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Introduction
Azadirachta  indica A. Juss,  a member of

Meliaceae family commonly known as neem,
is a multipurpose evergreen tropical tree. It
has been recognized as a versatile tree agro-
forestry purposes. Neem contains potent bio-
degradable and economically safe bio-pesti-
cide compounds, such as azadirachtin (Puro-
hit  & Dave  1996).  When considered  toge-
ther, the various uses of neem can be very at-
tractive  to  rural  people  that  can  easily  get
economic  benefits  through  production  of
seeds  and  leaves  within  a  short  period  of
time.

Vegetative  propagation  (Parthiban  et  al.

1999) and breeding strategies for multipur-
pose traits including timber and non-timber
products  (Kundu  &  Luukkanen  2003)  are
desirable  for  this  species.  However,  when
propagated  through  cuttings,  neem  shows
difficult  rooting.  Goel  & Behl  (2004) sug-
gested  the  use  of  juvenile  top  cuttings  for
rooting induction in hard wood species such
as neem, because physiologically mature tis-
sues  have  lower  rooting  potential,  take  a
long time to initiate roots and develop fewer
roots. 

Factors that influence the successful root-
ing  of  cuttings  are  reported  by  Garner  &
Chaudri  (1976) and  Hartman et  al.  (1990):

age of mother plant, season of cutting, type
and height  of  cutting,  presence or  absence
vegetative  buds,  number  of  leaves  on  the
cutting, water content of stock plant and cut-
ting.  In  addition,  the formation  of adventi-
tious  roots  is  a  process  induced  and  regu-
lated by environmental and endogenous fac-
tors  such  as  temperature,  light,  hormones
(especially auxins), sugars, mineral salts and
other molecules (Woodward & Bartel 2005).

Auxin is one of the major endogenous hor-
mones  involved  in  the  process  of  adventi-
tious rooting (Wiesman et al. 1988). Physio-
logical stages of rooting are correlated with
changes in endogenous auxin concentrations
(Heloir  et  al.  1996).  Moreover,  the  use  of
exogenous  plant  growth  regulators  (PGRs)
plays a vital role in influencing the sprouting
and  rooting  of  stem  cuttings.  The  widely
used  sources  of  growth  hormones  for  cut-
tings  rooting  are  IBA  (Indole-3-butyric
acid), NAA (α-naphthalene acetic acid), and
IAA  (Indole-3-Acetic  Acid)  and  commer-
cialized root  promoters  (root-growing pow-
ders -  Wiesman et al. 1988,  Hartmann et al.
2007). 

Use of mini-cuttings for propagation of dif-
ferent perennial  plant  species emerged as a
popular  technique  recently  (Titon  et  al.
2006)  and has been proven  to be effective
and reliable for mass propagation of desired
plants.  Mini-cuttings  allow genetic  charac-
teristics to be maintained (Stape et al. 2001,
Wendling  & Xavier  2005,  Schwambach et
al.  2008,  Wendling et al.  2010,  Majada et
al.  2011).  The  adventitious  root  ability  in
mini-cuttings has been extensively tested in
Eucalyptus cloeziana (Almeida et al. 2007),
E. benthamii Maiden & Cambage × E. dun-
nii Maiden (Brondani et al. 2008), E. globu-
lus  × E.  maidennii (Schwambach  et  al.
2008) clones of  E. benthamii and  E. dunnii
(Brondani et al. 2010a), E. benthamii (Bron-
dani et al. 2010b) and  Pinus pinaster (Ma-
jada et al. 2011) with positive results. 

The  de novo rooting is the most common
form of rooting from cuttings. In the de novo
Adventitious Root Formation (ARF), a new
area of meristematic tissue is formed among
the parenchyma cells at the anti-clinal divi-
sion in the phloem ray parenchyma. The for-
mation of adventitious roots  is an essential
step  in  vegetative  propagation  (Lovell  &
White  1986).  Adventitious  roots  can  arise
naturally from stem tissue under stressful en-
vironmental  conditions,  or  may be induced
by mechanical  damage  or  following  tissue
culture  regeneration  of  shoots  (Li  et  al.
2009). 

The present study was aimed to develop a
cost-effective  novel  approach  for  clonal
propagation of Azadirachta indica. We took
advantage  of  controlled  nursery  conditions
to apply ARF techniques for rapid and uni-
form  production  of  high  quality  stocks
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Neem (Azadirachta indica A. Juss) is a multipurpose Indian tree important to
local economy. Conservation of the genetic resources of neem is essential for
the  adaptability  of  this  tree  species  to  projected  climate  change  impacts.
Here, the effect of type and concentration of auxins in different rooting media
on adventitious root formation (ARF) in mini-cuttings of Azadirachta indica is
depicted. Three different rooting media (i.e., sand, vermiculite and soil) were
used, and the experiment was established using three types of auxin (IBA, IAA
and NAA) and 6 concentration treatment combinations (100, 250, 500, 750,
1000 and 1500 mg l-1), in a complete randomized block design (CRBD). Signifi-
cant effects  of  different  auxin types,  concentration treatments and rooting
media on adventitious root formation of neem mini-cuttings were observed.
Mini-cuttings  were  assessed  for  rooting  percentage,  number  of  roots,  root
length and number of leaves. IBA resulted in higher rooting percentage (90%),
number of roots (149.56), root length (14.83 cm) and number of leaves per
rooted  mini-cuttings  (12.78),  when  growing  in  sand.  The  determination  of
proper rooting protocols and the use of mini-cuttings were proved important
for improving mass propagation of A. indica.
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within  a  short  period,  for  plantation  pro-
grams at mass level.

Materials and methods

Selection of planting material
The study was carried out at the Arid Fo-

rest  Research Institute,  Jodhpur,  Rajasthan,
India  (24°  40′ N,  71°  15′ E)  during  July–
September (Monsoon season)  of 2011.  The
climate of this region is hot  and semi-arid,
but influenced by monsoons.

Preparation of stem cuttings
The  selection  of  Candidate  Plus  Tree

(CPT) was done based on vegetative charac-
ters (i.e., growth potential; diameter at breast
height;  plant height; stem form; crown pro-
jection) and reproductive characters (i.e., re-
generation ability; initiation of leaf fall; initi-
ation of new leaves; initiation of flowering;
number  of  flowers;  initiation  of  fruiting;
number of fruits/bunch; fruiting period), and

seed traits (100 seeds weight, g; oil percent-
age; seed viability; Azadirachtin percentage).
The  mini-cuttings  were  collected  from se-
lected CPT naturally growing at  the Forest
Genetics  and  Tree  Breeding  experimental
field, in Jodhpur. The mini-stumps were pro-
pagated  by  conventional  cutting  methods
(Stape et al. 2001, Schwambach et al. 2008,
Wendling et al. 2010) from trees 30 months
old.  The  newly  emerging  juvenile  apical
shoots (mini-cuttings)  were harvested using
sterile pruning scissors in the morning. After
harvesting, these were first screened for the
desired  length  (30-35  cm)  and  diameter
(<0.5cm)  by  scale  and  calibrated  Vernier
caliper.  Then,  they were  kept  in  wet  cloth
(for prevention from damage) for transporta-
tion to the laboratory.

The mini-cuttings were defoliated and then
treated with aqueous solution of 0.1% Car-
bendazim (Bavistin 50% WP, Systemic fun-
gicide, BASF India Limited, Bombay) for 1
minute,  and subsequently washed with  dis-

tilled water to  remove the excess of fungi-
cide. The selected cuttings were treated with
freshly  prepared  aqueous  solution  of  root
promoting  auxins  as  described  by  Kroin
(1992,  2011a,  2011b).  The cuttings  dipped
in distilled water were considered as control
or treated with IBA (Indole-3-Butyric Acid,
Duchefa  Biochemi,  Postbus,  Netherland),
IAA  (Indole-3-Acetic  Acid,  Duchefa  Bio-
chemi,  Postbus,  Netherland)  and  NAA (α-
naphthalene acetic acid, Duchefa Biochemi,
Postbus, Netherland), at different concentra-
tion of 100, 250, 500,  750,  1000 and 1500
mg l-1. 

Twenty  cuttings  of  each  treatment  were
stuck  in  root  trainer  (250  cc)  containing
three  nursery  grade  rooting  media:  vermi-
culite, sand and soil. 

The experiment was laid out in a Complete
Randomized Block Design (CRBD). To pre-
vent any form of damage to the cambium of
cuttings  during  insertion  into  rooting  me-
dium, holes were made by a glass rod into
the root trainer. The cuttings were kept un-
der  intermittent  mist  (misting  flow for  60
seconds  every  30  minutes),  maintained  at
60-80% relative humidity and 25-30 °C / 15-
20  °C  day/night  temperature.  The  cuttings
were  regularly  watered  and  treated  with
0.1% Bavistin to avoid desiccation damage
and attack of pathogens respectively, at 15-
day interval. 

The rooting experiments  were run  for  60
days, then rooted cuttings were transferred to
polythene bags (16 × 28 cm) containing soil:
FYM (field yard manure) (5:1) and kept in
poly house for 15 to 20 days. The polythene
bags were moved daily in order to minimize
misting variation. After this, polythene bags
containing  rooted  mini-cutting  were  trans-
ferred to agro-shade house for hardening. In
agro-shade house, plants were manually irri-
gated by tap water once a day. After 35-45
days of hardening, plants were planted in the
field and were manually irrigated by tap wa-
ter once a week.

Analysis of rooting in mini-cuttings
After completion of experiment, all the cut-

tings were uprooted carefully with the help
of running water. The number of leaves were
recorded just before uprooting of a treatment
lot, whereas the rooting success, numbers of
primary roots and length of roots (cm) were
recorded  by  observing  all  mini-cuttings  of
each replication.

Data collection and statistical analyses
The  recorded  data  were  analyzed  by  ge-

neral linear models using the software pack-
age SPSS® 8.0 (SPSS Inc., Chicago, Illinois,
USA).  Data  were  subjected  to  ANOVA.
Data in percentage was subjected to arcsine
(√X)  transformation  (Snedecor  &  Cochran
1967) before statistical analysis.
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Tab. 1 - Analysis of variance for the effect of auxins (IBA, IAA and NAA), their concentra -
tion and media on rooting percentage, number of root, root length (cm) and number of leaves
of A. indica mini-cuttings. (df): degrees of freedom.

Source of
Variance

df
Rooting %

Number of
roots

Root length
Number of

leaves

F P F P F P F P
Auxin 2 19.71 0.00 66.27 0.00 1.01 0.36 20.31 0.00
Media 2 52.99 0.00 47.15 0.00 77.89 0.00 158.69 0.00
Concentration 5 6.21 0.00 42.35 0.00 25.22 0.00 74.93 0.00
Auxin×Media 4 1.48 0.20 9.45 0.00 0.03 0.99 36.39 0.00
Auxin×Concentration 10 2.99 0.00 17.44 0.00 19.91 0.00 56.53 0.00
Concentration×Media 10 1.38 0.19 6.92 0.00 2.48 0.00 7.68 0.00
Auxin×Concentration×
Media

20 0.99 0.46 4.29 0.00 7.34 0.00 19.83 0.00

Tab. 2 - Mean values of the parameters analyzed (rooting percentage, number of root, root
length in cm, and number of leave) in mini cuttings of A.indica supplied with three different
auxins and grown on different rooting media. 

Parameter Treatment Sand Vermiculite Soil Grand Mean
Rooting % Control 29.73 38.95 26 31.56

IBA 59.07 54.44 30.78 48.09
IAA 46.07 40.39 29.2 38.55
NAA 37.85 37.94 20.24 32.01
Grand Mean 46.72 44.15 26.73 -

Number 
of root

Control 8 7.5 5 6.83
IBA 76.24 53.05 33.81 54.36
IAA 26.67 21.82 12.31 20.26
NAA 53.13 43.91 12.89 36.94
Grand Mean 53.31 42.98 20.37 -

Root length 
(cm)

Control 2.6 2 2 2.2
IBA 8.94 7.9 5.09 7.31
IAA 8.83 6.8 5.17 6.93
NAA 9.13 6.66 4.67 6.82
Grand Mean 8.79 7.06 4.88 -

Numbers 
of leaves

Control 3.4 2.75 2.5 2.88
IBA 9.19 6.2 3.66 6.35
IAA 4.07 3.25 2.72 3.34
NAA 5.54 3.95 3.11 4.2
Grand Mean 6.54 4.76 3.16 -



Adventitious root formations in mini-cuttings of Neem 

Results and discussion
A highly significant effect (p<0.001) of the

three  different  rooting  media  on  cuttings’
performance  was  observed.  The  interaction
of auxin, their concentration and rooting me-
dia had a significant effect (p<0.001) on the
number of roots, root length and number of
leaves (Tab. 1). The highest rooting percen-
tage, numbers of roots, root length and num-
bers of leaves were 46.72%, 53.31, 8.79 and
6.54,  respectively,  in  sand  rooting  media,
and  lowest  in  soil  rooting  media  with
26.73%,  20.37,  4.88  cm and  3.16,  respec-
tively (Tab. 2). The high root  formation in
sand could probably be attributed to a com-
bination of water holding capacity and good
aeration  of  the  substrate.  Indeed,  aeration
plays a significant  role in root  initiation as

well  as  on  root  elongation  (Khayyat  et  al.
2007). This could explain the observed low
numbers  of root  and length  in  soil  rooting
media. In fact, the aeration in soil is usually
low,  while  the  water  holding  capacity  is
good.

El-Naggar & El-Nasharty (2009) reported
that rooting (pot size) and nutritional requi-
rements  are  the  most  important  factors  af-
fecting growth of ornamental plants.  Khay-
yat  et  al.  (2007) observed  that  the  type  of
rooting media and their characteristics are of
utmost importance for the quality of rooted
cuttings,  and  attributed  the  improved  root
formation  and  growth  of  Epipremnum  au-
reum cuttings to substrates containing mix-
tures of leaf mold and sand, due to the better
aeration,  drainage  and  water  holding  capa-

city. 
In this investigation, the highest number of

leaves were formed in sand treatment, which
can be attributed to the coordination between
leaf  and  root  development.  According  to
Govinden-Soulange et  al.  (2009),  the num-
ber of leaves produced per cutting is deter-
mined  by  the  type  of  cutting  used,  plant
growth regulators supplied and health status
of the mother plant. Since all cuttings used
in this investigation were uniform, the high-
est number of leaves per cutting observed for
cuttings grown in sand could be attributed to
intrinsic characteristics of stem cuttings, like
root number and length.

A strong effect (p<0.001)  of all  the three
different  auxins  on  the  studied  parameters
was also observed. Results indicated that the
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Fig. 1 - De novo adventitious
root formation in mini-cut-
ting of A. indica. (A, B, C,

D): Adventitious root forma-
tion in mini-cutting; (E, F, G,

H): high rate of rooting in
mini-cuttings treated with

IBA 250 ppm; (I): field plan-
tation of plant produced from

mini-cutting; (J): plant pro-
duced from mini-cuttings in
poly bags under poly house

conditions.
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maximum  rooting  percentage,  numbers  of
roots,  root  length  and  numbers  of  leaves
were 48.09%,  54.36,  7.3  cm and  6.35,  re-
spectively,  for the treatment with IBA; and
the  minimum  values  were  31.56%,  6.83,
2.20  cm and  2.88,  respectively,  in  control
(Tab.  2).  Clearly,  hormones  of  the  auxin
group  promoted  root  formation.  A  higher
percentage  of  rooting and  number of  roots
per  cutting  were  recorded  with  IBA  than
IAA (38.55% and 26.94) and NAA (32.01%

and 36.94 - Fig. 1). Gehlot et al. (2014) also
found that the higher the rooting percent, the
higher is the number of roots and length of
roots in cuttings treated with IBA. This sug-
gested that the use of IBA is more efficient
than IAA and NAA in the present conditions
(summer season). 

The regeneration of adventitious root from
softwood  cuttings  was  also  examined  by
Singh & Chander (2001) who found higher
rooting percentage and root numbers in cut-

tings treated with IBA (33.30% and 11.63)
followed by IAA (23.30% and 6.67).  Kesari
et  al.  (2009) found  relatively poor  rooting
with IAA treated stem cuttings of Pongamia
pinnata in  comparison  to  IBA.  Tomar
(1998) found that cuttings rooted effectively
with  IBA,  and  those  from  coppice  shoots
gave  better  results  than  cuttings  from  the
main stem. The rooting capacity found in the
present  study  indicates  that  the  induction
treatments  imposed  significantly  enhanced
the  rooting  ability  of  Azadirachta  indica
mini-cuttings, in the following order: IBA >
IAA > NAA (Fig. 2, Fig. 3, Fig. 4). 

A  significant  relationship  (p<0.001)  was
also  found  between  the  rooting  percentage
and the concentration of auxins, in associa-
tion with different rooting media. The over-
all  rooting  percentage  varied  greatly  (Tab.
2).  It  was  the  highest  (90%)  in  treatment
with 250 mg l-1 IBA in sand rooting media,
followed by (80%) 500 mg l-1 IBA in sand
media; the lowest value was 10% (Tab. 3).
Cuttings treated with 250 mg l-1 IBA in all
the  three  potting  media  (sand,  vermiculite
and soil) gave the maximum success rate, in
comparison  with  similar  concentration  of
IAA and  NAA;  sand  (90%)  >  vermiculite
(80%) > soil (35%). We hypothesize an in-
teraction between physical properties of the
rooting media and  the effective auxin  con-
centration (Fig. 2, Fig. 3, Fig. 4). 

IBA was  found  more  effective  than  IAA
and NAA, in that order, in root induction in
mini-cuttings  of  Neem  and  Commiphora
wightii (Gehlot  et  al.  2014,  Tripathi  et  al.
2014).  Kesari et al.  (2009) found relatively
poor rooting with IAA treated stem cutting
of Pongamia pinnata in comparison to IBA.
Our study revealed that  the rate of rooting
success  at  various  auxin  concentrations  in-
creased  until  a  threshold  is  reached,  after
which  the rooting  potential  dropped,  diffe-
rentially for the auxins tested. In the case of
IBA, the maximum success was reached with
250 mg l-1 (59.58%), in IAA with 750 mg l-1

(47.20%)  and  in  NAA  with  500  mg  l-1

(42.03% - Tab. 3). Differences might be due
to  the  auxin-specific  toxic  concentration
(Grossmann 2000). Toxicity is followed by
accelerated  foliar  senescence,  chloroplast
damage, destruction of membrane and vascu-
lar system integrity, necrosis and plant death.
A high level of auxins stimulates biosynthe-
sis of ethylene, which in turn triggers abscis-
sic  acid  (ABA)  production.  The  ABA  is
translocated  through  the  plant,  triggering
stomatal closure and, together with ethylene,
promotes  leaf  senescence  and  ultimately
death  (Grossmann  2000).  Gehlot  et  al.
(2014) also  found  different  thresholds  of
auxin  toxicity,  in  summer season,  with  va-
lues ranging from 57.46% (with IBA 500 mg
l-1), to 45.09% (with IAA 1000 mg l-1) and
49.31% (with NAA 750 mg l-1). 

Statistically significant (p<0.001) effect of
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Fig. 2 - Effect of
IBA and rooting

media (sand, vermi-
culite and soil) on

rooting percentage,
number of root, root

length (cm) and
number of leaves in

mini-cuttings of
A.indica.

Fig. 3 - Effect of
IAA and rooting

media (sand, vermi-
culite and soil) on

rooting percentage,
number of root, root

length (cm) and
number of leaves in

mini-cuttings of
A.indica.

Fig. 4 - Effect of
NAA and rooting

media (sand, vermi-
culite and soil) on

rooting percentage,
number of root, root

length (cm) and
number of leaves in

mini-cuttings of
A.indica.



Adventitious root formations in mini-cuttings of Neem 

different doses of auxins and rooting media
on the number and length of roots were ob-
served.  Overall  the  number  and  length  of
roots ranged from 5.00 and 2.60 cm (lower
in control with soil and control with vermi-
culite) to 149 and 14.83 cm (highest in 250
mg l-1 of IBA with sand), respectively (Tab.
3 Tab.  4).  It  is  important  to  consider  that
growth regulators not only influence the per-
centage of rooting, rather they may also ac-
celerate the onset of the rooting process and

increase the number and quality (in terms of
length)  of  roots.  The  maximum number  of
roots was recorded in the treatment with 250
mg l-1 of IBA in all the rooting media. The
control  treatment  resulted  in  thin  roots,
rather  than  in  the  inhibition  of  rooting,
which indicates that endogenous auxin along
with some root inducing factors might occur
naturally within  the mini  cuttings that  may
boost  root  primordia  initiation.  Differences
in the threshold  of toxicity among the stu-

died auxins was also an indication for spe-
cific endogenous levels (Blythe et al. 2007).
The proper type and concentration of auxins
in association with a proper rooting media is
necessary  to  maximize  the  success  of  this
propagation approach (Shagoo et al. 2007).

In most tree species, the rooting ability of
cuttings has been reported to increase from
the apical to the basal portion of the shoot,
which has been attributed to accumulation of
carbohydrates (Hartmann et al. 2011). In our
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Tab. 3 - Interactive effect of auxin (IBA, IAA & NAA), their different concentration and rooting media (sand, vermiculite and soil) on root -
ing percentage and number of root in mini-cuttings of A.indica. (*): Arcsine values in parentheses.

Treatment
Conc.

(mg l-1)

Rooting percentage
(%)

Mean

Number of root
(Mean ± SE)

Mean
Sand Vermiculite Soil Sand Vermiculite Soil

Control 0 25 (29.73)* 40 (38.95)* 20 (26.56)* 28.33 (31.74) 8.00 ± 1.22 7.50 ± 0.57 5.00 ± 0.57 6.83
IBA 100 30 (32.90) 30 (32.90) 20 (26.56) 26.66 (30.79) 36.67 ± 1.67 36.00 ± 0.82 26.25 ± 2.39 32.97

250 90 (76.08) 80 (66.59) 35 (36.06) 68.33 (59.58) 149.56 ± 10.76 95.45 ± 3.12 45.71 ± 1.30 96.91
500 80 (69.75) 70 (60.54) 35 (36.06) 61.66 (55.45) 105.69 ± 17.00 93.64 ± 1.52 47.00 ± 6.62 82.11
750 70 (63.98) 70 (63.98) 30 (32.90) 56.66 (53.62) 51.86 ± 1.77 40.00 ± 1.34 33.33 ± 2.11 41.73

1000 70 (63.98) 60 (57.64) 20 (26.56) 50.00 (49.39) 32.14 ± 1.79 30.83 ± 0.56 20.00 ± 5.77 27.66
1500 60 (54.49) 50 (45) 20 (26.56) 43.33 (42.02) 26.67 ± 0.71 22.40 ± 2.24 12.00 ± 0.98 20.36

IAA 100 50 (45) 30 (29.46) 30 (32.90) 36.66 (35.79) 24.00 ± 0.67 18.33 ± 1.05 10.00 ± 0.90 17.44
250 40 (38.95) 40 (38.95) 25 (29.73) 35.00 (35.88) 42.50 ± 0.94 31.25 ± 0.82 25.00 ± 0.85 32.92
500 60 (51.34) 50 (45) 20 (26.56) 43.33 (40.97) 30.83 ± 1.35 26.00 ± 1.25 10.00 ± 0.76 22.28
750 70 (63.98) 60 (51.05) 20 (26.56) 50.00 (47.20) 27.86 ± 0.69 26.67 ± 0.71 9.00 ± 0.58 21.18

1000 50 (45) 50 (45) 30 (32.90) 43.33 (40.97) 18.00 ± 0.82 17.00 ± 0.82 11.33 ± 0.42 15.44
1500 30 (32.90) 30 (32.90) 20 (26.56) 26.66 (30.79) 13.33 ± 1.05 11.67 ± 1.05 7.00 ± 0.58 10.67

NAA 100 50 (45) 30 (32.90) 10 (13.92) 30.00 (30.61) 18.00 ± 0.82 13.33 ± 1.05 6.00 ± 0.98 12.44
250 40 (38.95) 40 (38.95) 20 (26.56) 33.33 (34.82) 37.50 ± 2.11 61.71 ± 3.24 10.00 ± 0.57 36.40
500 60 (51.34) 55 (48.17) 20 (26.56) 45.00 (42.02) 115.00 ± 7.49 89.50 ± 9.94 20.00 ± 0.57 74.83
750 10 (13.92) 45 (41.83) 10 (13.92) 21.66 (23.22) 30.00 ± 1.07 37.50 ± 2.11 20.00 ± 0.37 29.17

1000 50 (45) 40 (39.23) 10 (13.92) 33.33 (32.72) 46.00 ± 4.99 36.43 ± 1.92 10.00 ± 0.57 30.81
1500 30 (32.90) 20 (26.56) 20 (26.56) 23.33 (28.67) 28.33 ± 1.05 25.00 ± 0.92 10.00 ± 0.57 21.11

Total Mean - 50.79 (46.72) 47.11 (44.15) 21.84 (26.73) - 53.31 42.98 20.37 -

Tab. 4 - Interactive effect of auxin (IBA, IAA and NAA), their different concentration and rooting media (sand, vermiculite and soil) on root
length (cm) and number of leaves in mini-cuttings of A.indica.

Treatment
Conc.

(mg l-1)

Root Length 
(Mean ± SE, cm) Mean

Number of leaves
(Mean ± SE) Mean

Sand Vermiculite Soil Sand Vermiculite Soil
Control 0 2.60 ± 0.24 2.00 ± 0.38 2.00 ± 0.11 2.20 3.40 ± 0.40 2.75 ± 0.31 2.50 ± 0.29 2.88
IBA 100 8.00 ± 0.26 7.50 ± 0.50 7.00 ± 0.41 7.50 6.00 ± 0.26 5.00 ± 0.45 5.75 ± 0.25 5.58

250 14.83 ± 1.11 12.94 ± 1.10 3.00 ± 0.25 10.25 12.78 ± 0.57 11.29 ± 0.66 4.00 ± 0.38 9.35
500 11.25 ± 1.20 10.00 ± 0.21 10.00 ± 0.44 10.41 13.19 ± 0.43 9.75 ± 0.19 5.14 ± 0.55 9.36
750 6.57 ± 0.14 8.50 ± 0.33 3.00 ± 0.32 6.02 11.71 ± 0.49 5.50 ± 0.19 2.33 ± 0.21 6.51

1000 5.43 ± 0.14 4.67 ± 0.14 3.00 ± 0.41 4.36 4.43 ± 0.14 2.67 ± 0.14 2.00 ± 0.14 3.03
1500 4.33 ± 0.14 3.80 ± 0.13 3.50 ± 0.29 3.87 2.67 ± 0.14 3.00 ± 0.21 2.00 ± 0.11 2.55

IAA 100 6.60 ± 0.16 5.00 ± 0.48 4.33 ± 0.21 5.31 3.00 ± 0.11 3.00 ± 0.23 2.33 ± 0.21 2.77
250 11.25 ± 0.82 8.50 ± 0.33 6.00 ± 0.75 8.58 4.50 ± 0.33 2.75 ± 0.16 3.00 ± 0.21 3.41
500 9.83 ± 0.82 6.80 ± 0.25 6.00 ± 0.69 7.54 5.17 ± 0.11 3.20 ± 0.39 3.00 ± 0.37 3.79
750 10.00 ± 0.30 8.67 ± 0.28 5.00 ± 0.56 7.89 4.00 ± 0.33 4.33 ± 0.14 3.00 ± 0.45 3.77

1000 7.40 ± 0.27 5.50 ± 0.33 6.33 ± 0.21 6.41 3.80 ± 0.13 3.20 ± 0.13 3.00 ± 0.37 3.33
1500 7.00 ± 0.37 6.33 ± 0.21 3.00 ± 0.34 5.44 3.67 ± 0.21 3.00 ± 0.33 2.00 ± 0.11 2.89

NAA 100 15.20 ± 0.13 4.57 ± 0.14 3.00 ± 0.41 7.59 6.00 ± 0.21 4.27 ± 0.14 2.00 ± 0.21 4.09
250 5.50 ± 0.33 8.57 ± 0.98 6.00 ± 0.54 6.69 4.75 ± 0.16 5.00 ± 0.67 4.50 ± 0.29 4.75
500 7.67 ± 0.41 8.80 ± 0.33 5.00 ± 0.48 7.15 5.17 ± 0.11 4.75 ± 0.16 3.00 ± 0.37 4.30
750 5.00 ± 0.21 6.82 ± 0.23 6.00 ± 0.37 5.94 3.00 ± 0.00 3.55 ± 0.21 5.00 ± 0.67 3.85

1000 9.60 ± 0.16 5.18 ± 0.18 5.00 ± 0.32 6.59 8.40 ± 0.58 3.14 ± 0.27 3.00 ± 0.35 4.84
1500 7.33 ± 0.84 6.00 ± 0.21 3.00 ± 0.21 5.44 2.67 ± 0.21 3.00 ± 0.68 1.50 ± 0.29 2.39

Total Mean - 8.79 7.06 4.88 - 6.54 4.76 3.16 -
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case, the number of leaves was significantly
(p<0.001)  affected  by  rooting  media  and
concentration. The maximum number of lea-
ves was observed in 500 mg l-1 IBA in asso-
ciation with sand (13.19), and the minimum
(2.00)  in  soil  with  low or  high  concentra-
tions  of  auxin  (Tab.  3,  Tab.  4).  Cuttings
treated with IBA in all the media exhibited a
significant  enhancement  in  the  number  of
leaves compared to other auxins (Gehlot et
al. 2014). The similarity  in terms of rooting
percentage, number and length of  roots and
numbers  of  leaves  (Fig.  2,  Fig.  3,  Fig.  4)
suggests that there was a physiological cor-
relation  between  roots  and  the  shoot,  and
opens  new ground  for  studying  vegetative
propagation performance in neem.

Conclusion
In conclusion, sand was found to be supe-

rior  in  the  propagation  of  Azadirachta  in-
dica cuttings  when  compared  to  the  other
media, for most of the root parameters dete-
rmined. In mass propagation of Azadirachta
indica for  agroforestry purposes  there  is  a
need  to  maximize  effective  rooting,  which
may be obtained using mini-cuttings. Vege-
tative propagation through mini-cuttings was
found to be a very promising method, which
may replace the existing stem cuttings. The
rooting  media  and  plant  growth  regulator
play a key role in this process. The formation
of healthy plants after hardening in outdoor
conditions further showed that  Azadirachta
indica could be successfully propagated by
using  mini  cutting  techniques.  This  new
method of propagation  provided  the exten-
sion  of  propagation  season  (exploiting  the
months  free  of monsoon),  higher  yields  of
rooted cuttings per stock plant (using mini-
cuttings)  and  a  high  rooting  percentage
(through rooting hormones).
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