 0.18

T40 P4S1G4 0.19

T41 P4S2G1 0.24

T42 P4S2G2 0.29

T43 P4S2G3 0.26

T44 P4S2G4 0.16

T4S P4S3G1 0.16

T46 P4S3G2 0.25

T47 P4S3G3 0.17

T48 P4S3G4 0.13

SEm 0.055

CD(0.05) 0.159
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Table 22:_Economics of production of seedlings

Treatments Benefit (Gross
income) Rs.

Cost (Rs.) Profit (Net
income) Rs.

BC Ratio

Ti PiSiGi 556093 534774 21318 1.03

T; P1S1G2 543060 490326 52734 1.11

T3P1S1G3 605951 540593 65358 1.12

T4P1S1G4 642776 537269 105506 1.20

T5P1S2G1 556093 534780 21313 1.04

Te P1S2G2 615248 591584 23664 1.04

Ty P1S2G3 487846 387179 100667 1.26

Tg P1S2G4 512234 538411 -26176 0.95

Tg P1S3G1 966508 600452 366056 1.60

Tio P1S3G2 966508 635827 330681 1.52

Til P1S3G3 487652 497604 -9952 0.98

Ti2 P1S3G4 496894 432081 64813 1.15

Ti3 P2S1G1 584329 449483 134846 1.30

Ti4 P2S1G2 564874 455543 109331 1.24

Ti5 P2S1G3 646284 489609 156675 1.32

Ti6 P2S1G4 389842 397798 -7956 0.98

Ti7 P2S2G1 681049 526548 154500 1.29

Ti8 P2S2G2 711253 537269 171802 1.32

Ti9 P2S2G3 452698 435286 17412 1.04

T20 P2S2G4 384974 356457 28517 1.08

T21 P2S3G1 868795 665724 203071 1.30

T22 P2S3G2 859872 626548 233324 1.37

T23 P2S3G3 581476 531476 53148 1.10

T24 P2S3G4 524684 494985 29699 1.06

T25 P3S1G1 386486 402589 -16103 0.96

T26 P3S1G2 504324 382063 122261 1.32

T27 P3S1G3 465421 375340 90081 1.24

T28 P3S1G4 642776 537269 105506 1.20

T29 P3S2G1 636776 527690 109086 1.21

T30 P3S2G2 681049 526548 154500 1.29

T3I P3S2G3 435698 427154 8544 1.02

T32 P3S2G4 489652 425784 63868 1.15

T33 P3S3G1 681049 526548 154500 1.29

T34 P3S3G2 711253 539451 171802 1.32

T35 P3S3G3 556096 545192 10904 1.02

T36 P3S3G4 565486 418878 146608 1.35

T37 P4S1G1 365847 556457 -190610 0.65

T38 P4S1G2 358488 549564 -191076 0.64

Tag P4S1G3 259844 322798 -62954 0.80

T40 P4S1G4 575486 728462 -152976 0.79



T41 P4S2G1 352483 456894 -104411 0.77

T42 P4S2G2 558576 664971 -106395 0.84

T43 P4S2G3 512230 538400 -26170 0.95

T44 P4S2G4 447864 481574 -33710 0.93

T45 P4S3G1 437324 476587 -39263 0.91

T46 P4S3G2 459874 586742 -126868 0.77

T47 P4S3G3 359404 460774 -101370 0.78

T48 P4S3G4 487498 499756 -12258 0.97
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There was significant difference in the gel yield of A.vera under different treatments

(Table 21).Treatment T9(PiS3Gi-1.05kgplanf') recorded the highest gel yield which was on par

with Tio(0.98kgplant"'),Ti(0.93kgpIant"'),T2(0.90kgplant'')

4.7.INCIDENCE OF PESTS AND DISEASES

No serious pest and disease incidence was noticed during the study period.

4.8.ECONOMICS

Comparison of economics of production of seedlings using different treatments (Table 23)

revealed that majority of treatments had a B:C ratio >1 and the treatments T9 and Tio recorded

the highest B:C ratios of 1.6 and 1.5 respectively.
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^  Plate.S.General field view of A/oe vera at 6 MAP
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Plate 10.3 node & 2 node disc of Atoe vera
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Plate.ll.Morphologicai view of treatment T9[ PiSjGi)
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Plate .12.Latex collection from fresh Aloe vera leaves
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PIate.l3.The best treatment T9( A) at seedling stage.(B) at 6 MAP
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5.DISCUSSION

The present study entitled "Refinement of macro-propagation technique for the mass-

multiplication of aloe {Aloe vera Burm.f.)" was undertaken to refine the stem disc method of

macro propagation of aloe for rapid mass multiplication. It was also aimed to analyze the effect

of various pre-curing treatments on inducing axillary bud break, to optimize the segment size and

to find out best sprouting treatments. The results of these experiments are discussed below.

5.1. MORPHOLOGICAL CHARACTERS AT NURSERY

5.1.1. Sprouting and Survival percentage

The data recorded three weeks after planting of different sized disc cuttings subjected to

various pre curing and sprouting treatments, in pro trays, suggested that both the segment size as

well as the pre-treatments significantly influenced the sprouting of cuttings.

As observed in Table 1, treatment combinations involving three node disc cuttings showed

better sprouting than two node and single node disc cuttings. Higher content of reserve food

material coupled with the presence of more viable buds in larger seed bits might have induced

early sprouting and higher sprouting percentage. The increasing trend of sprouting with

increasing size of planting material was reported in banana (Hernandez et al., 1988) and in

turmeric (Hussain and Said, 1967).

Among the pre curing treatments, partial crushing of the intemodes of mother plants was

found to be more effective in inducing axillary bud break, than foliar spraying of BA or in situ

decapitation. Axillary bud break in control plants was very low. Orsi (2012) has reported that

localized axillary bud break on the growing flower stem of Rosa hybrida „Kardinal" can be

induced through mechanical manipulation of the stem by partially compressing the intemode

above a specific axillary bud.

Among the pre sprouting treatments, soaking the cuttings in growth regulators

BA(lOOOppm), GA3(25ppm), BA(2ppm)&IAA(2ppm) were found to enhance sprouting while
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Fig:6a.Efrect of treatments on seedling height of Aloe vera at 1 WAP in nursery
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Seedling height at 3WAP
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T1 T3 T5 T7 T9 Til T13 T15 T17 T19 T21 123 T25 T27 T29 T31 133 135 T37 T39 T41 T43 T45 147

Fig:6b. Effect of treatments on seedling height ofAloe vera at 3 WAP in nursery
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Seedling height at 4WAP

T1 T3 T5 T7 T9 Til T13 115 T17 T19 T21 T23 T25 727 729 731 733 735 737 739 741 743 745 747

Fig:6c. Effect of treatments on seedling height of Aloe vera at 4 WAP in nursery
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Fig.6.d. Effect of treatments on seedling height of Aloe vera at 5 WAP in nursery
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honey treatment had practically no effect. Sprouting percentage was low in untreated cuttings

also. Many people have found success with using honey to root cuttings. It is a natural antiseptic

and contains antifungal properties - both of which are believed to be one of the reasons for using

honey as a root hormone. But in the present study honey is found to have no beneficial effect on

sprouting of aloe stem cuttings.

Three node disc cuttings collected from in situ decapitated parent material,

treated with BA(1000 ppm) and GA3(25 ppm) (T9-P1S3G1) recorded the highest sprouting

percentage (80.60%) followed by Tio [(PiS3G2-three node disc cuttings from in situ decapitated

mother plants treated with BA(2ppm) and IAA(2ppm)]. The lowest sprouting percentage

(27.85) was given by single node disc cuttings treated with honey taken fix)m mother plants

without pre-curing (T39-P4S1G3) which was on par with control T48( 28%)[ P4S3G4: no pre-

curing+three nodet-control]

Significant influence of pre sprouting treatments with growth regulators were also noticed in

the sprouting of stem cuttings. Among the pre-treatments, cuttings treated with BA(lOOOppm)

and GA3(25ppm) recorded higher sprouting percentage(80.60%) followed by Tio [(PiS3G2-three

node disc cuttings from in situ decapitated mother plants treated with BA(2ppm) and

IAA(2ppm)]. Breaking of dormancy and enhanced sprouting with higher concentrations of

benzyl adenine has been reported in rhizome halves of achimenes as well as several bulbous and

tuberous plants by Vlahos (1985). Cytokinins are known to induce bud break in many kinds of

plants on both aerial and below-ground parts (Criley, 2001).Comparing all the other treatments

the increase in sprouting percentage as a result of BA treatment might be due to optimum

absorption of chemicals by stem cuttings, which might have been further utilized for

physiological processes to influence the sprouting parameters and also the increase in the

quantum of alternate respiration in stem cuttings due to these treatments.

Among the pre curing treatments, seedlings produced from in situ decapitated mother plants

recorded better survival percentage followed by seedlings produced from mother plants with

partially crushed of intemodes. Repression of apical dominance to stimulate lateral bud

development and increased suckering rate is achieved through decapitation of a sucker in the

field (in-situ) or by detached corm technique (Dayarani et a!., 2013).

uo



spraying of mother plants with BA had better effect than control plants where no pre curing

treatment was given to the mother plants. Regarding stem disc size, three noded discs gave better

survival followed by two noded and single noded seedlings had the least survival percentage.

Among the pre sprouting treatments, soaking the cuttings in growth regulators BA(lOOOppm),

GA3(25ppm), BA(2ppm)&IAA(2ppm) were found to have much influence on the survival of

seedlings also. The effect of honey treatment was negligible as in the case of axillary bud break.

It has been shown (Wang and Wareing, 1979) that while shoots are able to synthesize cytokinin,

repressed axillary buds are not. Consequently it would seem that a redirection of cytokinin

supply or a decline in auxin supply, may be necessary to either initiate axillary bud growth or to

enable axillary buds to synthesize cytokinin, respectively.

5.1.2. Morphological parameters of seedlings in the nursery

From the study it was observed that the size of the stem disc as well as the pre-curing and

growth regulator treatment combination have significant influence on the morphological

characters like height, number of leaves, number of root, root length and root girth of the pro-

tray seedlings throughout the observational period. The influence of pre curing of mother plants

was visible in the growth of seedlings in the nursery and the seedlings from pre cured mother

plants had better morphological parameters compared to seedlings produced from mother plants

without any pre curing treatments. Segment size also had positive influence on seedling growth

in the nursery with three noded seedlings having better performance. Pre sprouting treatments,

soaking the cuttings in growth regulators BA (lOOOppm), GA3 (25ppm), BA

(2ppm)&IAA(2ppm) were found to enhance the growth of seedlings in the nursery compared to

control. There is strong evidence that cytokinins are key factors in promoting bud growth

(Tamas, 1987). Application of cytokinins to quiescent axillary buds from a range of species has

been shown to stimulate their growth, for example in soybean (Ali and Fletcher, 1971) and in

bulbous and cormous, monocotyledonous plants (Hussey, 1976). There are few reports on the

relationship between axillary bud development and endogenous gibberellin levels and the data

that exists is often contradictory. Studies with applied gibberellins indicate a possible role in the

regulation of bud development. Kinetin strongly promotes the release of axillary buds from

apical dominance when applied together with GA3 (Catalano and Hill, 1969; Sachs and
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Thimann, 1964). It has, however, been suggested that this may be the action of GA3 on the buds

after their release from inhibition by kinetin. Application of kinetin or ben2yladenine, two

synthetic cytokinins, to buds induces axillary shoot development by releasing axillary buds from

the inhibition caused by apical dominance (Greene and Autio, 1989; Lyons and Hale, 1987). The

cytokinin benzyl adenine, when applied basally, favored lateral bud development in Arabidopsis

cuttings, but when applied apically, they remained dormant (Chatfield et ai, 2000).

The treatment combination T9 (P1S3G1) was found to be the best in enhancing the growth

parameters of seedlings compared to other treatment combinations. In the above treatment

combination growth parameters such as sprouting percentage, survival percentage and seedling

height were significantly superior compared to other treatment. Regarding root characters of the

seedlings, treatment combination, T9 [(P1S3G1-three node disc from in situ decapitated parent

material treated with BA(lOOOppm) and GA3(25ppm)] recorded maximum number of roots at

the nursery period which was on par with Tio (P1S3G2), Tj? (P2S2G1), Ti8(p2S2G2),

T2i(P2S3Gi),T22(P2S3G2)j23(P2S3G3),T25(P3SiGi) and T33(PiS3Gi)during the nursery period.

Seedlings of single noded disc without pre-curing treated with honey, T39(P4SiG3)recorded the

lowest number of roots in the nursery period. Regarding root length and girth also T9 recorded

the highest values which was on par with T10.

Plants with better root system obviously will give better growth of the plant. The ramified

root system might have promoted better nutrient uptake and consequent improved growth

attributes. It was observed that more number of leaves and roots was produced by seedlings of

three node disc treated with BA and GA3. The result is in conformity with findings of Aswathy

(2015) who reported that in kasturi turmeric, three node rhizome bits treated in benzyl adenine

registering high percent sprouting and survival rate of raised plants. The presence of plant

growth promoting hormones might have contributed to the better growth characters observed in

the seedlings. Lowest number of roots in seedlings of disc cuttings without pre-curing and

growth regulator treatment (T40 (P4S1G4)} also agrees to this.

Another factor noticed in this experiment was that the vegetative characters of the seedlings

increased with increasing seed size. On the otlier hand, seedling sprouting was almost uniform

irrespective of the size of seed rhizomes. Studies carried out in amorphophallus using different
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Number of roots @ 1 MAP
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Fig:8.a.Effect of treatment on number of roots of Aloe vera at 1 MAP in nursery
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sized rhizome bits also revealed the same trend. Here also, plant height and canopy size were less

when planting bits were smaller (KAU,1983). Increase in plant height with increasing seed size

has also been reported in ginger by Korla et al., (1989). Better seedling growth and

morphological characters in the treatment T9 may be due to stored food materials in the stem

cutting as well as the influence of the growth regulators.

5.2. Morphological (Growth)Characters after transplanting.

Morphological(growth) characters such as plant height, number of leaves, leaf

length, leaf breadth, leaf thickness, and leaf weight after transplanting also showed significant

difference among different treatment combinations. The influence of pre curing treatments were

found to decrease after transplanting of the seedlings and not much difference in plant growth

was observed among these treatments. However the influence of segment size and pre sprouting

treatments were evident in plant growth after transplanting also. Three noded cuttings treated

with growth regulators performed better than control plants.

Treatment T9[PiS3Gi-3 node disc collected fi-om in situ decapitated mother aloe which

was treated with BA(lOOOppm) and GA3(25ppm)] recorded the superior morphological

characters among all remaining treatment combinations. Similar result was obtained in

Vitex negundo{L.) from triple noded cuttings by Bhagya(2014) on the morphological characters.

According to Bhagya,(2014) shoot parameters such as days taken to sprout (9 days), number of

sprouts(3.23), length of the longest sprout (20.38 cm), fresh weight (3.6 g) and dry weight (0.88

g) of sprouts and the root parameters like time taken to root (30 days), number of roots (19.05),

length of the longest root (21.75 cm), fresh weight (2.37 g) and dry weight (0.67 g) of roots were

significantly higher in triple node stem cuttings treated with Indole Butyric Acid 3000 ppm.

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). The application of BA and their interaction had significant effect on number of

offsets. Means comparison showed that an increase in nodal length 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.

4B-



5.4 Number of offsets

In the study pre curing of mother plants did not have any influence on offset

production of the seedlings with more number of offsets in control plants compared to plants

from pre cured mother plants. However, pre soaking treatments using growth regulators were

found to influence offset production and such seedlings produced comparatively higher number

of offsets than control plants. At 5 MAP, treatments T26 and T32 (3.00) recorded the highest

number of offsets which was on par with treatment T9 (2.50). During 6 MAP, treatment T9

(3.50) recorded the highest number of offsets which was on par with treatments Tio,T25,T26 T32

(3.00). Natural propagation ofAloe vera is primarily by means of axillary shoots and it is rather a

slow way of multiplication to meet the growing demand . Sardoei(2014) has reported increased

offset production in aloe by foliar application of BA and GA3 with concentration of 400 mg L*' .

Foliar application of BA with concentration of 1500 ml L"^ increased offsets number in aloe

while higher levels of BA prevented root growth. Increased offsets number can be attributed to

decreased ̂ ical dominance by main stem (Hazrati et al., 2011)

Gibberellic acid is a very potent hormone whose natural occurrence in plants controls their

development. Since GA regulates growth, applications of very low concentrations can have a

profound effect while too much will have the opposite effect. It is usually used in concentrations

between 0.01 and 10 mg/L.(RelyJohn,2014). 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). Spraying

cytokinins on Hemerocallis citrine shows that this group of plant growth regulators can increase

offset production via affecting cell division, offsets size and growth by stimulating lateral buds

growth (Amling et al., 2007).

5.3.YIELD PARAMETERS

53.1. Leaf yield

Pre curing treatments were found to have great influence on the final yield and

seedlings produced from mother plants with partially crushed intemodes were found to give the

highest yield followed by mother plants subjected to in situ decapitation. Similarly, plants raised

from three node disc recorded comparatively higher leaf yield than plants of single or double
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noded disc. Pre sprouting growth regulator treatments also were found to have influence on yield

with the treatment G2 giving the highest yield followed by Gi.

Treatment T9 had the highest fresh leaf weight (4.20kg/plant) which was significantly

superior to all treatments followed by Tio(3.94kg/plant).The treatments T5(PiS2Gi.

3.20kg/plant),T6(PiS2G2.3.40kgplanf^),Tio(PiS3G2-3.94kgplant-'),Ti(P2S2G2-

3.90kg/plant),T2i(P2S3Gi-3.20kgplant'),T22(P2S3G2-3.72kgplanf*),T33(P3S3Gi-3.62kgplant')

and T34(3.32kgplant*^) found on par with the highest value. The control T48 recorded the lowest

value (0.520kg/plant). Regarding gel and latex yield also treatment T9 (PiS3Gi-1.05kgplant"^)

showed its superiority which was on par with Tio

In nature, A. vera is propagated through lateral buds, which is slow, very expensive and

low income practice (Meyer and Staden, 1991). About 28000 - 34000 suckers are needed for one

hectare planting. Crop is ready to harvest after 18 months of sowing. Economic yields are obtained

in 5 years after that it needs replanting. In India, the average yield for organically grown Aloe is

about 12 tonnes/ha (on fresh weight basis) (Rajeswari et al., 2012).In commercial cultivation of aloe

using suckem, average per plant yield during the first year of cultivation comes to aroimd 2-3kg.In

the present study the best treatment combination (T9) was able to give a fresh leaf yield of

(4.20kg/plant).

5.3.2.GeI yield

Results of analysis of variance showed that ^plication of growth regulator had

significant effect on gel weight (P<0.05). Treatment T9(PiS3Gi-1.05kgplant"') recorded the

highest gel yield which was on par with Tio(0.98kgplant'*),Ti(0.93kgplant"^),T2(0.90kgplant"')

The highest gel weight was obtained in BA(1000ppm)& GA3(25ppm). Also, gel and peel weight

were significantly affected by BA application (P<0.01). The maximum gel weight was observed

in 1000 ppm BA treatment. The concurrent application of N and BA had significant effects on

gel and peel weight. Similar results were obtained by Nahed and Aziz in 2007.According to

them, the best growth parameters were obtained in the plants treated with 1000 ppm BA foliar

spray.

In this regard, on the previous documents, growth parameter values were increased by

enhancement of BA levels. There is scarcity of information about the application of hormones

13)
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sprayed on plants to this family. However, a number of studies showed that an 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

(Hemandez-Cruz et al., 2002). Leaf of Aloe vera is an important factor in yield determining in

Aloe vera plant (Eshun and He, 2005). The application of 1000 ppm BA 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). Hem^dez-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 suppression of apiccil 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). In another study, q)plication 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.

Exogenous cytokinin increased the chlorophyll content in the chloroplast (Davies, 2004).

Therefore, the results of this study showed that the nodal length and BA

increased growth, yield and aloin concentration in A. vera plants. From the results of this

investigation, it can be concluded that the nodal length,pre-treatment and BA increased yield at



A. vera plant so that the highest yield and latex concentration were observed in the simultaneous

application of BA and GA3.

In nature aloe mother plants produces suckers usually one year after planting and the rate

of sucker production is very low ie., two to three per year. In the present study it has shown that

from a single mother plant having 20 cm long stem 4 three node (5cm length) cuttings can be

taken. From these cuttings on an average three seedlings can be produced within a period of

three weeks with the mean sprouting and survival percentage of 80. These seedlings produced

from the cuttings were seen producing offsets at the rate of three numbers after a period of eight

to nine months of transplanting. Thus within one year 9 suckers can be produced from a single

mother plant which nearly three times higher than using conventional planting material. Hence

this method of raising plantlets from aloe stem cuttings can be considered as a rapid method for

mass multiplication. The plant regenerated from nodal segment is considered to be one of the

most promising ways for multiplying a selected variety true to its type (Alam et al., 2015).

5.4. ECONOMICS OF PRODUCTION

Comparison of economics of production of seedlings using different treatments ( Table

23) revealed that majority of treatments had a B:C ratio >1 and the treatments T9 and Tio

recorded the highest B:C ratios of 1.6 and 1.5 respectively. Hence production of seedlings using

three node disc cuttings collected from in situ decapitated parent material, treated with BA(1000

ppm) and GA3(25 ppm) and three node disc cuttings from in situ decapitated mother plants

treated with BA(2ppm) and lAA(2ppm) can be recommended as a rapid, cost effective technique

for mass multiplication of Aloe vera.
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SUMMARY

A study on "Refinement of Macro-propagation technique for the mass multiplication of

aloe(Aloe vera.Burm.f.) was carried out at the College of Agriculture, Vellayani during 2014-

2016.The objective of the study was to refine the stem disc method of macro propagation of aloe

for rapid mass multiplication.lt was also aimed to to analyze the effect of various pre-curing

treatments on inducing axillary bud break, to optimize the segment size and to find out best

sprouting treatments.

The major findings of the experiment are summarized in this chapter.

A significant influence in sprouting percentage,survival percentage and morphological

parameters at nursery like seedling height, number of leaves, number of roots,length of roots and

girth of roots was noticed among various treatments during the observation period.Treatment

T9IT1S3G1-3 node disc collected fi*om insitu decapitated mother aloe which was treated with

BA(lOOOppm) and GA3(25ppm)] recorded the maximum sprouting percentage,survival

percentage,seedling height and root characters. The lowest sprouting percentage was given by one

node disc cuttings without pre-curing treated with honey (T39-P4S1G3) which was on par with

T40. Treatment T40(P4S1G4: no pre-curing-single node disc-no growth regulator) showed the

lowest survival percentage(33.8%). The lowest seedling height was given by T48(P4S3G4) during

the observational period.Treatment T40 showed the minimum values in root characters.

Morphological characters such as plant height,number of leaves,leaf length,leaf breadth,leaf

thickness,leaf weight and number of offsets after transplanting also showed significant difference

among different treatment combinations. Treatment T9[PiS3Gi-3 node disc collected from insitu

decapitated mother aloe which was treated with BA(lOOOppm) and GA3(25ppm)] recorded the

superior morphological characters among all remaining treatment combinations. Treatment

T48(P4S3G4-16.90cm) showed the lowest plant height and produced minimum number of leaves.

The lowest leaf breadth (2.70cm) and leaf weight (62.62gm) was recorded in treatment T40 at 6

MAP. Lowest leaf thickness was recorded in treatment T44(P4S2G4-0.52cm) during the

observation period.

The statistical analysis of physiological growth parameters revealed that there was

significant variation in Absolute Growth Rate (AGR) among treatments during 6MAP,Relative



Growth Rate (RGR),Net Assimilation Rate (NAR) and Leaf Area Index (LAI) during the entire

observation period.

LAI was influenced by the size of disc as well as the pre-curing and growth regulator

treatments and significant differences were noticed among the treatments.At 2 MAP,treatment Tio

recorded the highest value of 0.224 which was on par with T9 (0.202).The next best result was

given by T2i(0.172).T39 recorded the least value(0.050).During 4 MAP,treatment T]o recorded

significantly superior leaf area index of 0.742 which was on par with T9 (0.726).Next best

treatment was T22 (0.650) and the lowest LAI value was recorded for T43 (0.128). At 6

MAP,treatment T9 recorded the maximum LAI of 0.928 and treatment Tio (0.910)and T26(0.914)

were on par with it.T22 also recorded superior value (0.846) and the lowest vzilue was observed for

T39 (0.188).

The fresh leaf,gel,gel yield as well as the latex yield of aloe showed significant difference

among different treatments, had The highest fresh leaf yield of 4.20kgplant-l was obtained from

treatment T9[P1S3G1 which was significantly superior to all treatments followed by TIO

(3.94kg/plant).The treatments T5(P 1S2G1 _3.20kg plant-1 ),T6(P 1 S2G2_3.40kgplant-

l),T10(PlS3G2-3.94kgplant-l),T18(P2S2G2-3.90kgplant-l),T21(P2S3GI-3.20kgplant-

l),T22(P2S3G2-3.72kgplant-l),T33(P3S3Gl-3.62kgplant-l) and T34(3.32kgplant-1) found on par

with the highest value.

Similarly the highest latex yield (16.60g/plant) was also obtained from treatment T9

which was significantly superior to all treatments which was on par with TIO (16.40

g/plant),T8(15.90gplant-l),T18(15.95g/plant) and T21(15.70gplant-1) during the observation

period.The control T48 recorded the lowest value for both fresh leaf yield. (0.520kg/plant). and

latex yield (6.250g/plant). Treatment T9(P1S3G1-L05kgplant-1) also recorded the highest gel

yield which was on par with T10(0.98kgplant-l),Tl(0.93kgplant-l),T2(0.90kgplant-l).No major

pest and disease incidence were noticed throughtout the cropping period. BC ratio varied

significantly for the treatments.The treatment T9 recorded the highest BC ratio.

Present study revealed that the treatment T9 (P1S3G1) was significantly superior in

enhancing morphological,yield and quality attributes.The highest BC ratio was also the maximum

in treatment T9.
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ABSTRACT

The study entitled "Refinement of macro-propagation technique for mass

multiplication of aloe {Aloe vera Burm. f.)" was carried out during 2014-2016 in the department

of Plantation Crops and Spices, College of Agriculture Vellayani, to standardize the stem disc

method of macro propagation in aloe.The experiment was laid out in CRD with forty eight

treatment combinations and three replications. The treatments included combinations of four pre-

curing treatments, three segment size and four sprouting treatments.

Mature healthy aloe mother plants fi"ee fi-om pests and diseases were subjected to various

pre-curing treatments viz., in situ decapitation, partial crushing of intemode, and foliar spraying

of growth regulator (BA), one month before preparing stem segments. Stem segments having

single, double and three nodes were prepared from both pre cured and non pre-cured mother

plants. They were then subjected to three different sprouting treatments which include different

combinations of growth regulators, BA, GA3 and lAA and treatment with honey. Control without

any pre curing and sprouting treatment was also maintained.

From the comparison of different treatment combinations it was observed that better

sprouting percentage (80.60%) was noticed in T9 {3 node disc cuttings treated with BA (1000

ppm) + GA3 (25 ppm)} taken fi-om mother plants subjected to in situ decapitation (P1S3G1). The

lowest sprouting percentage (27.72%) was seen in single node disc cuttings treated with honey

and without pre-curing (P4S1G3) which was on par with three node cutting without pre curing

and sprouting treatments (P4S3T4). Among the pre sprouting treatments, soaking the cuttings in

growth regulators BA(lOOOppm), GA3(25ppm), BA(2ppm)&IAA(2ppm) were found to enhance

sprouting while honey treatment had practically no effect. Sprouting percentage was low in

untreated cuttings also.

The treatment combination (P1S3G1) also recorded significantly superior morphological

parameters of seedlings like plant height, number of leaves, leaf length, breadth, thickness and

weight. Significantly superior fresh leaf yield (4.20kgplant"*) and latex yield (16.60gplant"') was

also registered by T9 (P1S3G1).
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Growth analysis of seedlings carried out at different growth stages also revealed the

superiority of T9. Significant improvement in gel yield was noticed for T9 [(P1S3G1- in situ

decapitation+three node+ BA(1000ppm)& GA3(25ppm)]and Tio (P1S3G2).

Among the forty eight treatment combinations tried,T9 (P1S3G1- in situ decapitation+three

nodef BA(1000ppm)& GA3(25ppm) was the best cost effective treatment with B:C ratio 1.6 for

getting higher sprouting percentage, better seedling growth and higher yield characters.

By adopting the above pre curing and pre sprouting treatment (P1S3G1) within one year

nearly 9 suckers can be produced from a single mother plant which is nearly three times higher

than the conventional planting material. Hence this method of raising plantlets from aloe stem

cuttings can be considered as a rapid method for mass multiplication.

157^


