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AB STRACT: A study was car ried out in Krishi Vigyan Kendra, Deendayal Re search In sti tute,
Satna for two con sec u tive years to eval u ate the ef fect of var i ous in-situ mois ture con ser va tion
mea sures on es tab lish ment and growth of aonla (Emblica officinalis) in sloppy de graded lands.
In-situ mois ture con ser va tion mea sures in cluded for the study were prep a ra tion of cir cu lar ring
ba sin + mulch ing the ba sin with black poly thene, stag gered con tour trench ing (45 cm width and 3 
m length) on up per side of the plant ba sin, place ment of one sub merged pitcher in one side of the 
plant for rain wa ter har vest ing, set ting the seed ling in a de pres sion of 1 m width and 15 cm deep,
sur rounded by a ring-shaped ridge with 25 cm width and 15 cm height and a 30 cm open ing on
the higher side to har vest rain wa ter + fill ing the de pres sion with straw + mulch ing with black
poly thene and con trol (no mi cro- catch ment or mulch). The re sults re vealed that all the in-situ
mois ture con ser va tion meth ods showed im prove ments in sur vival, es tab lish ment and growth of
aonla plants. How ever, prep a ra tion of mi cro catch ment area of one me ter width sur rounded by
ring shaped ridge of 25 cm width and 15 cm height and hav ing a 30 cm open ing at the higher side 
and mulch ing in de pressed area with straw and cover with black poly thene was found to be the
most ef fec tive mois ture con ser va tion method in in creas ing the sur vival and growth of aonla
seed lings/budlings among all the con ser va tion treat ments.

Keywords: Aonla, in-situ mois ture con ser va tion, laterite soil, stag gered con tour trench ing.  

The con cept of re ha bil i ta tion of waste/for est
lands through plan ta tions of eco nomic plants on
de graded soils for meet ing the ever in creas ing
de mands of food, fruits, fod der and fuel, has gained 
wide spread at ten tion in In dia. In re cent years, the
Cen tral Gov ern ment of India, as well as some state
gov ern ments, has ex pressed their sup port for
bring ing de graded lands, which can not be used for
food pro duc tion, un der fruit cul ti va tion. In dia has
vast tracts of waste lands, which have been ly ing
bar ren for ages. Most of these lands are suit able for
grow ing trees and thus could be put to so cially
pro duc tive uses (Balooni and Singh, 1). How ever,
the ma jor con straint on the pace of ex pan sion of
re ha bil i ta tion programmes is the non-avail abil ity of 
suit able lo ca tion spe cific tech nol o gies. Sev eral
work ers have em pha sized the need for de vel op ment 
of re ha bil i ta tion tech nol ogy in or der to pre vent
good land from de grad ing into waste lands, and it

has been re ported that waste and de graded for est
lands can be eco nom i cally uti lized for grow ing
cer tain eco nomic plants by em ploy ing suit able
tech nol o gies. Hegde (3) re ported that soil and wa ter 
con ser va tion mea sures and grow ing trees could
ef fec tively re ha bil i tate such sloppy waste lands.
Sim i larly, at tempt s to re ha bil i tate de graded lands in 
the west ern Hi ma la yas, Khybri et al. (4) found that
in-situ mois ture con ser va tion tech niques along with 
use of grasses, plan ta tion of fuel, fod der and fruit
trees were quite ef fec tive in re ha bil i tat ing de nuded
lands. Singh (8) stud ied the per for mance of cer tain
fruit trees on waste lands in the Bundelkhand re gion 
and found that the abun dant hilly waste lands
avail able in the re gion could be suc cess fully
de vel oped for the plan ta tion of fruits.Tyagi and
Yadava (9), while work ing on re ha bil i ta tion of
waste lands, ob served  that waste lands can be
re ha bil i tated to a greater ex tent by em ploy ing
suit able soil-wa ter con ser va tion mea sures; plant ing 
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of fruit, fod der and fuel tree spe cies, and graft ing of 
im proved va ri et ies of fruits on na tive root stocks.
Pareek et al. (7) sug gested the re quire ment of soil
and wa ter con ser va tion treat ments for pro duc tion of 
hor ti cul tural crops on un du lat ing hilly lands and

de graded for est lands. 

 The aonla (Emblica officinalis Gaertn) is one
of the most im por tant mi nor  fruits that has bright
pros pects for ex tend ing its cul ti va tion, es pe cially in 
waste/forestlands where the cul ti va tion of other
crops is ar du ous and less prof it able. Dur ing the
re cent years, this crop is fast gain ing ground on
ac count of its drought har di ness, high me dic i nal
and nu tri tional value, non-per ish able na ture of the
fruit, readily avail able mar ket and high
re mu ner a tion. Due to its in creas ing de mand in
Ayurvedic med i cines, an ex pan sion of the area
un der its cul ti va tion has be come nec es sary to meet
the de mands of phar ma ceu ti cal com pa nies.
Keep ing in view the di verse me dic i nal use of aonla
and its in creas ing com mer cial sig nif i cance in the
coun try, there is an ur gent need to give im me di ate
at ten tion to wards prob lems and pros pects in its
cul ti va tion. How ever, the great est bot tle neck in its
ex pan sion is the poor sur viv abil ity of plants on
waste/forestland. The poor es tab lish ment of plants
af ter trans plant ing is a ma jor prob lem in the
ex pan sion of area un der cul ti va tion as heavy
mor tal ity (up to 50 %) oc curs af ter trans plant ing
from nurs ery to field at dis tant places. Al though,
aonla is a drought hardy fruit crop, yet the plants
re quire wa ter ing dur ing the ini tial stage of or chard
es tab lish ment (Pareek, 6). But pro vid ing ir ri ga tion
is nei ther prac ti cal nor eco nom i cal in the sloppy
waste lands. Har vest ing of rain wa ter and in-situ
mois ture con ser va tion is the only vi a ble al ter na tive
to ar ti fi cial ir ri ga tion. Sci en tific in for ma tion to
es tab lish a stan dard method of rain wa ter har vest ing 
tech nol ogy for aonla is in ad e quate, es pe cially for
the sloppy lands. There fore, an ex per i ment was laid 
out to study the ef fect of dif fer ent mod els of rain
wa ter har vest ing on plant sur vival and growth
ra tios. 

MA TE RI ALS AND METH ODS

The ex per i ment was con ducted dur ing two

con sec u tive years of 2005-06 and 2006-07 at
in struc tional farm of Krishi Vigyan Kendra, Satna
on sloppy waste lands with five in-situ mois ture
con ser va tion meth ods. The ex per i ment was laid out 
in a Ran dom ized Block De sign with three
rep li ca tions and 20 plants in each rep li ca tion. The
ex per i ment site was cleared off all the
shrubs/bushes in the month of May dur ing both the
years. Pits of 90 x 90 x 90 m3 size were dug out
dur ing May. The pits were filled with a mix ture of
good soil and FYM in the ra tio of 1:1. Ex per i ment
was laid out in a tri an gu lar sys tem at a plant ing
dis tance of 5x5m. The seeds ex tracted from
ma tured desi aonla af ter treat ment with
carbendazim (0.25%) were sown in poly thene bags
(25x10 cm size) filled with a mix ture con tain ing
soil, sand and FYM in equal pro por tion for rais ing
seed lings/rootstocks in the last week of June. 2-3
healthy seeds were sown in each polybag. Af ter
ger mi na tion only one healthy seed ling was re tained 
per poly bag. Af ter one month the seed lings raised
in polybags were trans planted in pits sub jected to
dif fer ent in-situ mois ture con ser va tion mea sures.
These trans planted seed lings were patch bud ded
with NA-7  dur ing the last week of June in the
fol low ing year. The ob ser va tions on seed lings
growth (height and di am e ter), sur vival, time taken
for ini ti a tion of bud sprout, time taken for
com ple tion of   50% buds sprout ing, per  cent bud
sprout ing and sur vival of budlings were re corded.
The data on seed lings height and di am e ter were
re corded at monthly in ter val af ter trans plant ing
un til June of the fol low ing year (the time of
per form ing bud ding op er a tions). The height was
mea sured from the sur face of soil to the ter mi nal
bud of the main axis, and ex pressed as av er age
height per seed ling in cm. The di am e ter was
re corded at a height of 5 cm from the ground level
with the help of a slide ver nier cal i per, and was
ex pressed as av er age di am e ter per seed ling in cm.
The num ber of seed lings sur viv ing in each
treat ment un til June of the fol low ing year was
con sid ered as sur vival of seed lings. The data on
bud sprout were re corded daily af ter one week of
bud ding. The num ber of buds sprouted in each



treat ment were counted and ex pressed in
per cent age on the ba sis of the num ber of buds
sprouted out of the seed lings bud ded.  The pe riod
from the date of bud ding/graft ing to the sprout ing
of first bud was con sid ered as the time taken for
ini ti a tion of bud sprout and the pe riod from the date 
of bud ding/graft ing to the sprout ing of 50% buds
was con sid ered as the time taken for com ple tion of
50 per cent bud sprout ing. The num ber of budlings

sur viv ing in each treat ment un til 24 weeks af ter
bud ding were con sid ered as bud sur vival and
ex pressed in per cent age. The data in per cent age
were trans formed to arc sine val ues for cal cu lat ing
the anal y sis of vari ance. The de tails of treat ments

used are given in Ta ble 1.

RE SULTS AND DIS CUS SION

Seed ling Growth 

The data on the ef fect of dif fer ent in-situ soil
mois ture con ser va tion treat ments on plant growth
and sur vival over the years are pre sented in Ta ble 2. 
The pooled anal y sis of vari ance for plant height,
di am e ter and sur vival per cent age re vealed
sig nif i cant dif fer ences among dif fer ent soil
mois ture con ser va tion meth ods, and strongly
in di cated the sig nif i cance of rain wa ter har vest ing
and in-situ mois ture con ser va tion The re sults of the
pres ent stud ies re vealed that rain wa ter har vest ing
and in-situ mois ture con ser va tion is a must for
better es tab lish ment and de vel op ment of aonla
seed lings/budlings par tic u larly in sloppy de graded
soils, as the growth and sur vival of aonla plants was 
mark edly im proved when the seed lings/budlings
were sub jected to dif fer ent in-situ mois ture

con ser va tion meth ods.

In the pres ent stud ies, the seed ling growth in
terms of height and di am e ter was in flu enced
sig nif i cantly by dif fer ent in-situ mois ture
con ser va tion treat ments. Among all the treat ments,
trans plant ing of seed lings in pit de pres sion (T4)
re sulted in the max i mum seed ling height (89.54
cm) and di am e ter (1.11 cm), which was
sig nif i cantly greater than the other treat ments. The
next best treat ment in re spect of seed ling growth
was in-situ mois ture con ser va tion by stag gered
trench +  straw mulch ing (81.24 and 1.05 cm) and
sub merged pitcher (77.23 and 1.02 cm). The
con trol plants re corded sig nif i cantly low est plant
height (66.44 cm) and di am e ter (0.96 cm). The
dif fer ence in the re sponse of growth pa ram e ters to
var i ous in-situ mois ture con ser va tion treat ments
was purely due to dif fer ences in the mois ture
hold ing and re tain ing ef fi ciency of treat ments.
Better growth of the seed lings planted in a pit
de pres sion may be due to more soil mois ture
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Ta ble 1: Treat ment de tails and spec i fi ca tion of in-situ mois ture con ser va tion mea sures.

Treatments Specifications

T1 : Polythene mulching Preparation of circular ring, and mulching the basin with black polythene.

T2  : Trench + straw mulching Staggered trenches of 3m length, 0.45 m width and depth across the slope were
prepared in a aligned contour. Half of the trench was filled with straw and the plants
were planted on the downstream side of the trench bund.

T3 : Submerged pitcher Placement of one submerged pitcher on upper side of the plant for rainwater
harvesting.

T4 : Pit  depression Seedlings were set in a depression of 1 m width and 15 cm depth, surrounded by a
ring-shaped ridge with 25 cm width and 15 cm height and a 30 cm opening on the
higher side to harvest rainwater. The depression was filled with straw and covered
with black polythene as mulch.

T5 : Control Control (no micro-catchments and no mulch).
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avail able for lon ger pe ri ods. These find ings are in
con for mity with the re sults of Ghosh et al. (2),
where they also noted better growth of the aonla

plants in pit like de pres sions.

The data fur ther re vealed that the trend in
in crease in seed ling’s height and di am e ter in
re sponse to dif fer ent in-situ mois ture con ser va tion
tech niques was al most sim i lar dur ing both the years 

of in ves ti ga tions. 

Seed ling Sur vival

An other ben e fi cial ef fect of in-situ mois ture
con ser va tion was sig nif i cant im prove ment in plant
sur vival. All the treat ments ex cept poly thene
mulch ing re corded sig nif i cantly higher plant
sur vival per cent age over the con trol. The
treat ments, plant ing the seed lings in pit de pres sion,
and just be low the stag gered con tour trench, were
found to be more ef fec tive in in creas ing the
sur vival per cent age of seed lings than other
treat ments. The treat ment es tab lish ing seed lings in
pit de pres sion (T4), re corded the mean max i mum
plant sur vival (93.75 per cent), which was
sta tis ti cally at par with stag gered trench + straw
mulch ing (89.38 per cent). The low est plant
sur vival was re corded un der poly thene mulch ing

(69.38 per cent), which was at par with con trol.

These re sults are in con for mity with the
find ings of Manivannan and Desai (5), who also
re corded the max i mum sur vival of plants (89.4 per
cent) with stag gered con tour trench ing method of
rain wa ter har vest ing, as against 52 per cent un der
con trol and ob served that the treat ments which
en hanced growth also im proved the sur vival rate of

the plants.

Bud Sprout and Bud Sur vival

The data on the ef fect of dif fer ent rain wa ter
har vest ing and mois ture con ser va tion tech niques
on bud sprout ing and bud sur vival per cent age are
pre sented in Ta ble 3. The bud sprout ing and bud
sur vival per cent age were in flu enced sig nif i cantly
by the dif fer ent meth ods of soil mois ture
con ser va tion. The  max i mum sprout ing (83.75 per
cent)  as well as bud sur vival (80.82 per cent)  was
re corded in seed lings set in pit de pres sion, fol lowed 
by seed lings planted just be low the stag gered
trench and sub merged pitcher meth ods of mois ture
con ser va tion. These ob ser va tions thus in di cate that
the sur vival of budlings can be im proved greatly by
em ploy ing in-situ mois ture con ser va tion meth ods.
These ob ser va tions are in con for mity with the
find ings of Manivannan and Desai (5), who
re ported that bud sprout ing and sur vival of plants

was im proved by mois ture con ser va tion meth ods. 

Ta ble 2: Ef fect of in-situ mois ture con ser va tion meth ods on height, di am e ter and per cent sur vival of Aonla seed lings.

Treatment Seedling Height (cm) Seedling Diameter(cm) Survival (%)

2005-06 2006-07 Mean 2005-06 2006-07 Mean 2005-06 2006-07 Mean

T1 : Polythene
    mulching

68.92 74.04 71.48 0.92 0.98 0.95 73.75

(59.18)

76.25

(60.83)

75.00

(60.00)

T2  : Trench + straw
   mulching

75.74 86.74 81.24 0.99 1.09 1.05 87.50

(69.29)

91.25

(72.79)

89.38

(70.98)

T3 : Submerged
    pitcher

71.97 82.50 77.23 0.95 1.08 1.02 87.50

(69.29)

87.50

(69.29)

87.50

(69.29)

T4 : Pit depression 84.67 94.41 89.54 1.04 1.17 1.11 92.50

(74.11)

95.00

(77.08)

93.75

(75.52)

T5 : Control 64.73 68.16 66.44 0.85 0.96 0.91 68.75

(56.01)

70.00

(56.79)

69.38

(56.40)

CD (P=0.05) 4.64 3.51 2.49 0.11 0.06 0.06 6.98 7.95 5.11



The data fur ther re veal that the trend in bud
sprout ing and bud sur vival per cent age in re sponse
to the dif fer ent rain wa ter har vest ing and in-situ
mois ture con ser va tion meth ods was sim i lar dur ing

the two years.

Time taken for Ini ti a tion of Bud Sprout ing and

50 per cent Sprout ing of Bud

The data per tain ing to the ef fect of dif fer ent
in-situ mois ture con ser va tion treat ments on the
time taken for ini ti a tion of bud sprout ing are
pre sented in Ta ble 4. In the pres ent stud ies, in-situ
mois ture con ser va tion meth ods were ob served to
cause ear lier ini ti a tion and ear lier com ple tion of 50
% bud sprout ing as com pared to the con trol. The
min i mum time for ini ti a tion of bud sprout ing (14.0
days) was taken by plant ing the seed lings in pit
de pres sion (T4) fol lowed by plant ing seed lings just
be low the stag gered trench. The treat ment which
re sulted in ear lier ini ti a tion of bud sprout ing also
caused ear lier com ple tion of bud sprout ing. The
mean min i mum time of 24.01 and 24.08 days for
sprout ing of 50 per cent buds were taken un der the 
plant set in de pres sion (T4) and stag gered trench +
straw mulch ing (T2), re spec tively. The ear lier bud
sprout ing and rel a tively higher bud suc cess in
seed lings planted in pit de pres sion and just be low
the stag gered trench may be at trib uted to better sap

flow in these seed lings, which en ables the bud to
heal quickly and make a strong un ion. Rel a tively
lower bud ding suc cess and de layed bud burst in
con trol may be at trib uted to de creased sap flow and
less seed ling di am e ter, which must have ul ti mately
in ter fered with the pro cess of bud un ion and its

heal ing.

CON CLU SION

From the re sults of these stud ies, it may be
con cluded that in-situ mois ture con ser va tion is
must for better es tab lish ment and de vel op ment of
aonla plants on de graded sloppy lands, as the
seed ling growth in terms of height and di am e ter,
sur vival per cent age of seed lings, bud sprout and
sur vival per cent age of budlings were sig nif i cantly
im proved when the plants were sub jected to
dif fer ent in-situ mois ture con ser va tion meth ods.
Among the dif fer ent meth ods of in-situ mois ture
con ser va tion, the treat ment  of plant ing one month
old poly thene raised seed lings in a pit de pres sion of 
1 m width and 15 cm deep, sur rounded by a
ring-shaped ridge with 25 cm width and 15 cm
height and a 30 cm open ing on the higher side to
har vest rain wa ter and fill ing the de pres sion with
straw and cov er ing the pit  with black poly thene
and per form ing patch bud ding  next year  dur ing
end of June, which  re sulted in max i mum  seed ling
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Ta ble 3: Ef fect of in-situ mois ture con ser va tion meth ods on bud sprout ing and bud sur vival in Aonla.

Treatment Bud Sprouting (%) Bud Survival (%)

2006 2007 Mean 2006 2007 Mean

T1 : Polythene mulching 77.50

(61.68)

67.50

(55.24)

72.50

(58.37)

58.48

(49.88)

63.10

(52.59)

60.79

(51.23)

T2  : Trench + straw mulching 82.50

(65.27)

72.50

(58.37)

77.50

(61.68)

69.45

(56.45)

75.89

(60.59)

72.67

(58.48)

T3 : Submerged pitcher 85.00

(67.21)

70.00

(56.79)

77.50

(61.68)

71.53

(57.75)

72.77

(58.54)

72.15

(58.15)

T4 : Pit depression 90.00

(71.57)

77.50

(61.68)

83.75

(66.23)

78.27

(62.21)

83.38

(65.94)

80.82

(64.03)

T5 : Control 70.00

(56.79)

55.00

(47.87)

62.50

(52.24)

53.57

(47.05)

55.00

(47.86)

54.29

(47.46)

CD (P=0.05) 10.59 6.53 5.03 7.73 7.89 5.09
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growth and plant sur vival found to be the best in-
situ mois ture con ser va tion method and may be 
rec om mended for re ha bil i ta tion of de graded sloppy 

lands.
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Ta ble 4: Ef fect of in-situ mois ture con ser va tion meth ods on time taken for sprout ing of buds in Aonla.

Treatment Time taken for initiation of
bud sprout

Days taken for 50% sprouting
of buds

2006 2007 Mean 2006 2007 Mean

T1 : Polythene mulching 14.75 16.25 15.50 25.13 26.55 25.84

T2  : Trench + straw mulching 12.75 16.00 14.38 22.45 25.70 24.08

T3 : Submerged pitcher 13.00 15.75 14.38 22.75 25.78 24.26

T4 : Pit depression 12.50 15.50 14.00 22.53 25.50 24.01

T5 : Control 16.00 16.75 16.38 25.48 27.05 26.26

CD (P=0.05) NS NS NS 2.48 NS NS


