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ABSTRACT

Explorations were conducted in north and south Panna forest areas and adjoining villages of Madhya Pradesh to identify
superior aonla genotypes with good fruit quality during the years 2004-2005 and 2005-2006. A total number of thirty five
genotypes of aonla having economically important horticultural traits were identified. Observations on the physico-
chemical parameters of fruits were recorded. These genotypes showed considerable variability with respect to
morphological and physico-chemical characters. Analysis of fruits revealed fruit weight from 10.27-48.90g; fruit length
from 2.53 to 3.83 cm; fruit diameter from 2.57 to 4.63 cm; TSS from 8.67to 17.0°Brix; acidity from 1.38 t03.33%; vitamin C
content from 292.72 to 750.12 mg/100g pulp; tannin contents from 2.59 to 6.76%; reducing sugars from 2.29 to 4.62%;
total sugars from 4.06 to 6.94%; TSS : acid ratio 3.22 to 7.35 and sugar : acid ratio from 1.51 to 4.17. As regards mineral
contents of fruits, nitrogen content from 0.56 to 2.24%; phosphorous from 0.12 to 1.72%; potassium from 0.39 to 1.09%;
calcium from 0.067 to 0.280%; magnesium from 552.10 to 1153.00 ppm; copper from 1.31 to 4.66 ppm; manganese from
4.91 to 35.14 ppm; sodium from 19.13 to 1291.00 ppm; zinc from 2.80 to 26.40 ppm and iron from-11.14 to 97.00 ppm
were recorded in different germplasm accessions collected. On the basis of overall assessment, it was concluded that
natural aonla trees in Panna forests have good amount of variability with respect to physico-chemical traits. Seven aonla
genotypes, viz. T, T,, T,,, T,s, T, To; and T,, were found most promising and these might be used either as superior trees

for clonal multiplication or as superior gene source in further breeding programmes.
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Aonla or Indian gooseberry (Emblica officinalis
Gaertn.) has been known and grown in India for last
more than 3500 years. Due to its hardy nature,
ability to survive in various kinds of wasteland (arid,
semi-arid, salt affected, coastal lands, ravines),
high productivity per unit area {(15-20 ton/ha.),
nutritive and therapeutic values and its suitability
for preparing various products such as value added
food items, cosmetic products and ayurvedic
medicinal preparations), aonla has now become an
important fruit during current century (Pathak and
Pathak, 2001). The Panna forest area and
adjoining villages have rich natural diversity of
aonla. The aonla genotypes available in this region
have relatively high contents of vitamin C and total
phenols. Sometimes, traces of anthocyanin, cause
of red colour in aonla fruits, are also present which
makes the fruits attractive. Hence, the explorations
were conducted in these unexplored areas to
identify superior aonla trees with high vitamin C
and phenols content besides other desirable
attributes.

An extensive survey was conducted during the
year 2004-06 by a team of scientists from Central
Institute for Subtropical Horticulture, Lucknow in
coordination with Forest Department of Madhya
Pradesh in the areas of north and south Panna and
adjoining village areas to identify promising aonla

trees for selection. Efforts were made to select only
regular and prolific bearing aonla trees with good
fruit size, dwarf stature, excellent fruit quality
especially high vitamin C and phenols (tannin) and
tolerance to biotic (pest and disease) and abiotic
(frost and drought) stresses. A total of thirty five
genotypes having desirable fruit characters with
good bearing performance were marked in-situ.
The method of random sampling from a population
and biased sampling after gathering information
about a particular genotype was followed (Sinha,
1981). Fifteen to twenty fruits were randomly
collected from all the directions in each genotype to
record the physical attributes like fruit weight, fruit
length and iruit diameter using standard
procedures. Total soluble solids (TSS) were
estimated in terms of degree Brix with the help of
hand refractometer (0-32 °B). Titrable acidity was
estimated by titrating 10 ml juice against 0.1 N
NaOH using phenolphthalein as indicator (AOAC,
1960). Reducing sugars and total sugars were
estimated by volumetric method as suggested by
Lane and Eynon (1923). Vitamin C content of fruits
was determined using standardized 2, 6,
dichlorophenol indophenol dye and expressed as
mg per 100 g pulp. The tannin content of fruit was
determined by the method suggested by Rangana
(1984). The macro and micro nutrients of the fruit
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were calculated as per procedures laid down by
Tandon (1993). The data were analyzed
statistically as per method given by Gomez and
Gomez (1984).

The data pertaining to physical attributes of aonla
fruits showed significant differences and high
degree of variability in all the studied characters
(Table 1). The fruit weight varied from 10.27 gin T,,
to 48.90 g in T,; genotype. Higher fruit weight is a
preferred character in aonla for processing
particularly for preparation of murrabba and candy.
The genotypesviz., T,, T,, Ta, Ty Tuas T1as Tasr T1er T1as
T.,, Tas, Ta, Tas had higher fruit weights, i.e. > 30 g.
The fruit length ranged from 2.53 to 3.83 cm, while
fruit diameter varied from 2.57 to 4.63 cm among
the different accessions collected. Maximum fruit
length and diameter of 3.83 cm and 4.63 cm was
recorded in T,, accession. The higher diameter of
fruits suggests that the fruit is of round shape, while
higher length of fruit suggests that fruit is of
roundish oblong shape. Higher fruit weight is an
important criterion for selection of new aonla
genotypes. Krishna had the highest fruit weight i.e.
40.5 g/fruitamong the existing aonla cultivars while
the collected accessions, viz. T, T, T, To;, and T,
had higher fruit weight than Krishna. Variation in
aonla genotypes with regard to above characters
were earlier reported from Faizabad, U.P. (Pathak
et al., 1989), Tamil Nadu (Chehiyan and
Shanmugasundaram, 2003), Rajasthan (Lal et al.,
2004), Meghalaya (Chandra et al., 1998) and
Vindhyan hills and parts of central U.P. (Shukla et
al.,2006).

The chemical parameters viz., TSS, acidity, vitamin
C, tannin and sugars showed wide variation among
the genotypes studied (Table 1). TSS content
varied from 8.67 °B in T,; to 17.00 °B in T,,. The
genotypes T, T,,, T,, had higher TSS content (> 14
°B). The titrable acidity was found to be minimum
1.38% in T,; and maximum 3.33% in T,,. Similar
variations in above parameters were also recorded
in aonla germplasm collected from Vindhyan hills
and parts of eastern U.P. (Shukla et al., 2006). The
TSS : acid ratio ranged from 3.22 7.35 in selected
genotypes. The maximum ratio was noted in T, and
minimum in T,, genotypes. Reducing sugars were
maximum (4.62%) in T,, followed by T,, T,
minimum (2.29%) in genotype T,. The total sugars
were recorded highest in T, (6.71%), while they
were the lowest in T,, (4.06%). The sugar : acid
ratio also showed great variability in studied
genotypes andranged from 1.51inT,,t04.17inT,,.

The tannin contentin aonla fruit ranged from 2.59%
in T, to T,, (6.76%). The genotypes viz., T,, T, T,
were having higher tannin content (> 5.0%). The
higher tannin content is a desired character as it
reduces the degradation of vitamin C during
storage and processing. The antioxidant property
of aonla is chiefly due to vitamin C and tannin (total
phenols) content. Kumar and Singh (2002)
evaluated ten aonla cultivars under Faizabad
conditions and recorded 2.3 to 3.4% total tannin
contents. The vitamin C content was recorded
highest (750.12 mg/100 g)in T,, and lowest (292.72
mg/100 g) in T,.. The genotypes T, (702.10 mg/100
g), T, (653.45mg/100 g), T, (688.67 mg/100 g), T,,
(634.95 mg/100 g), T, (634.56 mg/100 g) had
higher content of vitamin C i.e., (> 600 mg/100 g
pulp). The higher content of vitamin C is a preferred
character and aonla is mainly consumed for intake
of vitamin C.

The data with regard to macro and micro nutrient
contents in aonla pulp on dry weight basis are
presented (Table 2). The data showed that the N
content varied from 0.56% in T,;t0 2.24% in T,,, P
content from 0.12% (T,) to 1.72 (T,s) and K content
from 0.39% (T,,) to 1.09% (T,) among the different
accessions evaluated. The genotypes viz., T,, T,,,
T,,, T, and T,, were having higher nitrogen content
whereas genotype T, T,, T,,, T, Ty, T4, P content
and genotypes T,, T,, T;, T, and T,, K contents in
their pulp. The calcium content ranged from 671.15
to 2750.00 ppm; Mg 552.0 to 1153 ppm; Cu 1.31 to
4.66 ppm; Mn 4.91 to 35.14 ppm; Na 19.13 to
1291.80 ppm; Zn 0.32 to 26.40 ppm and Fe 1.89 to
97.30 ppm among the different genotypes
evaluated. From the data, it is evident that aonla is
a rich source of macro and micro nutrients and this
is one of the reason of having higher medicinal and
therapeutic value.

In the end, it can be stated that the natural wealth of
aonla available in Panna forests of Madhya Pradesh
has great diversity in physico-chemical traits of aonla
fruits, which offers unique scope of further
improvement of aonla through selection of superior
genotypes, especially with higher vitamin C and
tannin contents. On the basis of overall assessment,
seven aonla genotypes viz., T;, T,, T,,, Tys, T,4, Ts3and
T,, were selected as most promising. These
genotypes have immense potential to be used either
for clonal multiplication, further evaluation and
selection as a commercial variety or as superior
gene source in future aonla hybridization
programmes for combining useful traits.
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Table 1: Physico-chemical attributes of aonla accessions collected from Panna forests.

Treatment Fruit Fruit Fruit TSS  Acidity VitaminC Tannin Reducing Total TSS:  Sugar:
weight  length diameter (°B) (%) (mg/100g) (%) sugar  Sugar acid acid

(9  (m  (cm) (%) (%)

T; 14.43 2.60 3.21 9.13 247  583.72 2.76 2.29 5.13 3.70 2.08
T, 27.10 3.23 3.67 153 275  452.29 4.57 3.64 5.30 4.20 1.93
T, 28.23 3.23 370 1397 330  483.36 5.38 3.78 6.82 4.24 207
1, 31.37 3.50 377 1030 312  634.56 4.54 3.12 6.48 3.30 2.08
Ty 32.07 3.57 377 1250 280  702.10 4.65 41 6.37 447 2.28
1 24.87 3.23 350 1400 3.09 65345 4.07 4.08 6.71 4.53 217
T 38.17 3.30 420 1347 226 34822 4.26 3.91 6.24 5.97 2.77
¢ Te 45.37 3.47 4.51 1320 230  538.50 5.47 4.28 6.41 5.73 278
L 16.20 2.60 313 1180 296 47746 5.05 3.04 6.94 3.98 2.34
Lo 33.00 3.67 377 1073 285  473.64 4.29 3.77 5.03 3.77 1.77
Tss 26.17 3.60 3.53 140 263  750.12 4.38 4.21 6.30 4.34 240
T 29.53 3.23 390 1247 283  521.09 4.54 4.24 5.65 4.40 2.00
Tis 31.03 3.27 383 1270 3.02  688.67 3.88 4.51 5.51 4.20 1.82
A [ 45.27 3.60 4.43 9.60 206  430.53 2.89 3.93 4.41 4.67 2.15
T 48.90 3.83 463 1017 138  595.17 2.72 3.91 4.51 7.35 3.26
L 39.43 3.50 4.20 9.87 149  466.29 3.14 4.07 5.34 6.62 3.58
T 24.97 3.13 353 1560 295 40529 3.93 4.44 444 5.29 1.51
Te 39.20 3.33 3.93 8.80 1.95 42857 2.59 3.67 4.06 4.50 2.08
T 20.63 3.17 317 1087  2.64  406.97 4.04 3.47 5.04 412 1.91
Ty 22.73 2.80 3.40 173 285  634.95 5.05 3.90 4.88 413 1.72
Ty 10.27 2.53 257 17.00 333  535.15 6.76 4.62 6.75 5.11 2.03
T, 12.13 2.67 280 1427 300  569.27 6.38 4.54 6.67 4.75 2.22
T 21.83 3.10 357 1067 252 49143 4.24 3.41 5.35 4.23 212
T 23.70 3.27 343 1020 265  564.08 41 3.09 5.95 3.86 2.25
T 20.23 3.20 3.37 8.67 269 29272 348 2.82 5.65 3.22 2.10
Ty 2420 297 3.53 167 267  480.75 4.55 3.20 6.56 4.38 2.46
T 26.47 3.33 3.73 1120 232  410.24 4.40 3.58 5.89 483 2.54
Ts 27.00 3.23 377 1047 258  405.97 3.74 2.72 6.22 4.06 2.41
T 21.10 2.77 340 1033 239  388.87 373 3.16 6.30 4.34 2.65
Ty 27.90 3.27 367 1273 224 44443 4.05 412 6.08 5.73 2.73
st 15.60 3.10 297 1260  2.02  435.88 3.94 4.56 5.98 6.27 2.98
Ty 31.07 3.17 383 1313 204 37999 * 353 4.62 6.32 6.44 3.10
Tg 41.87 3.43 430 1047 198  418.79 2.82 3.91 6.55 5.29 3.30
T 44.93 3.77 433 1073 151 388.87 4 2.80 3.64 6.26 7.13 417
32.67 3.30 407 1093 203 39742 2.70 4.09 6.27 5.40 3.10

Mean 28.56 3.23 369 1168 250  493.68 4.10 3.78 5.84 4.82 242
CD (p=0.05%) 1.359  0.236 0.299 0453 0.127  24.900 0.211 0.278 0274  0.393 0.227
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Table 2: Macro and micronutrient contents of aonla accessions.

Treatment N P K Ca Mg Cu Mn Na Zn Fe
(%) (%) (%) (ppm) (ppm) (ppm)  (ppm) (ppm)  (ppm)  (ppm)
T, 063  0.89 109 171000  981.90 3.39 1344 46130 807  B80.38
T, 091  0.12 095  1600.00  865.10 1.38 2250 39710 595 1287
T, 084 086 0.88 866.67 791.30 3.15 4.91 23840 421  61.98
T, 083 068 1.02 1210.00  689.50 2.22 873 129100 280 1.89
T, 070  1.14 1.00 830.00 616.43 2.12 1219 33333 328  11.00
T 065  1.09 108  1000.00  678.50 1.80 7.46 20373 032 10.00
T, 086 070 0.90 913.33 665.40 1.78 8.76 48090 376  30.90
T, 077  0.80 063 146333  894.10 2.25 1369  1060.00 816  20.02
T 070 052 100  1850.00  799.80 2.91 12.78 93.72 162  14.89
Ty 085 072 0.71 1563.33  724.90 2.66 8.37 28.15 294 36.39
T, 084  1.06 074  1580.00  826.10 2.72 5.94 19.13 515  11.14
T, 084 069 0.71 111333 60960  4.66 1759 19290 557  77.11
Te 070  1.25 100 165000  875.70 3.65 17.87 26000 305  11.02
T, 065 142 0.81 2750.00  1011.00  2.90 9.81 51970 389 3533
T 056  1.72 079 264667 115300  3.29 9.50 54290 1153 37.05
Te 084 153 075 260000 105200  3.10 9.61 67.28 597  97.30
T, 091 080 054  1030.00  743.37 1.60 1267 24520 319 475
Te 0.91 1.14 077 154000  891.60 3.46 1236 44430 862  26.92
Te 077 062 1.07  1230.00  924.50 3.00 3514 22060 607  14.36
T 084 041 039 103000  622.90 1.41 2550 13430 496 531
T 147 056 069 134333  920.30 1.96 2825 30970 509  20.88
T, 140 066 062  1003.33  660.30 3.62 2594  250.00 2640  3.56
T, 123 058 075  1001.00  764.10 2.05 9.86 31230 440 1723
T 091 068 089  1068.00  818.00 3.04 2432 22223 458 1276
T 091 068 0.63 879.23 569.00 1.77 1593 19970 368 349
T 196  1.03 0.77 1173.00  689.90 1.82 1779 12990 472 623
T 112 074 096 149200  807.70 2.25 1577 23320 775 1248
Ty 084  0.69 0.74 671.15 630.40 2.21 5.58 14360 421 650
Ty 091 059 082 151700  784.60 2.69 1157 18230 338 352
Ty 168 130 0.71 141400  773.20 4.54 1108 31150 517 307
T, 224 053 0.52 1101.00  672.70 1.31 2275 26930 410 441
T, 084 098 053 104500  726.30 1.37 1341 22220 452 375
Ts 077 122 066 217300  797.50 1.78 8.68 18420 525  9.28
To 112 0.94 0.85 960.43 552.10 1.72 6.29 25100 - 313 2613
T 091 047 066 100000 67270 1.31 1.00 24120 412 810
Mean 097 084 079 137195 77873 248 1420  305.61 542 2120
CD (p=0.05%) 0.051 0.070  0.056 73774 141576 0071 0315 111446 0286 2.159
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