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INVERTASE AND SUCROSE SYNTHASE ACTIVITY 
AND CARBOHYDRATE STATUS DURING SINK TO 
SOURCE TRANSITION IN DEVELOPING POTATO 

LEAVES 

J.S. Minhas\ V.K. RaP and H.S. SainP 

ABSTRACT; Potato plants grown under tuber inducing and non-inducing conditions were used to study the .1c1ivities of 
invertases, sucrose synthase and carbohydrate status in developing potato leaves. Plants grown under non-inducing conditions 
continued to grow vegetatively and there was starch accumulation in the leaves, and roots. However, \Inder tuber.indllcing 
conditions, vegetative growth slowed down considerably and there was very little starch accumulation in the leaves and roots, 
indicating that developing tubers acted as strong sinks for photoassimiJates. Invertases were the major enzymes acting on the 
imported sucrose in the young leaves while sucrose synthase was of minor importance. Of the invertases, cell wall invertase 
activity was 44-110% higher than the soluble invertase in young leaves, indicating apoplastic unloading of imported sucrose as 
the major route. Reduced growth and leaf expansion under tuber inducing conditions was supported by 27% reduction in the 
activity of cell wall invertase. As the leaves developed to become net exporters of carbohydrates, the activity of sucrose degrad­
ing enzymes declined by 90'10. 

INTRODUCTION 

Carbohydrate metabolism changes 
profoundly during leaf development. Young 
leaves are heterotrophic; they depend in part 
on carbohydrate imported from other regions 
of the plant. Mature leaves on the other hand, 
are autotrophic; they produce excess of 
photoassimilate and act as plant's major 
sources of transport sugar. This conversion 
from sink to source status marks a 
fundamental transition in physiology of the 
leaf, and a considerable amount of study has 
gone into understanding its biochemical and 
structural characteristics (12, 17). 

Structure and function do not develop 
homogeneously in the developing leaves, but 
develop significant spatial gradients that 
change dynamically (13, 33). Cell division and 

elongation ceases first in the leaf tip. This 
allows the tip to mature several days before 
the leaf base. This coincides with the 
maturation of xylem and phloem elements in 
the acropetal direction (31). As a result, the 
lamina tip stops importing and begins to 
export while transport of photo assimilate from 
other leaves into the relatively immature leaf 
base continues (1). In most dicotyledenous 
plants the transition from photoassimilate sink 
to source occurs when leaves are 50-60% 
expanded (12) 

Acid invertase and sucrose synthase are 
the two main enzymes acting on the imported 
sucrose in the sink tissues. Growing plant 
organs often exhibit a positive correlation 
between acid invertase activity and rate of cell 
expansion (21). During growth, carbon 

1 Central Potato Research Institute, Shimla 171 001 (Himachal Pradesh) 
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substrates are required for energy, synthesis 
of cell wall and cytoplasmic constihlents. The 
hydrolysis of imported sucrose to hexose 
sugars by invertase during expansion growth 
may be the principal source of such carbon 
substrates (25). By lowering osmotic potential, 
the conversion of sucrose to hexoses in cell 
vacuoles may also contribute to the turgor 
driving force for cell expansion (15). In majority 
of the cases, acid invertase is the dominant 
sucrose cleaving enzyme in developing leaves 
(12,28), however, Claussen et (Ii. (5) have 

suggested that sucrose synthase plays a major 
role in the import activity of developing egg 
plant leaf. 

Many studies on the import-export 
conversion have been done to distinguish the 
preparatory events from the causal events of 
export. Turgeon and Webb (32) established in 
CllclJrbita pcpo that no one system in the 
development specifically regulated the onset 
of export but instead the import-export 
conversion resulted from the integrated 
maturation of many structural and 
physiological systems. In this study, the leaf 
import-export conversion was investigated at 
biochemical level not with the intent of 
determining the causal event(s) of export but 
rather to elucidate carbohydrate metabolism 
in sink and source leaf. 

MATERIALS AND METHODS 

Plant growth, treatments and tissue sampling: 
Potato (Solalllan tubcrosum L. cv. Niska) plants 
were grown in 20 cm diameter plastic pots 
containing 50:50 mixture of sand and Pro-mix 
(Les Tourbieres Premier, Canada). Two 
uniformly chitted tubers were planted in each 
pot and initially kept in a temperature­
controlled greenhouse with average day /night 

temperature of 23/21°C and a minimum 16 h 
photoperiod-the conditions that inhibited 
tuberization. Pots were watered on alternate 
days and were fertilised weekly with a 
3 g 1-1 solution of N-P-K (15-16-17) and once 
during the 4th week of growth with 0.6 g 1-1 
solution of chela ted micro-nutrients. After 30 
days of growth (0 day of treatment), 10 pots 
were transferred to the tuber-inducing 
conditions (TI) in a controlled environment 
chamber (Model E-15, Conviron, Winipeg, 

Canada) with 23/1611C day /night temperature, 
a canopy level average PPFD of 350 11 mol 
m-2 s-l, and 10 h photoperiod. A matching set 

of 15 pots was left under the non-inductive 
conditions (NTI) in the greenhouse to serve as 
the control. In these experiments, all the plants 
from a pot represented one replicate. Plants 
from three pots for each treatment (inducing 
and non-inducing) were harvested at the time 
of transfer (day-O) and 5, 10 and 20 days after 
the transfer date. As carbohydrate content 
and enzyme activities in potato leaves and 
hlbers show diurnal fluchmtion (3, 18), all 
samples were collected between 1100 and 1130 
hrs to minimise variation. 

Plant height, number of leaves, number of 
stolons / tubers and size of tubers were 

recorded. Leaves were harvested and 
separated into the following categories 
according to size and age: young (blade length 
20-40 mm), expanding (70-90 mm), fully 
expanded (140-160mm) and mature (8th to 
10th leaf from top). Five leaves from each 
category were chopped into small pieces, 
mixed, and a random sample was drawn and 
frozen immediately with liquid nitrogen. 
Samples were stored at -80') C until they were 
ground to a fine powder under liquid nitrogen 
and subjected to the following analyses. 
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Total and reducing sugars: Tissue powder 

05-20 mg) was extracted three times with 500 

pI of 80% ethanol at 80" C. The supernatant 

was pooled, dried under vacuum, dissolved 

in 500 pI of distilled water and used for 

estimation of total sugars and reducing sugars 

according to the methods of Yemm and Willis 

(36) and Nelson (24), respectively. To estimate 

starch, the sugar-free pellet from the above 

extraction was washed twice 'with distilled 

water and then hydrolyzed with 500 pI of 

35% perchloric acid. The glucose released was 

quantified by the method of Yemm and Willis 

(36), and the starch content was expressed as 

glucose equivalents. 

Activities of soluble acid invertase and 

sucrose synthase: Eighty to 100 mg of tissue 

powder was extracted with 1 ml extraction 

buffer (50 mM HEPES-KOH, pH 7.4, 5 mM 

MgCl
2
, 1 mM EOTA, 5 mM DTT and 2% 

insoluble PVP) by vigorously shaking with 

vortex for 10 min. The extract was centrifuged 

for 10 minutes at 16,000 x g at 4°C. Twenty 

microliters of the supernatant (enzyme extract) 

was used to assay soluble acid invertase by 

the method of Tsai et al. (30). To determine 

sucrose synthase activity, 50 ~ll of the 

supernatant was desalted with a sephadex G-

25 microspin column (Pharmacia, Sweden, and 

20 pJ of desalted extract was used to assay the 

enzyme activity by the method of Dancer et al. 
(6) 

Cell wall invertase: Eighty to 100 mg tissue 

powder was extracted as described for acid 

invertase but without PVP and DTT in the 

extraction buffer. The pellet was washed three 

times with the extraction buffer and once with 

distilled water, and was then incubated 

overnight at 4°C in 1 ml of 20 mM MES-KOH 

Sink to s(lurel:' tr,msition 

buffer pH 6.0 containing 1 M NaCI to dislodge 

invertase protein from the cell wall (2). The 

incubation mix was centrifuged at 16,000 x g 

at 4°C for 10 minutes, and 20 pI of supernatant 

was used for the assay of released cell wall 

invertase by the method described above for 

soluble invertase. 

RESULTS 

Plant growth: When long day grmvn plants 
were shifted to short days, the increase in 
their height slowed down. Control plants (NT!) 
left under long days and high night 
temperature continued to grow and were 89.2 
em tall compared to 60.3 em for growth 
chamber (TI) plants. Short days and lower 

night temperature stimulated hlberization a.nd 
stolons showed visible swelling after just 5 
days and by 20 days the tubers had grown to 
an average diameter of 26 mm while control 
plants did not form any tubers (Table 1). 

Starch content: Control plants continued to 
accumulate starch i11 their leaves and its 
amount increased as the leaves developed. 
Young leaves had 25-29 pmol glc equivalent 
g-l fr.wt. and it increased to 60-65 pmol in 

mature leaves. Plants shifted to tuber inducing 
conditions accumulated less starch in their 
leaves. Although young leaves had the similar 
amount of starch as control plants but the 
amount of accumulated starch was less in 
later stages of leaves and mature leaves had 
only 30-33 }lmol glc equivalent g-1 fr.wt. In 

fully expanded leaves of the (TI) plants the 
amount of starch showed a reducing trend 
(from 39.8 pmol to 27.4 pmol glc equiva.lent 
g-1 fr.wt.) as the time under these conditions 

increased from 5 to 20 days. Mature leaves of 
tuberizing plants had almost half the amount 
of starch compared to control plants (Table 2). 
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Table 1. Plant height and tuber rlia. of control potato plants and plants shifted to tuber inducing conditions after 30 days 

1),1Y5 of growth PI,wt height (eill) Tuber diameter (mm) 

TI NT! T! NT! 

25 411J 40.1 0 0 

:111' 49.1 502 0 0 

3::; 52.4 64.6 8 .0 0 

~n 57.3 77.0 14.5 0 

~U 60.3 sq.s 26.0 0 

NT! Ct1l1trul pl.mb grown in glass hOllse at 23/21 DC day/night temperatme 16 h photoperiod 
11. f'l.mb grown II1 growth chambers at 23/16 nc day /night temperature 10 h photoperiod 
• Tl111e wht:n h,llf of till' plants werc' shifted to growth chambers 

Total sugars: Total sugars also increased in 
the leaves during development frOln young to 
mature in control plants as well as in 
tuberizing plants. The trend was similar to 
starch but the quantum of reduction under 
tuberizing conditions was not as much as for 
starch. Reduction was clearly visible from 57-

67 J.lmol glc equivalent g-l fr.wt. in control 
plants to 46-50 pmol in fully expanded and 
mature leaves after 10-20 days under tuber 
inducing conditions (Table 2). 

Reducing sugars: The amount of reducing 
sugars was about half the amount of total 
sugars in the leaves under both treahnents. 
There was not much change in the amount of 
reducing sugars during leaf development 
although mature leaves showed slightly higher 
amounts of it. Fully expanded leaves after 20 
days under tuberizing conditions had 25.2 

pmol gk equivalent g-J fr.wt compared to 32.3 
for control leaves (Table 2). 

Soluble acid invertase: Soluble acid invertase 
activity was highest in the young leaves and it 
declined as the leaves developed. In the control 
plants, enzyme activity reduced by 5% in 
expanding leaves and by 47% in fully 
expanded leaves compared to young leaves. 
In the plants shifted to tuber inducing 
conditions the enzyme activity was lower 
compared to control leaves and was highest 
in the plants that had been shifted to the 
growth chambers for 5 days and reduced as 
the time under tuber inducing conditions 
increased in all leaves. Mature leaves had 
negligible enzyme activity (Fig. 1). 

Cell wall invertase 

Cell wall form of invertase was much more 

Table 2. Starch, total and reducing sugars content (jInlOl glc equivalent g.t fr.wt) of potato leaves under tuber inducing (TI) and 
nOn tuber inducing conditions (NTI) 

Sti1Ich Total SUEi!1(S Reducing_ sug_ars 
Young Expan- Expiln- Mature Young Exp,llI- Expall- Mature Young Expan- Expan- Mature 

ding £led £liJlg ded ding ded 

o day NTI 25.8 38.4 50.0 360 51.0 56.4 16.0 19.1 18.6 
5 day NTl 26.6 39.8 51.8 38.3 51.4 50.2 17.0 19.6 20.1 
10 day NTl 29.5 45.1 50.1 61.5 36.7 60.1 57.2 62.8 22.8 22.3 29.0 33.8 
20 duJ NT! 26.2 39.3 50.3 65.6 37.2 60.4 62.3 67.4 18.6 23.6 32.3 36.8 
5 day TI 2').4 34.7 39.8 39.2 48.5 52.2 20.4 18.9 19.9 
10 duy TI 24.8 30.6 33.1 29.9 38.9 47.3 50.4 46.1 23.5 25.7 21.6 23.5 
20 day TI 2·1.8 336 27.4 33.6 37.7 41.3 46.9 48.6 24.0 24.9 25.2 28.4 
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active in the leaves compared to soluble form 
and was 44% higher in young leaves of control 
(NTI) plants while it was 110% higher in the 
young leaves of (Tl) plants, Maximum enzyme 
activity was found in young leaves of 10 day 
(Tn plants, Activity of cell wall form of the 
enzyme also declined rapidly as the leaves 
developed and was negligible in the mature 
leaves (Fig. 1), 

Sucrose synthase 

Activity of sucrose synthase was negligible 
compared to total invertase activity and it 

plays a minor role in sucrose breakdown in 
the developing leaves (Fig, 2), 

Si.nk to source transition 

DISCUSSION 

Plant growth: Short days and low night 
temperatures constitute conditions that 
strongly stim.ulate tuberisation in potato (4, 
23), When potato plants grown under non 
tuber inducing conditions Oong days and high 
night temperature) were shifted to tuber 
inducing conditions, their vegetative growth 
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slowed down as the tubers started developing. 
Leaves became broader and larger under tuber 
inducing conditions while they remained small 
and narrow under non tuber inducing 
conditions (data not shown). Developing 
tubers are a dominant sink for carbohydrates 
(19) and cOlnpete with haulms for the available 

assimilates resulting in slower haulm growth 
under strong tuberizing conditions. Our data 
support this view. 

Sink-to-source trallsifiOlI liZ leaves: 
Carbohydrate metabolism in the leaves 
changes profoundly during development as 
they turn from net importers of carbohydrates 
to net exporters. This topic has been reviewed 
(31) and most of the work on sink to source 
transition has been descriptive in its analysis 
of changing phYSiology and structure. As the 
leaves develop, their photosynthetic capacity 
increases (34) and after becoming autotrophic, 
they begin to export photo assimilates. During 
the period of active photosynthesis, excess 
carbohydrates produced are stored as starch 
in the leaves which are later translocated to 
other developing tissues during the period of 
little or no photosynthesis (3). Tuberized plants 
under favourable conditions have low amounts 
of starch in their leaves as under such 
conditions rapidly growing tubers act as strong 
sinks and up to 90% of the carbohydrates 
produced in the leaves are translocated to the 
tubers within 24 hours (10, 20, 35). This is 
evident from the 20 day old (TI) leaves in 
which starch content increases very little from 
young to mature leaves (Table 2). However, 
under non tuber inducing conditions excess 
photosynthate is stored as starch in the leaves 
(Table 2) and roots (data not shown). Increased 
sink demand (rapidly growing hlbers) result 
in an increased source output and mobilization 

of reserve carbohydrates (27) resulting in lower 

starch content in roots and leaves compared 
to plants under non tuber inducing conditions. 

Total sugars increase with leaf 
development and plants growing under non 
tuber inducing conditions show a higher 
concentration of total sugars as compared to 
control plants. High sucrose content has been 
reported in mature potato leaves (16) and also 

in leaves under high temperature when tuber 
sink demand is low. Our data is in conformity 
with these results. 

Since sucrose is the main translocated 
sugar, we studied the enzymes that first act 
on it i.e. acid invertases and sucrose synthase. 
Our study has indicated that invertases are 
the main enzymes that act on the imported 
sucrose in young leaves while sucrose synthase 
is of only minor importance. Very high activity 
of cell wall form of acid invertase (44-110% 
more than soluble acid form in young leaves) 
indirectly indicates towards apoplastic 
unloading of sucrose along with simplastic 
route in very young potato leaves. Although 
Turgeon (31) has argued in favour of simplastic 
unloading of sucrose in young leaves on the 
basis of available reports (7, II, 34) but has 
not ruled: out the possibility of apoplastic 
unloading; Many workers have reported that 

i 
soluble invertase in the main enzyme acting 
on the imported sucrose in the developing 
leaves (ISr 22, 25, 26), however, our results 
indicate tllat cell wall invertase is the major 
enzyme a~ting on the imported sucrose in 
developing leaves in potato. Cell wall invertase 
is highly active in rapidly growing plant tissues 
like extension zones of root tips, elongating 
inter-nodes, emerging secondary roots and 
developing tap roots (8). The importance of 
extracellular cleavage of sucrose for assimilate 
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partitioning and source sink relations is 
indicated by the induction of sink metabolism 

in source leaves where extracellular yeast cell 
wall invertase has been over-expressed in 
source leaves (29). Rapid decline in invertase 

activity with leaf development is in line with 
the observation in many plants that net import 
of carbon declines with leaf development and 
ceases when the leaves are one sixth to one 

half fully grown (9, 14, 19, 31). Reduced growth 
and leaf expansion under tuber inducing 

conditions is supported by 27% reduction in 

the activity of cell wall invertase in young 
leaves under tuber inducing conditions. 

It can be concluded from this study that 

the absence of a strong sink under non tuber 

inducing conditions in potato, results in 

distribution of photoassimilates in other 

vegetative parts resulting in increased haulm 

growth and starch deposition in leaves and 

roots. Cell wall invertase is the major sucrose 

cleaving enzyme in young leaves which 

indicates apoplastic unloading of imported 

sucrose and that the activity of invertase 

declines as the leaves become autotrophic and 

start exporting excess photoassimilates. 
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CHEMICAL MATURITY OF POTATO 
PROCESSING CUL TIV ARS GROWN IN 

WESTERN UTTAR PRADESH* 

Dinesh Kumar\ s.v. Singhl and S.K. Pandey2 

ABSTRACT: Six potato cuItivars including four Indian and two e)(otic were evaluated for chemical n1aturity at three dates of 
harvest. Minimum reducing sugar level was achieved at 80 days of harvest in (vs. Atlantic and FL-1533, at 90 days in cv. Kufri 
Chipsona-l and at 100 days in cvs. Kufri Chipsona-2, Kufri Jyoti and Kufri Lauvkar. The lowest sucrose content was obtained 
at 90 days in cv. Kufri Chipsona-l and at 100 days harvest in rest of the five cultivars. The sucrose content of <150 mg/lOOg fresh 
weight was not obtained in any of the cultivars at any stage. Acceptable chip color was attained in (V5. Kufri Chipsona-l &; 

Chipsona-2 at 90 days of harvest while in Atlantic it was 80 days. E)(cept for cvs. Kufri Jyoti and Kufri Lauvkar, all other four 
cultivars had dry matter content of more than 20 percent at 80 days of harvest. 

INTRODUCTION 

For making good quality potato chips, the 
content of reducing sugars in potatoes is 
required to be low (10). The principal reason 
for the critical role of hexose reducing sugars 
in potato quality is the fact that frying at high 
temperature results in a typical Maillard 
reaction between these sugars and the amino 
acid groups of nitrogenous compounds, 
resulting in a dark colored, bitter tasting 
product (17). Sucrose, another disaccharid~, 
does not participate directly in Maillard 
reaction, but several workers have tried to 
relate post-storage reducing sugar content to 
sucrose content at harvest (16, 21). Sugar 
contents in potato are complex, and the 
concentration levels vary according to the 
maturity of the harvested crop as well as the 
environment in which the crop is grown (2, 6, 
12). Burton (1) states that apart from cultivar 
differences, maturity may be one of the 

principle factors affecting sugar content in 
potatoes. The initial level of sugars-reducing 
sugars as well as sucrose- at the time of 
harvesting is affected by maturity (5). There is 
considerable variation among cultivars with 
regards to their susceptibility to the degree of 
maturation and related physiological processes 
(5). 

Potatoes are physically mature when wines 
have senesced and tubers have obtained a 
degree of skin-set, while physiological maturity 
of tubers occurs when a peak of dry matter is 
attained, which usually coincides with a 
minimum sugar contenf (3). However, tuber 
may be physically mature without being 
chemically mature (i.e. low sugar 
concentration), the level of sucrose in chipping 
potatoes should be 150 mg./l00g or less at 
harvest to minimize accumulation of reducing 
sugars (glucose and fructose) over long-term 
storage (22). 

lCentral Potato Research Institute Campus, Modipur'lm-250 110 (Uttar Pradesh) 
"Central Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 
*CPRI Publication No.-1752 
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The North-central plains comprising 

western Uttar Pradesh and Madhya Pradesh 

in Indian plains are major growing areas for 

chipping potatoes. The major potato cultivars 

used for chipping include Kufri Jyoti, Kufri 

Lauvkar, Kufri Chipsona-1 and Kufri 

Chipsona-2 besides occasionally used exotic 

cultivar Atlantic and Fritolay-1533 (FL-1533). 

The information on chemical maturity of these 

cultivars was lacking with respect to western 

Uttar Pradesh. The present study was, 

therefore, undertaken with the aim to 

investigate the sugar levels at different harvest 

dates so that the information generated can 

help the growers and processors to take 

decisions as per the intended use of potatoQs. 

MATERIALS AND METHODS 

Potatoes were grown for two seasons Le. 
1999-2000 and 2000-2001 at the Central Potato 
Research Institute Campus, Modipuram. Six 
cultivars, viz., Kufri Chipsona-1, Kufri 
Chipsona-2, Kufri Jyoti, Kufri LauvkClr, 
Atlantic and Fritolay-1533 were planted in 
third week of October in Randomized 
Complete Block Design with three replications. 
The crop was raised as per the recommended 
cultural practices for the region (150N: 80P20S: 
lOOKP). The haulms were cut at 80, 90 and 
100 days after planting. Tubers were harvested 
ten days after haulm cutting and graded into 
processable and non-processable grades. 
Tubers more than 40 mm in diameter were 
taken as processing grade and used for further 
analyses. Fifteen tubers were seleded 
randomly from each replication and analysed 
for reducing sugars (13), sucrose (24), chip 
color and dry matter content. Chip colour was 
determined by frying 1.75 mm thick slices in 

sunflower oil at lS0°C till bubbling stopped, 
and the colour score was given to chips on a 
scale of 1 to 10 (1 being the lightest and highly 
acceptable and 10 the darkest and 
unacceptable) (9). Dry matter content was 
determined by drying more than 50 g finely 
chopped and mixed tuber pieces initially at 
80 nc and then at 65°C till constant weight. 
Five tubers were used each for sugar, chip 
colour and dry matter analysis. All analysis 
were carried out in triplicate and the data 
were analyzed in a two factor randomized 
complete block design combined over locations 
(or combined over years) using the statistical 
software MST AT-C. 

RESULTS AND DISCUSSIONS 

The analysiS of variance showed that the 
main effects of the cultivar and days after 
planting were significant (P s 0.01) for all the 
processing parameters studied (Table 1). Two­
way interaction between the cultivar'days after 
planting was significant (P s 0.01) only for 
reducing sugars and sucrose. This suggested 
that the effects of days after planting was not 
uniform over the cultivars tested for reducing 
sugars and sucrose. 
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Reducing sugars: The mean values of reducing 
sugar content decreased with crop maturity, 
but the decrease from 90 days harvest to 100 
days harvest was not significant (Table 2). At 

80 days harvest Atlantic tubers had 
significantly lower reducing sugars as 
compared to cvs. Kufri Chipsona-1, Kufri Jyoti 
and Kufri Lauvkar, and there was no 
Significant decline in reducing sugars at 
subsequent dates of harvest. This is expected 
since the cv. Atlantic is considered to be an 
early maturing variety with average number 
of tubers in the range of 4 to 6. Reducing 
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Table 1. Sources of variation and their effect on sugat content and processing quality of potatoes 

Source of 
V.lri.lfion 

DJtt' of harVl:st (D) 

Culti\'ar (C) 

DC 
Error 

Degree ol Freedom 

2 

5 
10 

liR 

H Sigmhcant at [) 01 levels 

Reducing sugars 

33894.0t)6" 
4.'l74h.h34" 
~935.:1117"· 

2114 h21 

Jfe.lfl squares 
Sucrose Chip color 

13315!l.954** 

3222R.5%" 
hOS5.M2*· 

17R8.512 

7.lllS*' 
18.(lDJ** 

0.574 

0.604 

Table 2. Sugars, chip color and dry matter content in potato processing cultivars at different dates of harvest 

Cuillvar Days after planting 
8D 90 100 

(a) Reducing Sugars (mg/IOOg fresh weight) 
Kufn Chipsuna-l 142.80 62.02 63.31 
Ktlfri Clllpsona-2 116.7-1 102.73 112.71 
Kufn Jyuti 244.27 180.22 1-13.69 
Kufri Lauvkar 246.77 106.13 158.c)6 
Atlantic 69.13 65.49 6077 
Fritulay-1533 106.H7 105.44 10655 
Means 154.43 103.67 991H 
(b) Sucrose (mg/lOOg fresh weight) 
Kufri Chipsona-1 292.40 18083 175.68 
Kufri Chipsona-2 440.98 290.83 220.91 
Kufri Jyati 251.34 190.90 161.31 
Ktlfri Lauvkar 257.92 23247 178.15 
Atlantic 312.55 2[)3.27 172.83 
Fritolay-1533 247.05 21176 180.62 
Means 300.37 218.34 181.58 
(e) Chip color 
Kufri Chipsona-l 2.80 1.98 2.47 
Kufri Chipsona-2 3.52 2.58 2.48 
Kufri Jyati 5.41 4.15 4.18 
Kufri Lauvk,lr 4.45 3,92 4.32 
Atlantic 2.80 1.88 1.59 
Fritolay-1533 3.20 3.13 2,45 
Means 3.70 2.94 2.91 
(d) Dry matter (%) 

Kufri Chipsona-1 20.87 2186 22.14 
Kufri Chipsol1a-2 21.81 22.47 24.05 
Kufri Jyoti 17.63 18.23 20.12 
Kufri Lauvkar 19.16 19.22 19.87 
Atlantic 22.20 23.46 24.52 
Fritolay-1533 21.31 22,51 23.50 
Means 20.50 21.29 22.37 

CD VALUES: 

Date of harvest (0) Cultivar (C) 
Chip color (CC) 0.487** 0.689** 
Dry matter (OM) 0.700'* 0.990" 
Reducing sugars (RS) 28.83" 40.77'* 
Sucrose (Sue) 26.52-- 37.50'· 

DIJ' matter 

31 ;"n7'* 

b6.3S2'''' 
l.ObO 
1240 

8Y.JR 
94.116 

189.3') 
17032 
65.13 

1D628 

216.30 
317.58 
201.18 
222.85 
229.55 
213.14 

2.42 
2.86 
4.58 
4,22 
2.09 
2.93 

21.62 
22.77 
18.66 
19..12 
23.39 
22.44 

DxC 
NS 
NS 
70,62** 
64.95** 

sugars decreased significantly in cv. Kufri 
Chipsona-1 up to 90 days harvest only, while 

in cv. Kufri Chipsona-2, the lowest levels were 
achieved at 100 days harvest, though the 
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decrcase was not significant. Based on the 

results, it appears that cv. Kufri Chipsona-2 

may rcquire further maturity to achieve still 

lower reducing sugars. The present trial was 

conducted with NPK levels that aTe now 

considered as sub-optimum and Singh et al. 
(14) have recommended higher doses of NFK 

for Chipsona varieties and harvesting at 100-

120 days. Both fertilizer and maturity stages 

l11.ay affect the reducing sugar content of 

Chipsona varieties. Among the varieties, 

lowest mean reducing sugar content was 
achieved in cv. Atlantic, but the difference in 

reducing sugnrs content was not significant 

when compared with either cv. Kufri 

Chipsona-l or Kufri Chipsona-2. Both Kufri 

Jyoti and Kufri Lauvkar had significantly 

higher reducing sugars contents as compared 
to other four varieties. The leaves of Kufri 

Jyoti started showing signs of senescence at 

an early stage; hence it is also speculated that 

the fertilizer requirements of this variety may 

also be slightly higher. Surprisingly, Fritolay-
1533, which otherwise is known to be a low 

reducing sugar cultivar, had significantly 

higher reducing sugar contents than cv. 

Atlantic. As sugar content in potato tubers is 

influenced by several factors including tuber 

temperature, crop maturity besides the 
genotype (20), such kind of variations can be 

expected. This is corroborated by higher value 

of coefficient of variation obtained for reducing 

sugars. The concentration and relative 

proportions of the individual sugars are 

variable both between tubers on the same 

plant and between plants growing in close 
proximity (4). As both day-length and 

temperatures in Indo-Gangetic plains are in 

contrast to European or American conditions, 

there is a need to quantify the different factors 

affecting reducing sugars content in processing 

varieties specifically for sub-topical Indian 

conditions. Given that the optimum reducing 

sugars for making potato chips are below 

0.1 % (15), except cvs. Kufri Jyoti and Kufri 

Lauvkar, all other four cultivars were suitable 

at 100 days, Kufri Chipsona-1 at 90 days and 

Atlantic at all three stages of harvest. 

Sucrose: A significant and steady decline in 

mean sucrose levels occurred from 80 days to 

100 days harvest (Table 2). In five out of six 

cultivars, lowest sucrose levels were obtained 

at 100 days harvest. In case of cv. Kufri 

Chipsona-1, decrease in sucrose content was 

not significant from 90 to 100 days stage. 

Sucrose levels decreased in cv. Kufri Laukar 

from 90 to 100 days harvest with simultaneous 

increase in reducing sugar content. This may 

be possible because of sucrose breakdown, i.e. 

invertase action, as Kufri Lauvkar is also an 

early maturing variety. Taking varietal means 

Kufri Chipsona-2 had highest sucrose contents. 

Again, as discussed earlier, the sucrose 

contents may further decrease in Kufri 

Chipsona-2 and even in Kufri Chipsona-1, if 

the growing period is further extended by 

using latest recommended fertilizer doses. 

Marwaha (9) reported decrease in sucrose 

contents after 70 days of planting. The values 

of sucrose obtained are less as reported earlier 

(7), pOSSibly because of estimation method. 

Chemical maturity in processing varieties: 

228 

Chemically mature potato tubers are those 

that have reached their lowest levels of sucrose 

(15). As per this definition, cv. Kufri Chipsona-

1 at 90 days, and rest of five varieties became 

chemically mature at 100 days harvest. But 

according to Marwaha (9) minimum reducing 

sugar content should be taken as the basis for 



chemical maturity of potatoes under short 

day conditions, and this should be considered 
in conjunction with optimum tuber yield and 
specific gravity or dry matter content of hIbers 

in determining the optimum maturity of 
potatoes for chipping. This seems to be 
optimum criteria if potatoes are to be used for 

immediate processing after harvest or after 
short-term storage. cv. Kufri Chipsona-l 
accordingly was suitable at 90 days maturity 
and cv. Kufri Chipsona-2 at 100 days while 
cv. Atlantic even at 80 days. (dry Inatter data 
presented in Table 2). Mazza (11) studied the 

correlation between quality parameters of 
potatoes during growth and long-term storage, 
and stated that quality parameters of potatoes 

are not sufficiently stable to serve as a general 
measure of prediction under all conditions. 
This means that each potato production area 
of the world may have to develop relationships 
which best reflects its environmental 
conditions and production, storage and 
utilization practices. 

Although sucrose does not participate in 
the unfavourable non-enzymic browning of 
processed products directly, it serves as a 
substrate for reducing sugar production via 
the storage activated enzyme invertase (16). 
According to Sowokinos (21), potatoes capable 
of reaching low sucrose levels prior to harvest 
demonstrate superior processing quality for 
chipping directly from intermediate 
tempera hIre storage (11.7 lIC). The levels of 
sucrose in chipping potatoes should be 1.5 
mg/g (150 mg/100g fresh wt.) or less at 
harvest to minimize accumulation of reducing 
sugars over long-term storage (22). None of 
the varieties investigated in the present study 
achieved these sucrose levels. Nevertheless, 
the values of sucrose were below 200mg/100g 

Chemical l11ilturitl' of putato CUltl\'aTS 

fresh wt. in cvs. Kufri Chipsona-1 and Kufri 
Jyoti at 90 days and in all varieties at 100 
days, except in cv. Kufri Chipsona-2. In India, 
the Indo-Gangetic plains experience a hot 
summer after potato harvest, necessitating 
potato storage at lower temperahlres to make 
round the year availability of potatoes. Potato 
storage at low temperatures of 2-4()C 
accumulates excessive reducing sugars making 
potatoes unacceptable for processing into chips 
(1). In India, storage at 10-12ilC with crre is 
being practiced to make available processing 
grade tubers to the industry during off-season. 
Except for the small quantity of fresh harvests 
at different times of the year and from different 
regions, major chunk of potatoes is grown in 
Indo-Gangetic plains which are harvested in 
February-March. Therefore, it is essential that 
varieties being stored at elevated temperatures 
should maintain low reducing sugar contents 
for as long as pOSSible. It is essential that the 
pre- and post-harvest management factors 
should be standardized in such a manner that 
the potatoes should have low reducing sugars 
and sucrose levels at the time of storage. The 
sugar balance of the potato tuber is governed 
by many inter-related metabolic pathways and 
is subject to significant genetic and 
environmental control (4). Tuber initiation, 
growth and development and post-harvest 
physiology are characterized by significant 
modifications in hexose and sucrose 
concentrations and in the ratios of hexose: 
sucrose and glucose: fructose (4). This 
standardization is essential for each variety 
under a particular geographical location. It 
has been shown that quantitative relationships 
between chip colour and specific compositional 
or environmental factors determined for one 
cultivar cannot be used to predict the color of 
chips made from other cultivars (8) Sowokinos 
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(23) sLlggl'stcd that the clones may vary in 

their ability to form reducing sugars in storage, 
und this variability is defined as Glucose 

Forming Potential (GFP). GFP is influenced 
by, in part, by differences in invertase activity 
and lor compartmcntaliza tion of sucrose 

among the clones. 

Chip colour: Taking mean values of at 

different dates of harvest, chip colour 

improved with crop maturity, but the 
improvement from 90 to 100 days stage was 
not significant (Table 2). Among varietal 

means, best chip colour was obtained in cv. 
Atlantic followed by Chipsona varieties and 
Fritolay-1533. If colour score of 3 is taken as 

upper limit of acceptability, cvs. Kufri 
Chipsona-l and Atlantic yielded acceptable 

chips at all three dates of harvest. In cv. Kufri 
Chipsona-2 a colour score of < 3 was obtained 
at 90 and 100 days maturity, while in cv. 

Fritolay-1533, it was at 100 days only. The 
results of Fritolay 1533 and Kufri Chipsona-l 
are different from that reported earlier (7). 

This could again be due to the year-to-year 
variations in climatic conditions. The higher 
values of coefficient of variation obtained both 

in case of chip colour and reducing sugar 
contents validates this assumption. The chip 

colours in case of cvs. Kufri Jyoti and Kufri 
Lauvkar were not acceptable at any date, and 

the varietal means were also significantly 
higher than rest of four varieties. Both cvs. 

Kufri Jyoti and Kufri Lauvkar are suitable for 
chips making when grown in Malwa region 

of Madhya Pradesh (18 and unpublished data). 
This again shows the effect of location and 
climatic conditions besides genotypes on 

potato processing quality. In a study conducted 
at Modipuram -location in which free sugars 
were monitored in cv. Kufri Lauvkar and cv. 

Atlantic during development, it has been 

shown that both reducing sugars and sucrose 
contents were higher in cv. Kufri Lauvkar as 

compared to cv. Atlantic (3). Nelson and 
Sowokinos (14) observed that the effect of 

harvest date on chip colour depends to a great 

extent on potato variety; in their study six 

potato varieties did not show any relation to 
harvest date. In case of cvs. Kufri Jyoti and 

Kufri Lauvkar the chip colour decreased from 
80 to 90 days, but was not in acceptable range. 

In cv. Kufri Lauvkar chip colour increased 

from 90 to 100 days, which may be due to the 
increase in reducing sugars content. Marwaha 

(9) reported improvement in chip colour with 

maturity, and Kufri Lauvkar yielded 

acceptable chips at 90 days harvest. 

Dry matter: The means of dry matter values 

at different dates of harvest showed significant 

increase in dry matter content from 80 to 100 

days maturity (Table 2). Taking varietal means 

of dry matter, cvs. Atlantic and Kufri 

Chipsona-2 had significantly higher dry matter 

than cvs. Kufri Chipsona-l, Kufri Jyoti and 

Kufri Lauvkar. A desirable dry matter content 

of 20% or more could be obtained in cvs. 

Kufri Chipsona-l, Kufri Chipsona-2, Atlantic 

and Fritolay-1533 even at 80 days of harvest. 

An increase in dry Dutter content was 

observed in cvs. Kufri Jyoti and Kufri Lauvkar 

only at 90 to 100 days. This could most 

probably be due to the water loss, as both the 

varieties are early maturing and temperature 

rise as date of harvest is advanced (along with 

10 days of curing under such temperatures). 

A dry matter content of 24 per cent or above 

was achieved in cvs. Kufri Chipsona-2 and 

Atlantic at 100 days harvest. Higher dry matter 

is an index of better processing quality, as it 
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Table 3. Total and percent process grade tuber yields at different dates of hJrve5t 

CLI/tivar Dates of han'est 
80 90 100 1Ue;ms 

T}" PPCH TY PPC TY PPC TY PPC 

Kufn Chipsona-l .>347 60.44 47,86 64.5-1 52,86 76,:24 48 :!3 117.07 
Kufn Chipsona-2 31·B -10,18 33.89 6tl <J-1 39.hO 7:;,3(1 3-10 97 58.82 
Kufri Jyoti 3b.52 6-133 -!b,O.J, 77N) c1hA2 83,(;8 .J,2,gy 75.23 
Kufri Lauvkar 40,35 8UJO 43.28 8b.MI 43.28 91.tN 42,]0 81>.66 
Atlantic 32.51 85,63 311.53 88,52 -10.22 92,]'1 36.-12 8S,HS 

Fritolay-1533 3(1,13 73.83 -13.lJ4 80.47 45.68 86.40 'lL9b SO.2] 
Means 3(1,82 67.72 -11.42 76.47 44,67 8-10.24 

CO Values: 
Totill yields (11) Percent process grade (prC) 

Cuitlvar (0 6A2*' 9.45" 
Date L1f Harvest (D) 7,60" 11.18'* 
CD 9.63 ]-!,18 

'T1'= Total yield (Kg/ 12.R6 m'I,I",); '*PPC= Percentage of processing grade 

results in lesser oil absorption and less frying 
time (15). 

Process grade percentage: Mean values of 

percent process grade tubers increased with 

mahlrity, but the increase was significant only 

at 100 days of harvest (Table 3). In case of 
individual cultivars increase in percentage was 

observed upto 100 days in cvs. Kufri Chipsona-

2, Kufri Jyoti and Fritolay-1533, and there was 

no significant increase in cvs. Atlantic and 
Kufri Lauvkar. Highest total yield (mean) was 

achieved in cv. Kufri Chipsona-l, which was 

significantly higher than cvs. Kufri Chipsona-

2 and Atlantic. Increase in total tuber yields 

was non-significant in cv. Kufri Lauvkar 

beyond 80 days of harvest. 

Overall performance: As suggested by 
Marwaha (9), the minimum reducing sugar 

contents in tubers in conjunction with 
optimum specific gravity, dry matter content 

and tuber yield should be considered as the 
basis for determining optimum processing 
maturity of cultivars under short days. In that 

respect processing varieties, except cvs. Kufri 

Jyoti and Kufri Lauvkar (because of poor chip 
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colour) required 100 days for optimum 
maturity. Cu]tivar Kufri Chipsona-l achieved 

low reducing sugars and optimum dry n1atter 
at 90 days harvest also, but due to increase in 
process grade yields, the 100 days have been 
mentioned. The lowest sucrose levels were 
also obtained at 100 days in all the cultivars 
except cv. Kufri Chipsona-l. Depending upon 
the requirement of material, the varieties can 

be harvested at early dates also, by 
compromising certain yields. That way cv. 

Kufri Chipsona-l yields good dry matter and 
chip color at 90 days, while Atlantic at 80 

days. But the higher values of sucrose at early 

dates may pose problems during storage at 
elevated temperatures. 
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RELATIONSHIP BETWEEN UNDER WATER 
WEIGHT AND SPECIFIC GRAVITY, DRY MATTER 
AND STARCH CONTENT OF POTATOES GROWN 

IN INDIA* 

R. Ezekiel, Brajesh Singh and J. GopaP 

ABSTRACT: The under water weight (UWW), specific gravity (SG), dry matter (DM) and starch content of potatoes were 
determined in tubers grown at Kufri, Jalandhar, Modipuram and ratna. Linear regression cquations and correlation coetficiCltts 
were worked out for different pairs of values, for each location. The regression equation for Kufri (hills) was different from 
those for other locations in the plains. Regression equations for the relationship of UWW with SG, DM and starch content arc 
presented in this paper. Based on these equations, a conversion table has been developed for the first time for potatoes grown 
in India, for the benefit of the potato processing industry. 

INTRODUCTION 

Measurement of specific gravity of potatoes 
has been widely used as a tool for quick 
estimation of dry matter and starch content in 
potato tuber lots. For specific gravity 
determination, methods like brine solution (13), 
hydrometer (9) and weight of potatoes in air 
and water (2) have been used. On the basis of 
estimation of a large number of samples, 
relation between specific gravity and dry 
matter content of potatoes has been developed 
in the form of regression equations by several 
workers in Europe (14), America (5) and India 
(13). However, this relationship has been found 
to vary with the variety, location, season as 
well as the year of cultivation (I, 12). One of 
the reasons for such differences was suggested 
as the variation in the intercellular space in 
the tuber tissue (1). Besides, the temperature 
of potatoes and of the water in which the 
potatoes are weighed may also influence 
specific gravity. 

*CPRI Publication No. 1708 

Since the dry matter content of hlbers is 
one of the important considerations for potato 
processors, it is important to know about the 
variability in dry matter content in Indian 
potato varieties grown at different locations. 
Verma et ni. (13) determined specific gravity 
in some Indian potato varieties and cultures 
following the brine solution method and 
worked out a relationship between specific 
gravity and dry matter content of potatoes for 
these locations. Starch content in Indian potato 
varieties is also important as many potential 
potato starch manufacturers in India are 
interested in this. No information is available 
on the relationship between under water 
weight and starch content in Indian potato 
varieties. 

Relationship between under-water weight 
and specific gavity, dry matter and starch 
content has been worked out in developed 
countries and conversion charts are available 
(11) for use by the potato processing in.dustry 

lCentral Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 



E. EZt.'kil'l cl <II. 

in those countries. Such a chart is not available 
in India and charts developed in Europe or 
America Ciln not be used in India because as 
already pointed out the relationship varies 
with location, variety, soil type and cultural 
conditions. Therefore, an attempt has been 
made here to work out the relationship 
between under water weight and specific 
gravity, dry matter and starch content of 
potatoes grown in India and to develop a 
conversion table that can be used by the potato 
processing industry in India. 

MATERIALS AND METHODS 

Potatoes were grown at four different 

locations and used in this experiment. 

Kufri: The potato crop of Indian potato 

varieties and advanced hybrids was grown 

during long-day summers in 2000 and 2001 at 

Central Potato Research Station, Kufri (32°N, 

77°E, 2501m amsl), following the 

recommended package of practices. Fertilizer 

was applied at the rate of 120 kg nitrogen (100 

kg at planting and 20 kg at the time of earthing 

up), 100 kg PP5 and 100 kg Kp per hectare 

in the form of calcium ammonium nitrate 

(CAN), single super phosphate (SSP) and 

muriate of potash (MOP), respectively. Seed 

tubers were planted at a spacing of 60 cm x 20 

em. Planting was done in the last week of 

April and the tubers were harvested in the 3rd 

week of September after full maturity during 

both the years and required quantity of tuber 

samples was collected. A total of 47 varieties/ 

advanced hybrids were used for the 

experiment. 

Modipuram: Six varieties, viz., Kufri 

Chandramukhi, Kufri Badshah, Kufri Lalima, 

Kufri 8ahar, Kufri Sindhuri and Kufri Jyoti 

were grown at Central Potato Research 

Institute Campus, Modipuram (29°N, 76°E, 

222m ams1) during 1999-2000 following 

recommended package of practices. Fertilizer 

was applied @ 200 kg N (half at planting in 

the form of CAN and half at earthing up in 
the form of urea), 100 kg P20 S in the form of 

SSP and 100 kg Kp/ha in the form of MOP. 

The spacing followed was 60 cm x 20 cm. 

Planting was done during the 2nd week of 

October and the crop was harvested during 

the 3rd week of February. Tuber samples of 

these varieties were collected for the 

experiment. 

Jalandhar: At Central Potato Research Station, 

Jalandhar (31°N, 75°E, 237m amsl), four 

varieties, viz., Kufri Badshah, Kufri Sindhuri, 

Kufri Jyoti and Kufri Chandramukhi were 

grown during 1999-2000 following the 

recommended package of practices. Fertilizer 

was applied @ 150 kg N (half at planting in 

the form of CAN and half at earthing up in 

the form of urea), 80 kg P
2
0

S 
in the form of 

SSP and 120 kg Kp Iha in the form of MOP, 

and the spacing followed was 60 cm x 20 cm. 

The crop was planted in the }St week of October 

and harvested in the 1st week of February. 

Required quantity of samples was collected 

for the experiment. 
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Patna: Six potato varieties, viz., Kufri Iyati, 
Kufri Ashoka, Kufri Lalima, Kufri 

Chandramukhi, Kufri Badshah and Kufri 

Sindhuri were grown at Central Potato 

Research Station, Patna (25°N, 85°E, 53m amsl) 

during 1999-2000, following the recommended 

package of practices. Fertilizer was applied at 

the rate of 180 kg N (half at planting in the 

form of CAN and half at earthing up in the 

form of urea), 60 kg P20S in the form of SSP 
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and 120 kg Kp/ha in the form of MOP, and 
the spacing followed was 60 cm x 20 C111. The 
crop was planted during the 2nJ week of 
November and harvested during the ·pt week 

of March 2000. Required quantity of tuber 
samples was collected for the experiment. 

Tubers grown at Kufri, Modipuram, 

Jalandhar and Patna were brought to Shimla 

and all the determinations were made at CPRI, 

Shimla. 

Measurement of specific gravity: For specific 
graVity determination, the normal procedure 
followed by the potato processing industry 

was used. Tubers were weighed in air and 
then under water using a triple beam specific 
gravity balance (Sky Light Industries, 
Ghaziabad, UP). The sample size used was 5 
kg and the specific gravity was calculated 

using the following formula: 

Specific gravity: 5000/5000~UWW (5000 is 

the wt of potatoes in air in grams) 

Estimation of dry matter and starch content: 
The dry matter content was determined in 
three replicated samples by the oven-drying 
method. Tuber samples were diced, mixed 

thoroughly and 50 g was weighed and dried 
at 80a C to obtain dry weight. Starch content 
was determined by the method of Hodge and 
Hofreiter (4) on dry weight basis and the 

values were converted to percent starch 
content on fresh weight basis. Dried tuber 
samples were treated with 80% alcohol to 
remove sugars and then the starch was 

extracted with perchloric acid. After extraction 
the starch was hydrolyzed to glucose and the 
colour was developed with anthrone, which 
was compared with the standard graph of 
glucose. 

The values of correlation coefficient and 

regression equations were obtained llsing 
MSTAT 4.0C package of computers following 
the method of Gomez and Gomez (3). The 

conversion table was prepared using Fox Pro 
data base system. 

RESULTS AND DISCUSSION 

The pooled data of two years from hills 

showed a significant positive correlation 
between UWW and specific gravity, UWW 

and percent dry matter content as well as 
UWW and percent starch content. However, 
the coefficient of correlation was low between 
specific gravity and dry matter content (r ::: 

0.45). 

Potatoes harvested from the plains showed 

considerable variability over locations for a 
given variety and therefore, the regression 
equations for individual locations were 
different from one another (Table 1). This 

agrees with the work of Verma et al. (13) who 
showed that the regression equation varied 
with location. After pooling all the values for 

the plains, significant positive relations were 
obtained between the UWW and dry matter 
content, starch content and specific graVity as 
well. Unlike hills harvest, the coefficient of 

correlation between specific gravity and dry 
matter content was higher in this case (r :::: 

0.S1). Verma et al. (13) had also noticed 
variations in the equations obtained between 

the specific gravity and dry matter content 
over locations. They had suggested that it 
might be desirable to use the individual 

regression equa tions to estimate the dry matter 
content of potatoes grown at different 
locations. Since they had determin,ed specific 

gravity directly, they got a better relationship 
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Table 1. Rel.ltiol1ship between UWW and specific gravity, dry matter and starch content of potatoes grown in hills and plains 

Loc<1fhm & } 'ear ParaJnefers 

X 

Regression equation 

Y 

Coefficient 
of 

correlation 

I hUs (2Ulli) & 2(10] pllLlkdl U\'VW DM Y = 6.28 + O.047x +0.85 

+0.75 

+0.58 

+0.45 

+0.91 

+0.85 

+0.52 

+0.99 

+0.85 

+0.81 

+0.65 

+0.76 

+0.86 

+0.76 

UWW Starch Y = 2.93 + 0.036x 

Y = 1.01 + 0 0002x 

Y = -64.23 + SO,73x 
UWW 

SG 

Vl'rm.l c/ Ill. (1 L)72) SG 

Pld lib (,Ill locations puoled for 20(lO) UWW 

SG 

DM 
DM 
OM 

Y = -178.66 + 183.24x 

Y = 4.60 + O.06Sx 

UWW Starch Y = -1.63 + 0.053x 

MoLiipur,lI11 (2(]Oll) 

lal.1ndhdr [2(]l)ll) 

Verma cI ,iI (jabndhar) 

I'illnil (2(100) 

Venn,\ ct III. (Palna) 

UWW 

SG 

SG 

SG 

SG 

SG 

SG 

SG 

OM 
OM 
OM 
OM 
OM 
OM 

Y = 0.99 + O.0002x 

Y = -302.39 + 307.77x 

Y = -221.31 + 230.96x 

Y = -269.98 + 276.77x 

Y = -57.24 + 70.S7x 

Y = -251.49 + 259.12x 

Y = -5069 + 65.53x 

UIYW = Under water weight of 5 kg tubers; OM = Dry matter (%); SG = Specific gravity; Starch = Starch content (%). 

between SG and DM with a higher r-value of 

0.91. Since SG values in our case were derived 

from UWW, we did not get a better 

relationship between SG and DM and the r­

value was also low. It has been found that 

both the specific gravity and the dry matter 

content vary with the variety and the location 

(8, 10, 12). Variations have been observed in 

under water weight as well from year to year 
and location to location (11). 

On the basis of the regression equations 

obtained between different parameters (Table 

1) a conversion table for dry matter, starch 

content and specific gravity from UWW of 5 
kg potatoes (harvested from hills) was 

developed (Table 2). The minimum value 

obtained for UWW in the samples was 200 

and the maximum was 445, therefore, the 

range of UWW in conversion table is given 

between 200 and 449. Several authors have 

derived this kind of relationship between 

specific gravity and dry matter / starch content 

from time to time under different conditions 

(6, 7, 13). This work differs from the work of 

Verma et al. (13) in two ways. (i) Verma et al. 

followed brine solution method, while we 

determined the weight in air and water using 

a specific gravity balance, as per the normal 

method followed in potato processing factories. 

(ii) They had worked out the relationship 

between specific gravity and dry matter 

content, so that dry matter content can be 

derived from specific gravity values. Whereas, 

we have worked out the relationship between 

under water weight and, specific gravity, dry 

matter and starch content so that using under 

water weight, values for other three parameters 
can be derived. 
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The conversion table on the basis of 

equations obtained between these parameters 

has been prepared for the Dutch potatoes (11). 

When compared to the conversion table 

available for potatoes grown in the 

Netherlands, for a given under water weight 

the specific gravity values (Table 2) are slightly 

lower by 0.001 to 0.006. But the values for dry 
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Table 2. Conversion table for specific gravity (SG), dry matter content (DM) and starch content froiU the under water weight 
(UWW) of 5 kg of potatoes. Soil type was brown acidic hill soils of Ku fri 

UlVIV 

200 
201 

202 

203 
20-1 

205 
2l1b 

207 
2()H 
20e) 

21D 
211 
212 

213 

2H 
215 

21b 

217 

218 
214 

220 

221 

222 
223 

224 

225 
226 

227 

228 

229 

230 

231 

232 
233 

234 

235 

236 

237 
238 

239 

240 

241 

242 

243 
244 
245 
246 
247 

248 

249 

SG 

1047 
]'1)-17 

],047 
]'()47 

U147 

1,048 

],048 

1048 
1 {)48 
],()48 

1,(148 

1.049 
1,()4') 

1.0-1LJ 

1.044 
1,0-19 

10S0 
1,0SO 

1.050 

1.0S0 

1.0S0 
1.050 

1.0S1 

1.051 

1.051 

1.0S1 

1.051 

1.052 

1.0S2 

1.052 

1.052 

1.0S2 

1.0S2 

1.053 

1.053 

1.053 

1.053 

1.053 

1.053 
1.054 

1.054 

1.054 

1.054 

1.054 

1.055 

1.055 

1.055 

LOSS 
1.055 

1.055 

Old 
(':,1 

15.6+8 
15,645 

15.7·~2 

1:; 789 

15.83(, 

15.81:12 
15.l)2,) 

15.976 

1ti.023 

16.070 
16.117 

16.164 

16.210 

16.257 

16.30-1 
16,351 

16.3')8 

16.445 
16.4')2 

16538 

16.585 
16.632 

16.679 

16.726 

16.773 

16.820 

16.866 

16.913 
16,%0 

17.007 

17054 

17.101 

17.148 

17.194 

172-ll 
17.288 

17.335 

17.382 

17.429 

17.476 

17.522 

17.569 

17.616 

17.663 

17.710 

17.757 

17.804 

17.851 

17.897 
17.944 

Starch 
(':~ ) 

10.174 

111.215 

10251 

10 21'7 
1032-1 

10360 

10.3% 
10.-132 
10.469 

JO.5ll5 

10.5ol1 
10.577 

1O.6H 

10.650 

1U.686 

10.722 

1ll.759 

10.795 

10,831 

10.867 

10.904 

10.940 

10.976 

11.012 
11.[149 

11.085 

11.121 
11.157 

11.194 

11.230 

11.266 
11.303 

11.339 

11.375 

11.411 

11.448 

11.484 

11.520 

11.556 

11.593 

11,629 
]1.665 

11.701 
11.738 

11.774 

11.810 
11.846 
11.883 

11.919 

11.955 

UlVlV SG 
(gJ 

250 1.0.,6 
2,1 l.():;b 

252 1.1)56 

253 10'i6 
2,4 1.0S(, 

255 l.llS7 
256 1.0:;7 

2:;7 1.057 

258 1.n57 

2-"9 l.057 
260 1.n:;7 

261 1.058 

262 1.(158 

263 1.058 

204 1.058 

265 1.058 

266 1.058 
267 1.05') 

268 1.059 

269 1.059 

270 1.05'.1 

271 1.059 

272 1060 

273 1.060 

274 1.060 
275 1.060 

276 1.060 

277 1.060 

278 1.061 

279 1.061 

280 1.061 

281 1.061 

282 1.061 
283 1.062 

284 1.062 

285 1.062 
286 1.062 

287 1.062 

288 1.062 

289 1.063 

290 1.063 

291 1.063 

292 1.063 

293 1.063 

294 1.064 

295 1.064 

296 1.064 

297 1.064 

298 1.064 

299 1.064 

OM 
(',;1 

17991 

III 038 

III nss 
18132 
18,17l) 

18,2:!5 

11'272 

IH.319 

18,3b6 

18.413 

18.460 

18.507 
18,553 

IS.601l 

18.647 
18,69-1 

18741 

11:1.788 

18.835 

18.881 

18.928 
18.975 

19.022 

19.069 

19.116 

19.163 

19.209 

19.256 

19.303 

19.350 
19.397 

19.444 

19.491 

19.537 

19.584 

19.631 

19.678 

19.725 
19.772 

19,819 

19865 

19.912 

19.959 

20.006 

20.053 

20.100 
20.147 

20.193 

20.240 

20.287 
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Shlr,'/J 
(\; 1 

11 1·N1 

12.1128 

1:!.06-l 

12.100 

12.136 

12.173 
12.2l)'I 

12.2-15 

12.2H1 

12.318 

12.35-1 
12,39U 

12.42(1 
12.-1(-)3 
12.4lj9 

12.535 

12.572 

12.608 

12.64-1 

12.680 
12.717 

12.753 

12.789 

12.825 

12.862 

12.898 

12.934 
12.970 

13.007 

13.043 

13.079 

13.115 

13.152 

13.188 

13.224 
13.260 

13.297 

13.333 

13.369 
13.405 

13.442 

13.478 

13.514 
13,550 

13.587 

13.623 

13.659 

13.695 

13.732 

13.768 

umv SG 
(n) 
" 

JOI) 11]h' 

~OI 1 IlhS 
302 1.0n5 
3m ].OtiS 
30.. ]'IlA5 

30S Il1h5 
301> LOI,(J 

3D7 1.0611 
30S 1.0hh 
30ll l.IJ6(, 

310 1.0hh 

311 1.067 

312 1.067 
313 10C,7 
314 l.Ob7 

315 1 iJb7 

316 101>7 
317 1.0(18 

318 1.(168 

319 1.0(>8 

320 1.068 
321 1.0(-)8 

322 1.06LJ 

323 1.069 

324 1.069 

325 1.064 

326 1.069 

327 1.06'-) 

328 1.070 

329 1.070 

330 1.070 

331 1.070 

332 1.070 

333 1.070 
334 1.071 

335 1.071 
336 1.071 

337 1.071 

338 1.071 
339 1.072 

340 1.072 

341 1.072 

342 1.072 

343 1.072 

344 } ,072 

345 1.073 

346 1.073 

347 1.073 

341'1 1.073 
349 1.073 

2tl33-! 
203Ml 
2042f-l 
2047:; 

20521 
20.5(,8 
20.lil'i 
20 (,(12 

211.7()'.) 
21l.75., 

211.H()3 
20.tW) 
21JIi% 

20.443 
20.440 

21.0J7 

21.084 

21.131 
21.177 
21.22-1 

21.271 
21.318 
21.365 

21.412 
21.45LJ 
21.506 

21.552 

21.599 

21.646 

21.693 
21.740 

21.787 

21.834 
21.SS() 

2LlJ27 

21.974 

22.021 
22.l)r,8 

22.115 
22.162 
22.208 

22,255 

22.302 

22.349 

22.396 

22.443 

22.490 

22.536 

22.583 

22.630 

SlllIcil 
(':;1 

1.3.RO-l 

13H-ll 
13.H77 

IJ.4D 
DY·jxJ 

13,l186 

1-1.\122 

1·IOSf! 
HOlJ-1 

14.131 

14.167 
lUll} 

14.239 

14.270 

14.312 
H.3-l1l 

14.38-1 
14 421 
14.457 
14.443 
14.52') 

H.566 
He,002 
14.638 

14674 
14,711 

14.747 

14.783 

14.819 

14.8511 
HB92 

1·!.928 

14.904 
15.001 

15,037 

15073 

15.110 

15.146 

15.182 

15.218 

15.255 

15.291 
15.327 

15.363 

15.4[)0 
15 ... 36 

15.472 

15.508 

15.545 

15.581 

(CoJlillJlled) 



R. Ezl'\.;ieJ ct ill. 

uww 

351 

371 

372 

:173 
374 

375 

376 
377 

37B 
3ill 
38() 
31)1 

3H2 

SG 

I.ll74 

1074 

1074 
L1l7.f 

I.!J74 

1.l1/"'i 
1 il7S 

11175 
l.D75 
Ill75 

I.075 
I ll7S 

l.07h 
I.07h 

UJ76 
1.L176 

11176 
J.(177 

H177 

1.077 

1.077 
1077 

I.077 
1.078 
1.078 

1.078 
I07H 

l.07S 

107l! 
l.ll7'! 
1.()79 

107'! 

U)7Y 

['AI 
('(l 

22677 
22.72-l 

22.771 
22.S1S 
22.H6·[ 

:n.l) 1 I 
2295R 
~J.()05 

23.052 

23.ll'l9 

23.146 

23.192 
21.23'1 

23.286 

23.333 

23.380 

23427 
2H74 

23.520 

23.567 

23.h14 

23.661 
23.708 
23.755 
23.802 
23.H4H 

23.895 
23.')42 

23.98') 

24.036 

24.083 

24.130 
24.176 

SI,lrciI 
(';) 

15.617 

15.b53 
15.6'J() 

15.726 

15.7112 
IS 7')8 

15835 

15$71 
15.,!(17 

15.CJ43 
15980 
16.016 

16.052 
16.088 

16.125 

16.161 
161117 
16.233 
16.270 
163116 
16.342 
16379 
J 6.415 
1 h.451 
16487 
16.524 
16.560 
16.596 
Ib.632 

16.6h9 

16.7!J5 
111.741 
16.777 

mvw 
(gl 

383 
38-l 
385 

386 

387 
388 
389 
390 
391 
392 
393 
344 
395 
396 
397 
398 
:NY 

400 
401 
4(]2 

403 

404 
4(]5 

406 

407 

408 
409 

410 
411 
412 

413 
414 
415 

SG OM 
(';C, ) 

1.079 24223 
1.080 24.270 
1.080 24.317 
1.080 24.364 
1.080 24411 
1.080 24458 
1.081 24.504 
1.(181 24551 
1.081 24.598 
1.081 24.645 
1.081 24.692 
1.081 24.739 
1.082 24.786 
1.082 24.833 
1.082 24.879 
1.082 24.926 
1.082 24.973 
1.082 25.020 
1.0fl3 25.!J(,7 
1.083 25.114 
l.083 25.161 
1.083 25.207 
1.083 25.254 
1.084 25.301 
1.084 25.348 
1.084 25.395 
1.084 25.442 
1.084 25.489 
1 ()84 25.535 
1.085 25.582 
1.1)85 25.629 
1.085 25.676 
l.085 25.723 

Stn,,-/z 
('Iv) 

16.814 
16.850 
16.886 
16.922 
16.959 
16.995 
17.031 
17.067 
17104 
17.140 
17.176 
17.212 
17.249 
17.285 
17.321 
17.357 
17394 
17.430 
17.466 
17.502 
17539 
17.575 
17.611 
17.647 
17.684 
17.720 
17.756 
17.7Y3 
17.829 
17.865 
17.901 
17.938 
17.974 

uww 
(g) 

416 
417 
41S 
419 

'120 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
43l) 

440 
441 
442 
443 
444 
445 
446 
447 
448 
449 

SG 

1.085 
1.086 
1.086 
1.086 
1.086 
1.086 
1.086 
1.0R7 
1.087 
1.087 
1087 
1.087 
1.087 
1.1}88 
1.088 
1.088 
1.088 
1.088 
1.089 
1.089 
1.089 
1089 
1.089 
1.089 
1.090 
1090 
1.090 
1.090 
1.090 
1.091 
1.091 
1.091 
1.091 
1.091 

OM 
('70) 

25.770 
25.817 
25863 
25.'110 
25.957 
26.004 
26.051 
26.098 
26.145 
26.191 
26.238 
26.285 
26.332 
26.379 
26.426 
26.473 
26.519 
26.566 
26.613 
26.660 
26707 
26.754 
26.801 
26.847 
26.894 
26.941 
26.988 
27.035 
27.082 
27.129 
27.175 
27.222 
27.269 
27.316 

UWW=Under waler weight of 5 kg tubers; OM = Dry matter (%), SG = Specific gravity; Starch = Starch content (%) 

Starch 
(%) 

18.010 
18.046 
IS 083 
18.119 
18.155 
18.191 
18228 
18.264 
18.300 
18.336 
18.373 
lS.409 
18.445 
18.481 
IS.518 
lS.554 
18.590 
18626 
18.663 
18.699 
18.735 
lS.771 
lS.80S 
lS.844 
lS.S80 
IS.916 
18.953 
18.989 
19.025 
19.062 
19.098 
19.134 
19.170 
19.207 

matter and starch content are higher by 3.91 
to 4.17% and 1.00 to 2.21 % respectively. This 
clearly shows that conversion tables available 
in the developed countries can not be used for 
potatoes grown in India. 

The results of this Shldy show that UWW, 
dry matter content, starch content and specific 
gravity show considerable variation over 
different locations. Such variations are known 
to exist and hence an equation developed for 
a given location may not hold good for another 

location. It would, therefore, be desirable to 
obtain regression equations for individual 
locations on the basis of a large number of 
samples as has been done for the hills in this 
study. The conversion table proposed for the 
hills may be applicable to potatoes grown 
under similar conditions but may not be 
applicable to potatoes grown in the plains. It 
is hoped that the conversion table given in 

Table 2 would be useful to the potato 
processors in the country as it can give an 
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Relationship between UWW & sp. gravity, dry matter & starch 

idea about the specific gravity, dry matter and 
starch content of potatoes for a given under 

"lNater weight. 
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IMMUNO ELECTRON MICROSCOPIC DIAGNOSIS 
OF POTATO VIRUS M 

LD. Garg, Shiv Kumar and S.M. Paul Khurana1 

ABSTRACT: Solid and liquid phase immuno electron microscopy (SPIEM and LPIEMl for PVM detection were tried Oil 

clarified virus·extract (eVE) and clarified virus concentrate (eVe) preparations. evc preparation through polyethylene glycol 
(PEG) precipitation was found satisfactory when clarification did not employ Ca, (PO,>, or solvents. eVE preparations revealed 
plcnty of virions both in SPIEM and LPIEM. Maximum trapping was found when pH of the extr,1ction buffer and trapping 
antiserum, respectively, were 6 and 7 or 6 while best decoration was obtained with antiserum at pH 6. The best clumping of 
virions was observed with pH 7 of extraction buffer and pH 6 of the antiserum. The present investigations appear to be the firs! 
report for optimum IEM diagnosis of PVM. 

INTRODUCTION 

Potato virus M has worldwide distribution 
except Andean region of South America (8). It 
is economically important in eastern Europe 
and Russia where some cultivars may be 100% 
infected causing yield losses of 15-45% (5). It 
was reported in India in 1980 (6). It is often 
symptomless. but may cause mottle, mosaic, 
crinkling and rolling of leaves and shmting of 
shoots depending on the potato cultivar and 
the virus strain. It has been found associated 
with other potato viruses, viz. PVX, PYA and 
PVY in potato cv. Kufri Ashoka and other 
hybrids which exhibited severe para crinkle 
and stunting at Hissar (4). The virus is 
routinely detected with ELISA. For quarantine 
purposes, it is often desirable that the material 
may also be tested with yet another sensitive 
and reliable method like rEM. Perusal of 
literature, to the best of our knowledge, did 
not reveal any report on the !EM diagnosis of 
PVM. Present investigations were, therefore, 
undertaken to develop an rEM procedure for 
the optimum diagnosis of PVM to fill this 
gap. 

MATERIALS AND METHODS 

A pure culture of PYM maintained in 
potato c"s. Saco and Green Mountain, was 
used. Older leaves having higher virus titre 
were excised and used for the preparation of 
clarified virus extracts (eVE) and clarified 
virus concentrates (eYe) as follows: 

eVE: Four types of eVE were prepared by 
employing four different buffers for extraction, 
namely O.lM Sorenson phosphate, pH 7 (PB), 
O.lM phosphate containing O.lM EDTA, pH 7 
(PBE) and citrate-phosphate buffer, pH 9 (PBe) 

used earlier by Tavantzis (9) and the buffer 
used by Cavileer et al. (1). The last mentioned 
two buffers comprised, respectively, O.165M 
Na

2
HP04, 0.018M trisodium citrate, 0.1% 

diethyldithio carbamic acid (sodium salt), 
O.5mM EDTA and 0.5% 2-mercaptaethanol 
(PBe), and 100mM sodium borate, pH 8.2 
containing 100mM EDTA, 2% PVP-40 and 
0.1 % 2-mercaptoethanal (SBB). In each case, 
Ig of infected leaf tissue was ground with 2ml 
of the buffer using a mortar and pestle. The 
slurry was passed through a cotton wool plug 

lCentral Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 



tD, Cars dill 

to obtain sap which was diluted 20 fold with 
the same buffer in case of PB or PBE but with 
PB in case of the other two buffers followed 

by spinning at 10,OOOg for 15 minutes. The 
supernatant served as the eVE. eVEs were 
also prepared in O.1M PE pH 6 and 8. 

eve: evcs were prepared employing 

following procedure: 

a) Two g of leaf tissue was ground with 6ml 
of each of the above mentioned buffers. 
Slurry passed through cheese cloth 
followed by clarification either with 
hydrated Ca/PO) 2 as described earlier by 
Tavantzis (9) or with n-butanol: chloroform 
(1:1 V IV). To the clear supernatant 
obtained after spinning, PEG and NaCI 
were added to a final concentration of 6% 

and 0.125 M, respectively. The contents 
were stirred gently for 15 min and then 
allowed to stand at 4°C for 2 h. Precipitated 
virus was pelleted by spinning at 12,000 g 
for 15 min and the precipitate was 
resuspended in O.IM PB, pH 7 overnight 
at 4'C It was then spumed at 10,000 g for 
10 min. The supernatant served as CVe. 

b) Two g of leaf tissue was triturated with 6 
ml of each of the buffer mentioned above 
and slurry passed through cheesecloth as 
described above. The sap so obtained was 
clarified by spinning at 12,000 g for 15 
min. Further processing of the clarified 
sap was in the same way as described in 
the preceding paragraph. 

c) The evc was made by the same procedure 
as described under (b) above except that 
buffer was O.1M citrate buffer containing 
0.75% Na2SOy SmM Na EDTA, 1% 2-
mcrcaptoethanol and 0.325% ascorbic acid 
(CAB), pH 7 adjusted with NaOH. 

Trapping: Collodion film covered grids were 

coated with antiserum to PVM by floating 

them on micro drops of the antiserum diluted 

600 fold with 0.86% NaCl or the PB pH 6, 7 Or 

8 for 5 minutes at room temperature. They 

were then washed, drained and again floated, 

this time, on microdrops of the CVCs and 

CVEs placed over parafilm fixed on glass 

slides kept in humid Petri-dishes. They were 

incubated at 37°C for 1 h followed by washing, 

draining and staining with 2% aqueous uranyl 

acetate. 

Decoration : The grids with trapped virions, 

without staining, were washed, drained and 

again floated, this time, on microdrops of the 

1:1000 diluted antiserum for another Ih at 

37"e. They were then washed, drained and 

negatively stained as above. 

Clumping: Micro-drops of the cves and 

CVEs, placed on parafilm fixed on slides and 

kept in humid Petri-dish(es) were mixed with 

micro drops of the diluted antiserum followed 

by incubation at 37°C for 1 h to allow cross­

linking (clumping) of virions with the help of 

homologous antibodies in the antiserum. 

Collodion-film covered grids were coated with 

protein A (5 ug/ml), washed and then floated 

on the above said drops containing clumps of 

the virions for Ih at 37oC. Then the grids were 

washed, drained and stained as above. 
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Three grids were prepared for each 

variation or treatment. A total of 90 counts 

per treatment were recorded from 9 holes of 

three grids at 21,000 x through lOx binocular 

per 20cm2 screen area. Mean of 10 counts per 

hole followed by grand mean of the 9 means 

was worked out. 



RESULTS AND DISCUSSION 

PVM virions were observed in the eVEs 

prepared using PB or PBE (Fig.3). In case of 

PBC or SBB, there was formation of brown 

coloured precipitate in the virus extract drop 

during incubation of the copper grid if the 
virus extract had previously not been diluted 

20 fold with PB. The precipitate interfered 

with the trapping of the virus on the grid. 

This problem was overcome by diluting the 

leaf sap, prepared in PBC or SBB, with the PB 
1:]9 before spinning. Number of virions 

trapped was about 30% higher in case of 

extraction buffers earlier used by Tavantzis 
(9) and Cavileer ct al. (1) (Figs. 1, 2) than in 

case of PB or PBE (data not shown). No virions 

were detected in the CVCs made by 

clarification of sap with hydrated Ca3 (PO)2 
or n-butanol:chloroform. Virus was also absent 

in the cve made by using CAB. Good 

concentration of virus was observed in CVCs 

made without any solvent or hydrated 

Ca
3
(PO)2 clarification using PBe or SBB (FigA). 

Thus, there was loss of virus during solvent 

or hydrated Ca3(P04)2 clarification. Non 
detection of virus with CAB may probably be 

due to disintegration of virions in this buffer. 

Results of the studies on the effect of pH of 
the extraction buffer and the trapping 

antiserum are given in Table 1. Trapping was 

the best when pH of the extraction buffer and 

lEM diu.gnl)~is lIf Pllt"to virus ,"1 

the antiserum was 6 and 8, respectively. Other 

good combinations of pH of buffer / antiserum 

were 8/7, 8/8 or 7/6. 

The best decoration observed was with 

the combination of pH of extract/antiserum 

of 7/6 (Fig.S) followed by 8/6. Best dumping 

was observed with a combination of pH of 

extract/antiserum of 7(6 (Fig. 6). 

Trapping of virions was greatly impro\red 

if the grids were first coated \vith protein A 

and then with the antiserrull1 (data not shown). 

Similarly trapping of clumps of virions was 

also markedly enhanced by first coating the 

grid with protein A and then using it for 

trapping the clumps (data not shown). 

Pronounced effect of pH of the antiserum 

and that of the extraction buffer on trapping 

of virions was earlier reported for PYX, PVS 

and PVY (3). A combination of pH 6 of 

antiserum and 8 of the extraction buffer as 

observed in the present shldies (Table 1) was 

also observed to be the best earlier for another 

carlavirus PVS (3). 

There was enhanced trapping of the virions 

when they were trapped on a grid coated first 

with protein A and then with the antiserum. 

This may be due to the fact that protein-A has 
got high affinity towards IgG produced in 

rabbit (7). Coating of the grid with protein A 

allowed preferential binding of IgG over other 

Table 1. Effect of pH of extraction buffer and the antiserum on trapping of PVM virions 

PH of virus extract' 

6 
7 
8 

6 

15 
3.0 
1.5 

No.of virions" trapped WIth PVM antiserum' at pH 

7 

3.2 
1.0 
3.1 

8 

3.b 
1.0 
3.0 

a: Leaf sap was extracted in citrate-phosphate (PBC) buffer and then diluted 1:19 with O.lM phosphate buffer (PB) of pH 6,7 or 8 
b: Grand mean of 9 means frllm 90 cuunts at 21,000 x per 20cm2 screen area 
c: Antiserum was diluted 1:599 with O.1M PB pH 6,7 or 8. 
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EFFECT OF LOCATION, SEASON AND CUL TIV AR 
ON THE PROCESSING QUALITY OF POTATOES 

Dinesh Kumarl
, R. Ezekiel and S.M. Paul Khurana2 

ABSTRACT: The effect of location, season and cultivar on the processing quality of potatoes was studied for five years (1997. 
2002) using three cultivars. The crops were raised at eleven locations of All India Coordinated Potato Improvement Project 
representing most of the potato growing regions in the country and the tubers were analysed for processing quality parameters. 
An average dry matter content of 20% and above was observed at Deesa, Dholi, Jorhat, Kola, Chindwara and Faizabad. The 
reducing sugar contenl was less than 100 mg/lOOg tuber f. wt al Deesa, Dholi, J orhat and Kola and the low level of reducing 
sugars resulted in an average chip colour score of 4 and below al these four places. The sucrose conlent was below 200 mgllOOg 
luber f. wi at Jorhat, Kola and Chindwara. The results reported here provide experimental evidence to show that potaloes grown 
in warmer areas contain higher dry matter content and lower level of reducing sugars resulting in higher yield of good quality 
chips, and these parameters vary considerably from season (year) 10 season in the same location. Amongst cultivars, Kufri Jyoti 
gave higher dry matter content at several locations. 

INTRODUCTION 

Potato chips are one of the most popular 
processed products from potato in India. The 

yield of potato chips depends upon the solid 
or dry matter content of potatoes. A dry matter 
content of 20% and more is considered ideal 
for making chips. High dry matter containing 
potatoes produce chips which take less time 
during drying and frying, absorb less oil, are 
crispier in texture and returns to the processors 
are more (4). Further, the reducing sugar 
content of potatoes has very important bearing 
on chip colour, especially in case of fried 

potato chips. High reducing sugar content 
(i.e. > 100 mg/IOO g fresh wt) results in brown 
and bitter chips (8). Both dry matter and 
reducing sugar content are variety specific 
characters but environmental interactions 

greatly influence the final chipping quality of 
potatoes. Besides reducing sugars and dry 
matter, sucrose content was also included in 

this study, as it plays important role during 
storage. High sucrose content means potatoes 
will be more prone to development of reducing 

sugars during storage. Several factors affect 
the processing quality of potatoes and location, 
season (year) and cultivar are the three major 
factors that influence the processing quality. 
In India potatoes are grown in several agro 
climatic zones and hence it is important to 
determine the processing quality of potatoes 
of different varieties grown at different places. 
Therefore, this study was carried out with the 
aim of determining the processing quality of 
potatoes grown in different parts of the country 
and the variations due to season and cultivar. 

MATERIALS AND METHODS 

Three cultivars were grown at eleven 
different locations of All India Coordinated 
Potato Improvement Project (AICPIP). The 
study was carried out for five years, from 

1. Central Potato Research Institute Campus, Modipuram-250110 (Uttar Pradesh) 
2. Central Potato Research Institute, Shimla-17100l (Himachal Pradesh) 
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1997 to 2002. The design followed was RBD. 
Seed tubers were planted at a spacing of 60 x 

20 cm (At Deesa and Jorhat the spacing was 
50 x 20 cm). The date of planting vcuied with 
the location, but the haulms were cut 90 days 
after planting at all the locations to eliminate 
variations due to crop maturity. Recommended 
doses of fertilizers and cultural practices were 
followed. Tuber samples were brought to 
CPRIC, Modipuram for analysis. Samples of 
Kufri Pukhraj and Kufri Sutlej were collected 
from 11 locations and samples of Kufri Jyoti 
were collected from 7 locations. The tubers 
were analysed for chip colour, dry matter, 
reducing sugars and sucrose. One half of each 
tuber was used for chip colour and the other 
half was diced, mixed thoroughly and used 
for the estimation of dry matter content, 
reducing sugars and sucrose. For chip colour 
1.75 mm thick slices were prepared, washed 
in cold water, dried quickly and fried in refined 
sunflower oil at 180aC. The chip colour was 
scored on a scale of 1-9 with a score of 1 for 
the lightest colour and a score of 9 for the 
darkest colour. Dry matter content was 
determined by oven drying at 80aC. Reducing 
sugars were analyzed by Nelson's method (6) 
and sucrose by van Handel's (11) method. 
The results of each year were treated as a 
replication for statistical analysis of the data. 

RESULTS AND DISCUSSION 

Dry matter content: The dry matter content 

varied from 17.5 to 20.7% in Kufri Iyoti, from 
13.9 to 20% in Kufri Pukhraj and from 17 to 
22.6% in Kufri Sutlej (Tables 1-3). In most 

European and North American cultivars, the 
dry matter in potato tubers falls in the range 
of 18-26% (2). An average dry matter content 

of 20 ± 1 % was obtained at Deesa, Dholi, 

Jorhat, Kota, Chindwara and Faizabad. Even 
for the same variety and season there was 

considerable variation in the dry matter 
content depending upon the location. Season 

to season (year) variation was also observed 

for a given variety and location. The seasonal 
variation was higher at Jorhat and Dholi, and 

lower at Modipuram and Hisar. Smith (7) has 

reported striking differences in dry matter 

content of a potato cultivar grown in various 

localities during the same season. The dry 
matter content also varied from. season to 

season in the same locality. In a study 

conducted in India covering four locations, 

the specific gravity and dry matter content of 

three varieties were higher at Rajgurunagar 

and lower at Ialandhar (14). A similar trend 

has been observed by us in this study. 
Maximum dry matter content was obtained in 
tubers grown at Kota. Several advanced 

hybrids grown at Kota were found to have 

higher dry matter content (9). Amongst the 

cultivars Kufri Iyoti had higher dry matter 
content at several locations. 

248 

Reducing sugars and sucrose: The reducing 

sugars content varied from 33.6 to 141.2 mg/ 

100g tuber f.wt in Kufri Iyoti, from 18 to 246.2 

mg/lOO g tuber f.wt in Kufri Pukhraj and 74.7 

to 338.6 mg/l00 g f.wt in Kufri Sutlej (Tables 
1-3). In an earlier study, the reducing sugar 

content in five Indian potato varieties ranged 

from 110 to 570 mg/lOO g tuber f.wt (10). The 

reducing sugar content in British potato 

varieties range from 60 mg to 450 mg/l00 g f. 
wt (1). Dutch cultivar Bintje is reported to 

contain 60 mg of reducing sugars/lOa g htber 

f.wt at harvest (12). Processing potato varieties 

like Atlantic (96 mg/l00 g f.wt) and Frito Lay 
variety FL-1533 (51 mg/100 g f.wt) contain 



Effect of location, season & cui tivar on the processing 

low level of reducing sugars when grown at 
Modipuram in U.P. (3). An average reducing 
sugar content of less than 100 mg/IOO g tuber 
f.wt was obtained at Deesa, Dholi, Jorhat and 
Kota (Tables 1-3). At Jorhat, the season to 
season variation was quite high. This could be 
attributed to differences in environmental 
conditions during the crop growth period. For 
example, cool and wet weather can lead to 
higher sugar levels (5). The seasonal variation 
was lower at Faizabad. Amongst cultivars, 
Kufri Jyoti had lower reducing sugars content 
at several locations. 

reported for Kufri Sindhuri (13). An average 
sucrose content of less than 200 mg/IOO g f.wt 

was observed only at Jorhat, Kota and 
Chindwara. All the three cultivars were 
harvested at 90 days. Further decrease in sugar 
content could be expected if harvested 10-15 
days later. Seasonal variation in sucrose 
content was maximum at Deesa and Dholi 
and minimum at Kota. Sucrose content was 
lower in Kufri Jyoti as compared to other two 
cultivars. 

Sucrose content ranged from 117.5 mg to 
266 mg/IOO g tuber f.wt in Kufri Iyoti, from 
145.6 mg to 285.8 mg/IOO g tuber f.wt in 
Kufri Pukhraj and from 108.9 mg to 290.4 
mg/lOOg f.wt in Kufri Sutlej (Tables 1-3). A 
sucrose content of 490 mg/IOO g f.wt has been 

Chip colour: An average chip colour score of 
less than 4 was observed at Deesa, Jorhat and 
Kota (Fig.1). Chips with a score of 1-2 are 
considered excellent and a score of 3-4 is 
considered good. When the chip colour score 
exceeds 5, it is unacceptable. Potatoes from 
Jorhat gave most consistent results. In some 
years good chip colour was observed at 

Table 1. Processing quality of cv. Kufri Jyoti grown at different locations in India 

Location Chip colour Dry matter (%) Redudllg sugars Sllcrose 
(mg/lOOg f. wt) (mg/lOOg 1. wt) 

Deesa 3.4±1.07 19.1±1.4S 33.6±19.00 266.1±120.0S 
Dharwar 6.1±3.0l l7.8±1.27 127.5±91.91 190.6±12.89 
Dholi 3.7±1.04 20.5±1.59 86.9±50.84 197.2±22.42 
Jorhat 3.S±1. 50 20.7±2.S9 66.1±68.80 18S.3±44.2S 
Hisar S.1±D.S4 17.5±D.51 141.2±6S.8D 243l±18.41 
Kota 3.0±D.Dl 2D.3±D.71 68.6±42.11 117.S±11.25 
Modipuram 4.2±O.27 18.3±D.55 140.8±26.50 168.1±39.71 

Table 2. Processing quality of cv. Kufri Pukhraj grown at different locations in India 

Location Chip colour Dry matter (%) Reducing sugars Sucrose 
(mg/lOOg f. wt) (mg/lOOg 1. wt) 

Deesa 2.8±1.35 18.2±1.68 18.1±1l.56 28S.S±103.59 
Dharwar 5.4±2.27 IS.S±1.S8 111.S±41.42 2SI.D±77.SS 
Dholi 4.5±1.32 19.1±0.D7 133.9±lS.90 262.8±78.23 
Jorhat 3.0±1.00 19.6±2.51 87.5±68,l9 lS0.9±64.99 
Hisar 6.4±2.09 13.9±O.S7 169.9±23.43 169.0±63.39 
Kota 4.4±O.63 20.0±2.IS 90.2±46.0S 145.6±29.70 
Modipuram S.3±O.5S l7.6±O.77 192.0±27.94 276.1±73.95 
Chindwara S.O±2.65 llJ.l±2.13 220.7±17S.31 178.7±42.19 
Faizabad S.2±1.S9 18.5±D.66 143.9±9.22 236.2±Sl.23 
Pantnagar 4.7±1.11 17.6±1.02 246.2±24.23 IS3.0±21.93 
Bhubaneshwar 3.6±1.49 17.1±1.45 9S.7±92.94 246.S±S2.54 
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Table 3. Processing quality of cv. Kufri Sntlej grown at different locations in India 

Locatioll Dry matter(%) Reducing sugars Sucrose 
Chip colour 

(mg/lOOg f. wt) (Ing/lOOg f. wf) 

DeI's" 
Dh,mvar 

5.7±2.31 19.4±1.20 154.5±105.16 290.4+96.59 

71±2.66 17.0±0.21 151.4±42.47 217.6±18.26 

Dholl 4.7±1.47 20.1±1.26 122.3±41.49 233.7±50.99 

Jorhat 3.8±0.76 18.3±O.63 74.7±104.83 108.9±24.15 

Hisaf 5.3+ 1.53 15.3±0.52 250.2±50.18 209.6±28.34 

Kota 
Mlldlpufaffi 
Ch'ndw.1r.1 
FaizabaJ 
Pantn~gar 

Bhub.1Oeshwdr 

3.7±0.71 22.6±1.52 117.2±30.l5 126.8±6.23 

5.5±0.50 18.6±0.23 152.2±83.52 216.8+25.95 

3.6±0.68 19.2±0.71 142.4±52.93 179.2±11.06 

5.2±1.0l 18.5±1.33 93.2±20.93 244.7±39.90 

S.7±2.21 17.6±0.46 338.6±135.31 242.7±21.80 

5.2+1.62 17.1+0.83 19S.2±7B.91 183.6±6.02 
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Chindwara, Dholi, Dharwar and 
Bhubaneshwar, but seasonal and cultivar 
variations were considerable resulting in poor 
average chip colour score. The seasonal 
variation was maximum at Dharwar and 
minimum at Modipuram (Tables 1-3). 

According to Burton (2), in this type of 
study, it is impossible to make any general 
statement that a particular cultivar gives higher 

yield or tubers with a high percentage dry 
matter content. Such attributes are the result 

of the interaction between the cultivar and its 
environment, and the results in one locality 

may be completely different from the other. 

The results of our study aptly fit in this 
statement. Both location and season (year) 

affected the processing quality of a given 
cultivar and this could be attributed to the 

environmental factor&. Although several 

factors are involved, temperature is the single 
most important determinant of dry matter 

content of potatoes. (4}). While trying to relate 
the dry matter content of potatoes to air 

temperature during crop growth, Ezekiel et aI. 

(4) have shown that a dry matter content of 

18-20% can be expected when the average 

minimum temperature is between 10 and 12DC 

and when the average minimum temperature 

is more than 12°C, we can expect a dry matter 
content of 20% and more, and a low level of 

reducing sugars. In the present study, taking 
average minimum and maximum 

temperatures during crop season at the 
locations studied, Risar with a minimum 

temperature of 5.5°C recorded lowest dry 

matter and the places having a minimum 
temperature of looe and above had reasonably 

good dry matter content. Furthermore, the 

results of this present study spread over eleven 
locations provided experimental evidence to 
the projections made by Ezekiel et al. (4) and 
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gave a clear indication that by and large they 

hold good. For example, they had projected 

that the dry matter content in Punjab and 

Haryana will be least due to lower 

temperatures and as we proceed towards East 

or South the dry matter content will increase 

and reducing sugars con ten decrease. The 

results showed that the dry matter content 

was least at Hisar (max. 20.5uC; min. 5.5"C) 

and increased towards east i.e. Faizabad (max. 

22"C; min. 8.9°C) and Jorhat (max. 2S.7°C; 

min. 1O.9°C) or towards South i.e. Deesa (max. 

26.6°C; min. 8.7°C) and Chindwara (max. 

23.9°C; min. 12.8°C). The dry matter content 

from Dharwar (max. 30.2°C; min. 20.3°C) was 

not as high as expected because the samples 

were from Kharif crop and potatoes from 

rainfed crop generally contain lower dry 

matter. 

Taking all the four parameters of the 

present study into consideration, it may be 

concluded that Rajasthan, Gujarat, Central 

India and North-east regions are more suitable 

for producing potatoes with higher dry matter 

content and lower level of reducing sugars. 

Although season to season variations and 

cultivar differences could be considerable, for 

a given cultivar and season, potatoes grown 

in the above region may be expected to have 

higher dry matter content and lower level of 

reducing sugars. 
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YIELD AND PROCESSING ATTRIBUTES OF 
INDIGENOUS AND EXOTIC POTATO VARIETIES 
FOR PROCESSING IN LATE PLANTED CROP IN 

NW PLAINS 

S.v. Singh, Dinesh Kumar1 and S.K.Pandey2 

ABSTRACT: Eight Dutch and two American varieties along with newly developed indigenous processing varieties, Kufri 
Chipsona-l and Kufri Chipsona-2 and 5 others were evaluated over two years (1999 and 2000) at CPRI Campus, Modjpuram in 
NW plains in late planted crop to assess their potential in producing raw material for industry for a longer time. The highest 
total and processing grade yields in a ClOp of 100 days were recorded in cv. Kufri Anand followed by Kufri Sutlej, the two 
newly released varieties for table consumption and suitable for plains of India. The per cent dry matter was lowest (17.09'7<) 
in Morfana (Dutch) and highest (22.67%) in Kufri Chipsona-2 followed by in Chipsona-l (22.22%), while reducing sugars 
ranged from 35.43 to 363.17mg/lOOg fr.wt with minimum in Atlantic followed by Kufri Chips ona-l (45.60mg/l00g fr.wt). The 
acceptable chip colour (grade-3) was observed only in Kufri Chipsona-1 followed by nearly acceptable chips in cv. Atlantic 
(grade 3.5). Sucrose varied from 143.82 in FTL-1533 to 328.49mg/lOOgm fr.wt. in Kufri Chipsona-l. Kufri Chipsona-l, the only 
variety meeting all the processing requirements, was found suitable for growing in late planted crop in NW plains and its 
cultivation in paddy-potato rotation can provide processing potatoes for a longer period by staggered planting starting opti­
mally from 1st week of October. However, amount of high sucrose in cv. Kufri Chipsona-l in late planted crop indicated its 
unsuitability for long term storage. 

INTRODUCTION 

The work on development of high yielding 
indigenous potato varieties was earnestly 
started with the establishment of Central 
Potato Research Institute (CPR!) in 1949 and 
the Institute till 1990 developed 26 varieties 
suitable for different agro-c1imatic regions of 
the country (3). All of these varieties were 
bred/ developed for consumption as fresh 
potatoes with tuber yield and disease 
resistance as the major characters of concern 
in their development. However with the 
increase in urbanization, need for development 
of high dry matter and low sugar varieties 
was felt for use by the processing industry 
mainly for production of chips in the country. 

The concerted efforts initiated in 1990 resulted 
in development of country's first processing 
varieties, viz. Kufri Chipsona-1 and Kufri 
Chipsona-2 in 1998 (2, 4, 5). During this period 
several exo tic varieties were also brought by 
MNCs in the country mainly from Holland 
and America with a view of introducing them 
for producing potatoes for processing. 
However, round the year availability of fresh 
potatoes for processing remained a problem 
for industry in spite of suitable varieties. This 
was mainly because bulk of the potatoes from 
northern plains, the main potato bowl of the 
country, are available only between December 
to February/March from autumn/winter 
harvest. The present study was conducted to 
evaluate the indigenous and exotic varieties 

lCentral Potato Research Institute Campus, Modipuram-250 110, Meerut (Uttar Pradesh) 
2Central Potato Research Institute, Shimla 171 001 (Himachal Pradesh) 
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meant for processing to assess their potential 

for producing raw material for industry for 
longer duration by planting and harvesting 

late in the season in NW plains 

MATERIALS AND METHODS 

Seventeen. potato varieties including eight 
Dutch (Agria, Ajex, Anosta, Cardinal, Diamant, 
Fresco, Marfona and Sante), two American 
(Atlantic and Frito-Lay-1533), two old Indian 
varieties hitherto used in processing (Kufri 
Jyoti and Kufri Lauvkar), two new processing 
varieties (Kufri Chipsona-l and Kufri 
Chiposona-2) and three popular table varieties 
of the northern plains (Kufri Bahar, Kufri 
SutIej and Kufri Anand) were grown during 
1999-2000 and 2000-2001 crop seasons using 
ran.domized complete block design at 
experimental farm of CPRI Campus, 
Modipuram, Meerut (UP) in North western 
plains. The experiment was laid out on 10th 

November in each year following 
recommended cultural and manurial practices 
of the region. The inter and intra row distances 
of 60 and 20 cms were maintained within the 
three replications. The crop was dehaulmed at 
100 days after planting and was harvested 
after another 10 days allowing curing of tuber 
skin. 

At harvest, data on total and processing 
grade (>35g tubers) yields was recorded. Dry 
matter (DM) was determined by oven drying 
properly chopped 100g composite samples at 
80°C till complete dry. Chip colour CCC) was 
determined visually on 1-10 scale (where 1 
was white and 10 was dark brown and a score 
up to 3 being acceptable) by frying 1.4 mm 
slices at ISOaC in refined oil till bubbling in 

the oil completely stopped. Reducing sugars 
(RS) were determined follOwing the method 

of Nelson (6). Sucrose was determined by van 
Handel's method (8). The data for two years 
were pooled and statistically analysed. 

RESULTS AND DISCUSSION 

The data on total tuber and processed 

grade yields, reducing sugars (mg/l00g/ 

fr.wt.) and sucrose (mg/lOOg/fr.wt.) is 

presented in Table 1. Total tuber yield ranged 
from 276.3 q/ha in cv. Kufri Lauvkar to 457.3 

q/ha in cv. Kufri Anand, the recently released 

Indian table variety for northern plains. The 

processing grade tuber yield ranged from 243.2 

q/ha in cv. Atlantic (Table 1) to 401.1 q/ha in 

cv. Kufri Anand. The exotic and Indian 

processing varieties except Anosta (Dutch) I 

Atlantic and FTL-1533 (American) and Kufri 

Lauvkar (Indian) gave total tuber yield of 

more than 300 q/ha. However, popular Indian 

table variety Kufri Sultlej released for 

cultivation in northern plains and Kufri Jyoti 
(another table variety hitherto used for 

processing) along with Dutch varieties 

Cardinal and Diament were at par and gave 

processing grade yield of more than 300 q/ha. 
All other exotic and indigenous varieties 

yielded less than 300 q/ha of processing grade 

tubers in the late planted crop in North western 
plains (Table 1). 

Dry matter in the Indian and exotic 
varieties ranged from 17.09% to 22.67% (Fig.l). 

Tubers of cv. Kufri Chipsona-1 gave the 

highest dry matter (22.67%) followed by cv. 
Kufri Chipsona-2 (22.22%) indicating that both 

the indigenous processing varieties are capable 
of giving high dry matter even in the late 
planted crop in NW plains, an area known for 

producing low dry matter potatoes (1). 

Reducing sugars varied from 35.43 to 363.3 
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Table 1. Total and processing grade yield (q/ha) and processing characters in Indian and exotic potato varieties 

Sr. Variety Total Processing Reducing sugars Sucrose 
No. hlber yield grade yield (mglJ OOg/II. wt.) (mg/JOOg/II. wi) 

1 Agria 356.0 311.0 363.3 1'l50 
2. AJex 371.7 325.0 274.0 171.0 
3. Anosta 242.5 261.2 128.0 2-!1.5 
4. Cardinal 397.3 345.0 219.2 233.4 
5. Diamant 379.2 323.3 11.)7.0 285.5 
6. Fresco 328.0 290.4 209.4 253.0 
7. Morfona 318.0 255.0 338.2 194.5 
8. Sante 305.3 253.0 88.3 148.0 
9. Kufri Anand 457.3 401.1 285.0 187.0 
10 Kufri Bahar 374.1 327.1 329.0 307.0 
11. Kufri Chipsona-l 336.0 271.5 46.0 328.5 
12. Kufri Chipsona-2 362.1 314.0 99.4 196.0 
13. Kufri Jyoti 334.1 278.5 81.4 146.0 
14. Kufri Lauvkar 276.0 252.0 117.0 196.0 
15. Kufri Sutlej 410.0 369.4 130.0 193.3 
16. Atlantic 279.3 243.2 35.4 164.0 
17. Frito-Lay 1533 2<)9.4 257.0 77.0 144.0 

SE + 13.4 13.0 12.0 8.0 
CD(0.05) 38.7 37.0 34.0 23.0 

Fnto-Lay- 1533 211)8 

Atlantic ::1213 

K. Sutlej 18.72 

K. Lauvkar 19.62 

K. Jyoti 19.09 

K. Chipsona-2 2222 

K. Chipsona-1 2267 
I/) 

K. Bahar 18.47 Q,) 
:;:; 

K.Anand Q,) 19.95 
'1:: 
ItS 
> 

Sanle 19.18 

Morfona 17.09 

Fresco 

Diamant 20.74 

Cardinal 2133 

Anosta 18.91 

AJex 

Agria --, 
0 2 4 6 8 10 12 14 16 18 20 22 24 

Dry matter (%) 

Fig. 1 Percent tuber dry matter in indigenous alld exotic potato varieties 

mg/IOO g fresh weight with minimum in cv. 
Atlantic followed by cv. Kufri Chipsona-l (46 
mg/IOO g fr.wt.). The other varieties that gave 
low levels of reducing sugars (below 150 g/ 
100 fr.wt.) were cvs. Kufri Chipsona-2, Kufri 

255 

Jyoti, Kufri Lauvkar and Kufri Sutlej from 
India and Sante and Anosta from the 
Netherlands. Despite the relatively low levels 
of reducing sugars, in the Dutch and Indian 
varieties under test, desirable chip colour was 
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not observed except in cv. Kufri Chipsona-1. 

Sucrose content varied from 144111g/100g fresh 
wt. in cv. Frito Lay (FTL)-1533 (American) to 
328.5 mg/100gm fresh weight in cv. Kufri 
Chipsona-l. Low dry matter and high reducing 
sugars in Dutch potato varieties were earlier 
observed by Gaur ct ai. (3) and Singh ct a/. (7) 

as well at Modipuram in NW plains in normal 

planted (151h Oct) crop. 

The acceptable chips (grade 3 or <3) were 

observed only in cv. Kllfri Chipsona-1 followed 
by nearly acceptable chips in cv. Atlantic 

(grade 3.5). Rest of the varieties gave 
unacceptable chip colour on frying (Fig. 2). 
Singh ct 111. (7) earlier obtained acceptable 

« grade 3) and light colour chips both in cvs. 

Kufri Chipsona-2 and Frito Lay-1533 in normal 
(15 thOct.) autumn planted crop. The 

deterioration in chip colour can be explained 

due to differences in temperatures during 
normal and late planted crop (Table 2). None 

F n lo-La y- 1533 

Table 2. Average weekly minimum and maximum tempera­
tures at Modipurarn during 2000 and 2001. 

Month/Week ____ ___:T:.::e::.:.m:r:p~er::i1::.:tu::.:.r::.:.eo-:C:------

October 

2 
3 
4 
November 
1 
2 
3 
4 
December 
1 
2 
3 
4 
January 
1 
2 

3 
4 
February 
1 
2 
3 
4 

1484 

Year 1999-2000 Year 2000-01 

Minimum Maximum Mmirnum Maximum 

26.10 
2630 
23.70 
23.40 

13.50 
9.70 
9.80 
9.70 

8.00 
9.00 
8.60 
5.00 

8.00 
4.00 
6.00 
6.50 

7.00 
8.00 
8.50 

11.50 

34.00 
36.00 
34.10 
3350 

29.00 
26.70 
22.00 
26.00 

24.00 
27.00 
23.30 
21.50 

19.00 
20.00 
21.00 
21.00 

22.00 
24.00 
25.00 
26.00 

21.20 
17.70 
17.50 
16.50 

1570 
13.50 
11.16 

8.90 

5.40 
6.30 
5.90 
4.00 

5.00 
2.30 
3.90 
5.30 

4.00 
7.20 

10.20 
9.20 

36.50 
36.50 
34.10 
33.00 

31.20 
32.00 
29.20 
26.90 

26.40 
25.90 
25.90 
24.00 

16.70 
17.30 
21.60 
24.10 

24.00 
25.50 
27.90 
27.80 

Atlanllc ' .. 13.50 

K. SulieJ 17.16 

K. Lauvkar t 15.50 
K Jyoli 14.26 

K. Chlpsona-2 1412 
K. Chipsona-1 

II) 
K Bahar <II 

~ K. Anand 
';: 

. 13 00 

1 1652 

. 17.00 

til 
> 

Sanle 16.50 

Morfona . 17.67 

Fresco -17.17 

Dlamanl 16.83 

Cardinal 14.97 

Anosla Is 34 

Ajex '. .1 B.OO 

Agria I Il .76 

o 2 3 4 5 6 7 8 9 
Chip colour 

Fig 2. Clrip mlol/I" in indigerlOlis and exotic potllto varieties 
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of the other Indian varieties meant for 

cultivation in NW plains and Dutch varieties 
produced acceptable chips and were found 
suitable for processing. 

Potatoes having high dry matter (>20%), 
low reducing sugars «250 mg/IOO g fr.wt.) 
and thus capable of giving quality chips (grade 
<3) are suitable for processing. The results in 
the present study indicated that both Kufri 
Anand and Kufri Sutlej produced very high 
yields but had low dry matter and high 
reducing sugars in tubers and were, therefore, 
suitable only for table consumption and not 
fit for processing. This was also evident from 
the dark unacceptable chips produced by them 
on frying (Fig. 2). Kufri Chipsona-1, on the 
other hand, produced hibers with high dry 
matter and low reducing sugars meeting the 
processing requirements and, therefore, 
appeared to be most suitable for processing in 
the late planted crop. Both Kufri Chipsona-l 
and Kufri Chipsona-2 also produced high dry 
matter (>20%) and low reducing sugars in 
North-western, central and eastern plains and 
yielded high recovery of light colour chips on 
industrial frying (2, 5). 

Potatoes grown in cooler climate 

particularly in the areas where night 
temperatures remain below lODC during last 

one month before harvest are not suitable for 
processing (1). Potatoes grown in NW plains 
in the states of Punjab, Haryana and western 
UP where winter is severe and night 
temperatures drop below lOoC before harvest 
in January (Table 2), accumulate large amount 

of sugars. Such potatoes are, therefore, not 
suitable for processing. Presently, potatoes for 
processing are procured from warmer areas 
of the country mainly from kharif crop in 

Yield & processing attributes in potato Cl.lltiviUS 

Karnataka, winter crop in Malwa region of 
M.P and summer crop in N agrota region of 
H.P. In a large area in NW plains, paddy­
potato crop rotation is followed where potato 
follows kharif rice in autumn/winter. However 
in areas where scented basmati rice varieties 
which have relatively longer maturity period, 
rice is followed by w hea t. However in these 
basmati rice growing areas in NW plains, 
cultivation of processing variety Kufri 

Chipsona-l will be ideal. The variety can be 
planted in November and continued up to 
end of February or early March for harvest 
under warmer conditions and thereby making 
available fresh potatoes for processing 
industry. However, amount of high sucrose in 
cv. Kufri Chipsona-l in late planted crop (Table 
1) indicated that such potatoes can not be 
stored for long and have to be processed 
immediately after harvest. 

The results of the present investigation 

clearly indicated that indigenous processing 

variety Kufri Chipsona-l can be grown in late 

planted crop in paddy (scented)-pota to 

rotation in NW plains, an area unsuitable for 

processing potatoes. The processing industry, 

thus can be fed with fresh potatoes for longer 

duration by staggered planting starting 

optimally from 1st week of Odober. 
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A REFERENCE CHART FOR POTATO CHIP 
COLOUR FOR USE IN INDIA 

R. Ezekiel, Brajesh Singh! and Dinesh Kumar 

ABSTRACT: Fresh and stored potatoes varying in their sugar levels were used to prepare chips of different colours and 
photographs of these chips have been used to develop a 10 point colour chart with colour scores of 1-10 of increasing dark 
colour. Chip colour score showed a significant positive correlatioll (r " 0.77") with reducing sugar content of tubers and the 
relationship between these two parameters was exponential (R' = 0.75). Use of this reference colour chart will give uniformity 
in the evaluation of chip colour in India. 

INTRODUCTION 

Potato is an important crop not only of the 
developed countries but also of the developing 
countries. Large portions of potatoes produced 
are consumed in processed form in developed 
countries. For examplel in the United States of 
America about 57% of the total produce is 
processed (6). Whereas in India less than 0.3% 
of the total produce is processed (4). Increased 
production has resulted in frequent gluts in 
India. However, not all the potatoes produced 
in the country can be utilized for processing 
since for processing, potatoes should have 
certain minimum requirements such as shape, 
size, texture, dry matter and reducing sugars 
(5). For processing into potato chips, it is 
desirable to have potato varieties with round 
or oval tubers with fleet eyes. The dry matter 
content should be around 20% and the 
reducing sugar content should be less than 
0.25% (14). While dry matter content influences 
the yield of the processed product, sugar 
content determines the colour of the fried 
product (5). Potato chips prepared from 
potatoes containing large amounts of sugars 

hlrn brown and become unacceptable to the 
consumers. Generally the colour of the chips 
is scored with a reference chart and this varies 
with the country. For example, in USA a colour 
score of 1-10 of increasing dark colour is used 
(3), while in the Netherlands, a colour score of 
1-9 of decreasing dark colour is used (1). In 
India, no such colour chart has been developed 
so far. Therefore, an attempt was made to 
develop a reference colour chart, which can 
be used by potato researchers and processors 
in India. 

MATERIALS AND METHODS 

The work was carried out at CPRI, Shimla 
during 2001-2002. Potatoes grown in the plains 
and hills were used for preparing potato chips. 
Both fresh and stored tubers were used in 
order to get tubers of different sugar levels 
and chips of different colours. Potatoes stored 
in cold store (2-4°C) were used for getting 
darker colour chips, as the sugar accumulation 
is high when stored at lower temperatures. 
The potatoes were peeled, sliced, dried and 
fried using a mini-potato processing unit 

lCentral Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 
2Central Potato Research Institute Campus, Modipuram-250 110 (Uttar Pradesh) 
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(Winlcch Tap<1ria, Indore). Peeling was done 

llsin~ an abrasive peeler and slicing was done 
using a rotary type slicer to get slices of 1.5-

1.8 mm thickness. The slices were blanched 
for 1 min at 60°C and cooled in water at room 
temperature. Surface moisture from potato 
slices was removed using a spin dryer before 
frying the slices. Frying was done using a 

fryer for about 2 minutes and cottonseed oil 
'was used for the purpose. The temperature of 
the oil in the fryer at the time of entry of the 
slices was IS0°C and the final temperature 
after the completion of frying was 165°C. The 
fried chips were cooled and packed in a 

polythene bag. The chips were photographed 
the next day using a digital camera (Model 

Kodak DC 265). The light conditions were 
similar for all the photographs. Visual colour 
scoring was done on a scale of 1-10 of 
increasing dark colour with 1 denoting the 
lightest colour and 10 denoting the darkest 
colour, by a panel of seven persons. This 

reference colour chart was evaluated using 
chips prepared from 80 samples. Chip colour 
was also determined objectively using a 
MiniScan XE Plus spectrophotometric colour 
measurement system (Hunter Lab, Reston, 
USA) standardized with white reference disc 

at Yellow Index (YO = 1.6 and Hunter colour 
L value (HC-L)= 93.36 (Higher the HC-L value 

better the colour). The chip colour was scored 

and was related to reducing sugar content of 
tubers. Care was taken to include tuber 

samples with distinctly different levels of 

reducing sugar by storing at different 
temperatures, so that chip colours of all the 

ten grades were obtained. Each lot of sample 
contained 8-10 tubers. The tubers were cut 
longitudinally and one half of each tuber was 

used for the preparation of chips, and the 

other half was used for reducing sugar 

estimation. Chips were prepared as described 

above. For reducing sugar determination, 

tubers were cut longitudinally, diced and 

mixed thoroughly, and SOg of diced tubers 

were used for determining reducing sugar by 
Arsenomolybdate method (9). Correlation 

coefficient and regression equation were 

obtained using MSTAT 4.0C software. 

RESULTS AND DISCUSSION 

From the photographs shown in figures 1-
10, it can be said that photograph with colour 
score of 1 can be considered excellent and 
photograph with colour score of 2 can be 
considered very good, and therefore, highly 
acceptable. Photograph with colour score of 3 
can be considered good and photograph with 
colour score 4 can be considered acceptable. 
Photograph with colour score of 5 is not 
acceptable because of higher percentage of 
browning and photographs with colour score 
ranging from 6-10 are increasingly darker in 
colour, therefore, unacceptable. 
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We have used colour score of 1-10 of 
increasing dark colour. Agriculture Canada 
standard potato chip colour chart uses 100-
point visual scale ranging from very dark at 
10 to very light at 100 (2). Visual scale of 10 
and 100 can be compared to colour score 10 
and 1 respectively, of our reference colour 
chart. In the colour cards developed by the 
Institute for Storage and Processing of 
Agricultural Produce, Wageningen, the 
Netherlands, co10l1r numbers 1-9 of increasing 
light colour are used wherein No.1 denotes 
darkest colour and No. 9 denotes lightest 
colour (1). The colour number 9 corresponds 
to colour score 1 of our colour chart and 
colour number 1 corresponds to colour score 



Figs. 1-6. Reference chart for potato cllip colour; colollr score 1-6. 

10 of our colour chart. The snack food 
association (SFA) colour standards for potato 
chips developed recently uses chip colour score 
of 1~3 with chip colour designation 1 
corresponding to Agtron readings of 65 and 
higher, 2 corresponding to reading of 55-64 
and 3 corresponding to reading of 45-54 (6). 
In the SFA colour standard, chip colour 
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designation 1 is considered highly acceptable 
and 3 as acceptable. Colour designations 1 
and 2 of SFA colour standards are comparable 
to our colour scores of 1 and 2, and colour 
designation 3 of SF A colour standards is 
comparable to our colour score of 4. In the 
potato chip colour reference standards 
developed by Potato Chip Institute 
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Figs. ~-1O. Reference chnrt for potato chip colour; c%llr SCore 7-10. 

Internationat Cleveland, Ohio, USA, a scale 
of 1 to 10 is used where 1 indicates light 
golden colour chips and 10 indicates dark 
colour, therefore, wlacceptable chips (3). The 
colour scores given in our reference chart is 
on the lines of colour score used in USA. The 
mean and range of HC-L value and YI value 

obtained for each chip colour score are given 
in Table 1. The HC-L value for chips with 
colour score of 1 considered excellent ranged 
from 80 to 82 and for chips with colour score 
of 4 considered acceptable it ranged from 60 
to 66. HC-L values above 60 are considered 
acceptable (10). Rodriguez and Wrolstad (11) 
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Table 1. Hunter colour L (He-L) and Yellow index (YI) values corresponding 10 different chip colour scores 

Chip co10llr score HC-L vo111<' YI1'alllt' 
Meall~ RfI!Jgt' Mt'fll1 RlIllSf 

1 81.0 80-82 42.7 36-46 
2 77.3 75-79 43.0 35-50 
3 69.3 67-74 57.0 54-61 
4 62,0 60-66 67.7 63-71 
5 55,7 53-60 78.3 71-85 
6 51,7 51-53 87.0 79-95 
7 48.3 45-51 93.7 90-96 
8 40.1 39-44 %.0 93-99 
9 37.7 36-39 102.7 101-105 

10 30.0 25-35 110.0 103-116 

'Mean of three values 

observed a HC-L value of 58.4 for acceptable 
chip colour and a HC-L value of 49 for dark 
chip colour. 

Relationship between chip colour score 
and reducing sugar content of tubers 

There was considerable variation in the 
reducing sugar content. Tubers with reducing 
sugar content ranging from 30-54 mg/IOO g f. 
wt produced chips of colour score 1 and the 
variation in reducing sugar content between 
tuber samples was 80% (Table 2). Tubers with 

reducing sugar content of 44-239 mg/100g f. 
wt produced chips of colour score 5 and the 
variation in reducing sugar content between 
tuber samples was 443%. Tubers with reducing 
sugar content of 232 to 1496 mg/lOOg f. wt 
produced chips of colour score 10 and the 
variation in reducing sugar content between 
tuber samples was 645%. There was not much 
difference in the minimum values of reducing 
sugars observed for chip colour scores of 1 
and 4, although the maximum values varied 
considerably (Table 2). However, the mean 
values were different for different colour 
scores. A reducing sugar content of up to 250 
mg/IOO g f. wt is considered acceptable for 
processing (5). But the results reported here 
show that for producing chips of acceptable 

colour, the reducing sugar content of potatoes 
should not exceed 160 mg/IOO g f. wt. 
Reducing sugar content of tubers has been 
found to be highly variable. For example, we 
observed a reducing sugar content range of 
30~54mg/IOOg tuber f. wt for chip colour score 
of 1. A reducing sugar content range of 16-

78mg/lOOg tuber f. wt (8) and 58-85mg/lODg 
tuber f. wt (7) have been reported for 
corresponding chip colour score of 1. Similarly, 
tubers producing chips with colour score of 
10 have been reported to have a reducing 
sugar content of 2218 mg/IOOg tuber f. wt 
(13), which is much higher than the figure of 
1496 reported by us. 

Table 2. Reducing sugar content of tubeJ:S corresponding to 
different chip colour scores 
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Chip colour 
score 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

'Mean of eight values 

Reducing sugar content 
(mg/l00g tuber f. wt) 

Mean' Range 

42.5 30-54 
50.0 33-62 
64.2 37-102 
85.0 31-163 

112.0 44-239 
175.6 58-375 
252.1 95·464 
804.6 116-1205 
975.6 228-1239 

1001.6 232-1496 
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The reducing sugar content showed 
significant (p=O.01) positive correlation with 
potato chip colour (r=0.77; n==80) and the 
relationship between these two parameters 
was exponential (R2::0.7B) (Fig. 11). When chip 
colour was determined by Hunter-Color Quest 
and Agtron Instruments, where higher score 
denotes lighter chip colour, a negative 
association of glucose (r==-0.7) and fructose 
(r=-0.7) with chip colour has been reported 
(11). Using Agtron E-I0 colorimeter for colour 
determination, Sinha et al. (12) observed 
significant negative correlation (r=-0.84) 
between glucose content and chip colour. 
Using Agriculture Canada standard potato 
chip colour chart, Coleman et al. (2) observed 
negative correlation (r=-O.72) between reducing 
sugars and chip colour. Since we have used a 
1 to 10 scale of increasing dark colour with 
colour score 1 corresponding to lower reducing 
sugar level and colour score 10 corresponding 
to higher reducing sugar level, we observed a 
positive correlation between reducing sugar 
and chip colour. The results reported here 
indicate that reducing sugar content cannot 
fully explain the differences in chip colour, 
especially at lower concentrations. Rodriguez 
and Wrolstad (11) also concluded that reducing 
sugar concentration did not completely explain 
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chip colour quality when it was present in 
low concentration. Other reactants present in 
potato tubers may also play an important role 
in colour quality of potato chips. 

This reference chart we hope, will be useful 
to potato researchers in the country. Though 

this is a subjective system] it is easy to use and 
potato researchers in the country can have a 
common reference chart throughout the 
country, which will give uniformity in the 
evaluation of chip colour. 
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MICROPROPAGATION IN POTATO SEED 
PRODUCTION: NEED TO REVISE SEED 

CERTIFICATION STANDARDS 

Prakash S. Naik and S.M. Paul Khuranal 

ABSTRACT: In a vegetatively propagated crop like potato, use of healthy seed is the most important component for harnessing 
maximum benefits. The seed requirement for potato crop is very high due to high seed ratc (3-4 t/ha). With continuous incJ:case 
in the area under potato cultivation and possibilities of seed export, a proportional increase in seed requirement is envisaged 
in the future. The advent of tissue culture, in which plants are grown in artificial media under sterile conditions in the 
laboratory, has revolutionized potato seed production world over. In addition to quality assurance, the technique ensures 
enhanced multiplication rate in initial stages of seed production. These characteristics fit well in the latest international devel­
opments emerging through WTO (World Trade Organization). Minimum commercial quality requirements fall under the WTO­
TBT (WTO-Technical Barriers to Trade) agreement. According to the International Plant Protection Convention (lPPC) l.lnder 
the WTO/SPS (WTOI Sanitary and Phytosanitary) agreement, presence andlor absence of the pathogens are major quality 
criteria. Therefore, there is an urgent need to introduce micro propagation in potato seed production and revise seed certification 
standards for various categories of seed potatoes in such a way that these are aligned, as far as possible, with the international 
standards. A "Limited Generation System" wherein the planting of each seed class is limited as per the eligibility by cOnJpli­
ance with established disease tolerance levels and the number of field multiplications is proposed and discussed. 

A short duration crop like potato (Sola1lllm 

tuberosum L.), which produces more dry 
matter, edible energy and edible protein per 
unit land and time than many other major 
crops is an important constituent of Indian 
agriculture. Short duration, high yields and 
wide . flexibility in planting and harvesting 
time are potato's valuable traits that help in 
adjusting this crop in various intensive­
cropping systems without putting much 
pressure on scarce resources such as land, 
water and fertilizers. In India, the impact of 
extensive potato research and development 
dtlring the period 1949-50 to 2000-2001 resulted 
in 5.2 fold increase in area, 13.3 fold increase 
in production and 2.6 fold increase in 
productivity of this crop. In 2001-2002, India 
produced 24.08 million t of potatoes from 1.22 
million ha with productivity of 19.77 t/ha (1). 
Based on the last five years (1997-2001) 

averages, globally India ranks 4th in area and 
3rd in potato production (2). 

Potato seed production scenario: III a 

vegetatively propagated crop like potato, use 
of healthy seed is most important component 
for harnessing benefits of modern crop 
husbandry. With the development of "Seed 
Plot Technique" (6), a National Potato Seed 

Production Program (NPSPP) was initiated at 
the Central Potato Research Institute (CPR!) 

in the year 1967. CPRI, at present, is the only 
organization in India engaged in Breeders' 
Seed production. The Breeders' Seed 

production method consists in selection of 
virus-free tubers by indexing and their field 
multiplication in four stages under strict 

management practices to protect the crop from 
infiltration of degenerative pathogens (3, 8). 

The Breeders' Seed produced by CPRI is 

lCentral Potato Research Institute, Shimla 171 001 (Himachal Pradesh) 
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supplied to State Departments of Agriculture/ 
Horticulture, National Seeds Corporation 
(NSC) and State Farms Corporation of India 

(SPCrl for further multiplication as 

Foundation-I, Foundation-II and Certified 

Seed. 

Domestic seed requirement: The seed 
requirement for potato crop is very high due 
to high seed rate (3-4 t/ha). There are different 
views as to after how many years farmers 
should replace their seed stocks. This 
replacement depends upon agro-climatic 
conditions, variety and crop management 
practices. However, the authors feel that to 
get economic yields, farmers should replace 
their seed stocks atleast once in every four 
years. Based on these assumptions, the current 
annual Certified Seed requirement is about 
0.9 million tonnes. Although reliable data on 
production of Certified Seed by the State 
Deparhnents of Horticulture/Agriculture and 
other seed producing agencies are not 
available, it is expected that the Breeders' 
Seed supplied by the CPRI is multiplied 216 
times (6 times each in Foundation-I , 
Foundation-II and Certified Seed stages). CPRI 
annually produces about 2500 t Breeders' Seed 
which, after three field multiplications can 
give rise to 0.54 million t and can meet about 
60% requirement of the country. 

With continuous increase in the area under 
potato cultivation, a proportional increase in 
seed requirement is envisaged in the future. 
Thus, there is an urgent need to integrate 
rnicropropagation and related technologies to 
enhance potato seed production to meet 
domestic requirement and also enhance seed 
export. 

Micropropagation: An aid to quality seed 
production: In conventional seed production 

programmes, tubers from individual plants 
that appear to be visually free of disease 
problems are indexed and used for subsequent 
multiplications. The selected tubers of a single 
plant are planted together as a IJ clone". If a 
pathogen is detected even in anyone plant of 
a clone, the entire clone is rejected. In this 
procedure, however, a number of disease­
causing pathogens can remain latent or below 
detectable limits within a seed tuber and go 
undetected during inspection and indexing 
process. This led to the development and 
adoption of many new laboratory testing and 
seed stock multiplication techniques that have 
dramatically influenced the quality of certified 
seed potatoes. Today, nearly all certified potato 
seed stocks in many countries originate from 
the mericlones (meristem derived tissue 
cultured plantlets) produced under strict 
aseptic laboratory conditions. 

The advent of tissue culture, in which 
plants are grown in artificial media under 
sterile conditions in the laboratory, has 
revolutionized nuclear seed stock 
development. Most seed producing agencies 
currently operate tissue culture laboratories 
that produce the initial stocks of pathogen­
free planting material. The tissue culture 
procedure involves removal of the small 
growing point or meristem, approximately 0.1-
0.3 mm in size, from a tuber sprout or stem of 
a potato plant. The meristem is placed in a 
test tube or other vessel with media containing 
all necessary macro- and micronutrients, 
carbohydrates, and growth regulators required 
for growth and development into a plantlet. 
The grown mericIone (plantlet developed from 
meristem) is ready for nodal cutting and 
pathogen testing. A nodal cutting from a tissue 
culture plantlet is a stem segment containing 
1-2 leaves with axillary growing points. Each 
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plant yields about 3 nodal cuttings after 20-25 
days. Therefore, theoretically 315 (14 million) 
microplants can be obtained from a single 
virus-free microplant in a year after 15 sub­
cultures. Large number of in vitro plants thus 
obtained are hardened and used for direct 
planting for production of minitubers on 
nursery beds in greenhouses or in soil-less 
medium. These plants can also be used for 
production of microtubers in the laboratory. 
Like hardened in vitro plants, sprouted 
micro tubers can be used to produce minitubers 
on nursery beds. These techniques have been 
described in details elsewhere (4, 5) and some 
of the stages are shown in Figure 1. 

Minitubers, microtubers or tissue culture 
plantlets are the initial source for production 
of quality potato seed. These propagules are 
multiplied and increased until a sufficient 
quantity becomes available for commercial use. 
During the increase process, the seed lots are 
subjected to rigorous pathogen testing in 
laboratories and also visual field inspections. 

Need for revision of seed certification 
standards: Minimum commercial quality 
requirements fall under the WTO-TBT 
agreement. According to the International 
Plant Protection Convention (IPPC) under the 
WTO/SPS agreement, presence and/or 
absence of the pathogens are major quality 
criteria. In line with this, recently, several 
countries revised certification schemes for seed 
potatoes. These schemes focus on 
micropropagation as the. recommended 
method of initial seed production (nuclear 
stock). 

Therefore, there is an urgent need to revise 
certification standards for various categories 
of seed potatoes in such a way that these are 

Micrupropi1g~tiDn & seed certifici\tilln 

aligned, as far as possible, with the 
international standards and aim at: 

(a) harmonizing with international standards/ 
trends, 

(b) facilitating fair international trade by 
avoiding technical barriers, 

(c) encouraging production of high quality 
seed to ensure farmer's profitability, 

(d) protecting consumer's interests, and 

(e) gaining confidence of importing countries 
that the imported seed lots have been 
monitored through international 
procedures. 

For harmonizing seed certification in the 
country and promoting seed export there is 
also a need for an "National Accreditation 
Body", Potato Development Council was set 
up in 1977 under the Ministry of Agriculture, 
Govt. of India to formulate new policies for 
potato development and to monitor seed 
production and distribution. However, this 
council was never re-constituted after the 
expiry of its first term. It is now necessary that 
this councilor a "Potato Board" be constituted 
at national level to take care of the interests of 
this important crop. This may organize, 
coordinate and supervise seed certification 
both for national and export requirements. 
Besides, it may also serve as the J' Accreditation 
Body" at National level. 

Seed certification system for micropropa­
galion based potato seed production: Limited 
Generation System wherein the planting of 
each seed class is limited as per the eligibility 
by compliance with established disease 
tolerance levels and the number of field 
multiplications is proposed. During potato 
production, the plant is constantly exposed to 
sources of contamination. The probability of a 
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(a) 

(b) (c) (d) 

(e) (f) (g) 
Fig. 1. Use of micropropagaticl1l in potato seed product/all. (a) Virus-free in vitro plants. (b) In vitro plants can be directly transplanted in 
lIursery beds for production of mill/tllbers. (c) These in vitro plants can also be IIsed for microtuber production. The picture shows 1" step in 
IIllcrotllber productioll i.e. mass 1Ilicropropngatioll on liquid cliiture mediulII. (d) Production of microtubers ill special medium under dark. (e) 
Harvested m/croll/bers. (f) Nursery bed crop raised from microtllbers. (g) Normal seed crop raised from minilubers harvested from nursery beds 

seed tuber or seed lot becoming infected with 
pathogens progressively increases every year. 
To minimize this, seed certification agencies 
have enacted regulations to basically restrict 
or limit the number of years the seed lot can 
be eligible for the seed certification process. 
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The proposed system is summarized in figure-
2 and its salient features are given below. 

1. All seed potatoes must be limited to a 
maximum of seven multiplications. Of 
which first two are confined to 



laboratories / greenhouse and remaining 5 
are open field multiplications. 

2. The classes of the limited generation 
system are; Pre-nuclear, Nuclear, 
Generation I, Generation 2 (Breeders' / 
Basic Seed), Generation 3 (Foundation-I), 
Generation 4 (Foundation-II) and 
Generation 5 (Certified Seed); where Pre­
nuclear is essentially from the laboratory, 
Nuclear Seed is produced in a greenhouse, 
while Generations 1 to 5 are the first and 
subsequent multiplications in the field. 

3. Pre-nuclear seed stocks must originate 
from tissue cultured plantlets, minitubers 
or microhlbers. 

4. Except for varietal mixtures, seed lots may 
be downgraded or advanced in generation 
if they do not meet the disease tolerances 
for that generation. Such seed lots, if meet 
standards of Certified Seed, can be sold as 
Certified Seed. 

5. The Certified Seed class is not eligible for 
re-certification. However, if seed 
availability is low for a specific potato 
variety, seed lots with more than 5 field 
multiplications may be eligible for re­
certification but only after prior approval 
of the Seed Certification Authority. 

The proposed system and minimum 
quality requirements at each stage are given 
below. 

Laboratory and Greenhouse Facility 
Requirements 

i. All micropropagation and greenhouse 
facilities must be got approved from the 
Seed Certification Authority. Scorecard for 
assessing tissue culhlre and greenhouse 
facilities already developed (7) can be used 
for this purpose. 

ii. Laboratory and greenhouse facilities used 
for production of plantlets/microtubers or 

Microprop<lp;ation & ;.et;'d certification 

rninitubers shall be maintained free of 
potato pests or vectors of potato pathogens. 

iii. All potting or growth media shall be sterile 
or free from pathogens, pests and 
volunteers. Water sources used in a 
laboratory or greenhouse operation shall 
also be free of potato pathogens and pests. 

iv. Suitable precautions shall be taken in 
micropropagation practices and in the 
potting, planting, irrigating, movement and 
use of equipment, and other laboratory 
and greenhouse practices to guard against 
the spread of diseases or pests within the 
facilities. 

v. All details of the material propagated must 
be maintained for inspection by seed 
certification authority. These may include 
inventory of all plant material in the 
laboratory, origin of initial materiat 
individual records for each line showing 
step-by-step flow through various 
multiplication stages, number of plants/ 
microtubers /minitubers on inventory, test 
reports etc. 

Farm Requirements 
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(a) For nuclear seed production in 
greenhouses, the growing medium! soil 
must be free from fungal and bacterial 
pathogens, nematodes, volunteers and also 
from weeds. 

(b) Seed potatoes can not be grown in areas! 
fields having history of wart (SYllchytriu111 
endobioticum), bacterial wilt (Ralstonia 
solallacearum) and nematodes (Globodera 
rostochiensis and G. pallida) 

(c) Boundaries of seed potato fields must be 
clearly defined. 

(d) Adequate separation (isolation) from 
uncertified fields must be maintained. 
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Flow of the material and class of seed Tests to be conducted 

I 

Plants of notified varieties grown 
in greenhouse at a distance of lx1 
m to avoid plant-tv-plant contact. 

1. Morphological and molecular (DNA fingerprinting) 
authentication of varietal purity. 

2. Virus testing (PVA, PVS, PYX, PVM, PVY, PLRV 
&PSTVd) 

I If virus is found in testing, the variety (es) needs to be freed from vinIses using 
V meristem culture. 

111 vitro stock from true to type Accreditation of tissue culture laboratory 
and pathogen-free lants. 

~ 1-2 sub-culturings to bui.ld ___ in_i_tial virus _-_fr_ce_s_to_c_k ___________ -. 

MOTHER STOCK 
100% testing of plant segments against PV A, PVS, PYX, 
PVM, PVY, PLRV & PSTVd. 

~ 7-8 sub-culturings 

Sufficient number oCill vitro Virus testing (2 plants/variety) before using these plants 
plants for microtuber production or greenhouse planting 

(PRE-NUCLEUS SEED) 

~ 
Some laboratories may like to produce microtubers in 

Hardening 
laboratory 

1 (PRE-NUCLEUS SEED) 

~outed rnicrotubers weighing more than 100 mg each. 

Planting of hardened ill vitro 
plants or sprouted microtubers in 

greenhouse 

~ 
Minitubers 

(Weight range 5-30 g) 
(NUCLEUS SEED) 

t 
Field multip1ication 1 (G-l) 

+ 
Field multip1ication 2 (G-2) 

(BREEDERS'IBASIC SEED) 

t 
Field multiplication 3 (G-3) 

(FOUNDATION 1) 
}<'ield multiplication 4 (G-4) 

(FOUNDATION 2) 
Field multiplication 5 (G-5) 

(CERTIFIED SEED) 

1. Accreditation of greenhouse facility. 
2. Both visual and laboratory testing (40-45 days after 

planting). 1% of the plants with a minimum of 5 and 
maximum of 25 plants/variety to be tested in 
laboratory . 

Both visual and laboratory tests. 1 % or minimum of 250 
plantslha to be tested for PYX. Tolerance for PYX = 0% 
and Off-!ypes = 0% 

Both visual and laboratory tests. 60 plantslha to be tested 
forPVX. 
Tolerance for PYX =: 0.4% and Off-types = 0% 

As per "Indian Minimum Seed Certification Standards" 

Fig. 2. Proposed 1IlicropropngatioJl based potato seed certification system 

(e) Seed potatoes will not be planted on the 
farm that was cropped with potatoes the 
previous year, unless the farm is 
fumigated. 

(f) There must be clear demarcation between 
different varieties and classes of seed 
potatoes. 
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(g) All equipment and storage facilities in the 
potato operation must be used only for 
the field entered for certification. In case 
these have been used on other farms, 
before reuse in seed plot, they need to be 
properly disinfected. 



(h) Equipment and stores must be clean and 
disinfected periodically but at least once 
annually. 

MINIMUM QUALITY REQUIREMENTS 

Pre-Nuclear (In vitro Production) 

Initiation of Pre~Nuc1ear Stock: Any potato 
material can be used to initiate Pre-Nuclear 
Stock, provided the following requirements 
are met: 
1. The material being initiated must be of a 

known varietal! clonal identity and must 
be duly documented with respect to origin. 

2. All samples of a potato variety / clone being 
initiated must be tested by an accredited 
laboratory and found free from the 
following: 
PYA, PVS, PVM, PVY, PYX, PLRV, PSTVd, 
endophytic/ epiphytic bacteria and fungi 
and also nematodes. 

3. The initiating facility uses recognized 
aseptic initiation and propagation 
procedures (Le. follows procedures and 
uses equipment, which will maintain sterile 
conditions). 

4. The initiating facility must maintain 
information on variety/clone identification, 
date of initiation, origin and testing results 
from accredited laboratory for each 
variety / clone for review and audit by the 
Seed Certification Authority. 

5. Pre-Nuclear Stocks need to be developed 
every year from certified in vitro plants 
after subjecting them to "Grow Out" test 
in greenhouse and authentication of 
varietal purity and pathogen-freedom. 
Varietal purity needs to be established by 
an accredited organization using 
morphological characters and DNA 
fingerprinting. 

Micropropagution & !>t..'t:d certification 

Certification of Pre-Nuclear Stock: On 

application for inspection, the Pre-Nuclear il1 
vitro Stocks as developed above are eligible 
for certification. The micropropagation facility 
to be inspected must have been approved by 
the Seed Certification Authority. Each variety I 
clone must have a valid disease-testing report 
at any time during multiplication process. Tests 
must be carried out on a minimum of two 
plantlets for each variety/clone by an 
accredited laboratory. Such tests will be valid 
for a period of one year. No plant should 
contain PV A, PVS, PVM, PVY, PVX, PLRV, 
PSTV d, endophytic/ epiphytic bacteria and 
fungi and nematodes. 

Valid disease testing results are required 
prior to the initiation of microtuber production 
cycle. 

Every container showing visual evidence 
of bacterial or fungal contamination must be 
removed from the micropropagation facility. 

Nuclear (Greenhouse or Controlled 
Environment) Seed Production 

The following requirements must be met 
for the multiplication of Nuclear Stock in a 
protected environment: 
1. The grower must notify the Seed 

Certification Authority of his production 
plans well in advance of the planting. 

2. The crop must be grown from certified 
Pre-Nuclear in vitro plants or microtubers, 
which were produced, in an asep tic 
environment. Small minitubers of certified 
Nuclear stage produced previous year, 
which are too small for field planting can 
also be used for planting. But these 
minitubers must be planted in a separate 
greenhouse. 
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3. If pathogen testing is required, it must be 

carried out at 40-45 days after planting on 
a representative sample, which consists of 

1 % of the plants/tubers with a minimum 

of 5 and a maximum of 25 plants/tubers 

sampled for each variety I clone. 
4. The protected environment must be "aphid 

proof" and be equipped with a double­

door entrance, provision for footwear 

disinfecting prior to entering the protected 
environment and aphid proof ventilation 

screening on intakes and exhaust openings 
5. Effective sanitation practices including 

insect and disease monitoring and 

prevention must be adhered to. 
6. Nuclear Stock can be planted in 

commercially available medium, which has 

not been recycled. If nursery beds are used, 

a new or clean physical barrier from the 
growing medium must separate the 

underlying soil. If containers are used, 
they must be new or clean. 

7. The facility must be free from all potato 

and solanaceous plant debris before 
planting. 

S. No field-produced seed potatoes (including 

pathogen tested clonal selections), non­
seed potatoes, nor any other solanaceous 

species of plants can be grown in the 

protected environment while used to 
produce Nuclear Stock. 

9. Varieties/clones must be separated by 

physical barriers, which will prevent 
varietal mixture. 

10. The crops and the facility must be got 

inspected from the Seed Certification 
AuthOrity, at least once during the growing 

cycle. The inspection must take place at 

about 40-45 days after planting. Depending 

on the condition of the crop, the inspector 

may take leaf samples for laboratory testing 

to determine if the crop is free of 

pathogens. 
11. If testing reveals the presence of PV A, 

PVS, PVM, PVY, PYX, PLRV or PSTVd 

the crop will be assigned the next 

appropriate class but will not be certified 

as Nuclear Stock. 

12. If testing performed by an accredited 

laboratory reveals the presence of banned 

virus(s), fungus or bacteria all the crops in 

the protected environment will be ineligible 

for certification. 
13. In the eventuality of detection of insect 

vectors by Seed Certification Authority, 

the grower must provide post harvest test 

results to this authority. A representative 

sample, representing each variety/clone 

grown in the protected environment must 

be post harvest tested and if the results 

are negative for PVS, PVM, PV A, PVY 

and PLRV, the crop will be assigned a 

Nuclear Stock status. Any crop testing 

positive for one of the above mentioned 

pathogens will be assigned appropriate 
seed class and allowed to be grown for the 

next generation by the owner only. 
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Transfer of Pre-Nuclear and Nuclear Stock: 

An official Nuclear Stock Certificate issued by 

the certifying agency must accompany pre­

Nuclear or nuclear stock, which is transferred 

to a new owner. The certificate may contain 

information on the date and number of 

certificate, name of the variety, type of 

propagules transferred (I.e. micro-tubers, 

micro-cuttings, or mini-tubers), amount of 



Table 1. Proposed tolerance levels for visual inspection-I and 
II in G-l and G-2 

Factor Generation-l Generation-2 

I II I II 

Isoj,1tion distance 5m 5m 

Off-types 0 0 0.10 0 
PSTVd 0 0 0 0 
Wilts 0 0 0 0 
Total visible viruses/ 0 0 0.25 0.10 
mosaics 
Bacterial wilt 0 0 0 0 
Nematodes 0 0 0 0 
Wart 0 0 0 0 

propagules transferred, grower's name and 

address and consignee's name and address. 

Nuclear Stock, though was produced in a 
protected environment, once transferred to a 
new owner, cannot be re-used to produce 
nuclear stock again. 

Field Inspections and Certification of Gl to 
G5 Stocks: In G-l and G-2 (Breeders' /Basic 
Seed) stages both visual inspections will be 
carried out twice during the season (at 35-45 
and 60-75 days after planting depending upon 
crop duration) for pathogen freedom. In G-l 
stage a minimum of 250 leaves collected from 
separate plants or 1 % of the hills will be 
tested for PYX by an accredited laboratory. 
Tolerance for PYX in this stage shall be 0%. In 
G-2, 60 plants per ha shall be tested for PYX 
in the laboratory and the permissible tolerance 
should be 0.4%. The possible tolerance limits 
for G-l and G-2 are given in table 1. 

Field inspections for seed crops in G-3 
(Foundation-I), G-4 (Foundation-II) and G-5 
(Certified Seed) may be conducted as detailed 
under Indian Minimum Seed Certification 
Standards (9). 

Micrnpmpagatiul\ & sl'ed Ll'rtiiication 
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DEVELOPMENT AND EVALUATION OF PLAIN 
AND PROFILED ROLLER TYPE OF POTATO 

GRADER 

B.B. Saxena!, Manjit Singh, Sunil CulatF and RC. Sharma3 

ABSTRACT: The rubber roller type of Potato Grader for small farmers and hill regions was developed. The main components 
of the grader were feed conveyor, frame, grading unit, collecting chutes and power transmission unit. The grader required electric 
motor of 0.746 KW to drive various component of grader at full load with reduction gear box of 13:1. The grader was tested with 
potato of three varieties viz. Kufri Chandramukhi, Kufri Sindhuri and Kufri Jyoti to see the average size and sphericity of potato. 
It was found that grading of potato was very uniform irrespective of variety of potato. The maximum separation efficiency at 
optimum of conveyor speed (7.5 mlminl was found to be 93% for the out put capacity of about 45 q/h. 

INTRODUCTION 

The potato is one of the most important 
crop in India. The Uttar Pradesh is one of the 
highest potato producing state in the country. 
The second highest potato producing state is 
West Bengal and the rest is cultivated in Bihar, 
Punjab, Madhya Pradesh and Gujarat. The 
grading of potato is an important operation in 
preparing potato for seed and commercial 
purposes. The grading or sorting out of seed 
potato in to desired grades for seed purpose is 
a skilled operation. The grading operation is 
basically done by counting manually. The 
manual grading operation i.e. picking by hand 
is very slow, labour intensive and costly. More 
over the manual grading of potato is not very 
accurate. It mostly depends on the attention 
of the manual labour and his sincerity. 

The different types of graders have been 
developed in different places. Central Potato 
Research Institute, Shimla has developed 

1 NRC for Soybean, Indore-452 017 (Madhya Pradesh) 

simple hand and power operated mechanical 
size graders on the conventional principal of 
Sieving. It needs to and fro operations, which 
invites more wear and tear on moving parts 
and also time and labour consuming. 

The efficient grading operation on the basis 
of physical dimensions of the potato can be 
developed with the help of mechanical potato 
grader. In India, different type of oscillating 
sieves (2,3), V-belt type (1), differential belt 
speed expanding pitch type (4) and expanding 
pitch rubber spool types (5) were developed 
earlier to grade potato in three grades. Shyam, 
et al. (2,3) developed an oscillating sieves seed 
potato size-grader. The sizing efficiency ranged 
from 80 to 90% and average tuber damage 
was with in 2%. Garg and Rai (1) developed 
V-belt expanding pitch type potato grader. 
The maximum separation efficiency of 80% 
was obtained for grader shaft speed of 40 

rpm. 

2 Central Potato Research Station, Model Town, Jalandhar-l44 003 (Punjab) 
3 Central Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 
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Singh (4) developed a differential belt 
speed expanding pitch type potato grader. 
The maximum separation efficiency at 
optimum speed (35 rpm of grader shaft, 4.4 

m/min of belt speed) was found to be 87%. 

Verma and Kalkat (5) developed an 
expanding pitch rubber spool potato sizer. 
The potatoes are not separated in to desired 
sizes as over riding occurs during the grading 
process. The out put of graders developed in 
USA and other European countries (hexagonal 
opening screen type potato grader) is very 
high but the disadvantages of this machine 
were the tedious construction, high losses due 
to bruising, skinning and cutting during 
grading process. 

About 18% potato is cultivated in hills. 
The use of mechanical potato graders in hills 
is very limited because of non availability of 
suitable grader. The design considerations for 
hill grader are handy, compact, easy to move 
from one place to another place, light weight 
and needs very less repair and maintenance. 
Therefore, the efforts have been put to develop 
rotary rubber roller type of grader specially 
suitable for hills. 

MATERIALS AND METHODS 

The grader consist of conveyor, frame, 
ground wheels, rotating shaft along with 
rubber rollers and plain PVC pipes. These 
PVC pipes work as conveyor in the grading 
system and the gap between the plain PVC 
pipes and round rubber roller helps in grading. 
The main component of the grader is rubber 
roller. The dimension of the roller is 96 mm 
on top and 40 mm at bottom. The rubber 
roller is made from synthetic rubber with 
natural colour so that there may not be any 

possibility of colouring the potato while in 
contact with rubber roller. The motor as 

primemover used of 0.746 kw with a reduction 
gear box of 13:1 (speed ratio). The speed of 
motor is 1400 rpm, which is reduced with the 
help of reduction gear and V-belt and pulley 

to 70 rpm. 

The main components of the grader are 
feed conveyor, frame, grading unit, collection 
chutes and power transmission unit. The 
conveyor consists of iron frame, wooden strip, 
conveyor belt and wooden roller to move the 
conveyor in the forward motion. The total 
size of the conveyor is 226 x 81 cm. The 
conveyor is divided in to 11 strips each of 71 
x 17 em size, which carry about 10-15 kg. 
potatoes in one instance. At the lower end of 
the conveyor, a feed tray is provided at an 
angle of 200 with the horizontaL At the end of 
the tray, a small rubber plate is hinged which 
helps to carry small tubers of potato (Fig. 1). 
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The grading unit is mounted on a (106.0 x 
100.5 cm) angle iron frame. At the feeder end, 
the three plain hollow PVC pipes are mounted 
on a round shaft at ends with the help of 
wooden bush. These rods are moving with 
the help of chain and sprocket. The potatoes 
from the conveyor are discharged in small 
lots and are spread well with the help of PVC 
pipes. The movement of the PVC pipes helps 
the potatoes to the grading space. The different 
grading space is provided between the plain 
rollers and rubber rollers. The rubber rollers 
of (96 mm max. dia x 40 mm length and 
hollow within having square hole of 21 mm in 

the centre) are mounted on all square shaft of 
21 mm size. The plain pipes of PVC are 
provided in between each grades. The potato 
of particular grade is dropped within the space 



1-FRAME 
~-CONVEVOR 

3-GRADING UNIT 
4-TRANSMISSION SYSTEM 
5-HOPPER 
6--INLE T 

Fig. 1. Rubber roller type potato grader for hills 

provided between plain roller and rubber 
rollers. The potato of remaining grades move 
with the help of plain pipes' 12 pairs of rubber 
rollers are mounted on one square and the 
shaft is rotating with the help of chain and 

sprocket. 

The potato of particular grade is collected 
in the chutes provided on both the sides of the 
grader. The chutes are provided with rubber 
cushion so that the potato after grading should 
not get damaged and is collected in baskets or 
bags. The grader is providing four grades and 
the over size potato goes in the last. The slope 
from feeding end to the last grading end is 
provided about 16 percent (Fig. 2). 

The transmission unit consists of electric 
motor, speed reducing gear box (13:1) V-belt 
and pulley and chain and sprocket. The electric 
motor of 0.746 kw to 1.01 kw is provided and 

Hubb"r roller typf.:' grader 

with the help of V-belt and pulley, the 
revolution is reduced from 1440 rpm to 900 
rpm and finally with the help of reduction 
gear box, the revolution is reduced to 70 rpm 
on the reduction gear. With the help of chain 
and sprocket, the speed of feeding conveyor 
was kept as 8.5 m/min at 18 rpm. The 
revolution of rubber roller shaft as well as 
plain pipes was kept at about 100 rpm. The 
peripheral speed of rubber roller was kept at 
31.5 Ill/min. The grader was also operated 
with 3.73 kw (5 hp) diesel engine and the 
speed of conveyor and grading unit is changed 
and it was used for testing purpose. Fig.1 
shows the diagramme of rubber roller type 

potato grader for hills and Fig. 2 shows its 

photograph. 
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The samples were taken from each grade 
and the average size was computed by 
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measuring three perpendicular dimensions X, 
Y and Z of each potato from the samples. The 
following formula was used to calculate 

average size. 

Average size = (X.Y.Z)1/3 

(X.Y.Z)1/3 

Sphericity = z 
Where, 

X :::: smallest dimensions along X - axis 
Y = middle dimensions along Y-axis 
Z :::: largest dimensions along Z-axis 

The separation efficiency of each grade at 
a particular conveyor speed was calculated. 
The over all separation efficiency at particular 

speed of the machine was calculated by 
dividing the total weight of correct size of 

graded potato of all the samples with the total 
weight of all the sample. The separation 

efficiency was calculated by using following 

formula: 

E = 5 

Wt-Wu-Wo 

Wt 
X 100 

Where, 
Es = percentage separation efficiency of that 

W = t 

W = u 

grade. 
total weight of the sample. 
weight of the under size in that sample. 

W Q = weight of the over size in that sample. 

RESULTS AND DISCUSSION 

The potato grader designed for hills and 
small farmers was tested at Central Potato 

Research Station (CPRS), Jalandhar farm 

during 2001-2002. The varieties of potato, viz. 

Kufri Chandramukhi, Kufri Sindhuri and Kufri 

Jyoti were used to test the average size and 

sphericity of the graded potato. The samples 
were taken from graded potato lots to 

determine the average size and sphericity. 

The average size was calculated for all the 
four grades of three potato varieties and the 
data is presented in Table 1. The potato grader 
was designed to obtain four different grades 
i.e. A, B, C and D. As per Table I, the average 
size of A grade varied between 2.98, 3.08 and 
3.16 cm and for B grade 3.84, 3.99 and 4.14 cm 
for C grade 5.25,5.13 and 5.38 cm and for D 

grade 6.73, 6.05, 6.27 cm, respectively for cvs. 
Kufri Chandramukhi, Kufri Sindhuri and Kufri 
Jyoti varieties of potato. The data of average 
size was analysed statistically. The critical 
difference between treatment means were 
calculated. The difference with in the same 
grade of potato irrespective of potato variety 
was found non-significant at 5% level. It shows 
that the grader was maintaining good 
uniformity in grading the potato irrespective 
of potato varieties. The data were analysed 
statistically and the critical difference and 

Table 1. The details of mean of average tuber size of different potato cultivars (Kufri Chandramukhi), Kufri Sindhuri and Kufri 
Jyoti) of four different grades (A, H, C and D) 

S.No. Grade Kufri Chandramukhi 
A verage size in em 

1. A 2.98 
2. B 3.84 
3. C 5.25 
4. D 6.73 
Average Mean : 4.70 
Standard Error : 0.12 
CD. (0.05): 0.33 
C.V. (%) 12.06 

Kufri Sindhuri 
Average size in em 

3.08 
3.99 
5.13 
6.05 
4.56 
0.10 
0.27 
9.77 

280 

Kufri Jyoti 
A verage size in em 

3.16 
4.14 
5.38 
6.28 
4.74 
0.10 
0.28 
9.04 

CD 

0.20(NS) 
0.28(NS) 
0.09(NS) 
0.16(NS) 



coefficient of variance were calculated. It was 
found that the difference was significant at 
5% level from one grade to another grade, 
showing that the grader was performing 
satisfactorily irrespective of the potato variety. 

The graded samples of cv. Kufri Jyoti 

variety at different conveyor speed were taken 

and average size of the samples were 
calculated (Table 2). The least significant 

difference at 5% level (CD) and coefficient of 

variance between treatment means were 

calculated and it was found that the coefficient 

of variance was less at 7.5 m/min conveyor 

speed than at 3.5 m/min and 5.4 m/min. It 

showed that the quality of grading was better 

at 7.5 m/min conveyor speed than the lower 

speeds. It was also found that as the conveyor 
speed was increased, the output of the grader 

was increased. The capacity or out put of the 

grader was found, 35 q/h, 40 q/h and 45 q/ 
h at 3.5 m/min, 5.4 m/min and 7.5 m/min 

conveyor speeds, respectively. Therefore, it 

could be concluded that at conveyor speed of 

7.5 m/ min the output of grader was 45 q/h 

without sacrificing the quality of the grading 
of potato. 

The grader was used for grading 400 q. of 

potatoes of cv. Kufri Jyoti variety. It grader 

Table 2. Average size of KufTi Iyati at different conveyor speed 

Rubber rollef type grader 

was run at 3.5 m/min, 5.4 m/min, 7.5 m/min 

and 8.5 m/min conveyor speeds. Potatoes 
obtained in different grades in one minute 

run of the machine were weighed and the 
feed rate was calculated. This was repeated 

three times for each speed and sample. 

The separation efficiency of each grade 

was calculated at different conveyor speed 
(Table 3). The separation efficiency at 3.5 ml 
min conveyor speed varied from A, B, C and 

D grade at the rate of 93%, 96%,96% and 93%, 

respectively whereas the separation efficiency 

of each grade at 8.5 m/min of conveyor speed 
varied from A, B, C and D grade at the rate of 

82%, 87%, 88% and 80%, respectively. It 

showed that as the conveyor speed was 

jncreased the separation effkiency of each 

grade was reduced as shown in Fig.3. The 

output at each conveyor also samples and it 
was found that the output or capacity of grader 
increased linearly with the increase of 

conveyor speed. The over all separation 
efficiency at different conveyor speeds i.e. 3.5 

m/min, 5.4 m/min, 7.5 m/min and 8.5 m/ 
min was calculated and was found 95%, 92%, 

93% and 85.2%, respectively. It show that the 

over all separation efficiency decreased as the 

conveyor speed was increased. The over all 

S.No. Grade Conveyor speed Conveyor speed Conveyor speed 
3.5 mlmin 5.4 mlmin 7.5 mlmin 

(output .15 qlh) (output 40 qlh) (au/put 45 q/h) 

1. A 2.75 em 2.80 em 2.93 em 
2. B 3.76 em 4.20 em 3.68 em 

3. C 5.44 em 5.31 cm 4.87 cm 
4. D 6.25 cm 6.94 em 6.18 e:m 
Mean: 4.55 4.81 4.42 
S. Error 0.11 0.11 0.08 
Critical difference (0.05) : 0.31 0.32 0.22 
Coefficient of variance : 12.35% 12.17% 8.66% 
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Table :;. The average weight of samples of each grade at different conveyor speed to calculate the seperation efficiency of each 

grade 

S. Conn:vor Oulpulqlha Grade 

No. Speed Ill/min. 

]. 3.5 36 Oil A 
B 
C 
0 

2. 54 39.90 A 
B 
C 
0 

3. 7.5 4-!AO A 
B 
C 
D 

4. 85 48.00 A 
B 
C 
0 

separation efficiency was recorded at 7.5 m/ 

min conveyor speed and the output was also 

calculated to be about 45 q/h at this speed. 

Therefore, it could be concluded that the 

grader need to be operated at 7.5 m/min 

conveyor speed to obtain 93% over all 

separation efficiency and output of 45 q/h. 

The bruising of potato during grading 

operation was found negligible and there was 

no wear and tear observed during the 

operation of the machine. The operational view 

of Rubber roller type grader is shown in 
Fig. 2. 

The power requirements at no load and 

full load are shown in Fig.4. It shows that the 

power requirement increased with increase in 

speed of conveyor and grading unit. The 

power requirement varied from 0.373 kw to 

0.56 kw and 0.45 kw to 0.7 kw at no load and 

at full load respectively at different conveyor 
speed. 

Mass of the sample kg. Seperation efficiency 

Tolal Over&. Grade wise Overall 
undersize wf 

22.50 1.56 93% 95% 

62.40 2.25 96% 

57.60 2.04 96% 

37.50 2.40 93% 

24.00 2.64 89% 92% 

72.00 5.04 93% 
66.00 3.30 95% 

37.50 3.75 90% 
25.50 2.55 90% 93% 
78.00 3.90 95% 
72.00 4.32 94% 
46.50 4.20 91% 
30.00 540 82% 85.2% 
84.00 11.04 87% 
78 00 9.36 88% 
48.00 9.60 80% 

Fig.2. Rubber roller type of potato grader in operation 
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SOIL AND PLANT N AS INFLUENCED BY FURROW 
AND TRICKLE IRRIGATION IN POTATOES 

J.K. Chawla and N.K. Narda! 

ABSTRACT: The study of soil and plant N as influenced by furrow method of inigation and trickle fertigation on potatoes 
revealed highest concentration of NO,-N in the soil in the 30-45 em layer after 2 days of first irrigation in the furrow method. 
After second irrigation, NO,-N content that was maximum in the surface layer was reduced to the minimum after 10 days. In 
the trickle fertigated plot, NO,-N was maximum in the 15-30 em layer irrespective of the number of days after irrigation. Total 
plant N under trickle treatments was higher than furrow irrigated crop. The high fertilizer use efficiency resulted in higher aop 
yield in the trickle fertigated crop. 

INTRODUCTION 

With the introduction of high yielding crop 

varieties having high water and fertilizer 

needs, farmers are confronted with the 

challenge of providing crops with optimal 

quantities of water and nutrients in the most 

effective manner so as to have high yields. 

Trickle irrigation coupled with its ability of 

fertigation offers an alternative to conventional 

method of irrigation because it is highly 

efficient and thus economizes greatly on 

fertilizer and water use and also ensures better 

crops. 

Many researchers (1, 2, 5) have established 

that fertilizer use efficiency using trickle 

irrigation is quite high but data on availability 

of nutrients in soil and plant by using this 

method on vegetable crops has been lacking. 

The present research was thus aimed at 

investigating the status of available soil and 

plant N under furrow and trickle irrigation 

methods under different fertigation options in 
potato crop with urea as the source of N. 

MATERIALS AND METHODS 

The study was undertaken at the Research 
Farm of the Department of Soil and Water 
Engineering, Punjab Agricultural University, 
Ludhiana for two seasons during the years 
2001 and 2002 on potato cv. Kufri 
Chandramukhi using trickle and conventional 
furrow irrigation methods of irrigation. The 
area of the trickle plot was 414 m2 in which 
laterals of 23-m length were laid. The lateral 
lines had in-line type of emitters spaced 30 em 
apart having an average emitter discharge of 
2 Ih-1. The area of furrow plot was 360 m 2 in 

which the furrows were also of the same 
length but were constructed as per the farmers' 
practice. 

Three variables, viz. fertilizer application 
rate (N); frequency of fertigation (F) and wetted 

soil volume (V) each having three levels were 

studied. Basal dose of urea n~N::::: 103 kg/ha) 
along with whole of P (62.5 kg/ha) and K (125 

kg Iha) was applied to both the trickle and 
furrow plots at planting time. The post 
planting dose of urea (309 kg/ha) was applied 

in the furrows as per the recommended 

lDepartment of Soil and Water Engineering, Punjab Agricultural University, Ludhiana-141 004 <Punjab) 
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practices of PAU while in the trickle plot, this 
dose was applied in splits as per frequency of 
fertigation. Urea was applied to the crop @ 30 
(N

j
), 60 (N) and 100 (N) per cent of the 

recommended post-planting dose (309 kg/ha) 
with 3 frequencies of fertigation, viz. 8 (FJ), 12 
(F) and 16 (F}) days combined with 3 wetted 

soil volumes of 50 (VI)' 75 (V) and 100 (V}) 

per cent of the wetted depth. The 27 treatments 
were laid out in a split plot design with 2 
replications. Additional irrigations (besides 
that applied with fertigations) based on IW / 
ePE ratio of 0.8 were given as advocated by 
Singh and Sood (8) where IW denotes the 
irrigation water requirement and ePE is the 
cumulative pan evaporation. Irrigation was 
applied at weekly intervals when ePE equalled 
25mm and the irrigations did not interfere 
with the treatment fertigations. The planting 
was done in the second week of October and 

recommended plant protection measures were 
undertaken. The crop was harvested in the 
first week of January during both the years. 

In the trickle plot, the post-planting dose 
of urea was split into 6, 4 and 3 parts 

corresponding to 8, 12 and 16 days' frequencies 
of fertigation. First fertigation was done on 31 

DAP and the entire set of fertigations was 

completed within 48 days so as that the applied 
nutrients were utilized by the crop before its 

harvest. The wetted soil volume beneath the 
emitter was calculated by assuming it to be 
ellipsoidal shaped (4). 

From the trickle fertigated plot, soil 
samples for N03-N analysis were taken from 
3 depths (0-15, 15-30 and 30-60 cm) before 

each fertigation and 48 hours after fertigation 
for total plant N determination. 

In the furrow irrigated plot, soil and plant 

sampling for N0
3
-N analysis was started with 

the application of remaining % dose of urea 

band placed 30 DAP before earthing up. Soil 

and plant samples at random were taken 

before every irrigation and then after 2, 4, 6, 8 

and 10 days of each irrigation. Soil samples 

were analyzed for N03-N analysis using an 

Auto Analyzer model SKALAR PLUS. Dried 

and ground plant samples were taken for 

total plant N determination by Kjeldahl 

digestion method (6). 
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RESULTS AND DISCUSSION 

Nitrate dynamics in the furrow irrigated plot 

Depthwise distribution of N0
3
-N in the soil 

profile of furrow irrigated but conventionally 
fertilized crop is shown in Fig.l (a and b) for 

two periods: i) after 2 and 10 days of first 

irrigation and (ii) after 3 and 10 days of second 

irrigation. After 2 days of first irrigation, the 

N03-N concentration was highest in the 15-30 

em layer which may be due to nitrification of 

accumulated NH
4
-N in this depth. Similar were 

the results at 10 days irrigation. 

The dynamics of nitrate in the soil profile 

after 3 and 10 days of second irrigation reveals 

a significant change in its distribution between 
the two periods (Fig.lb). Nitrate N content 

was maximum in the surface layer at 3 days 
which thereafter, decreased with depth and at 

10 days, it dropped to the minimum in the top 

layer and increased with depth. The movement 

of water front and that of N0
3
-N from the top 

layer to the bottom layer is well known. 

From Fig.l, it is evident that the peak of 
nitrate concentration in the furrow irrigated 
crop was within 15-30 cm soil layer irrespective 



of the time interval. Singh and Sood (8) had 

observed similar phenomenon. This was also 
observed by Beri et al. (3) who opined that in 
free flooding, significant quantity of urea 
moved along with the wetting front in an 
unhydrolysed form to give a peak of N0

3 
-N 

in the surface layer of soil profile. 

N0
3
-N dynamics in trickle fertigated crop: A 

careful perusal of the values for N0
3
-N in 

trickle fertigated crop showed its maximum 
concentration in the 15-30 cm layer (Table 1). 
However, the peak of N0

3
-N in furrow 

method of irrigation shifts to deeper layers 
after II irrigation owing to greater mobility of 

Soil & pl.1I1t N in furrl)\\' & tTlcklL' irriga tlnn 

N03-N ions with water. In trickle fertigated 
crop, since the quantity of water applied was 
limited to 30-60 em soil depth, hence the NO)­

N ions remained confined to this zone only. 
This may be one of the reason for better 
performance of the crop under trickle 
fertigation since the roots which proliferate 
heavily in this very zone, were able to take up 
N03-N (available in readily available form 
and in the desired quantities) easily leading to 
higher fertilizer use efficiency. 

Total plant N vs stage of growth: There was 
a build up of total plant N in potato plant for 
all the frequencies of fertigation upto certain 

Table 1. Observed values of NO,-N (ppm) for three frequencies of fertigation around maturity stage of potato crop 

Set F, * NO,N Set F2 NOJ-N Set F3 N03-N 

26.0 20.1 21.5 
Nl,V, •• 29.4 N,F2V1 13.5 Nl,V, 25.0 

26.6 19.5 15.0 
27.2 10.8 18.4 

NllV, 11.2 Nl2V, 18.4 N,F,V2 27.0 
10.7 20.1 10.6 
13.9 16.2 16.8 

Nl1V3 12.0 N1F,V, 20.1 Nl3V, 15.1 
17.6 26.0 20.5 
19.5 16.5 20.9 

N2F,V, 21.7 Nl2V, 32.1 N,F3V, 21.2 
19.2 16.5 17.9 
37.5 22.3 23.5 

N2F,V
2 52.5 Nl2V, 31.0 N,F3V2 32.0 

26.5 23.5 23.0 

20.8 15.7 22.5 

N,F,V, 37.8 N,F,V, 17.6 N2F,V3 
19.8 

44.1 38.5 28.0 

39.5 30.5 33.0 

N3F,Vl 37.8 Nl2V, 46.0 N3F3Vl 44.0 

16.8 17.3 10.7 

37.8 27.0 35.1 

N3F1V, 51.9 Nl,V, 37.0 NJF,V, 31.1 

20.8 11.2 13.0 

37.8 30.0 31.5 

N3F1V3 55.3 Nl,V3 23.4 Nl3V3 
39.0 

52.4 48.5 28.4 

'P, = crop fertigated at 8 days interval, F2", fertigation interval 12 days and F3 = fertigation interval 16 days 
*. Against each treatment NFV- the three listed values of NO,N pertain to the three depth increments from top to bottom, viz. 
0-15, 15-30 & 30-60 em depth respectively. 
VI = for 50% wetted soil volume, V2 = 75 % wetted soil volume and V3 =100% wetted soil volume. For more details, refer to 
(4) 
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stage after which there was a steep fall in the 

N-content (Fig. 2). The initial increase in plant 

N content in the leaves may be due to the 
continuous uptake of nutrients during 

tuberisation phase (40-50 DAP). The steepness 

of the slope points to the high rate of transfer 
of carbohydrates from the leaves to the tubers. 
Total plant N content decreased after certain 

stage in all the frequencies of fertigation 
including furrow irrigatied crop. The order of 

rate of decrease was F1> F2> F3 > furrow 
meaning thereby that in furrow irrigated 
plants, the N-content of plant was always 

lower than trickle fertigated crop, a factor 
which ultimately led to larger tuber size and 

Table 2. Fresh tuber yield data for potato crop (tIha) 

Treatment I Season II Season Pooled 

N1F1Vl* 26.48 26.40 26.44 
N1F1V2 29.41 30.87 30.14 

Nl1V, 34.37 33.81 34.09 
N2F1V1 27.18 27.43 27.30 

N,F,V2 31.62 31.95 31.78 

Nl,V, 35.11 35.28 35.20 

N3F1V, 28.90 27.70 28.30 

Nl,V2 32.19 33.00 32.60 
N,F1V3 36.23 36.35 36.29 

N1FY, 24.32 22.49 23.40 

N,F,V, 29.25 27.87 28.56 

Nl2V, 32.98 31.25 32.12 

N2F2V, 26.87 24.32 25.60 
N2F2

V2 31.45 29.40 3D.42 

Nl2V3 35.10 33.60 34.35 

N,P2V, 27.90 27.40 27.65 

N'pzV2 31.86 30.32 31.09 
N,F2V3 36.28 36.10 36.24 

N,F3V, 23.11 22.05 22.58 

Nl,V2 29.07 25.97 27.52 

N1F3V, 32.41 31.09 31.75 

N 2F,V1 26.61 24.00 25.30 

N2F3V2 30.37 28.38 29.37 

Nl3V3 34.57 33.04 33.80 

N3F3Vl 27.40 25.64 26.52 
N,F,V2 31.65 29.28 30.46 

N,P,V, 35.61 33.35 34.48 
Average (Trickle) 30.70 29.55 30.13 
Average (Furrow)" 23.70 19.30 21.50 

* Subscript 1, 2 and 3 refer to the three levels of respective 
factor 

*. Based on the average produce of 8 rows. 

Soil & plant N in furrow & trickle irrigatioll 

hence increased yield and impro\'ed efficiency 
of N use by potatoes under trickle fertigation. 
Phene et al. (7) had also observed high petiole 
N03-N content in trickle fertigated potatoes. 

Fresh tuber yield: The yield data of fresh 
tubers for potato crop for the tVI'O seasons 
along with their means is given in Table 2. 
The highest yield of 36.29 t ha-1 (mean of two 

years) was obtained for the treatment N3 F1 V3 
i.e. when 100 per cent dose of N was applied 
at an interval of 8 days and the soil volume 
was wetted to the extent of 100 per cent as 
compared to an average yield of 21.5 t ha'! 

realized for the conventionally grown crop 
registering an increase of 68.8 per cent while 
the overall mean yield (based on 27 treatments) 
was 30.13 t ha-! which was 40.14 per cent 

higher than the control. Even the lowest yield 
of 22.58 t ha'} (N

1 
F3 VI) was more than the 

control. Thus it is evident that when same 
dose of N is applied to potato crop USh1g 
fertigation technique, it leads to higher yield 
as compared to furrow method of irrigation 
indicating its better use efficiency in the former. 

On the basis of this experiment, it can be 
concluded that after urea application in potato 
crop, N03-N concentration in furrow irrigated 
crop increased in the top layer after first 
irrigation and decreased with depth thereafter 
while after second irrigation, the peak of N03-

N shifted to deeper soil layers. In trickle 
fertigated crop, the maximum concentration 
of N0

3
-N remained confined to 30-60 cm soil 

depth. Total plant N content in the above 
ground parts was always more in trickle 
fertigated crop than furrow irrigated crop. 
These factors resulted into higher crop yield 
and better fertilizer use efficiency in the trickle 

fertigated crop of potatoes. 
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EVALUATION OF NON-REFRIGERATED STORAGE 
METHODS FOR SHORT TERM ON-FARM 

STORAGE OF POTATOES* 

Ashiv Mehta1 and R. EzekieF 

ABSTRACT: Evaluation of traditional methods of potato storagt' viz. pit and heap and an evaporatively cooled storc (ECS) was 
done during 1999-2001 with the use of sprout inhibitor isopropyl 3- chlorophenyl carbamate (CIPc). Maximum temperatures 
in the pit storage remained 5 - 15" C lower than the ambient during March - June. Temperatures in ECS and heap storage Were 
about 2.30 C higher than pit storage. Relative humidity in the three storage systems remained consistently high (60.0- 9S.8%). 
Total loss in weight of untreated potatoes remained low (7.4- 9.4%) up to 12 weeks of storage. Potatoes could be safely stored 
up to the first week of June and the performance of pit storage was better than heap and at par with ECS storage. Double 
treatment with sprout inhibitor isopropyl 3- chlorophenyl carbamate (CIPc) could further extend the storage life of potatoes 
up to 16 weeks by reducing physiological weight loss (by 39.8%), sproutir,g (by 83.7%) and sprout growth (by 93.3%) in tubers. 
The efficiency of CIPC was more pronounced under pit storage where even the single treatment of CIPC showed significant 
sprout suppression and reduction in weight loss of tubers up to 16 weeks. 

INTRODUCTION 

About 90 per cent of potato in India is 
produced in North-western plains where the 
crop is harvested at the beginning of hot 
summer in February-March. Storing untreated 
potatoes under ambient conditions results in 
higher losses from sprouting, moisture loss 
and rotting. Seasonal production pattern, 
limited alternative market outlets (e.g. 
processing) and inadequate cold storage 
capacity often results in market gluts and 
heavy price reductions during the main 
harvesting months. Potato prices rapidly 
increase in April-May and are almost double 
in July-August (3). To overcome the problem 
and get remunerative prices, short term non­
refrigerated storage of potatoes has been 
recommended in northern plains of India in a 
potato store (ECS) cooled by passive 

*CPRI Publication No.1716 

evaporative cooling (8). Evaluation of two such 
storage structures of 20 tonne capacity each, 
revealed that potatoes could be safely stored 
in them till June, when the market prices are 
quite high (7). However their adoption by 
farmers remained restricted mainly due to 
high initial investment on construction. 
Farmers also use indigenous storage practices 
like pits, heaps, trenches and basements to 
hold some of their produce for short term (2 -
3 months) to fetch better prices (4,5). A recent 
field survey in Punjab revealed that heap 
storage of ware potatoes is the only on-farm 
storage method in use to avoid distress sale at 
harvest (11). In heaped potatoes though the 
physiological losses were much reduced, 
sprouting of potatoes remained the main 
problem, which involves additional 
expenditure on labour for desprouting of 
tubers before sending them to market. 

lCentral Potato Research Station, Jalandhar-l44 003 (Punjab) 
2Central Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 
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The sprout suppressant isopropyl 3-
chlorophenyl carbamate (CIPC) has been 
shown to effectively reduce physiological 
losses, sprouting and sprout growth of 
potatoes and extend the storage life of potatoes 
up to 14 weeks in ECS (9). However, the 
efficacy of CIPC under the indigenous storage 
methods has not been studied so far. This 
investigation was, therefore, designed to study 
physiological losses under on-farm storage 
methods and to assess the comparative efficacy 
of CIPC during storage of potatoes in heap 
and pit in comparison to ECS in order to 
improve the efficiency of these potato storage 
methods keeping in view the farmers' need to 
store potatoes on-farm for 3-4 months. 

MATERIALS AND METHODS 

Healthy crop of cv. Kufri Chandramukhi 
was raised in sandy loam soils at the farm of 
Central Potato Research Station, Jalandhar 
during 1999-2001. N, P and K were applied @ 

ISO, 80 and 120kg ha-\ respectively. Up to 10 
irrigations were given during crop-growth but 
irrigation was stopped 10 days before haulm 
cutting. The harvested tubers were kept in the 
field in heaps for 15-20 days for proper curing 
of skin. Well cured, undamaged and 
apparently healthy tubers were used for 
storage studies. 

A thatched roof made of straw (Sarkanda) 

and bamboos supported on a wooden beam 
at a height of 10 ft. was raised to prevent the 
entry of rain water. A pit (10 ft. deep, 5 ft. 
diameter) with an inside lining of bricks in 
cement was dug under the thatched roof. Pit 
was provided with a platform made of 
bamboos placed 2" apart and 2 ft. above the 
base to improve aeration. Two perforated PVC 

pipes (4" dia) were lowered in the pit and 
heap up to the base for recording temperatures 
and relative humidity. Fourteen and five 
quintals of potatoes respectively, were stored 
in pit and heap under the thatched roof by the 
1st of March and then covered with > 1 ft thick 
rice straw (Figs. 1 & 2). 

Pure CIrC (Sigma Chemical Co.) diluted 
to 1 % with talcum powder was applied 
uniformly @ 2.5g kg-I tuber weight as 
immediate post-harvest dust treatment and 
the tubers were then kept under airtight 
conditions for 48 hr_ The second treatment 
(CIPC-II) was given one month after the first 
treatment. The concentration of CIrC used 
was equal to that found effective earlier (9). 
The treated and control tubers in lots of 5 kg 
in jute bags with 4 replications per treatment 
were placed in pit storage, heap storage and 
in ECS in the first week of March. A daily 
record of maximum and minimum 
temperatures and relative humidity was 
maintained during the storage period. 
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Respiration rate (fresh weight basis) was 
measured using the standardized method (15) 
by an infrared gas analyzer (CD-301, CID, 
Inc., USA) at monthly intervals. Weight loss 
was recorded from 20 marked tubers. Weight 
of carbon loss (mg of C present in CO) during 
storage was calculated from rate of respiration 
(12). The difference between weight loss and 
carbon loss was assumed to be transpiration 
loss even though the ultimate source of some 
water loss was probably generated during 
respiration. Weight loss was expressed in 
milligrams (C or total) lost per gram of tuber 
fresh weight. Sprouting and rotting was 
recorded in 4 replications of 100 hlbers each 
for 16 weeks. Tubers having at least one sprout 



of 0.5 cm or more in length were recorded as 
sprouted. Sprout weight was recorded in 
undisturbed separate lots and data was 
statistically analysed (6). 

A confirmatory trial was conducted during 
2001, where 25 kg each of treated and 
untreated potatoes in jute bags with 3 
replications per treatment were stored 
undisturbed up to 16 weeks of storage under 
the three storage systems. Final observations 
on weight loss, sprouting, sprout weight and 
rottage in tubers were recorded. 

RESULTS AND DISCUSSION 

Storage environment: The three storage 
systems allowed the daily range of variation 
in temperatures . to be reduced while 
maintaining a high relative humidity (RH). 

Effective protection against solar radiation 
provided by the thatched roof reduced the 
maximum temperatures during storage by 1-
2° C as compared to the ambient, besides 
providing a protection from the rain. The 
minimum-maximum temperatures in the three 
storage systems during March to June ranged 
between 13-29°C, 13-32°C and 1O-32°C in pit, 
heap and ECS, respectively as compared to 8-
44°C in the ambient. Thick covering of rice 
straw in the pit helped in maintaining the 
daily maximum temperatures 5 to 15° Clower 
than the ambient (23 to 44°C). Temperatures 
in ECS and heap were about 2-3°C higher 
than the pit. Relative humidity inside the three 
storage environments remained consistently 
high (71.0-95.8% in ECS, 76.0-94.8% in pits 
and 60.0 - 93.3% in heaps) compared to wide 
variation and lower levels of 27 to 87% in the 
ambient. 

Physiological weight loss: Physiological 

Short tt'rm un-farm storage 

weight loss wlder the three storage conditions 
increased progressively during storage. Mean 
of overall total weight loss ranged from 13.4 
mg g-l at 4 weeks to 114.0 mg g-l tuber weight 
at 16 weeks (Table 1), a progression in 
accordance with earlier findings (14). Weight 
loss was minimum under pit storage and 
maximum under heap storage at all the dates 
of observation. The higher losses under heap 
storage may be attributed to relatively low 
levels of humidity during the storage period. 
The loss in weight in excess of 10% reduces 
the marketability of potatoes because of their 
shrivelled appearance (1). Total loss in weight 
of potatoes stored in the three storage systems 
remained well below this level up to 12 weeks 
(June, 1st week) even in untreated control 
tubers. 

Respiration rates at anyone storage time 

were similar during both years of study. Mean 

of overall respiratory carbon loss under the 
three storage conditions also increased during 
storage from 0.82 mg g-l at 4 weeks to 3.71 mg 
g-l tuber weight at 16 weeks (Table 1). Increase 

in respiratory losses during storage is 
concurrent with sprouting and advanced 

sprout growth of tubers. Respir~tion rate of 

sprouted tubers is high because it includes the 
respiration of tubers and the sprouts (2). 

Weight loss during storage was mainly due to 

evaporation and contribution of respiratory 
carbon loss to total weight loss was slight (3.2-

6.1 %) which supports an earlier report (10). 

Respiratory losses were also significantly 

higher under heap storage than the other two 

storage conditions. 
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Treatment mean val-ues showed that only 
CIPC-II treatment significantly reduced the 
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Table 1. Effect of eIPC on total weight loss (T) and respiratory carbon loss (C) in pOlato tubers during storage under different 

conditions (mean data of 2 years) 

Storage condition Trl?aimeni 
4 

T¥ C~ T 

Pit CIPC-I 10.6 0.91 28.2 
CIPC-II 10.2 1.10 24.5 
Control 14.0 0.91 32.1 
Me~n 11.6 097 28.3 

ECS*' CII'C-I 12.8 0.55 32.5 
CIPC-II 8.5 0.80 33.8 
Control 11.2 0.60 37.5 
Mean 10.9 0.65 34.6 

Heap CIPC-I 18.0 0.68 56.3 
CIPC-II 17.6 1.03 43.6 
Control 17.5 0.79 49.4 
Mean 17.7 0.83 49.7 

Treatment mean CIPC-I 13.8 0.71 39.0 
CIPC-il 12.1 0.98 34.0 
Control 14.2 0.77 39.7 

CD (0.U5) Stores 2.0 0.09 4.9 
Treatment 2.0 0.09 4.'l 
SxT NS NS NS 

• mg g'! tuber weight; •• ECS = Evaporatively cooled store. 

total as well as the respiratory carbon loss 
(Table 1) during storage as compared to control 
(no treatment). Respiratory loss was 
significantly reduced in CIPC-I treatment also 
after 16 weeks of storage. Interaction between 
storage and treatment was significant after 12 
weeks. 

In the pit storage where CIPe treatment 
showed maximum effect, both the single and 
the double treatments significantly reduced 
the total loss in weight after 16 weeks (by 11.1 
and 45.5%, respectively) as compared to 
control. Tubers appeared firm with less 
shriveling. Final weight loss after 16 weeks of 
storage for both the CIPC treatments was 
significantly lower than each corresponding 
figure from heap and ECS storage. Final weight 
loss in control being at par with ECS was also 
significantly lower than heap storage. 

Sprouting and Sprout weight: Sprouting of 
tubers started after 4 weeks of storage. All 
untreated (control) tubers had sprouted by 8 

Storaf!..e period (weeks) 
8 12 16 

C T C T C 

1.62 68.4 2.99 107.6 3.82 
1.26 40.9 2.25 66.0 2.31 
1.81 73.6 3.92 121.0 4.50 
1.56 61.0 3.05 98.2 3.54 
1.55 69.1 2.75 118.0 3.93 
0.97 58.0 2.36 77.0 2.38 
1.31 74.2 1.98 126.9 4.38 
1.28 67.1 2.36 107.3 3.56 
1.95 115.6 3.36 161.4 3.67 
1.89 77.2 2.57 96.3 2.82 
2.32 94.4 3.57 151.5 5.54 
2.05 95.7 3.17 136.4 4.01 
1.71 84.4 3.03 129.0 3.81 
1.38 58.7 2.39 79.8 2.50 
1.81 80.7 3.16 133.1 4.81 
0.15 4.3 0.48 6.0 0.24 
0.15 4.3 0.48 6.0 0.24 
0.24 7.4 0.87 10.3 0.42 

weeks and by 16 weeks even those treated 
with CIPC-I (Table 2). Mean percentage of 
sprouted tubers was significantly reduced in 
eIPe-I and eIPC-II treatments until 12 and 16 
weeks, respectively. Lesser effectiveness of 
CIPC-I treatment after 16 weeks of storage is 
perhaps because the efficiency of CIPC is 
temperature dependent, which decreases with 
the increase of temperature (13). However, 
the sprout growth remained remarkably 
suppressed till the last observation even in 
CIPC-I treatment (Table 3). Treatment mean 
values showed a significant reduction in sprout 
weight of tubers in both the single and double 
treatment with CIPe (by 44.2 and 93.3%, 
respectively) as compared to control up to 16 
weeks of storage. Interaction between storage 
and treatment was significant. There was no 
need to desprout the tubers in case of CIPe 
double treatment up to 16 weeks of storage 
and the labour used for desprouting of CIPC­
I treated tubers was also significantly reduced. 

294 



Short term on-farm storage 

Table 2. Effect of eIPe on sprouting (%) in potato tubers on storage under different conditions (mean data of 2 years) 

Storage condition Treatment Storage period (weeks) 
4 8 12 16 

Pit CIPC-I 11.00 58.33 i'2.lIn 45.06 
CIPC-II 0 0 (] 7.34 
Control 51.33 '19.33 100.0 100.0 
Mean 20.78 52.56 57.33 67.66 

ECS' CIPC-I 7.67 85.99 89.33 LjLJ.49 
CIPC-I1 0 3.34 11.83 13.117 
Control 62.33 100.0 100.0 IOO.() 
Mean 23.34 63.11 67.05 71.22 

Heap CIPC-I 10.67 73.00 B9.66 48.33 
CIPC-II 0 17.00 26.67 :!8.nO 
Control 50.67 100.0 1000 100.0 
Mean 20.45 63.33 72.11 75.44 

Treahnent means CIPC-I 9.78 72.44 83.66 97.99 
CIPC-II 0 6.78 12.84 16.33 
Control 54.78 99.77 100.0 100.0 

CD (0.05) Stores NS 4.88 4.86 3.28 
Treatment 4.91 4.88 4.86 3.28 
S x r NS 8.45 8.40 5.66 

"ECS = Evaporatively cooled store. 

Table 3. Effect of eIPe on per cent sprout wt. and rottage in tubers on storage under different conditions (mean data of 2 years) 

Storage condition Treatment 

8 

Pit CIPC-I 0.55 
CIPC-II 0 
Control 0.76 
Mean 0.44 

ECS' CIPC-I 0.36 
CIPC-I1 0.06 
Control 0.52 
Mean 0.31 

Heap CIPC-I 0.29 
CIPC-II 0.09 

Control 0.49 

Mean 0.29 
Treatment CIPC-I 0.40 
means CIPC-II 0.05 

Control 0.59 
CD (0.05) Stores 0.06 

Treahnent 0.06 

SxT 0.11 

"ECS = Evaporatively cooled store. 

Sprout suppression effect of CIPC under the 
three storage conditions is clearly depicted in 
Fig.3. 
Loss due to rots: Tuber rotting was not 
detected until 12 weeks of storage under the 

Sl!.IOut wei£ht (%) Rotta.!f..e (%) 
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Storage period (weeks) 

12 16 16 

0.78 1.01 1.00 
0 0.14 4.00 

2.04 2.86 3.00 
0.94 1.34 2.67 
1.19 2.88 0.34 
0.24 0.24 2.67 

1.74 4.53 0.34 

1.06 2.55 1.12 

1.29 1.88 0.34 

0.27 0.30 3.67 

1.72 2.93 1.34 

1.09 1.70 1.78 

1.09 1.92 0.56 

0.17 0.23 3.45 

1.83 3.44 1.56 

NS 0.29 1.17 

0.11 0.29 1.17 

0.23 0,46 NS 

three storage conditions. At the end of storage 
period, the overall mean percentage of rotted 
tubers in ECS at 1.12% was significantly lower 
than 2.67% in the pit storage (Table 3). Rottage 
under heap storage (1.78%) was not differen.t 
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Table 4. Effect of CIPe on sprouting behaviour and storage losses in potatoes after 16 weeks of storage under different 

conditions (March to July, 2001) 

Slor.lge COllditioll Trea/lllelzt Total weigbt lo.~s Sprouting Sprout weight Roftage 

m) (~;) (%) (%) 

Plt C1PC-I 11.2 (ll1.8) 13.4 (95.7) 0.22 (1.01) 1.8 (1.0) 

CIPC-II 5.1 (6.6) 4.5 (7.3) 0.11 (0.14) 3.9 (4.0) 

Control 10.7 02.1) 100 (100) 4.22 (2.86) 0.5 (3.0) 

Mean 8.0 (9.13) 3<).3 (677) 1.52 (1.34) 2.1 (2.7) 

ECS' CIPC-I 9.1 (11.8) 20.3 (100) 1.07 (2.88) 4.0 (0.3) 

CII'C-II 6.9 (7.7) 59 (13.7) 0.23 (0.24) 1.8 (2.7) 

Control 11.0 (12.7) 100 (100) 4.86 (4.53) 1.6 (0.3) 

Menn L).O (10.7) 42.1 (71.2) 2.05 (2.55) 2.5 (1.1) 

Heap CIPC-J 153 (16.1) 32.7 (98.3) 0.19 (1.88) 1.8 (0.3) 

eIre-II 9.0 ('1.(1) 11.4 (28.0) 0.06 (0.30) 2.4 (3.7) 

Control 14.3 (15.2) 100 (100) 2.44 (2.93) 2.6 (1.3) 

Mean 12.9 03.6) 48.0 (75.4) 0.90 (1.70) 0.9 (1.8) 

Treatment mean CIPC-I 10.9 (12.9) 22.1(98.0) 0.49 (1.92) 2.5 (0.6) 

CIPC-ll 7.0 (S.O) 7.3 (16.3) 0.13 (0.23) 2.7 (3.5) 

Control 12.0 (13.3) 100 (100) 3.84 (3.44) 1.6 (1.6) 

CD (rUl5) Stores 0.72 (0.60) 1.97 (3.28) 0.14 (0.29) 0.35 (1.17) 

Tre.1lment 0.72 (0.60) 1.97 (3.28) 0.14 (0.29) 0.35 (1.17) 

SxT 1.25 (1.03) 339 (5.66) 0.23 (0.46) 0.61 (NS) 

Figures WIthin parentheses are for mean of 1999, 2000; • ECS = Evaporatively cooled store. 

Fig. 1. Po/nloe,; stored in pit 

from the two storage conditions. Though 
Significantly higher percentage of rotted tubers 
were recorded in CIpe double treatment (3.45) 
as compared to control (1.56), practically the 
values were not very high as only 3.45% of 
total number of tubers stored were lost up to 
16 weeks of storage. 

In the confirmatory experiment during 
2001, where the potatoes after CIPC treatment 
were stored undisturbed under the three 

storage conditions the sprout suppression 
effect of eIPe was more pronounced till 16 
weeks of storage as compared to previous 
years' results (Table 4). A significant reduction 
in per cent sprouting and sprout weight of 
hlbers was recorded in both the single and 
double treatments of CIPe. Weight loss in 
tubers was also much reduced as compared to 
previous years even in control tubers which 
may be because the stored potatoes remained 

Fig. 2. Potatoes stored in heap 

296 



Short term lIn-iilrm 5tllf ap;c 

Fig. 3. Sprout suppression ill potatoes with eIPe after 16 weeks of storage IInder different conditions 
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undisturbed under the cool and humid 
environments till 16 weeks. Whereas, during 
the previous years the rice straw covering on 
pit and heap was disturbed and the stored 
potatoes were brought every month for one 
day at higher ambient temperatures and low 
humidity to record observations. 

Thus it can be concluded that it is feasible 
to store potatoes up to the first week of June 
by traditional methods in heaps and pits in 
North-western plains of Punjab. The 
performance of pit storage was better than 
heap and at par with ECS storage. Further 
storage in heaps and pits is much cheaper 
than in ECS. A 20 tonne capacity ECS could 
cost about Rs. 1lakh, whereas for making a 20 
tonne heap the cost is not more than Rs. 5000 
and for a 15 tonne pit it is around Rs. 15000. 
Treatment with sprout inhibitor CIPC could 
further extend the storage life of potatoes up 
to 16 weeks under the three storage conditions 
by reducing physiological weight loss, 
sprouting and sprout growth in tubers. The 
efficiency of eIPe was more pronounced 
under pit storage where even the single 
treatment of eIPC showed significant sprout 
suppression and reduction in weight loss of 
tubers. Experiments are being conducted 
(including tuber quality) to determine the 
commercial potential of CIPC for use as sprout 
inhibitor of potatoes under traditional methods 
of storage. 
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MANAGEMENT OF STEM NECROSIS DISEASE IN 
EARLY PLANTED POTATO CROP WITH VARYING 

FERTILIZER LEVELS* 

A.K. Somani, V.S. Kushwah and S.P. Singh 

ABSTRACT: Both stem necrosis disease incidence and index were lowest when crop was not fertilized with inorganic fertilizers 
while it was highest when NPK was applied maximum @ 180 kg N, 80 kg P ,a, and 120 kg K,O/ha in a study conducted at ePRS, 
Gwalior during four years i.e. 1997-98 to 2000-01. The maximum yields were also observed with the above NPK dose. However 
disease could be managed in a significant manner with judicious application of NPK @ 150 kg N, 60 kg P,O, and 100 kg Kpl 
ha. 

INTRODUCTION 

Stem necrosis disease in potato, first 
reported in 1989 (2, 5) is caused by a tospovirus 
(3) and is a serious problem in Central India. 
The problem is severe in early planted crops 
(6). Field studies were carried out to study its 
management under varying doses of nitrogen, 
phosphorus and potassium fertilizers in potato 
crop. 

MATERIALS AND METHODS 

The field trial was conducted in 
randomized complete block design with potato 
cv. Kufri Chandramukhi for four successive 
potato seasons from 1997-98 to 2000-01 at 
Central Potato Research Station, Gwalior 
(Madhya Pradesh). There were 9 treatments 
having different levels of nitrogen, phosphours 
and potassium fertilizers in (Table 1). 
Treahnents were replicated three times. Gross 
plot size was 4.0 m x 4.2 m and net plot was 
4.0 m x 3.0 m. The sources of nitrogen were 
calcium ammonium nitrate (+ urea at earthing 
up), phosphorus as single super phosphate 

and potassium as muriate of potash. Half 
dose of N and full doses of P,O_ and K,O 

... :1 ~ 

were applied at planting. The plantings were 
done between 8 and 11 October. Plant 
emergence was normal during all the seasons. 
Disease incidence (D1) and intensity i.e. disease 
index (DX) of stem necrosis were recorded 
twice - first at 40 days after planting (DAP) 
and second at 55-60 DAP. The scale used for 
recording the disease in net plots and 
computing index is given below: 

1 :::: up to 4 lesions (5%) 

2 :::: up to 10 lesions (30%) 
3 :::: above 30 to 50% plant area affected 
4 :::: above 50 to 80% plant area affected 
5 :::: plant died due to infection 

Disease Index (%) = 
Sum of all numerical ranI'S X 100 

Totill no. of plants X 
maximum rating no. observed 

The % disease incidence and index were 
calculated and analysed statistically, first for 
individual seasons and then pooled over for 
last three seasons (1998-99 to 2000-01) as the 
disease incidence and index were unusually 

Central Potato Research Station, Gwalior-474 006 (Madhya Pradesh) 
*Publication No. 1601, CPRI, Shimla 
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high during first season (1997-98). However, 
the trend of disease incidence and index 
remained the same. Tuber yield was recorded 
at the time of harvest. Yield data of three 
seasons (1998-99 to 2000-01) were pooled and 

analysed statistically. 

RESULTS AND DISCUSSION 

Disease incidence and index: The incidence 
and index were lowest (12.6% and 2.95%, 

respectively) in plots where fertilizer was not 
applied (Table 1). The incidence and index 
were highest (41.1% and 8.96%, respectively) 

with maximum dose of fertilizer (180 kg N, 80 

kg P
2
0, and 120 kg K

2
0/ha). Besides, it was 

significantly higher when compared to other 
treatments during individual seasons and after 

pooled analysis as well. Among the fertilizer 
treatments, disease incidence and index were 

lower (20.4% and 4.45% , respectively) with 

minimum levels of fertilizer application i.e. 

150 kg N, 60 kg pps and 100 kg Kp/ha 
during individual seasons. It was significantly 
lower as compared to all other treatments in 
pooled analysis as well. In general, there was 
no significan t difference in stem necrosis 
disease incidence and index amongst other 

levels of fertilizer treatments. Thus, application 

of 150 kg N, 60 kg P20 S 
and 100 kg Kp/ha 

was found to restrict the disease in early crop 
of potato. 

Higher nitrogen levels resulted in 
succulent, vegetative growth and delayed 
maturity thus making the plant more 
susceptible to disease (1). Potassium increases 
resistance by improving the balance of 
nutrients (1, 4) and phosphorus accelerates 
the maturity of the crop (1). However, in 
present study, increase in stem necrosis disease 
was encountered in potato with increased 

levels of nitrogen. 

Potato tuber yield: The perusal of three 
seasons pooled data revealed that in general, 

potato tuber yield increased from 223 q/ha to 

268 q/ha with the increase in levels of NPK 

fertilizers from 150 : 60 : 100 to 180 : 80 : 120 

kg/ha, respectively. The lowest tuber yield of 

114 q/ha was recorded under control where 

no NPK was applied during all the years on 

the fixed site of experimentation. Highest tuber 

yield (268 q/ha) was obtained with the highest 

dose of NPK (180 kg N, 80 kg P20S and 120 kg 
Kp/ha) which was significantly higher than 

all other treatments. It was followed by 253 

q/ha in treatment with 180 kg N, 80 kg Pps 

and 100 kg K
2
0/ha. 

Interaction of fertilizers with disease and 

yield: Though, the stem necrosis disease 
incidence as well as index was highest with 

the highest dose of fertilizer application, the 

yield of crop was also highest. The higher 

levels of available nutrition might have 

nullified the adverse effect of the disease in 
this case. Levels of 150 kg N, 60 kg P

2
0

S 
and 

100 kg K20/ha were best in the management 
of disease. However, at this level of 

fertilization, the yield was significantly lower 

(223 q/ha) in early potato crop. On increasing 
the level of fertilization from 150: 60 : 100 : to 

180 : 80 : 120 kg NPK/ha, though the disease 

increased Significantly, but the yield also 

increased significantly. It shows that the higher 
incidence of disease due to higher levels of 
fertilizers does not have an adverse effect on 

yield because of better nutrition. 
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It could be concluded from the present 
study that in early planted potato crop, the 

disease can be restricted by application of 
lower levels of fertilizers, viz., 150 kg N, 60 kg 
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Table 1. Stem necrosis disease and tuber yield in potato crop with different levels of NPK 

Trec7tment 1997·98 1998-99 1999·2000 20{)O-01 Pooled' Tltber TieJd 
(qln.1) pooled' 

Disease incidence (per cent) 

T1 : N 150 P 60 K 100 77.2 16.2 12,4 32.7 20 .,! 223 
T2 : N 150 P 60 K 120 88.2 25.6 17.1 33.H 25.5 234 
T3 : N 150 P 80 K 100 92.2 20.8 23.5 41.2 28.5 248 
T4 : N 150 P 80 K 120 89.8 20.8 20.7 43.7 28..,1 240 
T5 : N 180 P 60 K 100 88.0 20.4 22.8 51.4 31.5 251 
T6 : N 180 P 60 K 120 79.9 19.7 23.7 42.9 28.7 250 
T7 : N 180 P 80 K 100 88.9 22.2 18.9 43.6 28.2 253 
T8 : N 180 P 80 K 120 92.6 30.0 29.3 64.1 HI 268 
T9:NOPOKO 46.6 12.7 4.2 20 9 12.b 114 
SEm± 5.23 3.04 4.74 450 1.8b 11 

CD@5% 11.09 6.44 10.06 ':1.54 3.% 13 
Disease index (per cent) 

T1 : N 150 P 60 K 100 22.21 3.92 2.57 6.87 4..15 
T2 : N 150 P 60 K 120 28.29 7.07 3.56 6.91 5.83 
T3 : N 150 P 80 K 100 30.59 5.32 4.77 8.59 6.24 
T4 : N 150 P 80 K 120 24.11 531 4.48 9.50 6.43 
T5 : N 180 P 60 K 100 27.05 5.92 5.28 10.55 7.25 
T6 : N 180 P 60 K 120 23.90 4.81 5.12 9.20 6.40 
T7 : N 180 P 80 K 100 26.04 6.03 4.07 9.60 6.57 
T8 : N 180 P 80 K 120 31.31 7.37 6.01 13.49 8.96 
T9:NOPOKO 14.43 3.70 0.97 4.19 2.95 

SEm ± 1.39 0.86 1.07 1.05 0.45 
CD@5% 2.95 1.83 2.27 2.23 0.96 

'Pooled data for three seasons -1998-99, 1999-2000 and 2000-01. 

P20S and 100 kg K20/ha. But for higher yields 
of potato, the levels of N need to be increased 
to 180 kg/ha while P

2
0 S may be applied @ 60 

to 80 kg and K
2
0 100 to 120 kg/ha for 

nullifying the adverse effect of higher incidence 
and intensity of stem necrosis disease. 

3. Khurana, S.M. Paul, R.B. Singh, RA. Naidu and M. 
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STUDIES ON POTATO BASED CROP SEQUENCES 
IN WEST BENGAL 

M. Chettril, S.K. Mukhopadhaya2
, A. Konar and A. Basu1 

ABSTRACT: Four cropping system, viz. potato-groundnut-paddy, potato-sesame(/il)-paddy, potato-okra (bhindl)-paddy and 
potato-jute-paddy were compared at Adisaptagram Block Seed Farm, Hooghly over three years. The yields of potato were not 
affected by the systems. Potato-okra-paddy system was found to be most economical with highest potato yield equivalent 1498 
qlha). Improvement of nutrient status of the soil (organic carbon, P and K) was also observed after three years of experimen­
tation and maximum improvement was observed by potato-ground nut-paddy system. 

INTRODUCTION 

Potato, a short duration crop can be 
adjusted in various cropping systems. Potato 
based multiple cropping thus provides scope 
for maintaining high productivity by utilizing 
the available reSOlUces most efficiently. In West 
Bengal, potato is emerging as an important 
crop. Thus, an attempt has been made to 
assess various potato based cropping systems 
for higher productivity under the agro-climatic 
conditions of alluvial plains of West Bengal. 

MATERIALS AND METHODS 

The experiment was conducted at 
Adisaptagram Block Seed Farm, Hooghly, 
West Bengal during 1998-99 to 2001-2002. Four 
cropping systems with 300% crop intensity 
were tested under upland situation. They were 
potato-groundnut-paddy (C

l
), potato-sesame­

paddy (Cz)' potato-okra-paddy (C) and potato 
-jute-paddy (C). Crops of different seasons 
and their respective varieties including spacing 
and fertilizer doses have been given in Table 
1. The soil of the experimental site was sandy 

loam in texture having 0.48% organic carbon, 
21.4 kg/ha available P, 238.5 kg/ha available 
K and pH of 6.6. The experiment was laid out 
in RBD with four replications. The sources of 
N, P and K were urea, single super phosphate 
and murate of potash, respectively. The initial 
and final soil nutrient status such as organic 
carbon, available P, available K and pH were 
estimated using standard methods (3). 

Potato yield equivalent* (q/ha) and the 
economics of different crop rotations were 
computed based on local market prices. 

Total selling price of all crops of a 
particular sequence in 1 ha. 

*Potato yield eqUivalent = ----------­
Price of one quintill of potato tubers 

RESULTS AND DISCUSSION 

Crop yield: The tuber yield of potato did not 
differ significantly under the different potato 
based cropping systems which varied from 
266 to 279 q/ha. Groundnut, sesame, okra 
and jute as second crop after potato gave 
relatively better production. Paddy yield was 
higher when grown after groundnut and jute 

1 AICPIP, Bidhan Chandra Krishi Viswavidyalaya, Kalyani-741235 (West Bengal) 
2 NARP, NAZ, Gayeshpur, BCKV, Nadia-741 252 (West Bengal) 
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Table 1. Details of cultural practices 

Crop V.uiefy Spacing Seed Fertilizer {q/fla} Date of Date of 
(em) rate planting! harvesting 

(q/ila) N P K sowing 

Potato K. Jyoti nO X 20 25.00 1.80 1.50 1.50 9.12.1998 15.3.1999 

K Jyoti 60 X 20 25.00 1.80 1.50 1.50 4.12.1999 12.3.2000 

K. ]Yl)ti 60 X 20 25.00 1.80 1.50 1.50 6.12.2000 18.3.2001 

Groundnut AK-12-24 60 X 20 1.00 0.20 0.30 0.50 22.3.1999 19.7.1999 

AK-12-24 60 X 20 1.00 0.20 0.30 0.50 19.3.2000 21.7.2000 

AK-12-24 60 X 20 1.00 0.20 0.30 0.50 25.3.2001 23.7.2001 

Paddy lET 4094 20 X 15 0.60 1.00 0.50 0.50 26.7.1999 28.11.1999 

lET 4094 20 X 15 0.60 1.00 0.50 0.50 24.7.2000 25.11.2000 

lET 4094 20 X 15 0.60 1.00 0.50 0.50 28.7.2001 30.11.2001 

Sesnnlc Rama 30 x 10 0.08 0.50 0.25 0.25 22.3.1999 19.7.1999 

Rama 30 x 10 0.08 0.50 0.25 0.25 19.3.2000 21.7.2000 
Rama 30 x 10 0.08 0.50 0.25 0.25 25.3.2001 23.7.2001 

Okra Arka Abhaya 48 x 25 0.12 0.60 0.50 0.50 22.3.1999 19.7.1999 
Arka Abhaya 48 x 25 0.12 0.60 0.50 0.50 19.3.2000 21.7.2000 
Arka Abhaya 48 x 25 0.12 0.60 0.50 0.50 25.3.2001 23.7.2001 

Jute IRO - 524 20 x 05 0.05 0.60 0.30 0.30 22.3.1999 19.7.1999 
JRO - 524 20 x 05 0.05 0.60 0.30 0.30 19.3.2000 21.7.2000 
IRO - 524 20 x 05 0.05 0.60 0.30 0.30 25.3.2001 23.7.2001 

Table 2. Cost of cultivation and local market prices of different crops 

Name of crop Cost of seed Cost of fertilizers Cast of cultivation Total cost of Market price 
{Rs.lila} (Rs.lila) (Rs.lila) cultivation (Rs/ha) (Rs.!q) 

Pot,lto 17500 5822 21298 44620 270 
Croundnut 2300 1160 3090 6550 1600 
Sesame 160 1172 2820 4152 1500 
Okra 240 1940 4600 6780 320 
Jute 275 1407 11615 13297 800 
Paddy 600 2345 8890 11835 800 

Cost of seed (Rs/quintall: Potato- 700/-; Groundnut - 2300/-; Sesame - 2000/-; Okra - 2000/- Jute - 5500/-; Paddy - 1000/-. 

when compared with okra and sesame (Table 
3). Addition of higher organic matter and 
better physical condition of soil after the 
harvest of groundnut and jute might have 
resulted in higher grain yield of paddy in C

1 

and C4 systems by improving the yield 
a ttribu Hng characters. The result is in 
agreement with the observation of Chatterjee 
and Mondal (2). The potato yield equivalent 
varied with the crop sequences. The highest 
potato yield equivalent was recovered from 
potato - okra - paddy system while lowest 
potato equivalent yield was obtained from 
potato - sesame - paddy system (Table 3). 
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The highest potato yield equivalent in potato 
- okra - paddy (C3) system was mainly due to 
higher returns from okra in comparison to 
sesame, jute, and groundnut. 

Economics: Economics of different systems 
showed that the cost of cultivation (Table 2) 
was highest in potato-jute-paddy (C

4
) and was 

minimum in potato-sesame-paddy (C) in all 
the years (Table 3). The highest gross income 
was obtained from the potato-okra-paddy (C

3
) 

sequence followed by potato-groundnut­
paddy (C

l
), potato-jute-paddy (C

4
) and potato­

sesame-paddy (C2) sequences. Maximum net 
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Table 3. Crop yield and economics of various potato based cropping systems (average of 3 years) 

Rotationl Crop Potato Gross Cost of Net Net returns 
Crop yield equivalent income Cultimtion returns from rolalion 

(qlha) (q/ha) tooo Rs./ha) ('000 Rs.lha) ('000 Rs'/haJ ('000 Rsjira) 

C, : Potato 279.15 449.11 75.37 44.62 30.75 ~8.26 
Groundnut 11.18 17.89 6.55 11.3-l 
Paddy 35.00 28.00 11.83 Ib.17 
Total 121.26 63.00 5R.lb 

C, : Potato 266.29 425.00 71.90 44.62 27.28 54.15 
Sesame 11 08 16.62 4.15 12.47 
Paddy 32.79 2623 11.83 14.40 
Tolal 114.75 60.60 54.15 

C, : Potato 273.29 498.22 73.79 44.62 29.17 71.12 
Okra 107.06 34.26 6.78 27.48 
Paddy 32,87 26.30 1].83 14.-+7 
Total 134.52 63.23 71.12 

C, : Potato 270.04 467.33 72.Ql 44.62 28,2'.1 56.43 
Jute 32.50 26.00 13.30 12.70 
Paddy 34.09 27.27 11.83 14.47 
Total 126.18 69.75 56.43 

CD (0.05) 
Potato NS 
Paddy NS 

Table 4. Nutrient status before and after rotation 

Rotation Nutrient status before rotation Nutrient status after rotation 
pH OC Av. P Av. K pH OC Av. P A v. K 

(%) (Kg/ha) (KglllaJ (%) (KgIlla) (Kg/ha) 

C,= Potato-groundnut-paddy 6.6 0.48 21.42 
C, = l'otato-sesame-paddy 6.6 0.48 21.42 
C, = l'otato-okra-paddy 6,6 0,48 21.42 
C, = Potato-jute-paddy 6.6 0.48 21.42 
CD (0.05) 

profit (Rs. 71120/- per ha.) was realised in 
potato - okra - paddy system followed by 
potato - groundnut - paddy (Rs.58260/- per 
ha) and potato - jute - paddy (Rs.56430/- per 
ha.) rotation. Though potato - jute - paddy 
system ranked second in respect of gross 
income, higher cost of cultivation of this system 
put it into third position in respect of total net 
returns from the system. The minimum gross 
income and net profit (Rs. 54150/- per ha.) 
was obtained from potato - sesame - paddy 
system. 

Nutrient status of soil: No remarkable 
change in soil pH was recorded after the 
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238.52 6.7 0.51 32.00 255.07 
238.52 6,6 0.49 25.90 24(1.90 

238.52 6.7 0.50 3l1.75 250.97 
238.52 6.5 0.52 28.45 24'!.02 

NS NS 6.40 

completion of three cycles of crop sequences 
(Table 4). However, a slight fall in soil pH 
was recorded in potato - jute - paddy 
sequence. Sadanandan and Mahapatra (4) also 
observed a fall in pH in cropping patterns 
where jute was one of the crops in sequence. 
A build up of organic carbon, available P and 
available K was observed as compared to its 
initial status after three years in all the crop 
sequences as all the crops were raised with 
recommended dose of fertilizers. The effect of 
crop sequences on organic carbon and 
available P of the soil was not significant, 
however, potato - groundnut - paddy and 
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potato - jute - paddy showed some 
improvement in organic carbon and available 
P content in the soil. This is in conformity 
with the observation of Chatterjee et al. (1). K 
status of the soil increased in all the crop 
sequences after three years, however, potato -
groundnut - paddy system increased the K 
status of the soil significantly as compared to 
potato - sesame - paddy sequence. 
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MARKETING AND ASSESSMENT OF POST­
HARVEST LOSSES IN POTATO IN BIHAR* 

N.K. Pandey, Prem S. Dahiya**, Anshuman KaroF and Nalini Ranjan Kumar 

ABSTRACT: This study focuses both on the marketing system and estimation of post-harvest losses in temls of physical ilnd 
economic in Nalanda district, the leading potato growing district in Bihar and the major temlinal market of Patna_ Two 
marketing channels i.e (i) producer-cold store-wholesaler-retailer-consumer and (ii) producer-wholesaler's field agent /whole­
saler-retailer-consumer accounted for 46.8 % potato disposal in Biharsharif block and 91.3'70 potato disposal in Noorsarai block 
respectively. The significant post-harvest losses were found on weight basis at fann level (12.84'7<), wholesale level (12.40"") and 
retail level (9.45%) due to cut, crack and diseases. The post-harvest losses on weight and number basis were observed to be 
26.84%. Total economic loss was worked out to be 5.67% only. 

INTRODUCTION 
In India, the potato crop is grown in more 

than 1.3 million hectares of land with a 
production of around 25 million tonnes. The 
Indo-Gangetic plains account for about 81 
percent of the area under potato crop. There 
are many causes for the losses to occur during 
different stages of the post-harvest handling of 
the produce from production point to the 
ultimate consumers. The study report (4) 
estimated that the degree of damage depends 
upon the method of harvesting, distance of 
planting, nature of soil and the skill of labour. 
The extent of damage is greater when the 
tubers are dug out by ploughing than by other 
methods. The estimated damage in harvesting 
of potato varies from 0.5 percent to 10.0 percent 
(4). The high range of variation is due to the 
difference in the methods of harvesting 
(mannual!trador), distance of planting and 
types of soil. Post-harvest losses in potato 
reduce the per capita availability significantly 

*Publication No. 1733, ePRI, Shimla 

as they are estimated to be 15-20% that occur 
duri:ng harvesting, wholesale level, retail level, 
transportation and storage, etc. (2). The post­
harvest losses like rottage, cut and damaged 
tubers also result in increase in the transport 
cost and add to the marketing cost. This affects 
both producers and the consumers by reducing 
the availability of potato on the one hand and 
through higher prices paid because of the 
increase in the transport cost on the other 
hand. The researchers have mainly focused on 
marketing of potato but very few studies have 
been conducted on post-harvest losses on 
potato and most of them do not reflect the real 
situation prevailing in the market and the 
factors responsible for such losses. Keeping the 
above facts in view, the present study was 
conducted to estimate post-harvest losses both 
in physical and economic terms at different 
stages of handling of potato produce in N alanda 
district in Bihar and the major terminal markets 
of Fatna. 

1 Central Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 
2 Central Potato Research Institute Campus, Modipuram, Meerut-250 110 (Uttar Pradesh) 
**Center for Development & Agricultural Research, House # 212, Sector I, Rohtak-124 001 (Haryana) 
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METHODOLOGY 

The present study was undertaken under 
the lCAR Network Project on Marketing and 
Assessment of Post-harvest losses in Fruits 
and Vegetables in India. The post-harvest data 
from 30 farmers from two blocks i.e. 
Biharsharif and Noorsarai of Nalanda district 
were collected. The requisite data from 15 
wholesalers comprising 10 from Pahla market 
and 5 from Biharsharif wholesale market and 
19 retailers in Pahla market and 5 retailers in 
Biharsharif town were also collected. 

The post-harvest losses have been 
estimated both in physical and economic terms. 
The losses at the farmers, wholesalers and 
retailers levels were observed on account of 
the tubers being cut during harvesting, various 
diseases and cracking. Variety-wise post­
harvest losses were also determined. On 
weight basis, a sample of 5 kg was taken from 
ungraded produce from each farmer, 
wholesaler or retailer as the case may be. The 
cut, diseased and cracked htbers were collected 
and weighed. Then the total number of tubers 
constituting the sample of 5 kg was counted 
and similarly the number of rubers suffering 
from different kind of post losses such as due 
to cut, disease and cracking were weighed. 
The post-harvest losses (PHL) on number basis 
were also assessed. For working out the gross 
economic loss, the value of the produce 
affected by PHL was worked out on the basis 
of harvest price of potatoes. This was done for 
each farmer, wholesaler and retailer and then 
it was added up for the sample size at block 
level. The gross economic loss was divided by 
the total value of the produce again for 
working out the economic loss in percentage 
terms. Even the PHL affected potatoes do 

carry certain value by fetching low price. In 
other words, the loss is, by and large, partial 
in economic terms and it is not total economic 
loss. A simple tabular analysis method has 
been used to arrive at the results. 

RESULTS AND DISCUSSION 

Production and disposal pattern of potato 

Disposal pattern: The results (Table 1) 
indicated that 50 per cent farmers of Nalanda 

district disposed off 60.6 per cent of total 
potato production in the market. But only 26.4 
per cent of the production was cold stored by 
16.7 per cent farmers. Farmers of Biharsharif 
block stored maximum portion of their 
produce (46.8%) in cold stores and did not sell 
at farm levels while the farmers of N oorsarai 
block cold stored only very negligible portion 
of their produce (4.4%) and sold 20% of the 
produce at the farm itself. 
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Marketing Channels: The marketing of potato 
in the state of Bihar starts from village level. 
There is no village trader involved in the 
marketing process. A number of marketing 
channels for potato disposal were identified 
in the district. In Biharsharif block four 
important channels were identified such as: 
(i) Producer- Wholesaler's field agent / 
wholesaler- Retailer-Consumer, (ii) Producer­
Commission agent / w holesaler-Retailer­
Consumer, (iii) Producer-Cold store­
Wholesaler-Retailer-Consumer, and (iv) 
Producer-Retailer-Consumer, but out of these 
four channels the most important marketing 
channel was: Producer-Cold store­
Wholesaler-Retailer-Consumer. Over 46.8 per 
cent of the total production in Biharsharif was 
disposed off through this popular channel. 
But in the case of Noorsarai block, the five 
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Table 1. Disposal pattem of potatoes in Nalanda district of Bihar 

(PcrCl'lItt1,~t" of fimllt'r;; {.1 total db I',',a iI 

Block No. of Disposal pattem al harvesting time 
fanners &: 

total quantity Stored at home Sold in markets Cold stored Sold at fam! 
disposed of 

(q) % of % of ft; of % of % of r; of ;" of :; of 
fanners quantity fanners quantity fanners quanfilys farmers quantity 

sold sold sold sold' 

Bihar Sharif 15 (598.9)' 26.7 21.2 53.3 32.0 20.0 46.8 0.0 0.0 

Noorsarai 15(562.0) 20.0 4.3 46.7 91.3 13.3 4.4 20.0 NR 

Nalanda district 30(1160.9) 23.3 13.0 50.0 60.6 16.7 26.4 10.0 NR 

'Figures in parentheses indicate quantity of potatoes disposed off; NR= Not reported 

important marketing channels were identified 
such as (i) Producer-Itinerant trader I Bania­
Retailer-Consumer, (ii) Producer-Wholesaler's 
field agent/Wholesaler-Retailer-Consumer, (iii) 
Producer-Commission agent IWholesaler­
Retailer-Consumer, (iv) Producer- Cold store­
Wholesaler-Retailer-Consumer, and (v) 
Producer- Retailer-Consumer, but the channel 
Producer-Wholesaler's field agentl 
Wholesaler-Retailer-Consumer accounted for 
91.3 percent of the total disposal of production 
of the block. 

Packing practices and transportation for 
potato disposal: Both gunny bags (50 kg size) 
and baskets (30 kg size) are used for packing 
of potatoes. Only 63 per cent farmers used 
some kind of packing material. Basket packing 
(66.7%) appeared to be popular in Biharsharif, 
perhaps, because of shorter transportation 

Table 2. Packing practices in Nalanda district of Bihar 

Blocks 

Biharsharif 
Noorsarai 
Bihar state 

Sample 
size 

15 
15 
30 

Packaging done 
by fanners 

60.0 
66.7 
63.3 

Capacity of packing material: Gunny bag- 50 kgi Basket - 30 kg 

distance required (home or cold store). But in 
the other block of Noorsarai the use of gunny 
bags (60%) was popular (Table 2). In Nalanda 
district in Bihar, the farmers used baskets for 
packing because, the cold storages have a 
practice of storing potatoes in loose form 
locally called, If Klzattal". As for the transport 
of produce is concerned, 76.2% produce was 
transported by bullock cart in Biharsharif, but 
in N oorsarai block tractor was used to 
transport 91.3% of potato (Table 3) 

Post-harvest losses at farmers/ level: On 
overall basis, the total post-harvest loss at 
farmers level on weight and number basis in 

the two blocks of Nalanda district under the 
study were 12.84 and 12.72%, respectively. In 
economic terms these losses worked out to 
10.24 and 5.04%, respectively. On weight and 
number basis, the maximum post-harvest 

Material used for PaCkaging 

Gunny bag Basket Gunny bilg 
&: Basket 

22.2 66.7 ll.l 
60.0 3p.0 10.0 
42.1 47.4 10.5 
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Table 3. Share of different modes of potato transport in Nalanda district of Bihar 

(Percelltages) 

Block No. of ftfode of transport used Quantity transported 

Bihmsharif 
NOllTsarai 
Nalanda district 

farmers 

15 
15 
30 

Bullock 
cart 

46.7 
26.7 
36.7 

Tractor No transport 
used 

(sold at fanIl) 

53.3 0.0 
53.3 20.0 
53.3 10.0 

Bullock Cilrt Tractor Total quantity 
transported 

(q) 

76.2 23.8 598.9 
8.7 91.3 562.0 
43.5 56.5 1160.9 

losses (5.21 and 6.0%) were due to cut tubers 
during harvesting in Biharsharif block, while 
in the case of Noorsarai the loss was low as 
3.37 and 4.82%. The gross economic loss was 
higher in Biharsharif (11.0%) than Noorsarai 
block (9.73%) (Table 4). 

Post-harvest losses at wholesaler's level: On 
weight and number basis, the post-harvest 
losses at wholesaler's level were 12.40% and 
9.37%, respectively in these two markets of 
Biharsharif and Patna. The higher PHL at 
wholesaler's level vis~a-vis at farmer level 

Table 4. Post-harvest losses in potato at farmer's level in Biharsharif and Noorsarai block in Nalanda district of Bihar 

Block Total Weigllt & average Post-harvest losses in perceIltages 
samples number of tuber _____________________________ _ 

Bihilfsharif 15 
Noorsarai 15 
Bihar state 30 

per sample 
------ Losses due to Lasses due to 
Weight Average Cllt tubers diseased 

(kg) No. of tubers 

5 
5 
5 

tubers ------

117 
131 
124 

Weight No. 
basis basis 

5.21 6.00 
3.37 4.82 
4.26 5.35 

Weight No 
basis basis 

2.44 2.12 
3.71 3.91 
3.00 2.94 

Losses due to 
cracking in 

tubers 

Weight No. 
basis basis 

5.83 4.27 
5.35 4.57 
5.58 4.43 

~Worked out as percentages of the total value of the total quantity of the sample 

Total 
PHL 

Weight No. 
basis basis 

13.48 12.39 
12.43 13.30 
12.84 12.72 

Total 
economic loss~ 

% 

Gross 
loss 

11.00 
9.73 

10.24 

Net 
loss 

4.03 
5.69 
5.04 

Table 5. Post-harvest losses in potato at wholesaler'S level in Biharsharif market and Paffia market in Bihar during 2001 

Market Total Weight &: average Post-11arvest losses in percentages 
number number of tuber 

of per sample 
saLnples Losses Losses due to Total Total 

Weight Average due to diseased PHL economic loss~ 
(kg) Number cut tubers tubers % 

of 
tubers Weigllt No. Weight No Weight No. Gross Net 

basis basis basis basis basis basis loss loss 

Biharsharif 5 5 115 3.70 3.31 2.10 0.48 5.80 5.40 5.80 3.14-
Pama 6 5 146 14.34 11.50 3.58 0.46 17.92 11.96 14.74 7.58 
Bihar state 11 5 132 9.50 8.26 2.90 1.10 12.40 9.37 10.54 5.50 

*Worked ont as percentages of the total value of the total quantity of the sample 
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could be attributed to the fact that the farmers 
did not sort out the cut and diseased tubers 
effectively and fully. But in Pama market, the 
losses were significantly higher being 17.92 

and 11.96 per cent. This could also be probably 
due to distant transportation from other 
districts and cultivation of Kufri Sindhuri 
variety having small tubers. The gross and net 
economic losses were 10.54 and 5.50 per cent 
in the two markets of Biharsharif and Pahla 
(Table 5). 

Post-harvest losses at Retailer's level: The 
post-harvest losses (PHL) at retail level are 
presented in Table 6. The post-harvest losses 
have been worked out on tl).e basis of a sample 
of 19 retailers 05 samples for Kufri Sindhuri 
variety and only 4 samples for Kufri Jyoti 
variety) in Patna market and only 5 retailers 
(Kufri Jyoti variety) in Biharsharif market 
(Nalanda district). The losses at retail level 
were 9.45 and 17.58 % on weight and number 
basis, respectively. The post-harvest losses on 
number basis in Pahla market were much 
higher (almost double) because of the smaller 
ruber size of cv. Kufri Sindhuri while losses 
were less in cv. the Kufri Iyoti, which is mainly 
cultivated in Nalanda district, having larger 
tuber size relative to Kufri Sindhuri and long 

Marketing & post-h<ln't:'st losst:'~ 

distance transportation from Biharsiuif to 
Patna market. 

Overall Post-harvest losses in Potalo: The 
highest percentage of post-harvest losses on 
over all basis in potatoes takes place due to 
the tubers being subjected to cuts during 
harvesting. Overall post harvest losses were 
13.16 per cent on weight basis and 11.75 per 
cent on number basis due to cut tubers at 
farmers, wholesaler and retailer levels. Disease 
incidence also caused losses to the tune of 
8.10 per cent on weight basis and 10.65 per 
cent on number basis respectively at farmers, 
wholesaler and retailer levels. MandaI and 
Dasgupta (6) also worked out post harvest 
losses in 3 markets of West Bengal for potato 
and found that, on an average, total post 
harvest losses were 12.21 percent. Post harvest 
losses due to cracking of tubers have also 
been estimated to be 5.58 % on weight and 
4.43 % on number basis at all tluee levels. 
Economic losses were also estimated due to 
all kind of losses at all three level and it came 
to be 5.6%. 

Potatoes also suffer from post-harvest 
losses during storage in cold stores for longer 
periods. Martinez and Martinez (7) estimated 
post-harvest losses in Irish potatoes between 

Table 6. Post-harvest losses in potato at retailers' level in l'atna and Biharsharif market ill Bihar during 2001 

Market Total WeigM & average Post-harvest losses in percentages 
number number of tuber 

of per sample 
samples Losses Losses due to Total Total 

Weight Average due to diseased PHL economic loss" 
(kg) Number cut tubers tubers % 

of 
tubers Weight No. Weight No Weight No. Gross Net 

basis basis basis basis basi's basis loss loss 

Patna 19 5 132 7.34 ]5.13 2M 4,36 9.78 19.49 9.40 6.20 
Biharsharif 5 5 117 5.20 3.09 3.00 7.23 8.20 10.32 7.61 5.53 

Bihar State 24 5 :1.29 6.90 1:2 .• 70 2.55 4.88 9.45 17.58 8.95 6.03 

*Worked out us percentages of the total value of the tutal quantity of the sample 
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27 and 54 % depending on the storage period 
during the marketing process. They observed 
major losses at the farm level especially when 
storage is required. The study report (4) 
estima ted the cold storage losses are 
approximately 5 percent of the total quantity 
stored and may go up to 50 percent if the 
power supply is disrupted for 10 to 15 days. 
Dahiya et aI. (1) reported post-harvest losses 
in indigenous storage methods, which were 
8.6% for katchi lzodi (pitt 9.1 % for pakki '1Odi, 
8.5% for field heaps, 6.5% for kotha (room) 
storage and 5.1 % for talghar (basement) store 
relative to the total quantity of potatoes stored. 
Subrahmanyam (8) reported 5.40 percent post­
harvest losses in potatoes in developing 
countries. The post-harvest losses in vegetables 
also result in increase in the transportation 
cost and hence the price paid by consumers. 
Gauraha (3) reported that the maximum post 
harvest loss was observed to be in tomato 
(32.64%) followed by cauliflower (22.36%) and 
potato (19.79%). The causes of losses were the 
practices followed in post harvest handling, 
the standards of materials, facilities used for 
storage, packing and transportation that were 
outdated and were contributing directly to 
the post harvest losses. Mani (5) discussed the 
factors which influenced the post-harvest 
losses as: i) improper handling and storage 
led physical damage due to tissues breakdown, 
ii) mechanical losses include bruising, cracking, 
cuts, etc. 

CONCLUSIONS 

Nalanda district of Bihar stands first in 
area under potato and potato production in 
the Bihar state. Studies conducted on the 
estimation of post harvest losses in potato 
showed that the major quantity (60.0 %) was 

sold in the market at the hands of wholesalers 
due to inadequate cold storage capacity in the 
area. In all, the significant post-harvest losses 
were found at farmers level, wholesaler and 
retail level due to cuts and cracking of tubers. 
A number of concerted measures at research 
level and improvement of harvesting 
techniques as well as storage facilities need to 
be undertaken for reduction of post-harvest 
losses and improvement of potato crop in 
Bihar. 
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RESPONSE OF POTATO TO SOIL MOISTURE AND 
TEMPERATURE AS AFFECTED BY DIFFERENT 

MULCHES 

S.P. Uniyal and AC. Mishra1 

ABSTRACT: Five locally available mulch materials, viz., wheat straw, green twigs, FYM, Piltu (dry ll'!aves of Pinus roxbUl;ghiJ) 
and forest litter were applied in potato cv. Kufri Jyoti. It was found that the mulches had significant influence on soil moisture, 
soil temperature, plant height, fresh shoot weight, tuber weight, number of tubers per plant and tuber yield. Mulching wilh 
FYM was found most efficient to increase the soil moisture, soil temperature, plant height, fresh shoot weight, tuber weight and 
tuber yield followed by forest litter, Cutworm incidence in tubers was low in plots mulched with green twigs, pillu, forest litter 
and wheat straw. Correlation coefficients indicated that higher tuber yield in plots mulched with FYM and forest litter was due 
to their ability to conserve high soil moisture and reduce maximum soil temperature favouring plant growth and tuber bulking, 
respectively. 

INTRODUCTION 

In hills, potato is grown as rainfed crop in 
summer from March to September, The rainfall 
in hills, although is more than evaporation yet 
the potato crop suffers from water stress 
during early stages of its growth and excess 
water during later stages of plant growth. In 
mid hills of Uttaranchal, there is surplus of 
about 120 cm annual rainfall, which could be 
harvested and conserved for its effective use. 
Mulching of crop is one of the efficient means 
to conserve the moisture. In addition, it reduces 
the soil temperature and increases the tuber 
yield (4,5,6,7,8). Although, irrigation of crop 
gave better results in terms of tuber yield 0,6) 
yet mulching is one of the methods to 
supplement con~erved moisture of rains to 
the crop plants in rainfed areas. Evaluation of 
some mulch materials with good soil moisture 
conservation and soil temperature regulation 
ability is thus imperative. Some earlier works 
(2,3,9) have been done in potato with same 

objective but the information under rainfed 
conditions of Uttaranchal is lacking. 

MATERIALS AND METHODS 

The experiment was conducted during 
summer seasons of 1998, 1999 and 2000 in 
mid hill conditions of Uttaranchal (2000 m 
altitude, 30015'N longitude and 78°52'E 
latitude) with five locally available mulch 
materials, viz., wheat straw, green twigs of 
non-fodder tree species, FYM, Piltu (dried pine 
needles) and forest litter using potato cv. Kufri 
Jyoti. The crop was raised in randomized 
complete block design with three replications. 
The sprouted healthy tubers were planted in 
first week of March at a spacing of 60 x 20 em 
following recommended cultural practices. 
Different mulch materials were applied in 
furrows in a thickness of about 8-10 em, just 
after planting the hlbers along with control 
(no mulching), Data recorded in three 
successive years were pooled and analyzed to 

lG.B. Pant University of Agriculture and Technology, Hill Campus, Ranichauri-249 199 (Uttaranchal) 
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estimate the efficacy of different mulch 
materials for soil moisture conservation, 
decrease in soil temperature, emergence (after 
35 days of planting), plant growth and various 
plant and yield parameters (after 121 days of 
planting). Soil temperature was noted between 
10 to 11 a.m. from about 10 cm soil depth and 
the soil samples were taken between 11 to 12 
noon to determine the soil moishlre content. 

RESUL TS AND DISCUSSION 

Analysis of variance and mean values of 
treatments for different characters indicated 
that mulching had pronounced effects on soil 
moisture, soil temperature, emergence, plant 
growth and tuber yield characters (Table 1). It 
was found that all the mulches had comparable 
influence on soil moisture and temperature, 
tuber weight and tuber yield but mulching 
with FYM was found to be the most favourable 
for tuber yield (313.83 q/ha), tuber weight 
(61.51 g), fresh shoot weight (310.00 g), plant 
height (44.64 em), soil moisture and soil 
temperature in May (19.40% and 18.20 DC, 

respectively), while being second most 
favourable influence on soil moisture and soil 
temperature in April (22.21% and 15.73 oC, 
respectively) after mulching with forest litter 

(22.56% and 15.30 DC, respectively). Maximum 

number of tubers per plant was recorded in 
plots mulched with Piltu (7.63) whereas, 
mulching with green twigs, piltu, and wheat 
straw drastically reduced the cutworm 
incidence in tubers (Table 1). High soil 
moisture conservation by FYM and forest litter 
could be due to high percolation of rainwater 
through their partially decomposed materials 
and less evaporation as compared to other 
intact mulches. Moreover it is likely that, 
decomposed matters may have released some 
nutrients resulting in good plant growth and 
tuber yield. Mulch materials increased the soil 
moisture by 6.33-7.41% in April and 5.24-
6.36% in May and decreased the soil 
temperature by 3.05-4.73 DC in April and 2.63-
4.34 °C in May under rainfed mid hill 
conditions. Mulches, viz., FYM, forest litter, 
green twigs, Pilttl and wheat straw increased 
the per hectare tuber yield by 65.29%, 57.67%, 
49.72%, 48.51 % and 40.02%, respectively over 
control. Beneficial effects of mulching were 
also reported by So ad and Sharma (10), Sood 
(8) and Sood and Singh (9) on plant growth 
and tuber yield and Sood (7) and Sharma and 
Upadhyay (2) on soil moisture and 
temperature. 

Table 1. Effect of different mulch materials on soil moisture, soil ten1perature and plant performance in potato cv. Kufri Jyoti 
(pooled over three years) 

Mulch Soil Soil Soil Soil Emergence Plant Fresh Cutworm No. of Tuber Tuber 
materials moisture moisture Temp. Temp. (%) heigbt shoot damaged tubers/ weight yield 

in April in May in April in May (em) weigbt tllbers plants (g) Ibil. 
(%) (%) fC) fC) (g) (%) (q) 

Wheat straw 21.61 18.31 16.98 19.81 78.75 36.45 135.08 17.17 7.39 51.80 265.86 
Green twigs 21.50 18.49 16.24 19.97 73.66 43.33 208.92 9.14 6.85 51.01 284.26 
FYM 22.21 19.40 15.73 18.20 79.49 44.64 310.00 29.16 5.83 61.51 313.83 
Pine needles 21.48 18.28 16.58 19.91 84.24 41.58 200.00 9.94 7.63 53.98 281.98 
Forest litter 22.56 19.31 15.30 18.45 83.12 40.96 266.58 11.85 5.20 58.84 299.35 
Control 15.15 13.04 20.03 22.54 81.16 33.62 96.66 72.39 5.08 32.42 189.86 
SEm± 1.15 1.02 0.83 1.16 1.65 2.65 6.72 5.19 0.5 4.43 33.13 
C.D. (0.05) 2.55 2.26 1.86 2.58 3.76 5.10 21.18 16.36 1.20 9.89 73.87 
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RespoIlse to soil moi~hll"t.' & temperature 

Table 2. Correlation coefficients among different soil and plant characters as influenced by mulches in cv Kufri Jyoti 

Mulch Soil Soil Soil Emergen,-e Plant Fresll Cutworm No. of Tuber Tuber Tuber 
materials moisture Temp. Temp. (%) height shoal d.lm.lged tubers! r'veigh! Field! yield 

in May in April in May (em) weight tubers plants (g) pliJDt Iha. 
(%) fC) fC) (g) (t;;) (g) (ql 

Soil moisture in 0.997** -0.973** -0.928*' -0.083 0.764 0.736 -0.923-- n.371 O.9b2" OJl'l3* 0.9.59'" 
April (%) 

Soil moisture in -0.982'" -0.948*- -0.102 [) 803" 0.784 -0.897- 0.32<) (l.9S0" O.Y26** 0.978'" 
May (%) 

Soil Temp. In 0.957" 0.063 -0.838' -0.850' 0.871' -0.232 -().'-J79'· -0.439'" ..(l.9Sl·' 
April (UC) 
Soil Temp. in -0.029 -0.782 -0.895' 0.725 -0.016 -0.989" -0.'-)23'" -0.966" 
May(OC) 
Germination (%) -0.211 0.037 0.127 -0.423 -0.066 ·0.208 -0.072 

Plant height (em) 

Fresh shoot weight (g) 

Cutworm damaged 
tubers (%) 
No. of Tubers/ plant 

Tuber weight (g) 

Tuber yield/ plant (g) 

" .* SignifIcant at 5% and 1%, respectively. 

Differential response of mulches on 
different soil and plant characters necessitated 
to find out the relationships between them 
and causes of influences of the mulches. 
Correlation coefficient values indicated that 
tuber yield was positively and significantly 
associated with soil moisture, plant height, 
fresh shoot weight and tuber weight whereas, 
soil temperature and cutworm damaged tubers 
established significantly negative relationship 
(Table 2). Positive correlation of soil moisture 
with tuber weight, plant height and fresh 
shoot weight was due to increased plant 
growth and photosynthetic efficiency resulting 
in accumulation of more foods in tubers and 
latter appeared as principal factors for high 
tuber yield. Negative correlation between soil 
temperature and soil moisture led to conclude 
that low soil temperature was due to cooling 
effect of high moisture in soil. 

0.890' -0.658 0.257 0.834' [l.9S1" 0.834* 

-0.51 I -0.162 0.878' 0.919" 0.8<)0' 

-0.636 -0.797 -0.742 ·0.822' 

-0.156 0.206 0.224 

0957'· 0.991"-

0.977'" 

The study revealed that organic manures 
such as FYM, forest litter, etc. with high 
moisture conservation efficiency could be 
recommended as mulch in potato crop under 
rainfed mid hill conditions of Uttaranchal. 

317 

LITERATURE CITED 

1. Anonymous, 1978. A1I1lual Scientific Report, leAR 

Research Complex for NEB Region, Shillong, pp. 

110-14. 

2. Sharma, R.C. and N.C. Upadhyay. 1990. Nitrogenous 

fertilizers for potato and their transformation in soils. 

Annual Scientific Report, CPRI, Shimla, pp. 36-40. 

3. Singh, K and KS. Sethi. 1966. Effect of different 

mulching materials on various responses of potatoes 

(Sola1!um tuberoslim L.). Punjab Hart. J. 6: 169-76. 

4. Singh, M., L.c. Sikka and B.B. Nagaich. 1977. 

Changing concepts and practices for production of 

seed potato in India. j. Indian Potato Assoc. 4: 54-63. 



S.P.UnivaJ & A.e.Mishra 

5. Singh, M., RC. Sharma, J.S. Grewal ilnd L.e. Sikka. 

1975. W,1ter m,magemcl\t for potato crop in Shimla 

hills. lndirll! T- Agnc. Sci. 45:116-23. 

6. Sood, M.e. 198b. Effect of supplemental irrigation, 

mulching and nitrogen levels on growth, yield and 

nutrient uptake of potato in Shimla hills. Indian J. 
Agl'ic. Sci. 56: 47-55. 

7. Sood, M.C. 19118. Water optimization and its 

requirement in potato crop. Alll/lial SciClltific Report, 
CPRI, Shimla, pp. 87-99. 

318 

S. Sood, M.e. 1983. Soil, water and NP&K losses and 

their control in Shimla hills. In: Potato production, 
Momge and IItilizatioll. (B.B. Nagaiah, Ed.), pp. 232-

42, Central Potato Research Institute, Shimla. 

9. Sood, M.e. and N. Singh, 1990. Water optimization 

and requirement of potato crop. Anllual Scientific 

Report, CPRJ, Shimla, pp. 52-55. 

10. Sood, M.e. and RC. Sharma. 1985. Effect of pine 

needle mulch on tuber yield and fertilizer economy 

of potato. J. Indian Soc. Soil Sci. 33: 141-44. 

MS Received: 27.09.2002 



]. Indian Potato Assoc. 30 (3 - 4) : 319-320, 2003 

SHORT NOTE 

POTATO INTERCROPPING WITH GARLIC IN 
RAINFED MID HILLS OF UTT ARANCHAL 

R.v. Singh, S. Johri, Y.N. Tripathi and A.C. Mishra1 

Potato is grown as rainfed crop in mid 
hills of UUaranchal during summer. It is 
planted in March and remains in field up to 
August. There is no other crop that can be 
harvested in February-March to vacate the 
field for potato planting. Because of this, field 
for planting the potato is rendered fallow 
throughout the winter. This is uneconomical 
for the farmers of this region. Therefore, 
intercropping practices become indispensable. 
No compatible inter-cropping systems have 
been evaluated so far in this region. October 
planted garlic gives a standing crop during 
March for intercropping with potato. 
Suitability of potato in intercropping has been 
proved (1, 2, 3, 4, 5). Keeping this in view the 
present investigation was carried out to 
observe the suitability of inter cropping of 
potato with garlic in the region. 

The experiments were conducted during 
rabi 2001 and 2002 at Ranichauri, the mid hill 
conditions of Uttaranchal (2000 m altitude) 
with potato cv. Kufri Giriraj and a local cultivar 
of garlic. The experiment was laid out in 
randomised complete block design with six 
replications. The garlic was planted on 16 
October at a spacing of 30 x 10 cm and potato 
was planted on 10 March at spacing of 60 x 20 
em in such a way that one and two rows of 
garlic could be adjusted in between two rows 

of potato. Intercrops were grown along with 
pure cultures of these crops following 
recommended cultural operations for both the 
crops, separately. For raising the garlic crop, 
20 tonnes FYM and a basal dose of NPK @ 40: 
60: 80 kg/ha was applied in form of urea, SSP 
and MOP, respectively. During the planting 
of potato, NPK through same sources were 
applied @ 100:60:80 kg/ha, respectively. Data 
of two years on different parameters of both 
the crops were pooled. The economics of the 
cropping systems wer~ calculated considering 
usual market rate of produce (i.e. potato @ Rs 
300/per quintal and garlic @ Rs lOOO/per 
quintal) and inputs. 

Results indicated that the treatments did 
not differ significal1tly for the most of 
parameters except> 75 g tuber yield in potato 
and garlic yield. Maximum total tuber yield 
and yield of large tubers (>75 g) were recorded 
in pure culture of potato. Similarly, garliC 
produced significantly higher yield of bulbs 
(87.97 q/ha) in pure culture as compared to 
intercropping. Yield of tubers of <25 g, 25-50 
g, 50-75 g, total tuber yield and percentage of 
emergence in potato did not differ significantly 
however, pure culture of the crop gave the 
best results for these parameters except yield 
of tubers of 25-50 g i.e. 55.83 q/ha as compared 
to 62.94 q/ha in one row of garlic between 

I Deparhnent of Vegetable Science, G.B. Pant university of Agriculture and Technology, Hill Campus, Run.ichauri-
249 199 (Uttaranchal) 
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Table 1. Performance of potato and garlic in intercropping 

Treatmellts Potato 
Emergence 

(<;;) <25g 25-50 g 
fubers tubers 

Pure potato 91.50 42.21 55.83 
l'ure garlic 

2 rows of potato + 90.17 39.90 62.94 
1 mw llf garlic 

2 wws L1f potato + 89.67 34.72 60.61 
2 rows of garlic 

S.Em. (±) 0.75 7.62 6.82 

CO (0.05) NS NS NS 

two rowS of potato and 60.61 q/ha in two 
rows of garlic between two rows of potato. 
Decreased tuber yield in potato under 
intercropping were also reported by Verma 
and Yadav (6). Slight reduction in performance 
of potato under intercropping might be due to 
inadequate tilth for the crop and increased 
competition for the nutrients. Maximum bulb 
yield in pure garlic could be due to roore 
plant population. Although, in 2 rows of potato 
+ 2 rows of garlic system the plant population 
of garlic was equal but the bulb and tuber 
yields in garlic and potato, respectively were 
drastically decreased due to increased 
competition for nutrients and space. The 
performance of garlic in intercropping system 
of one row of garlic between two rows of 
potato could be due to less number of plants 
accommodated in an .unit area. Incidence of 
cut worm, Epilachna beetle and white grubs 
was also observed in intercropped potato. This 
might have happened due to insecticidal effect 
of garlic. 

The economics of the cropping systems 
indicated that net monetary return was highest 
Rs 45766/ - when one row of garlic was grown 
in between two rows of potato <Table 1). The 
potato yield was more or less equal in both of 
intercropping systems however, 1 row of garlic 

Tuber yield (qlha) Net 
monetary 

50-75 8 >75 8 Total tubers Garlic bulb retum 
tubers tubers yield yield fRs/hal 

76.93 63.31 238.87 31661 
87.97 37970 

72.71 60.87 236.42 29.84 45766 

68.37 50.25 213.95 42.60 26075 

7.35 5.30 19.36 12.66 

NS 16.71 NS 32.01 

between 2 potato rows, garlic yield was higher 
with marginal expenditure. Singh row of garlic 
between two rows of potato proved to be 
suitable intercropping practice in rainfed mid 
hills of Uttaranchal with respect to integrated 
use of nutrients, land, moisture, better 
performance of the crops, less incidence of 
insect-pests and high remunerative yield. 
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SHORT NOTE 

INFLUENCE OF DIFFERENT NAND P LEVELS 
WITH AND WITHOUT BID-FERTILIZER ON N, P 

CONTENT, UPTAKE AND YIELD OF POTATO CV. 
KUFRI JYOTI 

5.5. Kushwah1 and R.N.S. Banafar 

Malwa region of Madhya Pradesh 
particularly Indore and Ujjain districts have 
distinguished place in production of potato 
(Solanum tuberoSllm 1.). The region produces 
two crops of potato i.e. an early crop from 
middle of September to middle of December 
and main season crop from October to 
January /February. Kufri Jyoti is the 
predominant variety occupying nearly 90% of 
the potato area. Potato is a heavy feeder of 
nutrients and requires large quantity of 
fertilizers. Varying yield responses to fertilizer 
application have been reported by Sharma 
and Grewal (7) and Sharma (6). Chemical 
fertilizer besides being costly poses serious 
threat to the soil and environmental health. 
Bio-fertilizers are eco-friendly and cheap 
source of nutrients (3) and need to be evaluated 
for potato crop in this region. Hence, present 
experiment was undertaken to study the effect 
of different N, P levels with and without bio­
fertilizer on potato cv. Kufri Joyti. 

A field experiment was conducted during 
Rabi 1994-95 at Research· Farm, College of 
Agriculture, Indore. The soil of the 
experimental site was clayey in texture 

(vertisols). Initial status of experimental soil 
had pH 7.5, EC 0.5 dsm'l, organic carbon 
0.55%, available N - 220 kg/ha, P - 9.6 kg/ha 
and K 520 kg/ha. The following eight 
treatments were laid out in randomized block 
design with four replications. 
Tl - Control (no fertili:ler) 

T2 - Azotobacter + Phosphate solubilising bacteria 

T
J 

- 150 kg Nha· l + PSB 

T~ - 80 kg PzOsba·l +A:;.otobacter 

T5 - 75 kg N ba· l + 40 kg PP; hu') + A::.otobacter + 
PSB culture 

T6 - 150 kg N ha·l + 40 kg ppsha') + PSB culture 

T7 - 75 kg N ha·l + 80 kg P~05ha"l + Azotobacter 
culture 

Ts - 150 kg N ha-l + 80 kg ppsha"l 

Healthy and sprouted potato tubers treated 
with Mancozeb (0.2%) solution were planted 
at an inter and intra row spacing of 60 and 20 
cm respectively. Fifty percent of Nand 100% 
of P

2
0

S 
was applied at planting and remaining 

N was top dressed on 40th day after planting. 
Bio-fertilizers, viz. Azotobacter and Phosphate 
Solubilising Bacteria (PSB) culture each @ 3 
kg/ha were mixed with 50kg well sieved FYM 
as per treatment and applied to the root zone 
of the crop at 20 days after planting. The same 

IDepartment of Vegetable Crops & Floriculture, JNKVV, Jabalpur-482 004 (Madhya Pradesh) 
2Department of Horticulture, College of Agriculture, Indore-452 001 (Madhya Pradesh) 
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quantity of FYM i.e. 50 kg/ha was also 
incorporated with TI and Tx treatments to 
ensure the uniformity. A basal dose of 120 kg 
Kp /ha was applied with each treatment. 
Nitrogen, phosphorus and potassium were 
given in the form of urea, single super 
phosphate and muriate of potash respectively. 
Composite soil sample was collected before 
planting for analyzing initial nutrients status 
of the soil. Potato haulm and tuber were 
collected at harvesting stage from each 
treatment. These haulm and tuber were 
washed, dried in oven and grounded in 
stainless steel Wiley mill then passed through 
40 mesh sieve and there after used for analysis 
as per standard procedure. The total nutrients 
uptake was calculated by multiplying Nand 
P concentration of haulm and tuber with their 
dry matter yield, respectively. 

Dry Matter Production: The data presented 
in Table 1 showed significant difference for 
dry matter production under various 
treatments at harvesting stage. Use of 150 kg 
N + 80 kg pps ha·1 produced maximum dry 
matter of haulm (26.72 q ha-1) and tuber (59.51 

q ha· l ) at harvest stage. It was significantly 
superior over other combinations. The 
treatment T h' T 7 and To were comparable which 
produced 23.16 qha-\ 22.41 q ha-1 & 20.85 q ha­
l haulm dry matter at harvest stage 
respectively. Tuber dry matter production at 
harvest stage under T6 (53.48 qha-1) and T7 
(51.88 qha-1) were at par, it decreased 
significantly under T5 (44.07 qha-1

). The latter 
(Ts) exhibited non-significant difference with 
T4 and T3 for haulm and tuber dry matter 
production. Soil inoculation with Azotobacter 
and PSB culture also registered markedly 
higher haulm and tuber dry matter over 
control. Shanmugasundaram and Savithri (4) 

and Mahendran and Kumar (3) have also 
reported the increased dry matter production 
with the application of bio-fertilizer and 
increasing levels of fertilizers. 

Tuber Yield: Potato tuber yield as depicted in 
Table 1 was markedly influenced by different 
fertilizer doses. Application of 150 kg N + 80 

kg P 205 ha-1 gave significantly higher yield 
(278.14 q ha-1) over other combinations. Tuber 
yield obtained under T(, (265.30 q ha-1

) and T7 
(259.18 q ha-1) were at par. Whereas, use of 75 

kg N + 40 kg P 20S along with Azotobacter and 
PSB culture (228.38 q ha-1

), 150 kg N + PSB 
culture (223.92 qha-1) and 80 kg P

2
0

S 
+ 

Azotobacter culture did not differ significantly. 
Dual inoculation of soil with Azotobacter and 
PSB culture showed pronounced improvement 
in yield (151.95 q ha-1) as compared to control 
(133.58 q ha-1). This increase in yield may be 
attributed to increased availability of Nand P 
in the soil, which led to their enhanced 
absorption resulting in increased yield. These 
findings are in conformity with the findings 
of Mahendran and Chandramani (2) and 
Shanmugasundaram and Savithri (4). 
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Nitrogen content and uptake: A perusal of 
the data (Table 1) revealed that N content and 
uptake of haulm as well as tuber differed 
significantly in different treatments at harvest 
stage. The nitrogen content of hauhll and tuber 
increased with increasing level of nitrogen 
fertilizers. Highest N concentration of haulm 
(2.36%) and tuber (1.89%) at harvest stage was 
found with the application of 150 kg N+ 80 kg 

pps ha-1
• It was followed by T6, T7, Ts, T3, T4 

and T2• Lowest N content of haulm as well as 
tuber was recorded in control. Similarly 
highest uptake of N in haulm (63.06 kg ha-1

) 

and tuber (112.47 kg ha-1) at harvest stage was 



N,P levels & biofl2rtilizaer llll llptake and yield 

Table 1. Effect of different treatments on N, P content, uptake and dry matter and hlbcr yield in potato 

Treatment Dry matter (q ha-J) Tuber N-Colltellt (~T-) N-upfake (kg ha-') P-C'ontC'nt «;) P-uptJke (kg hir'l 
yield 

hau/m tuber total (q h,1-' ) haulm tuber hauim tuber ilJu/m lllbC'r hau/Ill tuber 

T, 11.45 22.73 34.18 133.58 1.64 

To 15.68 28.85 44.53 151.95 1.81 

T3 19.74 43.05 62.79 223.92 2.07 

T. 18.35 42.52 60.87 22174 1.98 

T, 20.85 44.07 64.92 228.38 2.08 

To 23.16 53.48 76.64 265.30 2.20 

T7 22.41 51.88 74.29 259.18 2.15 

T8 26.72 59.51 86.23 278.14 2.36 
SErn ± 1.05 1.83 3.95 0.05 

eDoo; 3.08 5.38 11.63 0.14 
Mean 19.11 43.26 220.27 2.03 

recorded with the use of 150 kg N+ 80 kg pps 
ha-1 which was more than other combinations. 
It was observed that treatments with same 
level of N dose showed increased N content 
and uptake with increased P application. 
Sharma and Sharma (5) have reported positive 
interaction between P and N on N uptake. 
Earlier workers (I, 4) have reported increased 
N content and uptake with increasing fertilizer 
levels. 

Phosphorus content and uptake: The haulm 
and tuber of potato collected at harvest stage 
were analyzed for P content and uptake (Table 
1). The concentration of P in potato haulm 
and tuber varied significantly and showed 
increasing trend with increasing level of P 
fertilizers. Highest P content in haulm (0.47%) 

and tuber (0.31%) was observed with the 
application of 150 kg N + 80 kg P20 S ha-1 

followed by 75 kg N + 80 kg P20 S ha-1 + 
Azotobacter (T7) and 150 kg N + 40 kg P20 S + 
PSB (T

6
). Lowest P content was recorded in 

control. Increasing level of P fertilizer resulted 
in improved uptake of P by haulm and tuber. 
Maximum P uptake by haulm (12.56 kg ha-J ) 

and tuber (14.17 kg ha-1) at harvest stage WaS 

recorded with 150 kg N + 80 kg PzOs ,which 

1.02 18.77 23.18 0.24 0.14 2.75 3.18 
1.34 28.38 38.66 0.2Y 0.20 455 5.77 
1.58 40.86 68.02 0.30 0.~2 5.Y2 gA7 
1.41 3633 59.95 1l.36 0.26 {i.60 1 LOS 
1.61 43.37 70.95 0.32 025 h.b7 11.02 
1.76 50.95 94.12 OA3 0.2(1 '1.46 B.liO 

1.68 48.18 87.1fi OA5 0.2.8 10.0B H53 
1.89 63.06 112.47 0.47 OJ1 12.56 18.45 
0.03 2.08 3.25 o.m 0.01 O.S3 O.Bo 
0.08 6.11 9.56 0.04 0.03 1.~5 8253 
1.51 39.67 68.11 O.3b ll.2.3 7.18 10.80 

was significantly more than the other 
treatments. Soil inoculation with Azotobacter 
and PSB culture also increased P uptake 
significantly compared to the control having 
lowest P uptake of 2.75 kg ha-1 (haulm) and 
3.18 kg ha- l (tuber) at harvest stage. The 
treahnents with same level of P applied with 
higher N dose had enhanced P concentration 
and P uptake by both haulm and tubers. 
Similar observation was made by Sharma and 
Sharma (5). Phosphorus applied at higher 
levels might have made nutrients easily 
available to the plant roots and resulted in 
higher P contents in haulm and tuber. This 
coupled with high dry matter production may 
be attributed to higher P uptake by haulm 
and tuber of potato_ These results are in 
agreement with the results obtained by earlier 
workers 0, 4). 
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It may be concluded that higher potato 
yield could be obtained with the application 
of 150 kg N + 80 kg P 205 ha-J 

I and application 
of Azotobacter and PSB culture is beneficial in 

I 

increasing dry matter, Nand P content and 
uptake by haulm and tuber and tuber yield of 

potato. 
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SHORT NOTE 

EFFECT OF DIFFERENT FERTILITY LEVELS ON 
SPECTRAL CHARACTERISTICS, GROWTH AND 

YIELD OF POTATO CV., KUFRI BAHAR 

D.P. Shahi, Suman Kumar!, N.P. Singh and A.K. TiwarF 

Ground based radiometric measurements 
have been successfully used to assess crop 
condition over various crops. The low 
reflectance and transmittance of visible 
radiation is attributed to the high absorption 
by leaf pigments, primarily the chlorophyll. 
However, these pigments are highly 
transparent to infrared radiation and the 
internal cellular structure of leaf appears to 
determine the high reflectance at these 
wavelengths. Accurate assessment of growth 
and condition for spectral measurement will 
require further understanding of the 
relationship between crop development and 
spectral response (4). The present study was 
aimed to observe the spectral characteristics, 
growth and yield response of potato to the 
applied nitrogen and phosphorus doses. 

A field experiment was conducted on 
sandy loam soil at Vegetable Research Center 
of G.B. Pant University of Agric. & Tech., 
Pantnagar, during rabi season of 1998-99. The 
treatment consisted three levels of nitrogen 
(75, 150 and 225 kg N ha-1) and three levels of 
phosphorus (50, 100 and 150 kg P20S ha-1

) in 
potato variety Kufri Bahar with randomized 
block design. Spectral reflectance was 
measured using a multi-band ground truth 

radiometer (model/041) in four bands of 
spectral region, viz., 450-520, 520-590, 620-680 
and 770-860 nm blue, green, red and infra­
red, respectively after 6,8,10 and 12 weeks 
after planting. 

Spectral characteristics 

The general trend showed that under the 
treatment NUSP100 (225Kg Nand lOOKg PP/ 
ha), the percent blue reflectance (PBR) value 
was minimum and under the treatment N75P 50 

(75Kg Nand 50Kg PzO/ha) it was maximum. 
It clearly indicated that the PBR value 
decreased almost significantly with increasing 
levels of fertilizer dose. 

From the Table 1 it can be inferred that at 
high doses of fertilizer application, reflectance 
was less, but at low dose of fertilizer more 
reflectance was found. Increase in reflectance 
could be attributed to to the fact that light 
absorbance in this spectral region is greatly 
affected by pigment concentration which 
depends on the nitrogen concentration. 
Lowering the nitrogen content leads to 
decrease in the chlorophyll and consequently 
a reduced absorbance of radiation (hence an 
increase of reflectance) (l).The percent green 
reflectance (PGR) also decreased with 

1 Department of Soil Science, G.B. Pant University of Agriculture & Technology, Pantnagar-263 145 (Uttaranchal) 
2 Department of Vegetable Science, G.B. Pant University of Agriculture & Technology, Pantnagar-263 145 (Uttaranchal) 
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Table 1. Percent blue reflectance (PBR) and percent green reflectance (PGR) of potato (ev. K. Bahar) as influenced by different 
fertility levels at various growth stages 

Weeks after planting 
Tre,ltmeIlts 6 8 

POR PGR PBR 

NL"" 22.47 25.14 21.45 

NP';'311111 23.87 2613 21.25 

NP_;"" 20.00 24.67 20.46 

NP j ;'J'1tl 19.78 24.00 20.29 

NPFUlllll 1'J.OO 23.02 20.18 

NP1~lil::;U Hl.92 23.47 20.27 

NP""" ]8.15 21.47 18.61 

NI':;2:;W'1 17.00 22.15 17.29 

NI':Ci,·.1I 18.04 22.25 18.30 

S.Em. ± 0.75 0.67 0.42 
CD = 0.05 2.25 2.00 1.25 

increasing levels of fertilizer (Table 2). The 

values observed for PGR over plant canopy 

on each of observation were higher in 

comparison to value obtained for per cent 

blue reflectance (PBR) and per cent red 

reflectance (PRR), because in the visible portion 

of the spectnlln, most of the energy striking a 

green leaf is absorbed and very little is 

transmitted through the leaves. The low 

reflectance in blue and red reflectance region 
is due to much absorption by leaf (3). 

Table 2 shows that the application of 

NlsllDUr N15l150r N225PSO' N22l lUO and NnsP150 

levels of fertilizers significantly decreased PRR 

10 12 
PGR POR PGR PBR PGR 

26.00 22.34 33.17 23.83 36.27 

27.26 2].85 28.43 23.89 27.45 

26.56 21.40 28.00 23.40 26.00 

N.96 21.55 27.72 22.79 26.18 

23.18 20.00 24.96 22.45 25.93 

23.13 21.00 24.00 22.00 25.82 

22.08 19.83 23.37 21.37 24.11 

22.00 19.45 23.00 20.17 24.73 

23.25 ]8.30 23.80 21.00 23.00 

0.88 
2.40 

0.36 0.81 0.65 0.48 
1.08 2.43 1.96 1.44 

of potato at all growth stages except 10 weeks 

after planting as compared to lowest dose of 

fertilizer (N75PSO)' It was also observed that 

PRR values of potato decreased at increasing 

levels of fertilizer doses. At the same time, the 

value of leaf area index, and chlorophyll 

content showed increasing values with 

increasing levels of fertilizer that was in 

accordance to the above results. Similar results 

were reported by Mahey et aI. (5) in maize 

crop. 

The percent infra-red reflectance (PIRR) 

values increased with increasing doses of 

fertilizer but statistically non-significant 

Table 2. Percent red reflectance (PRR) and percent infra red reflectance (PIRR) of potato (cv. K. Bahad as influenced by 
different fertility levels at various growth stages 

Weeks after l!!aIltins. 
Treatments 6 8 10 12 

PRR PIRR PRR PIRR PRR PInR PRR PIRR 

NP75~l) 21.71 41.63 18.36 47.00 19.95 44.76 21.13 43.00 

NP"lOO 20.00 41.86 17.61 46.91 19.00 45.01 21.00 43.05 

NP'5150 18.47 42.73 17.20 47.70 19.83 45.11 20.00 44.00 

NFI");II 19.82 42.51 17.61 48.69 18.76 46.00 20.97 43.71 
NP1C'iIJ1fJO 17.68 42.86 16.97 47.90 18.05 46.36 19.50 45.03 

NPnll-5l) 18.00 43.20 15.31 49.63 17.82 47.00 19.00 45.05 
NP2);;O 14.93 43.50 15.00 49.00 17.15 47.11 18.00 45.36 

NP;U;lIJ\l 16.36 43.82 14.91 50.07 16.11 48.00 18.87 45.53 
NPZZ51 5{) 14.52 44.00 14.78 50.03 16.10 47.50 17.61 46.00 
S.Em. ± 0.57 0.65 0.69 
CD =: 0.05 1.72 NS 1.96 NS NS NS 2.06 NS 
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differences were found among different 
treatments (Table 2). 

Fertilizer deficiency caused increasing 
reflectance in the visible wave length and 
reduced the infrared reflectance of canopies 
with adequate nitrogen and phosphorus 
fertilization. The changes in reflectance could 
be attributed to lower levels of chlorophyll in 
the leaves and less leaf area and ground cover. 
The blue and red reflectance decreased rapidly 
with time, due to an increase in chlorophyll 
concentration and LAI. After that it started 
increasing continuously due to senescence as 
crop matured. Chlorophylls absorb energy 
strongly in ultra violet, blue and red region of 
the electromagnetic radiations. The absorbed 
energy of this part of the spectrum is utilized 
for photosynthetic activity. The temporal 
variation of spectral parameter during the life 
cycle of the crop can represent the growth and 
development of the crop (8). For spectral 
variables the separation between a lowest and 
highest fertilized crop was found to be at 
maximum during a period of maximum 

Spectral characteristics, growth and yield of potato 

vegetative development. At early dates, when 
the percentage soil cover was low, the effect 
of stress was less recognizable because the 
spectral response of the soil dominated the 
canopy response. Late in seaSOll, senescence 
caused the difference to decrease. Spectral 
param.eters can be used to distinguish bet,vcen 
fertilized and deficient crop. 

Growth parameters: Significantly increased 
the dry weight of shoot, leaf area index (LAD 
and chlorophyll content of leaves at all the 

growth stages. Application of NU,PIS\) dose 
showed the highest mean dry weight, LAl 
and chlorophyll content in comparison to 
application of N75P 50. Which showed lowest 
dry weight, LAI and chlorophyll content. From 
the analysis of data (Table 3), it was revealed 
that there was an upward trend in the value 
of dry weight, LAI and chlorophyll content 
from 6th to 10th weeks after sowing but it 
decreased later on. Higher growth rate at 
higher level of fertilizer seems to have led to 
more synthesis and translocation of 
photosynthates to the tuber by the plants. 

Table 3. Percent shoot dry matter per plant, leaf area index (LAIl, total chlorophyll content (mg/g fresh weight) and tuber yield 
of potato (cv. K.Bahar) as influenced by different fertility levels at various growth stages 

Weeks after planting Yif!ld 

6 8 10 12 (qlha) 
Treatments Dry LA! Chlorophyll Dry LA! Chlorophyll Dry LA! Chlorophyll D.ey LAl Chlorophyll 

matter content matter content malteJ; content matter content 
(%) (mglg (%) (mglg (%) (mglg (%) (mglg 

fresh fresh fre.~h fresh 
weight) weight) weight) weight) 

N"Pso 6.80 2.50 1.85 8.25 4.00 1.91 9.52 4.70 1.26 8.89 4.00 1.10 207.7 

N7SPI00 7.00 2.80 1.89 8.68 4.30 1.99 9.75 4.80 1.78 9.00 ·1.00 1.43 210.3 

N,;P"o 7.20 3.00 1.92 8.60 4.40 2.02 10.22 5.00 1.80 9.22 4.50 1.45 201.3 

N1;oPso 7.70 3.30 1.95 9.10 4.70 2.09 10.53 5.40 1.85 9.85 4.80 1.50 262.7 

N1S0P]UO 8.10 3.36 2.05 9.70 4.90 2.14 11.25 5.60 1.90 10.50 5.00 1.52 286.3 

N]SOP]5{] 8.40 3.40 1.98 10.00 5.00 2.20 11.80 5.60 2.01 11.20 5.20 1.55 265.6 
N21SPSO 9.50 3.50 2.10 11.30 5.00 2.30 13.11 6.10 2.04 12.03 5.30 1.60 247.0 

N'2SP]OO 10.10 3.65 2.13 11.90 5.32 2.35 13.80 6.21 2.06 13.00 5.30 1.64 289.3 

NmP]5{] 10.60 3.70 2.10 12.70 5.50 2.41 13.70 6.25 2.05 13.20 5.50 1.60 274.7 
S.Em. ± 0.13 0.14 0.15 0.14 0.08 0.10 0.12 0.06 0.27 0.16 0.09 12.5 
CD = .05 0.39 0.42 NS 0.44 0.43 0.25 0.31 0.38 0.19 0.80 0.47 0.27 37.9 
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Patel et al. (6) also reported higher dry matter 
with higher dose of nitrogen. 

The values showed that chlorophyll 
content increased with increasing rate of 
fertilizers. This has been due to the fact that 
nitrogen is a constituent of chlorophyll and 
has a major role in its synthesis. Ciecko ct ai. 
(2) reported higher chlorophyll content at 
higher dose of fertilizer application. The 
maximum tuber yield (289.33 q ha·1

) was 

recorded under application of NnlIOO dose of 
fertilizer while minimum yield (201.33 q ha-1

) 

under the application of N7SP1S0 dose of 
fertilizer (Table 3). Singh and Raghav (7) have 
also reported that increasing levels of nitrogen 
produced significantly higher tuber yield. 
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SHORT NOTE 

INCIDENCE OF CUTWORM ON POTATO IN 
DIFFERENT LOCATIONS OF WEST BENGAL 

A. Konar and Md. Mohasin 1 

Potato is an important food crop in Indo­
gangatic plains of West Bengal due to its high 
production potentiality and good returns. This 
crop is attacked by many insects which reduce 
the yield of potato tubers and also destroy the 
plant. The seedlings of potato are more 
susceptible to cutworm, Agrostis ipsiloll 
(Hufner) than well established plants (2). 
Population build up of insect and its control 
was studied by many workers (2, 4, 5 and 6) 
in various parts of the country. Present 
investigation was undertaken for recording 
the intensity of infestation of cutworm, Agrotis 
ipsiloll (Hufner) on potato in three districts of 
West Bengal. 

This field investigation was conducted on 
potato cv. Kufri Jyoti at four locations of three 
districts at farmers field/ Govt. farm of West 
Bengal, viz, Memari and Kalna (Burdwan), 
Kalyani (Nadia) and Boinchee CHooghly) 
during rabi seasons between 1989 - 1999 on 
the incidence of cutworm on potato. 
Observation was taken 45 to 30 days after 
planting on percent plant damage and at the 
time of harvesting on number and weight of 
tuber damage from a compact plot of 100 
plants. The crop was raised as per 
recommended package and practices. 

The results are presented in Table 1 and 
fig. 1 & 2. At Memari, plant damage and tuber 

damage on number and weight basis from 
100 plants were found to vary from 3.5 to 
14%, 4.5 to 24.0 and 0.275 to 1.250%, 
respectively, where as these were recorded 
from 4.0 to 16.0%, 3 to 22 and 0.12 to 1.350%, 
respectively, at Kalna. Total tuber yield per 
100 plants were recorded to vary from 9 to 
22.1 kg at Memari and 10.2 to 23.1 kg at 
Kalna. Plant damage and number and weight 
of the damage tubers from 100 plants were 
recorded to vary from 2 to 11 %, 3 to 23 and 
0.13 to 1.45%, respectively, at Kalyani where 
as these were observed between 2.5 to 16.5%, 

3.5 to 25.0 and 0.225 to 1.40%, respectively, at 
Boinchee. Total tuber yield from 100 plants 
were found 10.6 to 21.5 kg at Kalyani and 12.1 
to 22.3 kg at Boinchee. The highest percent of 
plant damage was found at Boinchee (16.5) 

followed by Kalna (16.0), Memari (14.0) and 
Kalyani (11.0), respectively. Maximum number 
of damaged tubers were recorded at Boinchee 
and minimum at Kalna, where the average 
minimum and maximum temperature was 
found to vary from 16.7 to 20.8° C and 31.3 to 
36.10 C and average minimum and maximum 
relative humidity ranged from 49.3 to 73.0% 
and 83.7 to 98.0%, respectively. Yield of 
damaged tuber was found to be highest at 
Kalyani and it was recorded lowest at Memari. 
Maximum total number of tubers was noted 

lDepartment of Agril. Entomology, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur-741252, Nadia (West Bengal) 
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Table 1. Incidence of cutwoml on potato in West Bengal 

Year Jfem.ui (Burdwan) Kalna (Burdwan) Kalyani (Nadia) Boinchee (HoogillyJ 

Plant Tuber dam.1ge Plant Plantdamage Plant Tuber damilge Plant Tuber damage 
d.ll1lage damage dam,1ge damage 

((;J Numbers Weigll! (r;c) Numbers Weight (';;) Numbers Weight (%) Numbers Weight 
(':<) (t;;) m) 

198Y-Y() 4.5 7.5 O.bOO 4.0 5.5 
1990-91 10.5 10.!) ll.750 7.0 6.5 
19<)1-92 6.5 5.0 0.320 6.0 5.0 
19<)2-93 7.5 6.5 0.350 4.5 3.0 
1993-Y4 6.0 4.5 0.275 4.0 4.0 
1994-'}5 3.5 6.0 0.330 4.0 5.0 
1995-96 8.5 10.0 0.630 12.5 14.5 
1996-97 120 no 0.800 15.0 21.5 
l'!97-98 10.0 18.5 1.100 9.5 20.5 
1998-9q 14.0 24.0 1.250 16.0 22.0 

at Boinchee followed by Kalna, Memari and 
Kalyani, respectively, where as the maximum 
total tuber yield from 100 plants was found at 
Kalna followed by Boinchee, Memari and 

Kalyani, respectively. Plant damage by 
cutworm appeared first during 3rLl week of 
December and increased thereafter until 2nd 

week of January. Tuber damage was recorded 
first during late December and increased till 
harvest and cutworms were not found one 
week after harvest (1). Persistent dry weather 
and high temperature favour the infestation 
of cutworm on potato (3). 
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(t;;) (%) (;~) (%) (r;;.) 

0.450 4.0 8.5 0.850 8.5 13.0 1.400 
0.300 10.5 19.5 1.450 16.5 25.0 1.100 
0.425 4.5 6.5 0.200 6.0 45 0.300 
0.120 3.5 3.0 0.280 5.5 3.5 0.225 
0.150 2.0 5.5 0.225 2.5 5.0 0.250 
0.175 2.8 3.5 0.130 3.0 7.0 0.350 
0.990 6.0 8.0 0.375 14.5 15.5 0.950 
1.350 7.5 8.5 0.460 10.0 18.5 1.125 
1.100 4.0 21.0 1.200 7.5 16.0 0.980 
1.150 11.0 23.0 1.350 9.0 19.5 0.950 

valuable suggestions. The results presented 
are compilation of data collected under 
AICPIP, for the period mentioned. 
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SHORT NOTE 

EFFECTIVENESS OF SYNTHETIC INSECTICIDES, 
BIG-PESTICIDES AND AZADIRACHTIN 

AGAINST POTATO APHIDS 

A. Konar and M. ChettrP 

Potato is an important crop in West Bengal 

due to its high production potentiality. It 

occupies a significa:nt position in the national 
production because of congenial climatic 

condition. The green peach aphid, MyzllS 
persicae (Sulzer) is widely distributed all over 

the world on a large number of host plants. Its 

virus spreading ability results in the quick 
degeneration of seed stocks and yield 

reduction in potato (1). Number of reports are 
available (2, 3, 4, 5) all. the appearance of 

aphid, population build up and their control 
from different parts of the country. However, 

the use of synthetic insecticides to control the 

aphids need to be minimized as their continous 

application not only leads to development of 
resistance in insects but also disturb the 

ecosystem. In the present srudy various bio­

pesticides along with synthetic insecticides 
have been evaluated for effective control of 

aphids resulting in less disturbance of 

ecosystem. 

The field study was carried out at 

Adisaptagram Block Seed Farm, Hooghly 
district, West Bengal during rabi seasons of 
1997-98 and 1998-99 for the effective 

management of aphids using different bio­

psticides and synthetic insecticides. Seven 

treatments including untreated check plot were 
taken in randomized block design with four 

replications, having a plot size 3 m x 2.5 m. 

All the recommended agronomic pmtices were 
applied. Potato cv. Kufri Chandramukhi was 
planted during late November to early 

December at 50 cm. x 20 em. inter and intra 

spacings. Phorate 10 G was applied once at 
earthing up, while other treatments were 

sprayed four weeks after planting followed 
by two more sprays at 15 days interval. The 
untreated check plots were sprayed with the 

same volume of water. Count on the aphid 

number was taken 011 one upper, one middle 
and one lower leaf of ten plants in each plot 

before spraying. Thereafter the counts were 

taken at 7 and 15 days after each spraying. 
The data recorded were statistically analysed 

for evaluating the effectiveness of different 

bio-pesticides and botanicals along with 
synthetic insecticides against aphids Myzus 
persicae and Aphis gossypii on potato. 

The data on population of aphids in the 

field before and after the application of 

1 All India Coordinated Potato Improvement Project, Bidhan Chandra Krishi Viswavidyalaya, Kalyani-741 235, Nadia, 
(West Bengal) 
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different treatments have been shown in Tables 

1 and 2. It is evident from the results of both 

the years that all the treatments, viz. phorate 

10 G @ 1.5 kg a.i./ha ; azadirachtin 1500 ppm 

@ 1.8 lit./ha; lindane 6.5 WP @ 3.5 kg/ha; 

chlorpyriphos 20 EC @ 2.4 lit./ha; acephate 

75 SP @ 600 rnl./ha and Bacillus tJzurillgicllsis 

(Bt)10~ spore count /m1. @ 750 gm/ha were 

significantly superior against both the species 

of aphids, i.e. MyzlIs persicae (Sulzer) and Aphis 

gossypii (Glover) over untreated control. 

However, phorate 10 G @ 1.5 kg aj./ha was 

most effective insecticide for controlling both 

the aphids, followed by acephate, 

chlorpyriphos, Bacillus thuringiensis (Bt), 

lindane and azadirachtin, respectively, during 

first and second spraying i.e. upto 45 days. 

But after third spraying, acephate 75 SP @ 600 

m1./ha was found most effective insecticide in 

reducing the population of both species of 

aphids followed by chlorpyriphos, Bacillus 

tlw rillgicllsis (Bt), lindane, azadirachtin and 

phorate 10 G respectively. Single application 

of phorate 10 G was at par with two 

applications of acephate and chlorpyriphos 

against both the species of potato aphids. 

Phorate 10 G @ 1.5 kg a.i./ha was found to be 

the most effective insecticide against aphids 

if applied at earthing (5). Single application 

of foliar or granular systemic insecticide 

(phorate 10 G) did not protect the crop from 

the attack of these aphids for the entire crop 

season as was earlier reported by Misra and 

Agarwal (4). Maximum hlber yield (238.19 ql 
ha and 241.27 q/ha during 1997-98 and 1998-

99, respectively) was recorded in chlorpyriphos 

treated plots followed by those treated with 

acephate, lindane, phorate 10 G, Bacillus 

thurillgicl1sis (Bt) and azadirachtin, 

respectively. The minimum tuber yield (209.47 

q/ha and 213.16 q/ha during 1997-98 and 

1998-99) was recorded from untreated (control) 

plots. 
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SHORT NOTE 

WART DISEASE OF POTATO IN INDIA -
PRESENT SCENARIO 

P.H. Singh and I.D. Gargt 

Potato wart, caused by a fungus, 
Synchytrill111 endobioticum (Schilb) Perc, a 
dreaded disease of the crop was first reported 
in 1896 from Trentachen in Hungary (1,6), 
now a part of Czechoslovakia. The disease is 

known to occur in central and western 
Germany, Czechoslovakia, Scandinavia, British 
Isles; to a lesser extent in Holland, Belgium, 
Finland, France, northern Italy and in few 
pockets of South Africa, Central Andes and 
some mining districts of USA. Isolated 
outbreaks were reported from Canada, 
Portugal, Algeria and New Zealand (2,4,6). 

In India, potato wart was introduced in 
1953 in Oarjeeling hills of West Bengal (3,5). 
Due to this an internal quarantine regulation 
act was imposed in 1959 and Darjeeling hills 
lost its importance as seed producing area (5). 
The disease is both soil and tuber borne and 
the pathogen can survive in the soil for 20-25 
years or more, even if the land is kept fallow 
(7). The disease renders potatoes unfit for 
seed. Badly infected tubers rot in the field 
causing considerable losses and release 
numerous resting spores. The present paper 
reports the latest status of wart disease in 
Darjeeling hills, based on surveys conducted 
in 2000 and 2002. 

In May 2000, 15 localities of Sukhiapokhri 
Development Block and 23 of Bijanbari 

Development Block were surveyed by the 
Department of Agriculture, Govt. of West 
Bengal, Directorate of Plant Protection, 
Quarantine and Storage, Govt.of India and 
Central Potato Research Institute, Shimla. 
Altogether, 540 plants from 134 terraces in 
Sukhiapokhri Development Block and 454 
plants from 190 terraces in Bijanbari 
Development Block were uprooted at crop 
maturity stage and examined. Wart was 
detected on only one tuber of Darjeeling Red 
Round (ORR) at Rajahatta village of 
Sukhiapokhri block whereas 8 villages, viz. 
Namla, Sangbogaon, Rimbick forest, 
Manaydara, Palmazoa, Dhotrey, Srikhola and 
Musakherka of Bijanbari block showed light 
to heavy wart incidence. Disease incidence 
was 60% at Musakherka, upto 100% at Rimbick 
forest and Palmazoa, 66.5% at Manaydara, 
50% at Namla, 45% at Srikhola, 40% at Dhotrey 
and 25% at Sangbogaon (Table 1). Varieties 
under cultivation were B-2, Kufri Jyoti, 
Pimpernel, Bhanjang White Long, Sangdorje 
and ORR (on small scale or as mixture). 
Disease was observed only in DRR and B-2 
(unreleased clone of potato probably from 
Nepal and Bhutan) (8,10). 

In June, 2002, survey was conducted jointly 
by Department of Agriculture, Govt. of West 
Bengal and Directorate of Plant Protection, 

lCentrai Potato Research Institute, Shimla-171 001 (Himachal Pradesh) 
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Table 1. Results of joint wart survey, 2000 

Development Block! Varieties under % fieJds % Plants 
Localities surveyed cultivation infested infected 

Bijanbari block 

BIllom field Pimp, KJ, B-2 0.0 A 
RiI)bal'l Pimp 0.0 A 
Gairigaon B-2, Pimp 0.0 A 
Namlil B-2,DRR 40.0 50.0 
Lingsaybong DRR, B-2 0.0 A 
Sangbogaon B-2,DRR 33.3 25.0 
Rimbick Forest B-2,DRR,Pimp 25.0 100.0 
Manaydara B-2, DRR 100.0 65.5 
Rimblck B-2, DRR 0.0 A 
Dilpa B-2 0.0 A 
Palmazoa B-2, DRR, Pimp 37.5 100.0 
Dhotrcy B-2 66.7 40.0 
Majua B-2 0.0 A 
Barahatta B-2, SD, Pimp 0.0 A 
Bansbotay B-2, Pimp 0.0 A 
Srikhola B-2, DRR, KJ, Pimp 44.0 45.0 
Musakherka DRR, Pimp 60.0 60.0 
Daragaon Pimp, B-2 0.0 A 
Shepi B-2, Pimp 0.0 A 
Rajabir B-2, DRR 0.0 A 
Jaubari B-2 0.0 A 
Newargaon B-2, KJ, Pimp 0.0 A 
Phedikhola B-2, KJ 0.0 A 

Sukhiapokhri Block 

Rajahatta B-2,DRR as mix 5.0 P 
Magargaon B-2, DRR as mix 0.0 A 
Gairigaon B-2, KJ 0.0 A 
Jungle Busty B-2,Pimp,BWL 0.0 A 
Rangbul KJ, Pimp,BWL 0.0 A 
Upper Sonada B-2,KJ 0.0 A 
Lower Sonada KJ, B-2 0.0 A 
Ghoom Bhanjang B-2, DRR 0.0 A 
Pubong Fatak BWL 0.0 A 
Chataidhura 
Lepcha jagat BWL,K],B-2 0.0 A 
Majhidhura B-2, Pimp 0.0 A 
Simana B-2, DRR as mix 0.0 A 
Rangbhang B-2 0.0 A 
Batasia B-2, KJ 0.0 A 

A=Wart absent; P = Wart present; - = No potalo crop; Pimp=Pnnpernel; KJ=Kufri Iyoti; DRR=Darjeeling Red Round; 
SD=Sangdorje; BWL=Bhanjang White Long. 

Quarantine and Storage, Govt.of India. In all, 
11 localities of Sukhiapokhri Development 
Block and 23 localities of Binajbari block were 
surveyed (Table 2). Altogether 442 plants from 
203 terraces in Sukhiapokhri Development 
Block and 868 plants from 361 terraces in 
Bijanbari Development Block were uprooted 
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at crop maturity stage and examined. Wart 
infection from 2.9 to 96.5% was recorded in 13 
out of 23 localities of Bijanbari block, whereas 
the disease was not noticed in any locality of 
Sukhiapokhri block. Percentage plants infected 
were 96.5 at Dhotrey, 90.0 at Majua, 73.5 at 
Palmazoa, 40.0 at Rimbick forest, 31.0 at 



Present scenario of wart disease 

Table 2. Results of joint wart survey, 2002 

Development Block! Varieties under ;; fields 'J Plallts 
Localities surveyed cultivation infe.~ted infec/ed 

Bijanbari block 

Majua B-2 100.0 <10.0 
Ohoh'ey DRR, B-2 100.0 96.5 
Palnwzoa DRR, B-2 77.8 73.5 
Lingsaybong DRR,B-2 60.0 23.1 
Gairigaon B-2 100.0 20.0 
Namla B-2 100.0 23.5 
Sangbogaon B-2 0.0 A 
Manaydara B-2 100.0 31.0 
Rimbck Foresr B-2 100.0 40.0 
Rimbick B-2 100.0 27.6 
Dilpa B-2 6.7 2.9 
Jaubari B-2, KJ 28.6 13.3 
Barahatta B-2, ORR, KJ 20.0 8.7 
Fedikhola B-2, KJ 0.0 A 
Bansbotay B-2, KJ 0.0 A 
Shepi B-2, KJ, Pimp 62.5 11.3 
Srikhola B-2, Pimp, KJ 0.0 A 
Ramam B-2, Pimp, KJ 0.0 A 
Oaragaon B-2, Pimp, KJ 0.0 A 
Newilrgaoll B-2, Pimp 0.0 A 
Rajabir B-2, ORR 0.0 A 
Rajbari B-2, Pimp 0.0 A 
Bloomfield Pimp, KJ 0.0 A 

Sukhiapokhri Block 

Jungle BUSty Pimp, K], B-2 0.0 A 
Upper Sonada KJ, Pimp, B-2 0.0 A 
Lower Sonada KJ, Pimp, Vomn, B-2 0.0 A 
Rangbul/Bangaladara KJ, Pimp, B-2 0.0 A 
Ghoom Bhanjang Pimp, KJ 0.0 A 
Pubong Fatak 
Chataidhura 
Majhidhura B-2 0.0 A 
Simana B-2 0.0 A 
Upper Tarsing B-2 0.0 A 
Batasia 8-2, KJ 0.0 A 

A=Wart absent; - " No potato crop; Pimp=Pimpernel; KJ"Kufri Jyoti, DRR"Oarjeeling Red Round 

Manaydara, 27.6 at Rhnbick, 23.5 at Namla, 

23.1 at Lingsaybong, 20.0 at Gairigaon and 
13.3 at Iaubari. Three localities, viz. Dilpa, 
Barahatta and Shepi had very light infection 
(2.9, 8.7 and 11.3%, respectively, Table 2). 

Varieties under cultivation in Sukhiapokhri 
block were Kufri Iyoti, Pimpernel and B-2, 
whereas in Bijanbari block, B-2 was the 
predominant cultivar followed by Datjeeling 

Red Round, Kufri Iyoti and Pimpernel. 

It was alarming to note that farmers in 
Bijanbari block and to some extent in 

Sukhiapokhri block have again switched over 
to the cultivation of wart susceptible varieties 

like DRR and unreleased clone B-2. Srivastava 
et a1. (11,12) have reported wart incidence in 
about 42% of the fields inspected in 1962 
survey whereas, Singh (9) reported the 

presence of wart disease in only three small 
pockets of Bijanbari block in 1995 survey. This 
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BOOK REVIEW 

The Potato: Production and Utilization 
in Sub Tropics, Eds., Drs. SM Paul Khurana, 
JS Minhas, SK Pandey; 2003, Mehta Publishers, 
A-16 (East) Naraina II, New Delhi 110 028, 
India, x+446, ISBN: 81-88039-19-7, Price: 
Rs.595/-

The Potato (Solanum tubersllm sub sp.) was 
introduced to this sub-continent nearly 400 
years ago. It quickly spread from hills to the 
plains and now potato is grown in almost all 
parts of the country. Today India produces 
nearly 25 million tonnes of potato from 1.3 
million hectares, and has emerged as the third 
largest potato producer in the world. Potato 
production in India is projected to double by 
2020. During the later part of 20th century, 
agriculture became a predominantly 
technological vocation and the boom in potato 
cultivation in this period primarily came as a 
result of scientific crop husbandary and 
innovative and hard working farming 
community of India. Therefore, the success of 
potato in India is a reflection of the indigenous 
technological advances and competence 
available in this field. Technology is 
information driven; and the quality and 
volume of information presented in this book 

shows credibility of the scientists in the field 
of potato research. 

The book is organized under 43 chapters 
contributed by 65 authors. The chapters are 
ar~anged in a well thought out plan starting 
With fascinating journey of potato, the 
systematics, input management, production 
constraints, emerging threats, seed certification, 
marketing, genetic modification, etc. Despite 
the fact that some of the research information 
presented in these chaplers is from secondary / 
tertiary sources, style of their presentation 
reflects masterly and experienced treatment 
by the authors/editors and a textbook style 
has been maintained throughout. The chapters 
covered in this book provide an outline of 
contemporary research themes not only in the 
field of agriculture but also in the area of 
botany in general. Therefore, it is expected to 
serve as an important reference book not only 
for the students of agriculture but even for 
those of botany. In fact there is something for 
all kinds of readers in this 'all-potato' book 

The editors have done a commendable job 
in maintaining uniform presentation style and 
keeping it nearly error-proof. Yet a few 
typographical mistakes, particularly in the 
chapter on morphology and some botanical 
terminologies have crept in. The precise subject 
index included would be of great help to the 
readers. A list of complete address of all the 
65 contributors is also appropriately placed 
with their e-mail addresses for any interaction 
between the readers and authors. It is hoped 
that this book will serve as an excellent 
textbook for the stUdents and as a reference 
book for the teachers, planners and policy 
makers. 

f(.L.~ 
(K.L. Chadha) 
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