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Milling characteristics of some popular rice varieties of Tamil Nadu

and Andhra Pradesh
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Paddy Processing Research Centre, Thanjavur 613 005, Tamil Nadu.

Abstract: Thirty two paddy varicties of Tamil Nadu and Andhra Pradesh were studied for their
milling performance. Among them eight promising varieties known for raw milling were grown
under identical conditions at Thanjavur, The crop was harvested at right moisture, dried under
low intensity of sunlight and milled at laboratory and commercial level afler storing 3 and 6
months. Among the high yiclding varicties, ADT 39, MTU 2069, MTU 2077, MTU 7029 and
White Ponni were found suitable for raw milling, having less than 5% milling breakage. The
highest milling yield was observed in ADT 39. The two traditional varieties Kitchili sambi and
Jeeraga samba are the best regarding their milling resistance. The widely grown While Ponni
of Tamil Nadu even at 15.4% harvest moisture has shown better suncheck resistance and has
very good cooking performance. Though the milling yield was high in all the MTU varicties,
the cooking performance was better for the variety MTU 7029, (Key words: Traditional varieties,
High yielding varieties, Milling yield, Cooking quality). .

Husk content of the variety, the degree
of milling and grain breakage determine the yield
of rice from paddy. Husk content is genetically
controlled and degree of milling depends on
customers preference but the extent of breakage
15 unpredictable. Eventhough, the crack devel-
opment, varietal characteristics and milling machinery
are some of the important factors that affect
milling breakage, the causes of breakage are not
still well understood (Bhaltacharya 1980), Other
factors influencing head rice recovery include
shape, size, appearance of grains and environ-
mental factors (Khush er al. 1979).

Some of the prevailing varieties may have
the potential to give higher yield with lesser
milling breakage. However, experimental evidence
on these aspects are generally lacking. Hence,
this study was conducted with the view to assess
the milling performance of some prevailing paddy
varieties of Tamil Nadu and Andhra Pradesh.

Materials and Methods

Seeds of thirty two paddy varietics were
collected from Agricultural Research Stations,
Maruteruv and Nellore, Andhra Pradesh, Soil and
Water Management Research Institute, Thanjavur,
Tamil Nadu and private farmers of Andhra Pradesh
and Tamil Nadu. These samples were screened
of varietics and tested at laboratory level. Based
on the initial milling results and farmer’s opinion,
eight varieties viz. ADT 39, IR 64, White Ponni,
Jeeraga Samba, MTU 2069 (Chaitanya), MTU
2077 (Krishnaveni), MTU 7029 (Swarna) and
Kitchili samba were selected for the study and
grown under identical conditions, during Samba
scason (September to Januvary) at Soil and Water
Management Research Institute, Thanjavur, Tamil
Nadu. Harvested at higher moisture of 19 - 22%,

threshed withoul field drying (Arikkaichal), dried
under less intensity of sunlight and stored with
proper care. The moisture content, sunchecks were
assessed soon after harvest, before storage and
after 3 and 6 months storage prior to millings.
The paddy crack detector was used to assess
the cracks. The stored paddy of these varieties
were milled after 3 and 6 months both at laboratory
and commercial level.

Physical parameters like husk content, 1000
grain weight, length, breadth, thickness, surface
area of paddy / brown rice and hardness were
assessed. Length (L) and breadth (B) of 10 grains
at a time were measured using grooved wooden
board thickness using a dial caliper to an accuracy
of Imm and 0.0lmm respectively. The surface
area was calculated as given below (Bhattacharya

er al, 1982 b) :
L," (B*+ T*/2 x N mm?¥e,

3 22
§ = —x—x

4 T
where S - surface area, L, B, T - length, breadth,
thickness of paddy or brown rice and N - Number
of grains per gram. Hardness was measured using
Kiya hardness tester and cxpressed as (kg/mm?).
The varieties were classified according to Ramiah’s
Committee classification (Anonymous 1968) and
as per uniform specification. The whiteness and
transparency of the brown rice and polished rice
were measured in Satake milling meter using
their standard plates white and brown as reference
and expressed as percentage.

For laboratory milling, initially paddy was
cleaned in Carter Day Dockage Tester, shelled
in Satake Grain Testing Mill (type THU) and
milled in McGill miller No. 2. The samples were
milled to about 6% polish in duplicate and bran
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Table 1._Mi_!]ing performance of diﬂefgnt paddy varieties - laboratory milling

Variety Husk Polished Polish Milling HR yield
: content rice yield (%) breakage (%)
(%) (%) (%)
IR 50 19.70 76.04 4.96 7.08 70.66
IR 64 21.35 74.20 5.52 10.37 66.50
RT72 21.38 73.94 5.80 31.47 50.68
ADT 36 21.00 73.62 6.56 30.40 51.23
ADT 37 19.03 75.71 6.20 6.52 70,77
ADT 38 18.99 76.33 5.70 2.80 74.19
ADT 39 19.95 75.16 5.90 30.37 52.32
ADT 41 23.97 70.99 6.42 24.22 53.79
ADT 42 20.02 75.12 5.87 15.32 63.61
ASD 18 22.57 7245 6.24 66.80 23.76
White Ponni 22.36 73.49 5.17 23,12 56.50
Jeeraga Samba 21.96 72.96 6.04 3.65 70.30
IR 64% 20.51 74.44 5.78 33.4 49 58
MTU 1001 21.99 72.89 6.02 427 41.76
MTU 2069 20.94 73.62 6.37 16.85 61.21
MTU 2077 16.99 75.12 5.60 13.30 65.13
MTU 7029 19.87 75.00 5.69 8.50 68.72
Kerala Basmati 22.07 72.47 6.54 21.35 57.00
Kitchili Samba 22.67 72.36 5.86 2.00 70.91
NLR 28523 20.62 73.96 6.13 50.00 36.98
NLR 27999 21.05 73.83 5.72 66.40 24 .81
Bulk H9 20.42 75.16 5.05 79.27 15.58
BCP 2 20.45 74.54 5.66 76.05 17.85
BCP 3 21.44 72.66 6.84 12.47 63.60
BCP 4 21.35 73.41 6.26 91.15 6.50
BCP 5 21.86 73.42 5.50 90.20 "7.19
BCF 6 20.99 74.96 4.77 70.30 22.26
IET 1444 19.70 75.63 5.46 31.90 51.50
NLR 13969 20.58 74.50 5.85 39.25 45.26
NLR 33358 20.10 74.54 6.19 14.75 63.54
NLR 30491 24.22 70.37 6.28 17.60 57.98
Potti Nallavari 22.11 72.76 6.17 51.52 34.12

HR - Head Rice yield;

was analysed for its oil content. Before milling,
the moisture content of paddy, sunchecks and
hardness were assessed.

Commercial milling trials were performed
in Satake mini mill of 300 kg / h capacity.
Three hundred kilogram of paddy was cleaned
to remove chaff, dust and immatures by aspiration.
The cleaned paddy was shelled and the entire
brown rice without any paddy was milled in
2 stages, initially by removing 2- 4% and the
remaining in second stage, so as to obtain about
7-8% total polish.

The Equilibrated moisture content on soaking
at room temperature for 23 hours (EMC-5) was

*Source of collection, AP,

assessed for polished rice. (Indudhara Swamy
et al., 1971). Elongation during cooking (Juliano
and Perez 1984), optimum cooking time (OT)
(Ranghino, 1966), alkali score {Hhattaclmyn
et al.. 1972) were also assessed for the polished
rice. The gelatinization temperature (GT) was
derived from (he regression equalion
Y = 74.54 - 1.40 x (Alkali score) (Bhattacharya
et al. 1982a).

Results and Discussion

Scrcening of varieties by laboraiory milling rtest

The 32 varicties screened showed that the
percentage of husk content ranged from 19.0
(ADT 38) to 24.2% (NLR 30491). The maximum
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Table 2. Moisture content and suncheck percent in paddy varietics al harvest and during storage

Al harvest During storage period

Varicty Moisture  Sunchecks 3 months 6 months 18 months
content (%) (%) M.C. S.C M.C. SC. MC SC
(%) (%) (%) (%) () (%)

ADT 39 19.1 1.3 126 27 121 27 115 27
IR 64 23.0 0.7 12.3 1.0 12.2 1.3 11.6 13
MTU 2069 19.0 Nil 11.8 0.3 11.8 0.3 1.9 -1.0
MTU 2077 22.2 Nil 12.3 0.3 11.6 0.3 1.7 03
MTU 7029 19.9 Nil 12.0 0.7 11.5 0.7 11.8 03
White Ponni 15.4 0.3 12.1 1.0 11.9 1.7 1.8 27
Kitchili Samba 22.7 0.3 12.0 0.3 11.9 2.0 1.3 20
Jeeraga Samba 21.0 0.7 12.0 1.0 11.7 1.3 115 1.0

M.C. - Moisture Content; S.C. - Suncheck

and minimum milling yield was 76.3 and 70.4%
for the above varieties. The milling breakage
of Kitchili samba, ADT 38 and Jeeraga samba
was 2.0, 2.8 and 3.6% respectively indicating
the maximum resistance to milling (Table 1).

Based on the results of screening test,
farmer’s and miller’s opinion 8 varieties were
selected and grown under identical conditions.
The paddy obtained was indicated as experimental
paddy.

Processing conditions and physical parameters
of experimental paddy

The moisture content of the varieties tested,
ranged from 19 to 23% at harvest and White
ponni had 15.4% moisture. Including White
ponni all the varieties had less than 1% suncheck.
In a systematic screening of varieties for crack
resistance and susceptibility Srinivas er al. (1977)
found that under same agronomical and harvesting
conditions rice varieties varied in the extent of
grain cracking from 5.5 to 73% at 18% average
grain moisture, Srinivas et al. (198]) reported
that 7.2, 10.0 and 37% of sunchecks in FT 19,
FT 35 and Vani at about 16% harvest moisture
of paddy. Kunze and Prasad (1978) observed
some varietal difference in susceptibility to cracking.
In this study, the popular Tamil Nadu variety,
White Ponni showed lesser sunchecks even at
the harvest moisture of 154%. Also it is
noteworthy that all the varieties have not showed
any additional cracks during storage (Table 2).

The physical characteristics of paddy and
rice (Table 3) showed that the husk content varied
between 19.1 to 22.9%. It was observed that
the two traditional varieties Kitchili samba and

Jeeraga samba have higher husk content. After
analyzing 151 paddy varieties it was reported
that the husk content was less in coarse (20.8%),
compared to that of fine (21.9%) and super fine
(22.1%) varieties (Sulochana and Pillaiyar 1994),
The fine variety Jeeraga samba had minimum
length breadth ratio (L:B) of 2.44 and the long
slender IR 64 the maximum of 3.43. The tiny
kernels of Jeeraga samba had the maximum surface
area (2113.5 mm? while MTU 2069 and IR 64
had the minimum around 1635 mm2 . The
hardness of the grains varied from 11.43 (Jeeraga
samba) to 18.82 kg/mm?® (Kitchili samba) after
3 months storage. The brown rice colour of
all the wvarieties was found to be dull white
and ranged from 17.6 (ADT 39) to 22.4% (Kitchili
samba). The whiteness of milled rice varied
from 29.7 to 34.3%.

The bran oil content (average of 6 samples
of lab milling) of Jeeraga samba was the least
20.4% followed by IR 64. The maximum oil
was observed in ADT 39 (26.9%) followed by
MTU 7029 with 26.7% (Table 3),

Laboratory milling performance of 3 and 6 months
stored experimental paddy

The brown rice and polished rice yield
was maximum in ADT 39 je. 80.8 and 75.7%
respectively after 3 months. The milling breakage
(MB) ranged from 0.2 (Jeeraga samba) to 5.5%
(IR 64). Milling after 6 months reduced the
milling breakage and it ranged from 1.0 (ADT
39) to 3.3% (White Ponni). The reduction in
milling breakage was well pronounced in IR
64 (from 5.5 to 2.0%) than in other varicties
and ‘it was statistically . significant.
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Table 3. Physicochemical characteristics of some paddy varieties from Tamil Nadu and Andhra Pradesh

Bran oil
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176

1685.85

2075.87
1958.23
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7
343
273
258

253

3.10
390
320
297
2590
336
325
277

168

203

208

19.1

ADT 39
IR 64

19.1

1638.48

1634.87

253

19.8

QRS8R

223

175
16.7

222

209

215

20.1

MTU 2069

19.9

1707.36
1756.77
182415

2023.32

MTU 2077

185

2114.89
2247.07

158

199

20.7

MTU 7020

White Ponni

220

298
292

135

17.0

21.0

24.8

1811.04 224

2113.50

2128.30
261438

18.4 142

229
216

Kitchili samba

20.4

189

244

79

10,0

Jeeraga samba
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Commercial milling trials, after 3 months storage
of experimental paddy

The variety ADT 39 with minimum husk
content reflected in higher brown rice and milled
rice yield of 79.8 and 72.3% respectively. In
this variety 4.7% of brokens were observed. The
two traditional varieties Kitchili samba and Jeeraga
samba with highest husk content gave the lowest
brown rice (75.1 and 76.2%) and polished rice
yield (69.1 and 69.5%) respectively. But, the
least breakage of less than 2% was’ observed
in these varieties and this shows that these varieties
acquire milling resistance during storage at an
earlier stage (Table 4).

The White Ponni harvested at 15.4% moisture
gave 77.3% of brown rice and 69.7% of milled
rice yield with 5.8% breakage. All the 3 Marutery
(MTU) varieties performed well giving 3.8 to
5.5% brokens (Table 4) .

The long slender IR 64 inspite of its low
husk content next to ADT 39 gave the minimum
of 68.8% milling yicld, due to the higher breakage
upto 15.9%. Inspite of high harvest moisture
of 23% and low suncheck percentage (0.7%),
the higher breakage in this variety is probably
due to the slenderness of this variety. Certain
varieties are said to break because, their grains
are either soft or chalky or long and slender
(Bhattacharya 1980). According to Mahadevappa
and Nandisha (1987) varieties with superior grain
quality have higher breakage in milling because
they are slender. However, it should be noted
that the grain quality of IR 64 is not superior.

Comparison of commercial milling of experi-
mental paddy stored jor 3 and 6 months

Milling after 6 months did not increase
its brown rice or polished rice yicld significantly,
though a trend of increase was observed (Table
4). But the breakage reduced significantly in
5 varieties namely, ADT 39, IR 64, MTU 2077,
MTU 7029 and White Ponni. The reduction
in  breakage . ranged from 14 (MTU 7029)
to 55% (IR 64), This confirms that breakage
in a sample decrcases as it ages (Bhattacharya
1980; Anthoni Raj and Singaravadivel 1987).
The two traditional varictics and MTU 2069
did not show any significant difference in milling
breakage, though a trend of reduction of breakage
is noted. Also this confirm the carlier hardening
of grains, so as to withstand milling pressure
at an earlicr storage period,

Comparison of milling breakage between screen-
ing test paddy and lab milling of experimental
pudedy
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Table 4. Milling characteristics ol different paddy varicties - commercial milling (P x V Tables)

Variety (V) Periods (P) V-Mean Diff Comparison-2-PV means;
' -2-P means

3 Months 6 Months SED. LSD(5%) LSD(1%)

Browen rice yield (%)

ADT 39 79.75 a 80.32 a B80.04 a -0.57 ns

IR 64 7774 ¢ 79.84 a 78.79 b -2.10 **

MTU 2069 79.10 ab  78.56 bc 7883 b 0.54 ns

MTU 2077 78.42 be 7943 ab 78.93 b -0.01 ns 0.52 0.11 1.54

MTU 7029 7773 ¢ 77.99 ¢ 77.86 ¢ -.0.26 ns 0.18 0.39 0.54

W, Ponni 77.29 cd 78.00 ¢ 77.64 cd -0.71 ns

K. samba 75.11 e 75.51 d 7531 ¢ -0.40 ns

J. Samba 76.24 d 77.66 ¢ 76.95 d -1.42 *

P-Mean 77.67 78.41 78.04 -0.74 **

Milling vield (%)

ADT 39 72.29 a 7345 a 72,87 -1.16*

IR 64 68.84 d 71.70 be 70.27 -2.86 **

MTU 2069 7176 ab  71.14 cd T71.45 0.62 ns

MTU 2077 71.37 ab 7233 b 71.85 -0.96 ns

MTU 7029 70.25 ¢ 70.23 de 70.24 0.02 ns (.46 0.98 1.35

W. Ponni 69.68 cd 7121 cd 70.44 1,52 *+%

K. samba 69.10 d 68.71 68.91 0.39 ns

J. Samba 69.46 cd 69.83 e 69.65 -0.37 ns

P-Mean 70.34 71.07 70.71 -0.73

Polish (%)

ADT 39 8.0 be 7.79 b 7.90 0.21 ns

IR 64 §.99 a 8.07 ab 8.53 0.92 ns

MTU 2069 7.114d 8.21 ab 7,66 -1.10 *

MTU 2077 7.15d 7.99 b 7.57 -0.84 ns 0.45 0.96 1.33

MTU 7029 7.67 ed 8.53 ab 8.10 -(.86 ns

W, Ponni 8.35 ab 779 b 8.07 0.56 ns

K. samba 7.114d 782 b 7.47 -0.71

J. Samba 8.00 be 011 a 8.55 -1.11 #

P-Mean 7.80 8.16 7.98 -0.37

Total milling breakage (%) .

ADT 39 4.68 cd 248 ¢ 3.58 220 **

IR 64 15.88 a 10.43 a 13.15 545 **

MTU 2069 3.93|d 383 b 3.88 0.11 ns

MTU 2077 382 d 1.55 ¢ 2.68 2,27 **

MTU 7029 5.49 be 410 b 4,79 1.39 ** 0.43 0.92 1.27

W. Ponni 583 b 4.29 b 5.06 1.54 **

K. samba 1.96 ¢ 1.88 ¢ 1.92 0.08 ns

J. Samba 193 e 1.79 ¢ 1.86 0.14 ns

P-Mean 5.44 3.79 4.61 1.64

## Significant at 1% level, ns = not significant
In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.
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- The milling breakage of 3 months stored
experimental paddy was compared with screening
test paddy ie. milling of paddy samples received
from various sources with unknown pre and post
harvest conditions of paddy. Among the 8 varieties
compared all the high yielding varieties showed
significant difference in milling breakage, varying
from 6.8 to 28.2% (Table 5). It is interesting
to note that even the random samples of the
traditional varieties, Kitchili samba and Jeeraga
samba have exhibited less breakage and significant
difference was not noted between these two
millings. . This shows that these varieties are
inherently resistant to breakage, which indirectly
reflects its resistance to field checks and milling
pressure.

As per uniform specification for Grade ‘A’
and common raw tice the limit of allowable
brokens is 25%. The above varieties studied
exhibited less than 5% milling breakage excepl
IR 64 which had 13.1% (average of 2 periods).

671

Hence, all the above varieties tested can be laken
up as suitable for raw milling.  According to
“The trial millings for FCI ™ - Report 1994,
the variety MTU 7029 tested in large scale
at three rice mills owned by Food Corporation
of India at Andhra Pradesh showed 1.5% and
4.4% nooks only in two trials and 10.5% of
brokens in another trial, (Anonymous, 1994), This
variely has also shown good milling performance
at Tamil Nadu state. Among the 3 Maruteru (MTU)
varicties MTU 7029 performed well giving
elongation ratio of 1.8 and elongation index
of 1.35 on cooking.

Cooking quality parameters of the varieties
milled (Table 6) shows that the equilibrium
moisture content on soaking of polished rice
ranged from 36.2 (MTU 7029) to 46.44% (Jecraga
samba). The elongation ratio ranged from 1.63
(MTU 2077) w 2.05 (Jeeraga samba). The
elongation index ranged from 1.1 (IR 64) to
1.58 (Jeeraga samba).

Table 5. A comparison of milling breakage between commercial and experimental paddy

Variety Commercial paddy Experimental paddy V mean Difference
ADT 39 30.38a 2.15a 16.26 -28.23%*
IR 64 33.43a 5.52a 19.47 -27.91%#
MTU 2069 16.85a 1.70a 9,27 -15.16%*
MTU 2077 13.30¢ 2.48a 7.89 -10.83%*
MTU 7029 8.48d 1.70a 5.09 -6.77%*
White Ponni 23.13b 2.79a 12.96 -20.34%+
Kitchili samba 1.95¢ 2.03a 1.99 0.07ns
Jeeraga Samba 3.65e 0.22a 1.94 -3.43ns
P. mean 16.39 2.32 9,36 -14.07

*_ Significant al 3% level; ** Significant at 1% level; ns-not significant
In a column, means followed by a common letter are nol significantly different at the 5% level by DMRT

Table 6. Quality characteristics of rice from Tamil Nadu and Andhra Pradesh

Variety Hardness EMC-5 Elongation or GT

(kg/mm?) (%) (min) (C)
ADT 39 17.39 17.10 38.98 37.98 1.71 1.18 19.0 69.4
IR 64 18.16 18.90 38.44 37.85 1.64 1.10 19.5 68.6
MTU 2069 17.16 19.76 38.58 36.42 1.69 1.21 18.5 68.6
MTU 2077 14.69 15.73 36.97 36.23 1.63 1.16 20.0 70.3
MTU 7029 18.57 15.94 36.25 35.24 1.80 1.35 18.3 70.7
W. Ponni 18.49 18.65 39.08 36.85 2.01 1.49 15.5 68.6
K. samba 18.82 19.12 3772 3575 1.95 1.44 17.0 68.9
1. samba 11.43 10.37 46.64 38.93 2.05 1.58 14.0 69.6
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Among the varietics studied, IR 64 was
inferior in cooking quality. Similarly, though IR
50 is a long slender varicty, it exhibited minimum
clongation index of 0.89, among the twenty five
varietics studied (Pillaiyar 1988). Hence, not all
slender varicties have superior grain quality.
Chikkalingaiah et al. (1999) after studying 24
scented  varieties, recommended that amylose
content, milling recovery, kernel elongation ratio,
total number of tillers and number of effective
lillers as important selection criteria for genetic
variability of plant and quality traits. Considering
the clongation index Jeeraga samba followed by
White ponni and Kitchili samba are superior
in rice quality. It is a well known fact that
Basmati type of grains elongate more giving
2,16 and 1.65 (Basmati 370) elongation ratio
and index (Juliano and Perez 1984). Similarly
Jeeraga samba and White ponni have given
comparalively more elongation when stored for
longer period (Table 6).

The optimum cooking time of the varieties
tested ranged between 14 (Jeeraga samba) 1o
20 min (MTU 2077). According to Bhattacharya
and Sowbhagya (1972), cooking time is not a
sensitive iest of rice quality as it is directly
related with the thickness and more so with
the surface area of the rice. Accordingly, Jeeraga
samba with maximum surface area was cooked
in the minimum time of 14 min.

Conclusions

All the six high yielding varieties collected
from Tamil Nadu and Andhra Pradesh are suitable
for raw milling exhibiting less than 5% breakage.
Only IR 64 has yielded 15 and 10% breakage
after 3 and 6 months milling which can not
be considered as high breakage as it 1s a long
slender variety, Butl inspile of its slenderness
this variety has poor cooking characteristics. The
variety ADT 39 has high milling yield. Both
the traditional varieties Kitchili samba and Jeeraga
samba are the best varieties regarding its milling
breakage resistance. The widely grown White
ponni of Tamil Nadu even at 15.4% harvest
moisture has shown better suncheck resistance
and has very good cooking performance. The
variety MTU 7029 performed well both in Andhra
Pradesh and Tamil Nadu, It has good cooking
quality too. Hence, the varietics viz. Kitchili
samba, Jeeraga samba, White ponni and MTU
7020 can be taken as good breeding materials
for the trait of milling and cooking performance.

Acknowledgements

We express our sincere thanks for the Head,
Soil and Water Management Research Institute,

5, Sulochana and A, Dakshinamurthy

Tamil Nadu Agricultural University, Thanjavur
for growing the cxperimental paddy varicties and
for Maruteru and Nellore Rice Rescarch Stations,
Andhra Pradesh for supplying the sced materials

of differcnt varietics.

References
Anonymous (1968). Report on classification
of rice. Ministry of Food, Agriculture,

Community Development and Cooperation,
Govt. of India, New Delhi,

Anonymous (1994), A trial ‘milling for FCI
- PPRC Report (personal communication)

Anthoni Raj, S., Singaravadivel, K. (1987), Problems
in storing and processing high moisture

paddy. Agricultural Mechanization in Asia,
Africa and Latin America, 18(2): 47-49.

Bhattacharya, K.R. (1980). Breakage of rice
during milling; a review. Trop. Sci. 22(3).

Bhattacharya, B.R., Ramesh, B.S. and Sowbhagya,
C.M. (1982 b). Dimensional classification
of rice for marketing J. Agrl. Engg., Vol.
XIX, Nod, 69-76

Bhattacharya, K.R. and Sowbhagya, C.M. (1972).
An improved alkali reaction test for rice
quality, J. Fd. Technol. T7: 323-31.

Bhattacharya, K.R., Sowbhagya, CM. (15980}
Size and shape classification of rice. Riso
29: 181-185.

Bhattacharya, K.R, Sowbhagya, C.M. and Indudhara
Swamy, YM. (1982 a). Quality profiles
of rice: A tentative scheme for classification.
J. Fd. Sci. 47: 564-569.

Chikkalingaiah Shridhara, S., Lingaraju, S,
Radhakrishna, R.M. (1999). Genetic vari-
ability of plant and quality traits in
promising genotypes of scented rice. Mysore
Journal of Agrl. Sciences, 33(4) 338 -
341 (En. 6 ref.). Regional Research Station,
V.C. Farm, Mandya 571, 405, India.

Indudhara Swamy, Y.M, Ali, S.Z., Bhattacharya,
K.R. (1971). Hydration of raw and parboiled
rice and paddy at room temperature.
J. Food Sci. Technol. 8: 20-22.

Juliano, B.O. and Perez, C.M. (1984). Results
of a collaborative test on the measurement
of grain elongation of milled rice during
cooking, J. Cereal Sci. 2: 281.

Khush, G.S., Paule, C.M. and De la Crunfa, N.M.
(1979). Rice grain quality evaluation and
improvement at IRRI. In. Proceedings of



Milling characleristics of some popular rice varieties ol Tamil Nadu and Andhra Pradesh 673

a Workshop on Chemical Aspects of Rice
Grain Quality, Manila (1978) pp 21 - 31.
Los Banos. Philippines, IRRL

Kunze, O.R. and Prasad, 5. (1978). Grain fissuring
potentials in harvesting and drying of rice.
J. Am. Soc. Agric. Engg. 21: 361 - 366.

Mahadevappa, M and Nandisha, B.S. (1987). A
review of the status of genctic analysis
of ‘characters important-in harvest, post
harvest and seed technology of rice (Oryza
sativa) in Southern India Seed Sei. Tech-
nology 15: -585-551.

Pillaiyar, P. (1988). Quality characteristics of
Tamil Nadu Rices. Madras Agric. J. 75:
307-317.

Ranghino, E (1966). Valutotione della resistenza
del riso. alla cottura, in base al tempo

di gelatinizzazione del granelli (in Italian,
Eng. Summery) Riso, 15: 117 - 26.

Srinivas, T., Bhashyam, M.K, Mahadevappa, M.
and Desikachar, H.S.R. (1977). Varictal
difference in crack formation due to weathering
and wetting stress in rice. Indian Journal
of Agrl. Sciences, 47: 27-31.

Srinivas, T., Bhashyam, M.K, Narasimha Reddy,
M.K. and Desikachar, H.S.R.  (1981).
Development of a modified technique for
infra varietal selection for Jow crack
susceptibility and low milling breakage
in rice. [Indian J. Agric. Sci. 51: 228.

Sulochana, S. and Pillaiyar, P. (1994). Relationship
of husk content of paddy with grain

dimension and weight. J. Food, Sci, Technol.:
31: 416-417.

(Received : July 2001; Revised : November 2001)

Madras Agric. J. 88 (10-12) : 673-677 October-December 2001

Techno — economics of watershed management - A case study

V.K.PANDEY, K.S.HIRAN AND N.LODHA

Indian Institute of Technology, Kharagpur, West Bengal

Abstract: The Vagpura watershed in Jhadole Tehsil of Udaipur District, Rajasthan was undertaken
for preparing an economical design plan of conservation measures and estimating benefit cost
ratio. For the proposed watershed, location and site specific soil and water conservation measures
like contour bunding, stone wall terracing, contour furrows, pasture development, prass waterway,
diversion channel, earthen embankment reservoir for water harvesting are recommended, Cost analysis
of the proposed measures resulted that; total cost for development of watershed comes out to
be Rs. 3469 per hectare. Benefit cost ratio analysed by economical and financial evaluation methods
was found to be 1.6:1 and 1.38:1 respectively. (Key words: Water shed, Conservation measures,

Water harvesting)

Rajasthan State is the second larges! state
of Indian union covering 34.3 million ha of
land and forest area occupies only about 9 per
cent of geographical area of the State. The Aravelly
system as a whole covers 32.69 per cent of
total area of the State. About 8 milloin ha of
hilly tracts bear some kinds of foresit growth
which now have become most degraded due to
over cxploitation, and incident of grazing and
shifting cultivation (Sharma, 1990). Patil and
Sahanc (1969) and Gawand et al. (1974) have
observed appreciable increment in ground water
recharge from contour bunded ficlds. To ensure
an ccological balance and cconomic security,
an integrated approach of watershed basis is
considered essential. Different technigues like crop
production, soil and water conscrvation, water
management, pasture development, afforestation
etc. therefore need to be simultancously adopted
on watershed basis so that the efficiency of use

of natural resources as well as applied inputs
become high (Pandey and Kiran 1991), Singh
et al. (1992) have evaluated the potential of
severely eroded ‘Thakarda' watershed in terms
of conservation and development resources and
increase in  productivity through watershed
management programme. They reported that the
yield of wheat and maize increased from 7.5
q ha' to 21.6 g ha' and 5.0 q ha' o 14.35
q ha' respectively, Watershed development treat-
ments are economically viable in south Rajasthan
as the investment made in the project received
in four years from increased crop production
(Prasad er al. 1997).

The Vagpura watershed covering an area
of 179.60 ha was selected in Jhadol Tehsil ol
Udaipur district to prepare a development plan
and to conduct benefit cost ratio analysis on
watershed basis. Contour Bunding (CB) has been



