
Volume 9, No.2, 3 & 4. 

Contents 

June, October & December, 1982 

(Issued July, 1983) 
Acceptability of ~l.1ack foods prepared with dehydrated potatoes by 
pre-school cbildren. 

M.P, Vaidebi 

Dependence of total root length characteristics on aerial parameters in 

two Itldillt'l potato cn\tivars. 
Sbantba Nllgaflljao, V.N. Banerjee and K.C. Bansal 

Effect of removal of plant tops on growth and yield of the pota.to. 
Lallan Singh, V.N. Banerjee and D.M. Kaley 

Effect of storage on acid phosphatase activity of tubers of some Indian 
pC1tato varieties. 

J. B. Misra and S.C. Verma 

Effect of irrigation and nitrogen fertilization on yield and size of potato 
variety Kufri Sindburi. 

U.C Pandey, Kirti Singh and J.L. Mangal 

Effect of seed SJze and spacing on growth and yield of potato. 

A.S. Sidhu, M.L. Pandita and S. K. Arora 
Effect of Sp~Cillg and ~eed size on growth and yield of tolal and seed 
bize tubers in pOlato 

S.C Khuflln:.l and M. L. Pandlta 

Correlations between storage characters of ,seed tubers and ~jeld in potato. 
T.R. Dayal and K.P. Sharma' 

" 39 

.• 46 

.. S4 

59 

65 

••. 69 

•• ~ .74 

85 

Could ,II 

J; Jndilll PotafO Assoc. 9(2, a'&! 4J 139~ISB, t98:4 



INOfAN POTATO ASSOCIATION 
EXECUTIVE COUNCIL 0983-84) 

Chief Patron 

President 

Vice-Presidents: Regions '" 

Secretary 
Joint Secretary 

Treasurer 

O.P. Galliam 

.l.S. Grewal 

r Jagpal Singh 
I B.N. Singh 
I M.D. Upadhya 
I S. S. Sailli 
I C.L. Khushu 
lS.P. Singh 

S.M. Paul Khurana 
P.S. Dabiya 
R.A. Singh 

REGIONAL COUNCILORS (1983-84) 

II lV 
S.R. Yadav Y.P. Sharma 
S.S. Grewal 

In 
JS. Gill a.s Kung 
A.S. Negi J.B. Misra 
B,S. Bhullar S. B. Singh 

V 

J.P. Singh 

VI 
B.T. Raj 

J.K. Maheshwari 1.D. Garg 

S.X. Pandey 

M.N. Singh 
Shiv Kumar 

M.C. SllOd 

D. Sahai T.A. Joseph 

Jui Gopal P.C. Pandey Karamiit Singh KS. Krishnappa 

EDITORIAL BOARD (1983-8ql 

Editor-in-Chief 

Editors 

G.S, Shekhawat 

K S. Krishna Prasad, 

N.P. Sukurnaran, 
D. Gupta, 

R.C. Sharma, 
P,C. Gaur 

S.M. Paul Khurana (Ex.~officio). 

JIPA is published once in three months by the Indian Potato Association, Central Potato 
Research Institute, Shimla-171001 and printed at : NEW PRINTERS, Green Field Cottage. 
(Near Ice Skating Rink). Shimla-17100J. Phone: 6660. 

Copy right (c) 1983 The Indian POlnto Association 



Conld, from front cover •• , ••• 

Variation for tuber drymatter in andigena potatoes. 
P,C. Gaur and M,S, Rana 88 

Epidemiology and spread of potato early blight in West Bengal. 
S.B. Cbattopadhyay and B.K. De 91 

------------------------------------------------------------
INDIAN POTATO ASSOCIATION 

Central Potato Research Institute, Shimla·171001 (H,P,) India 

A Golden Opportunity for Life Membership 

The new Executive Council has decided to attract a large number of Life 
Men- bers for the Association. 

The Association invites you to become its Life Member, if you are not already 
one. In case you have been an Ordinary I A s!lociate member of the Associaqon 
earlier and for some reasons could not continue it, you may avall of tbis golden 
opP0rtunity by paying only the balance of dues in lump-sum \0 make it Rs. 250,- Of 

equivalent to U.S. $ 90.00 (for foreign individuals). EVeI1 the defaulter life members 
who could not pay their instalments in time, may compute their earlier contribution/ 
subscriptions and register themself as life members. This concession is valid only 
up La 31st October, 1983. Those who want to know the amount contributed by 
them, they may ask for it from the Secretary immediately. 

Use your Art Talent & Win Prize 
It has been also decided to change the crest of tbe IPA and cover design of tbe 

Journal in the 10th year. The crust should be simple yet graphic & symbolic. All 
the members of the Association are requested to submit rougb or :fina~ designs! 
sketches for this by 30th September, 1983. The first three selected entries will be 
rewarded with cash prizes: flrst-Rs. 100/-, second-SO/-. and third 25/-. 

Please address all correspondence in this regard to the Secretary, Indian Potato 
Association: Central Potato Research Institute, Shimla-171001. (H,P.) India. 



J, Indian Potato Assoc. 9(2, 3 & 4) : 39-45, 1982: 

ACCEPTABILITY OF SNACK FOODS PREPARED WITH 
DEHYDRATED POTATOES BY PRE-SCHOOL CHILDREN 

M,P. VAlDEHll 

ABSTRACT 

Dehydrated potato in combinalion with protein food supplements such as soy­
ilour, defatted ground nut flour and cereal grain flours for traditional Indian dishes 
was tested for acceptability by children. The dishes were served along with fresh 
potato dIshes following normal recipe ingredients. While scoring, all the dishes 

were coded. 

The results. showed no significant difference (P-O.05) in acceptability of the 
dehydrated potato dishes compared with dishes of fresh potatoes and addition 

of protein foods did not alter acceptability level by the children. Dishes had the 

scores of "liked" and "very much liked" by the children. It is concluded from the 

study that dehydrated potatoes in various forms namely sticks, gratings, sooji and 
flour can be utilized for preparation of Indian dishes witlloul altering the cooking 
characteristics and even enrich the traditionallY prepared potato dishes by this 

method. 

INTRODUCTION 

Potato ranks fourth among major crops in the world in terms of production of 

total food crops. Due to its capacity to produce more energy and protein per hectare 
per day than any other single food crop in the tropics and sub·tropics, it should be 
admitted as a desirable food crop rather than a mere vegetable for adult and child 

nutrition. In India pota10 production is fast increasing (3,4). 

Deh)'dration of potatoes is one of the important methods by which potatoes can 

be stored for a long pedod of time. This method of storage requires less space, 

cost and energy compared with otber methods of storage. For children and aged 

IDepal'tment of Rural Home Science, University of Agricultural Sciences, Bangalore.S60024 
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people it may appeal by the bland flil\OUr and smooth texture. When cooked in 

combination with other cereab and pulses potato bas increased nutritional value (7). 

The pmcnt study has the objective of t~sting the acceptability of selected snacks 

prepared with dehydrated potatoes by children between 5 to 6 years of age. All 
Ihese snacks were judged along~\ith similar dishes prepared with fresh potatoes to 

find out any differences ill their acceptability by the pre~school children. 

MATERIALS AND METHODS 

Potatoes were purchased in bulk from the wholesale dealers at the City Market, 

Bungnlore. 

Dehydrafion method: P01atoes wcre washed throughly, skin was peeled thinly 

and cut into sticks of 1 em thickness to their complete length or sliced into round 

thin slices, or grated. The cut potatoes were immersed in 1 % salt water till they 

were drained fOf blanching. A ratio of 1:1 cut potato to water was maintained for 
'blanching. To blanch, water was boiled nnd cut potatoes were added to the boiling 

water. Blanching upto translucency sttlge required about 30 minutes for 5 kg potato 

&Iicks at medium heat in un electrical heater (Johnson and Co. domestic model). 

Blanching time varied with the quanti ty of potatoes blanched, ego just 7 minutes 

for 1 kg potato. Ah.nni11iu111 thi.:k pans were used for blanching. The potatoes after 
blanching were drained ol'er a muslin cloth and removed to drying trays and spread 

about 2 to 3 cm layer thickness of 5 kg potato sticks per tray. These trays were 

stacked into pre-hellted rotary air drier maintained at 140°F. The drying time 
required was 4 hour after which tfays were removed from the oven, and then 
('ooled to room lempt>rature. In hot sun potato could be dried for 12 to 14 hours. 

Dried potato sticks were stored in polyethylene pouches for either immediate lise 

or for further pT0ccssing into mIlled products. The gratings were prepared 
with the use of dOm(!stlc type graters and required less time to dry. The sticks 
were milled to prepare sooji (Semolina) or Ilour. 

Rehydratioll Method: One measure (l cup) dried potato flour or sooji required 

four (4 Clip) measures of boiling water. Sticks and gratings were soaked for 6 hours 

to soften them. These soaked rehydrated potatoes were boiled for 10 minutes or 
pressure cooked for 5 minutes. After cooking the volume of dehydrated potato 

increased 4 to 6 times. This method of cooking was only for ge1ting plain cooked 

potato from the dehydrated potatoes. Otherwise, the recipe methods were followed 

as directed in individual recipes. Howeva, it was necessary to soak for rehydration 
before use e.xcept for fried chips. 
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popular methods for the prepartion of the dishes were followeu with modifi­

cations in the substitution for major ingredients namely, cereals and pulses with dehy­

Jratcd potato products, A pilot study to fix up the desirable ~ubstitution level of 

Jehydrated potato products was also conducted at the laboratory using referred 

fCI.'ipe ingredients and methods for controls, There were ingn:dients like soybe~n 

Hour, defatted groundnut Hour added to the dishes to enrich the potato dishes with 

prutein 3S compared with that of traditional recipes which required fresh potatoes 

only, Cutlet, Toffee, Sweet Pudding, Sweet Rings, and Cookies were prepared 

with added modifications in the ingredients following tbe recipes as descrIbed by 

Thangam Phillips 5) and the other recipes were as described by Vedamrna (6). 

Howtver, major methods of cooking of these dishes and ratio of major ingredients in 

the recipes are given in the Table 1. 

Table I, Recipe variants in tbe study. 

]lem Cooking Major Ingredients 
method ---------------

Recipe "At> ReCipe .: B" 

I. Bonda Frying BF:RF BF:PF:RF 
5: I 3:2:l 

2. Tikki Sballow frying MF:P M:SF:PF 
50:50 (l,5: 1:2,5 

3. Crispies Frying WF:P WF:PF 
1:0 1:1 

4. Mehti palya Boiling ML:P ML: S 
1:3 1:3 

5, Kodu Bale Frying RF:GF:SF RF:GF:SP:PF 
2:0:66:1 5: I: 1:3 

6 Pappad Frying MFBago'SF:P M :Sago:SF: PF 
1:1:0.02:2 2.33:3.33: J :6.6 

7. Cbhapthi Roasting WF:SF WF:SF:PF 
1.1.01 5:1:4 

8. Uppittu Boiling WS:P WS:PS 
1:0 t.l 

9. Vada Flying BId:? Bld:PF 
]:0 I: I 

lO. Tbenkuzhal Frying RF:BId RF':Bld:SP:P 
3:1 5: I: 1.5:2 

11. Chiwda Frying BR:P BR:PG 
1:0 1.1 

12. Cutlet Shallow frying M:P M:SF,PS 
1:2 1:1:4 

41 



1 2 

13. Poori 

14. Dosa 

15. Chakkuli 

J6. Nippittl! 

17. Idli 

18. Chilli Cookies 

19. Toffee 

10. Cookies 

2 \. Breakfns~ 

Squares 
22. Laddu 

23. Halwn 

24. Jamoon 

25. Sweet ring" 

26. Payasam 

27. Kesari 
bhat 

28. Kheet" 

29. SWeet Pudding 

3 

Frying 

Shallow frying 

Frying 

FrYlllg 

Steaming 

B~king 

Open vessel 
cooking 

Baking 

Baking 

Frying 

Boiling 

Frying 

Frying 

Boiling 

Boiting 

Boiling 

Boiling 

4 

WF:P 
1:0 
RF:UD 
3:1 
RF:GF:SF 
3:0.33: 1 

RF:PBF 
2: 1 
WSO:P 
200:0 

M:P 
1:0 

P:GF 
0:3 

M:S 
2.5:2.0 

S:S:MILK:FAT 
4:4: 1.4 

WS:SF:S 
1 :0.5: 1 

WS:S:FAT 
4:5: 1 
M:KHOVA:S 
1:5:5 

M:MILK:SF 
26:2.6:1 
WS:GO:S:M 
2:1:4:5 

WSO:S:FAT 
2:2:1 

WS:S:MILK 
1: 1. -: 5 

MILK:S:V 
1:0:0.5 

5 

WF:PF:SF 
5:4: 1 

RF:UD:PF 
J: 1 :2 

RF:GF:SF:PF 
3: 1: 2 

R F: PBF:SF:P F 
2: 1:1:2 

WSO:PSO 
1: 1 

M:PP 
1:1 

PF:GF 
1:1 

M:SF:S:PF 
2.1:1:3.4:1.7 

M:PF:MILK:FAT:S 
2.66: [,33:4. J: 1.33: 4 

WS:DGF:PSO:SF 
5: 1:4: 1 

WS:PF:S:FAT 
2:2:5:1 
M:KHOVA:PF:S 
1 :5:1:5 

M:MILK:SF:PF 
5: 1.5: 1.5: 1.5 

WS:PSO:GO:S:M 
1: I: 1:4:5 

WS:PSO:S:FAT 
1: l :2.5: 1.3 

WS:PSO:S:M1LK 
1:1 ~3: 10 

PF:S:MILK:V 
0.5:0.5:2.5:0.5 

*Note: Dishes from 1 to 18 are with salt, Chillies and other spices. 
Dilihes from 19 \029 are with sugar and sweet spices BF=Bengal gram fiour, 
WS=Wheat sooji, RF=Rice nour, SF=Soy flour. PF=Potato flour, PS= 
Potato sticks, BSF=Pufl'ed Bengal gram flour, UD=,Black gram dhal, 
PSO=Potato soaji, Gr.d=Green gram dhal, M=Maidu (All purpose :!lour), 
DGF=Defattedgroundnut flour, S=Sugar, V=Vermicelli, ML=Metbi leaves. 
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Ll~t of recipes prepared for acceplability te5t: 

Twenty nine dishes pr~p,u-ed in combination with other b8sic ingredi~nts are as 
follows: 

Sweet Preparatinns 

\) To"ffee 2 Plain cookies 3) Breakfast squares 4) LaddLl 5) HalwJ 

6) JaOlooll 7) Sweet Rings 8, Payasam 9) Kesal'i bhat 10) Kheer til Sweet Pudding. 

II. Dishes with salt, chillies and other hot spices 

I) Bunda 2) Tlkki 3) Crispies 4) Methi potato palya 5) Kodu Bale 6) Pappad 

7) Chapathi ~) Cullet 9) Upittu 10) Vada 11) Thenkuzhal 12) Chiwda 13) Poori 

14) Dosa 15) Chakkuli 16) Nippittu 17) ldli \8) Chilli biscuits. 

Seflsor.1' EI'a/uC1tion method,' A hedonic scale of I to 4 was applied in evaluat­

ing the extent of children's likes and dislikes for the dishes served (I). The score 

sheet had the index as follows. 

1 = I dislike it very much 

2= I dislike it 

3:::d like it 

4= I like it very much 

Pre -school children of the age group of 4 to 6 years old were trained fur 3 

days as how to score in the score sheet by serving potato dishes with codes for A 

and B variants (Table 1). There were 30 children who scored 3 d(IYs in a week and 
4 samples at a lime between 2-30 to 3·30 PM in the lunch room of the school. There 

was a control of the same dish prepared with fresh potatoes, included within the 

coded 3 samples of the dishes served. 

RESULTS AND DISCUSSION 

There were 29 recipes evaluated for th~ children's likes and dislikes. The 

analyses of variance showed no significant dIfference amo[]g the dishes tested for the 

extent of likes and di,likes as expressed in terms of scores by the children. Children 

liked both sweet and spicy dishes equally well. There was no difference between 

the control and the dehydrated potato substituted dishes in acceptance (Table 2). The 

SCOfes ranged from 3 to 4 for almost ali the dishes which means dishes were "liked 

(3)" and "very much ·liked (4)". The results showed that addition of dehydrated 

potatoes had no effect on the dibhes 10 acceptance value and this can be effected as 
a desirable change in the preparation of snacks and dishes fot" children which 

included besides dehydrated po~atoes other protein food supplements like soy or 
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Table 2. Mean scores of the dishes Judged by 30 children"'. 

Dish No. Mean Score Dish No. Mean Score 
---- -~---"---

1 3.9 16 3.8 

2 ~.O 17 3.7 
3 3.9 18 3.9 

4 3.9 19 3.7 

5 3.9 20 3.9 

6 4.0 1.1 3.9 

7 3.9 22 3.8 

8 3.<.) 23 3.9 

9 4.0 24 4.0 

10 4.0 25 3.9 

JI 4.0 26 4.0 
12 3.6 27 3.' 
13 3.8 28 3.8 

14 3.9 29 3.7 

IS 3.7 

*Thc aver~ge scores of 7 dishes was 4 meaning "like it very much". 

Rest of the dishes were in the range of "like it" to "like it-lo-like it very much". 

None of the dishes were inft:rior to that of the dishes prepared with fresh potatoes. 

peanut and skim milk powders (2). This would increa,e their protein consumption 

as well as mee[ the e.mgy required by a giVen dish. D~hydrated potatoes Llsed can 

be encouraged as a means of preserving potatoes and incorporating it in place of 

fresh potatoes in tbe pototo dishes as well as in cereal dishes. Further study is 

required to investigate actual nutritional benefit of these supplemented, protein foods 
c1nd debydrated potato products for children. 
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DEPENDENCE OF TOTAL ROOT LENGTH CHARAC­
TER1STICS ON AERIAL PARAMETERS IN TWO 

INDIAN POTATO CULTIVARS 

SHAN fHA NAGARAJAN, V N. BANERJEE AND K C. BANSAL1 

ABSTRAcr 

Tur,d rUL)! \,'l1g(h Ll!' two potato cultivars, Kufri Jyoti and Kufri Chandramukhi 

grl)wli in sand cullure sbowed a high correlation with. plant height, leaf area and 
shoot weight The two cultivars varied significantly in their root dry weight, 

inJkating lhat Kufri Chandramukhi has a finer root system and that Kufri Jyoti has 

a thicker root system. 1\ linear model to predict root length, by measuring the three 

acriul p,1I';.lTI1cters mentioned above, has been developed. 

INTRODUCTION 

Root development is important from the point of view of nutrient uptake, 
yield. dlOllght resistance etc. There is scanty information on root: shoot relation­

sl1ip, as it is too laborious to study. The aerial parts and their development in 

InJi:lJl pOl<lto varieties have been studied in detail (5,6,7). Establishing a statistical 

r~lationship between growth of aerial parts and root would, therefore, facilitate 

t:\alu:uion of potato varieties for their root characteristics, With this objective, a 
simple experiment using two potato varieties Kufri Jyoti (KJ) and KLlfri Chandra­
mukhi tKC) was laid out. 

MATERfALS AND METHODS 

Chitted tubers of KJ Ol)d KC weighting 45 .. S0g were obtained from Jalandhar 
and raised in acid washed sand, in 9" diameter mud pots. They were supple. 

mented with lHltrient solution (I) 500 ml per pot at 5 days interval, and were 

raised on greenhouse benches. Thinning of extra stems were done at 3 -4 leaf stage 

leaving one m~tin stem per pot. Thirty days after planting, six plants of KJ and KC 

I D1VisiMl of Plant Physiology <1nd Biochemistry. Central Potato Research Institute, SimJa.171001. 
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were uprooted at w~ekly interval to record plant height, leuf area. length 01 the 

longest root, total roo I length and dry weights of shoot and root. Leaf area wa~ 
obtained by laking prints of the leaves on the sensitised paper (ferro prussiate) and 

measuring the area using planimeter. Total root length per plant was measured 

fl,llowing Newman (4) Hnd Tennant (10). For this purpose air dried root samples 
were used. Dry weights of shoot and root were had atter drying tbe samples at 

JOSoC ill an oven. The experiment was terminated after 65 days of planting, when 

tuber lnitintion took place in KC. 

Correlation coetTIcicnts were calculated betwecn thc measured parametcrs and 

toti.ll roo! length individually. For purpose of statistical Hnalysis six plant samples 

collected at five sampling dates were considered as thirty different set, of observa­

tions. Multi pie regression analysis lM RA) was war ked out, taking lotal root length 
as the dependent variable and dry shoot weight, dry root weight, height of tbe plunt 

and leaf area per plant as independent variables. 

RESULTS A.ND DISCUSSION 

Observtltions such as plant height. leaf area/plant, dry weights of shoot a.nd 
root, root: shoot ratio, length of the longest root and total root lenglh a]ongwith 

thcir standard errors have been shown in Figure I Variety KC consistently. had 
higher values compared to KJ except for root dry weight. And, tberefore, the root: 

shoot ratio was significantly higher in KJ, which shows that it possesses tbicker and 

shorler root system. Variety KC had vigorous shoot I!Towth, lower root; shoot 

ratio and hence longer and thinner root system Variety KJ is medium lat~ while 

KC is early maturing (8) Swiezynski et al. (9) have shown that clones with earI~ 

shoot growth have a short growing period and have early tuberisation Also clones 

witb high root: shoot ratio exhibited delayed tuber formarion and had a long 

growing period. Our findings with KJ and KC validates the ohservations of 

Swiezynski et al (9). 

Total root length in KJ increased upto 44 days after planting a nd was constant 
til! last date of sampling. While in KC total root length was constant Llpto 

44 day~ after planting, thereafter, it steadily increased. 

Results of the simple regression tests done between total root length and other 
plant parameters measured, have been shown in Table 1. Barring the height of the 
plant, all other parameters had a high correlation With total root length (r>0.6). 

and 01 the aerial parts leaf area was highly correlated (1">0.65). In aU the Ca:iCS 

correlations were better with KC than with: KJ. 

47 

... 





c 7 0 
(c) 

Q. 

........ 
Oi 

- 5 0 
0 
L 
Ij) 

-0 3 
..... 
.c. 
01 

OJ 

~1 3: 

>, 
'-

0 23 

~ i.2~ 
.-
c 

(d) (; 0 
OQ_ 
'-

._ 0.8 
o 

...... 
£. 
CJ'l 

Cli O.L. 
$ 

L 

o 

I' 
/ 

/ 
./ 

" 

i i 

30 37 
Days 

KC 

i 

x 
i I i I 

1..1.. 51 58 65 
aft e r planting 

KJ 
.... -­---//- .... ------- K C 

---
/// -_/ 

" 

....... " " ...... '-...... 
~... '. 
" KJ -.... -....;.-.... __ ............................... . .. _:-:-:_. _._. -. -. _. 

•••• .... • .. ··~.·., ............... I .......... - ............ " .. ,,,,,,, 

KC 
:I r 

~ 

0.9 

07 

---a 
a 

0.5.c 
l/) 

"-
O.3~ 

0.1 

o 
IX 

O. 2---~--,----,-.-.....,...-_,...--.,..-_.0 
'. 23 3 a 37 I. 4 51 58 65 

Day s -a-f t e r' p to n tin 9 



KC 
50 ,___..-:----- - - ---
~-- I-<J 

'" (c) 
, 

0 
0 

f- '-30 
z _,_, 
<i <..fI 
....J .::J 

a.. 0' 
c 
0 

1 
....... 

....J 1 0-
V1 

1 I I c:: I u.J 
I- 0 
UJ 23 30 37 44 51 5B 65 
~ 

Do ys after plant i ng 

Z 

(f) 
5°1 

:t 
I-
~ 
Z 
I.U 

,. -_ .. 
....J 30 ---
~ 

0 -' 
0 r.:1 
ct ...... 

0 

I I 1 
.... 

1 r 10 

J. - .... 
23 30 37 L.L. Sl 58 65 

Da ys after planting 

Figs, a-f: Variation of (a) Plant height. (b) Leaf area, (c) Dry weIght of shoot, (d) Dry weight 
offoot and Root : ShoQ~ ratio, (e) Length of the longest roar, (0 Total root length, Will} 

period of growth in two potato oultivar, Kurd Jyoti (KJ) and Kurri Chandramukhi (1:(C). 

$0 



Table 1. Correlation coefficients of total root length ill relation to different growth 
paramc te rs. 

Parameters Vatiely 
Kufri Jyoti Kufri Chandramukhl 

-------------~-----------,-- ----------
Shoot dry weight 

Root dry weight 

Height of the plant 

Leaf area 

Q,6281 M * O.7056*;';~: 

0.8208*** 0921'1**1< 
0.5739** ('.7488::'*':: 

0.6511*** 0.8081"'** 

** Significant at 10% level. *** Significant at 0.1 % level. 

Resulk of MRA have been shown in Table 2"that with all the four indepen­

dent variables R values afe 0.85 and 0.95 for KC and KJ, respectively. WhlJe with 

the three aerial part measurements they are 0.81 and 0.85, respectively. As there is 

no substantial reduction in the R values, it appears that measurements of aerial parts 

can be used as a reliable index to obtain total root length at least in two potato 
varieties studied. Significant linear correlation between root length and root dry 

weight has been observed with Rmset Burbank potatoes grown in sandy loam soil 

(2). In soyabean, a technique for predicting root gmwth by measuring plant height 

and shoot dry weight, that holds good for Cf(lpS raised under irrigated and non· 

irrigated conditions, has been developed by Mayaki et al. (3). 

Table 2. Partial coefficient, constant, and R values for different con':OlUltant variable 

combinations. 

Sr. Partial coefficient values 
No Variety R value Constant Shoot dry Root dry Height Leaf area 

weight weight of plant per plant 
-------~ 

1. KJ 0.853l*** -7.4527 -2.0812 47.5196 -0.0724 0'6612 
KC 0.9472*** 6.0137 -3 1238 35.2923 0.1862 1 4812 

2. KJ 08100** 228769 0.7153 ·0.1887 I 8557 
KC 0.8513*':"1' 1~.8014 -3.4399 0.4292 4.0203 

3. KJ 0.8208*** 1.6333 31.9497 
KC 0.9214*** 9.2617 33.2067 

** Signiilcant at 1.0% level, *** Significant at 0 1 % level 

From this study, it appears tbat at least in varieties like KC which has thinner 

~ root system and lower sboot: root ratio, a relationship can be devdopf'd between 

various aerial parameters and total root length. l-{owever, we n:ali:ae tl1at the plant 
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growth characteristics change with soil types, varieties, climatic factors and cropping 

practices. Further experiments lVould validate and refine this prediction system. 
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EFFECT OF REMOVAL OF PLANT TOPS ON GROWTH 
AND YIELD OF THE POTATO 

LALLAN SINGH1, V. N BI\NERJEE AND D:M. KALEy2 

ABSTRACT 

Field trials were carried out during rabi of 1978 and 1979 with thr('e potato 
varieties Kufri Chandramukhi, Kufri Jyoti and Kufri Sindhuri to study the effec[ of 

removal of plant tops on plant growth and yield. The removal of plant tops on 20 
days after planting or at tuber initiation stage increased the branches, leaves and 

prolonged leaf area duration (LAD). This increase in LAD influenced tuber size. but 
had adverse effect on tuber number and even on yields of Kufri Chandramukhi 
and Kufri Jyoti. Despite an increase in LA!) during tuber development phase of 

all the three varieties tried, the removal of plant tops was found effective only for 
the late variety, Kufri Sindburi, in which topping at the tuber initiation stage was 

found best for significant increase in yield of 13% (47 q/ha) over COlltrol. 

INTRODUCTION 

Topping and pruning of plants are known beneficial practIces in horticulture. 
111 field crops, nipping of the apical buds is very common in Bengal gram. Tbus, 
studies had been made on sugar cane (8) and maize (6) crops wherein defoliation 
at particular stage of plant growth of a variety increased their yields. In the potato, 
(Solanum tuberOSlIIlI L.), defoliation from any portion of the stem had been found 
detrimental to the, tuber yield (2, 3, 7). This could, probably, be due to reduction in 

leaf area due to the defoliation of plants. Usually, as the tubers enlarge during 
bulking phase, no further leaves are initiated and leaf altains its senescence rapidly 
which may restrict the tuber growth. With this in mind topping was adopted JD 

the present investigation, not to check this sharp decline in assimilatory area, but to 
increase Jongevit, of the crop during tuber development with tbe hope of increase 
in tuber yields. 

1. Central Potato Research Station,Patna-80150G. 
2. Division of Plant Physiology and Biochemistry, Central Potato Research Institute, Shimla 171001 
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MATERIALS AND METHODS 

Potato varieties Kurd Chandraroukhi (early), Kufli Iyoti (medium) and Kufri 
Sindhuri (late) were gro\\ 11 during, Rabi of 1978~ 79 and 1979·80 in experimental 

nelds at Central Potato Research Station, Pato;! (Bihar). The 1978 trial was planted 

,}Il November 21, while 1979 trial was planted all November 10. A randomiz~d 
block design (3 >< 4) and (3)-: 5) was adopted for field trials in 1978 and 1979 

re,pective!y. Culfufai practices recommended for the research station were 

followed wita uniform feltilizer doses of 120 kg N, 60kg P20S and SO kg 

K20 per ba. Tr'eJtments of topping (removal of apical bud with two young leave» 

of plants were i) 20 days after planting, ii) at tuber initiation stage, [Ii) 20 days 

after tuber initiatiotl stage, iv) at tuber initiation stage and after another 20 days, 
and v) no topping of plants to serve as contrals. Treatmel1ts of topping of plants 

were tried both in 1978 and t979 years. 

R~cords ... fece made on tutler inlialion between 24·25 days in Kufri Chandra­

ml.lkhi, 27·28 days in Kllfri Jyoti and 29~30 days in Kufri Sindhuri. Observations on 

height, number of stems and leaves per plant were recorded at regular lIltervals. 

However, the observation made on 40 days crop age, after tuber initiation, is 

presented in (Table I). In 1979, leaf area duration (LAD) per hill (DMZ weeks) ':'JS 
;also calculated according (0 method of Welbank et ai, (9). On ma1utity of crop, 

p!ants were harvested and mlfitber and weight of the tubers per plot were. recorded. 
Mean number of tubers per bill and tuber weight, and tuber yield were estimated. 
Results are preselHed in Table 2. 

RESULTS AND DISCUSSION 

The data (T3.ble t) reveals that removal of pian{ tops on 20 days crop age or 
;at tuber initiation stage, in general, increased the number of stems and leaves per 
l'lant considerably, but had decreased plant height with alt the treatments. LAD 
similarly, was found to be more than control. Treatment of topping at 20 clays 
after tnber initiation stage was, however, less effecdve ill all the pl1tato varieties. 

Thus, topping of plaats at tuber initiation phase followed by another toppillg 
after 20 days was not much different from topping tr;::atment at tuber initiation 
once. Among tbe three pc>tato varieties, Kufri Sindhuri was fmwa to 13.! nWre 
promising tl) these morphological variations. 

Ali the increases in stems and its leaf number and even LAD resulted by tops 
removal were not benefi::ial in yield augumentation (Table 2) of the varieties tried. 
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Table I, Efrect of potato top removal on height, number of stems, number of 
leaves and LAD per (DM 2 We~ks) per plant. 

Treatments 

Morphological Varieties 20 days At tuber 20 days At the tuber No 

characters after initiation after the initiatIOn topping of 
planting stage tuber stage and t\le plants 

initiation after (control) 
stage another 

2D days 
----~-.--~--

'-"--'KCM Plant height 40.00 33.50 39.'-15 2850 43.40 

in (cm)* KJ 32.60 25.10 33.85 27,70 37.85 
KS 4820 40.95 47.65 37,20 57.45 

Number of stems KCM \ 1 20 695 2.35 5.80 0.75 

per plant* KJ 15.80 11,45 445 11.55 4.00 
KS 13.40 13.75 9,75 2070 2.30 

Number of leaves KCM 66.70 52.25 43.50 44,90 51 05 

per plant* KJ 6300 57 15 3905 54.45 4365 
KS 104.30 93.25 79.65 93.15 71 85 

LAD (DW weeks) KCM 369 383 234 387 364 

per plat KJ 309 298 325 374 235 
KS 528 370 341 368 340 

KCM=Kufri Chandramukbi, KJ=Kufri Jyoti, KS=Kufri Sindhuri, ':' = A veragt: of 
2 years data, 

Ta ble 2. Differences in yield and yield com ponents of three pota to V8 rieties afler 
removal of plant IOpS* 

Yield Varieties Treatments 
components Potato top removal 

1\) nays At luber 21) days At tbe No lorp'mg 
after initiation after the tuber of the plants 
planting stage tuber initiation (control 

iUltiation stage and 
stage after another 

20 days 
Number of tubers KCM 750 9,75 Ie 70 lO.lO J 1.15 
per plant KJ 5.50 7.55 680 7,60 745 

KS 11.00 13,50 1300 13.85 12,45 
Fresh weight per KCM 45,60 33.55 32.35 3285 3410 
tuber (g) KJ 54.20 46.10 48.60 41.30 49 15 

KS 33.80 30.15 29.20 28.80 2885 
Tubers yield KCM 340,00 322.00 349.50 328.00 36150 
(q/ha) KJ 299.00 343.00 329.50 ~ 333.S0 36250 

KS 371.00 404.50 378.00 392.00 357.50 
KCM_Kuiri Chandramukbi, KJ-Kufri Jyoti, KS--'Kufri Sindhuri , * Average of 
2 years data, 
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Thus, Ct positive linear association of LAD with tuber yields as observed by earlier 

workers (IA), did not hold good in present studies (r=0.26). 

Removal of the plant tops from 20 days old crop (i.e duril1g pre tuber 
imtl,ltion phase) caused general reduction in number of tubers per plant. which 

could be attributed to retarding effects of young developing leaves at tuberizalion(5). 

Increased LAD, however, iniluenced th~ tllb~r size of all the varieties, but losses in 
~ields caused by reduction in tuber number could not be compensated at least in 
Kufti Chandramukhi and Kufri Jyoti. 

Topping of plilnts at tuber initiation st~ge Was found to be 1110St detrimental 

.() tuher yidds in Kufri Chandramukhl (cady) and less in Kufri lyoti (medium'. while 

reverse \Vas observed when potato tops were removed 011 20 days after tuber initiation 

in the case of Kufri Sindhuri. Kufri Sindhuri (late) responded favourably to topping 

treatments at all stages of plant grolvth, but tUber initiation stage proved most 

effective for registeri ng increases in yield of 13 % (47 q/ha) over no topping of plants 

(control). Howevt'f, these varietal differences in response'to topping treatment may, 

probably, be due to production of llew branches and leaves induced by removal of 

plant tops at tuber initiation pha,e in Kufri Chandramukhi, and 20 days later in 

Kllfri Jyoti during their active tuber development phase, and pdrtitioning of entire 

available assimilates in two sinks (grolVing branches and developing tubers) which 

resulted in considerable loss in tuber yields. Kufr Sindhuri, late start of active 

tuber development phasl;! and increased LAD appeared helpful in its increase in yield 

possibly due to more supply of assimilates to the developing tubers. Thus, topping 

at tuber initiation stage in late variety Kufri Sindhuri alone proved to beneficial 
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EFFECT OF STORAGE ON ACJD PHOSPHATASE ACTIVITY 
OF TUBERS OF SOME INDIAN POTATO VARIET.IES 

1. B. MISRA I AND S. C. VERMA2 

ABSTRACT 

Investigations were undertaken to find Ollt the effect of conditIOns of storage 

on tbe activity of acid phosphatase (AcPh) ill some varieties of potatoes. Both 

AcPb activity and specific activity of the tubers slored al room temperature were 
lower than that of the tubers stored in cold store. 

INTRODUCTlON 

Acid phosphatase (f.e. 3.lJ.l) is lysosomal eJlZyme and jts occurence in potato 
tubers has been very well documented (1,2,3}. The enzyme is jmpllcated ill the host­
parasite relationship (4,5) and III the break of tuber dormancy (6,7). However) 
the exact role of the enzyme is not yet known. In an effDrt to obtain information in 
this respect, we have undertaken some investigations and re'port in thi') paper, the 

effect of conditions of storage on the activity of acid phosphatase in some varieties 
of potato. 

MATERIALS AND METHODS 

Potato varieties were grown at the Central Potato Research Station, Modi­
puram, District Meerut. After harvest lu bers were stored in the first week of. April, 

1979 in gunny bags at room temperature and in commercial cold store. rcn-tuber 
samples were withdrawIl periodically for the determination of enzyme activity. At 
the time of sampling rotten tubers were removed and tubers were desprouted, if 
necessary, before the preparation of enzyme extract. 

The enzyme was extracted and analysed by the procedure described by Pandey 

and Verma (3). Twenty gram tuber tissue was homogeoised with 100 rul 0.05 M 

1 Central Potato Research Station, Modipuram Dislt, Mee,ut.25011O. 
2 Central Potato Research Institute, Shi mla.J710oJ. 
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[lcel.,le buffer, pH 5.5 in a blendor for 2 min. Ti,e slurry was filtered through :2 

layers of muslin and the tlIlrate was centrifuged at 1,500 x g for 20 min. The 
,upcrnatant waS used as the source of enZyme. 

Enzyme '-Ictivity was assaycu \\ 11h j}glycerophosphate as the substrate. The 

reaction mixture contained 1 ml acetate buffer, pH 5.5,0.2 ml ~-glycerophospbate, 

0.1 M. ~llzymc Llnu water 10 make lip :2.0 m1. The reaction mixtllre was incubated [It 

37° C for 30 min and the reaction \V,IS stopped by the addition of 2 111\ trichbrolce­

tic acid, 10% (TCA). The substrat~ was added to the controls after the addition 

of TeA. After cCI1\f1fugation fnr 5 min at 1,500 x g aliquots of the supelnatant were 

l,d,CII fnr the determlnatioll ot IllOl"1l3nic pho~pholus (Pi), by the procedure of Fiske 

,t11d St:bbarolV (S). Protelll 111 n'"Y1l1C extracts was determined by the procedllr~ of 

LOWlY t1 ai. (9) Elllyme activit) W.lS I xpresscd as fLMoles Pi libera'ed/min under 

:'~"I)' c,1lldit il)\1~ Specific activity of the eoz) me was expressed as fLMoles PI 

ilheralcd/min/mg protein. 

RESUl r j AND DISCUSSIO~ 

Inofg:,U',:c: phosphnk i~ rL'ported 10 inhibit the activity of AcPh enzyme (2). 

Thcrdllre. it W,IS nccessury to as~~rtai,l whClher the end,)genous Pi in the enzyme 

extract ufkcted lhe rate of IlbcLlII'Jll Ilf PI frclm tlv substrate [t was observed in the 

prtliminary experiments cJllducled wllh enzyme extracf prep.lred as described in the 

,cellon. matenals and methuds, that the reactioll was )lnear Ufllo 60 min. DUl'mg 

lht~ pCllod 4 ItMoles of PI was liberated. Under standard condition of assay 0330 
to 2.205 /,-Moles PI \V~s libcrlltd. lhis observatil1o, in our Op1l110n, 
ll',dicales that the endog~llolls Pi UL'lS 110t inhibit the Lberatlon of Pi by tbe AcPh 

tIiZ) me flam fi-glycel'ophosphate. 

Evidence supporting the above conclusion was obtained by determining the 

AcPh activity of the extracts pass"d through 8 column of Sephadex 0-25 to 

remove endogenous Pi, The column eulate showed a specific activity of 0.1875 
/LMoles Pi/min/rug pr()l~In as compared to 0.1854 f.lMol~s Pi/min Img protein 

of enzyme extract 

Results are presented in Tables I and 2, and Figs 1 and 2. 

The acLi\'ity of AcPh was Significantly ddIerellt amongst the varieties (Table 1). 

It was highest in 0-2524 followed by Kufri Bahar, Kufri Sindhuri, Kufri Lalima, 

Kufri Chandramukbi and Kufri Lauvkar. The varieties also differed significantly In 
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Table 1. Aciel phosphatase activity of tuhers of polato yarieties (averaged o\'cr 

conditions of storage and dates of observation). 

Varieties Activity fl moles Specific activity /t moles 
Pi/min Pi!min!mg protein 

Kufri Bauar 0.0442 0,2808 

Kufri Chandramukhi 0.0366 0.3333 
Kufri Lalima 0.0389 0.2849 
Kufri Lauvkar 0.0259 0.2131 
Kufri Sindhuri 0.0400 0.2704 
G~2524 0.0491 O,377l 

SEm 0.0020 0.0251 
CD (0.05) 0.0055 0.0696 

respect of the specific activity of AcPb. However. the order was slightly different, 

G~2524 showed the highest specific activity followed by Kufri Chandramukhi, Kufri 

Lalima, Kufd Bahar, Kufri Sindhuri and Kufri LaLlvkar. 

Significant differences in AcPh activity and specific activity were also obtained 

during tbe storage of tubers CTable 2). The AcPh activity and specific activity increased 

till 32 days of storage and then declined. The decline in AcPh activity and specific 

activity of stored tubers between 62 days and 97 days was considerable and again 

between 158 days and \89 days of storage of tubers. 

Table 2. Acid phosphatase activity during storage of potato tubers (averaged over 
varieties and conditIons of storage). 

Activity 

p.Moles 

Pi/min 
Specific 

Period of storage days 
o 32 52 97 126 158 189 SEm CD (0.05) 

-----------------------------0.0527 0,0530 0,0468 0.0310 0.0292 0.0327 0.0202 0 0022 0,006 [ 

0,3446 0.3808 0.3530 0.26825 0.2711 0.2607 01145 0,0273 0.0757 
activity p.Moles 

Pi/min/rug protein 

Both AcPh activity and specific activity of tubers stored at room temperature 

(0.031 /-tMoles Pi/min and 0.209 fkMoles Pi/min/mg protein) were significantly lower 

than that of tubers slared in a cold store (0.0455 /t Moles Pi/min and 0.3683 ft Moles 
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PI/mtnJmg, protein. This was in general due to a continuous decline in AcPh 
activity and specific activity in tubers stored at room temperature (Figs. I and 2), 
In case of cold stored tubers, AcPh activity increased ioitially, The su bsequent 

decline was much less as compared with that observed in case of tubers stored at 
room temperature. The specific activity of cold stored tubers generally increased 

upto 62 days of storage, declined between !i? and 97 days and increased subsequently 
The specific activity at J 26 days ~fter cold storage was higher than at the time of 
storage in all varieties e1<ccpting Kufri lalima. However, the specific activity was 

considerably lower in tubers stored for another 63 days (Fig, 1). due to very steep 
fall in specific activity betwecn 15fi and [89 days. 

Differences in AcPh activity of potato varieties have been observed earlier (3) 
and our results confirm them. Our results for cold stored tubers (Figs. I and 2) are 

also in agreement with results ,obtained by Bielinska-czarnecka et aJ. (7), who 
observed two peaks of AcPh activity in tubers stored at low temperature (upto 8° C) 

Bailey et al. (6) also observed an increase in AcPh activity at the time of sprout 
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lUitiation. Lucas and Pitt (1) observed a decline in AcPh activity after sprout 
initiation in potato tubers. We have observed a continLlOus decline in AcPh activity 

in the tubers stored at room temperature, where sprout initiation occured within a 

few days of storage. It is pertinent to mentiol1 here that in sprouted tubers AcPh 
activity was always higher in the sprouts than in the tuber tissue (Pandey 
and Verma, unpllbli&bed). 

These results suggest that AcPh activity is associated with physiology related 
to growth. It ~eems reasonable to assume that at about the time of sprout initiation, 

AcPh activity in tuber tissue increases and later declines when sprouts grow. TlllS 

1V0uid be in confirmity to lower levels of activity observed by Pandey and Verma 

(unpublished) in the tuber tissue of sprouted tub~rs than in the sprouts. 
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EFFECT OF IRRIGATION AND NITROGEN FERTILIZATION 
ON YIELD AND SIZE OF POTATO VARIETY 

KUFRI SINDHURI 

D.C. PANDEYl, KIRTl S1NGH
2 

AND J L. MANGAL 1 

ABSTRACT 

Studies were conducted for two years (l970-71 and 1971-72) to compare three 

levels of irrigation (25, 50 and 75 per cent available soil moisture) and four doses of 
nitrogen (100, 120, 140 and 160 kg/ha). Higher potato yield was recorded when 
irrigations were applied at 75 per cent available soil moisture followed by 50 per cellt 
and 25 per cent soil moisture. Application of nitrogen dose at the rate of 160 kg/ha 
produced highest potato yield in comparison to other treatments. Irrigation and 

nitrogen application at the rate of 100 kg and 120 kg/ha dId not show any signi-

ficant influence on tuber siZ,e. 

INTRODUCTION 

Yield and size of potato are greatly influenced by soil moisture, nutrients, 

environmental conditions and management practices. Absence of relevant information 
on these aspects adversely affects the production and quality of this crop. Among 
these factols role of adequate irrigation and optimum dose of nitrogen is of more 
importance, Since little information is available on the effect of irrigation intensities 
and fertilizer levels on yield and size of potato, the present investigation was, there­
fore, carried out to ascertain optimum dose of nitrogen and irrigation schedules 

for potato crop, in agroclimatic conditions of Hissar, Haryana. 

MATERIALS AND METHODS 

The experiment was conducted at Hissar during 1970-71 and 1971-72 on sandy 

loam soil of average and uniform fertility baving average pH 8 3, conductivity 

1. Departmcnt of Vegetable Crops, Haryana Agricultural University. Hissar·125004 

2. Narendera Dev University of Agriculture and Technology, Faizabad.22401!. 
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(mmhos jcm) 0.72, organic car bon (%) 0.43, available P20 5 (kg} ha) 35.0 and K20 

(kgj 11a) 865.0 on the variety Kufri Sindhuri both the years of experimentation. The 

studies were conducted in a split plot design with three main plot treatments of 

irrigation (irrigation at 25, 50 and 75% available SOIl moisture) and four sub·plot 

treatments of nitrogen doses (l00, 120, 140 and 160 kg!ba). All twelve treatment 

combinations were replicated three times, 

A basal dressing of 60 kgjP20S' 120 kg KzO/ha and half dose of nitrogen was 

applied as band placement at the time of planting. Remaining 1/2 dose of nitrogen 
was applied after 30 days of planting at the time of earthing during both the years. 
Potato seed tuber of optimum size were planted on ridges in a plot of 2.40 Mx2M 

at a planting space of 60 cmx20 cm on 26.10.71 and 23.1071 in respective years. 

Moisture percentage in the field was measured with the help of Parihar 
Moisture Meter before each irrigation and measured amount of water W<l5 applied as 
per treatment. 

Table 1. Details of irrigation schedule. 

Treatment No. of irrigations 

1970-71 1971·/2 

Date of first 
irrigation 

1970.71 1971-72 

Date of last 
irrigation 

1970-71 197Pl 
-------, ------------- -------

Soil moisture (%) 

(Depletion of moisture (%» 
25 (75) 2 2 7.12.70 8.12.71 9,2.71 ] 1.2.72 
SO (50) 5 5 26.11 70 29.11.71 16.2.71 19.2.72 
75 (25) 11 11 J8 1 J.70 20.11.71 19.2.71 21.2.72 

Depth of irrigation water was kept 50 mm at each irrigation. Depth of irriga-

tion water and length and width of plot were considered while meaS1JJ ing the volume 

of water per plot. The details of irrigation schedule for various treatments during 
the two years are given in Table I Two common irrigations were given to complete 

the uniform sprouting in each treatment before the irrigation schedule was followed 
as peT treatment 

All cultural and plant protection measures were {oHawed a9 and when required, 
The data were recorded on yield and size of potato tubers. 

RESULTS AND DISCUSSION 

The data in Table 2 revealed Ibat siBnificanUy higher potato yield was r~cor .. 
oed when irrigatiol1s were applied at 75% soil moisture followed by irrigations at 
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50 and 26 per cent soil moisture during both the years. Reduction in yield under 

irrigations at 25% soil moisture was aboul 132.5 and 64.9!ba during respective years 

as co.llpared to irrigations at 75 o/Q soil moisture, Potato yieJd was also influenced 

by nitrogen 8ppllcation during 1970·71. Hig.hcst potato yield was nOliced when nitrogen 

was applied @160 kg/ha followed by 140 kg, I::U kg and 100 kg/ba. However, there 

was no significant effect of nitrogen dllring second ye,l(. Interaction (Nxll Was found 

to be non·significant during botb the years. ReduclIon In rotatD yield per unit area 

under irrigations al 25% and 50% availabJe soil moisture in comparison to 

irrigaliollS at 75% <lvailable soil moisture may be due to moisture stress which 

affected the normal growth Clnd develoment. The plants having irngations at 75% 
available soil moisture appetlwl to have experienced no moisture stress and the 

\'arious physiological processes went on smoothly resulting in better uptake of 

nutrients and better pl<1.ot growth, According to Drew (2), proper balance of 

moisture in plants not only increase the photosynthesis but also helps in higher 

upt(lk~ of nutrients to meet accelerated rate of growth and ultimatc:ly the yidd. 

Tbese results are in conformity with the findings of Narang und Kanwal (4), and 

Bhattacharjee (1). But there was no significant difference III tuber size during the 

second year due to nitrogen application. Interaction eff.;ct was found to b.;: non 

significant during both the years of experimentation. 

Table 2. Effect of irrigation and nitrogen level OD the yield (q/ha) of potato variety 
Kufri Smdhuri 

Iniga lioll Year Nitrogen levels (kg/ila) 
100 120 140 160 Average 

---,---
Soil moisture (%) 

25 1970-7l 165.3 192.3 223.4 283.3 216.1 
1971-72 133.8 172.3 205.3 231.0 185.6 

50 1970-71 199.5 216.8 289.1 2948 250.{) 

1971-72 188.8 209,4 226.9 2453 217.5 
7S 197071 288.9 321.0 396,0 388.6 348,6 

!971-72 215.2 215.9 260.3 274.5 250.5 

Mean 1970·71 217.9 243.3 302.9 322. ~ 271.5 
1971-72 179.3 211.2 230.8 250.3 217.9 

([970-71) ( 1971-72) 
C. D. at 5% for 0) irrigation levels (1) 16.& 7.5 

(ii) Nitrogen levels (N) 14,7 N.S. 
(iii) In (eraction (1 x N) N.S. N.S 
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TlIble 3. Effect of irrigation and nitrogen levels on size of potato tuber (g) in 

variety Kufri Sindhuri during 1971-72. 

J rrigalion 
Nitrogen levels (kg/ha) 

100 120 140 160 Average 

Soil moisture (%) 

25 
24.7 30.0 34.0 44.4 33.3 

50 
32'4 36.0 39.0 52.0 39.9 

75 
25.7 34.4 520 44.4 39.1 

Meal1 
27.6 33.S 41.6 46.9 37.4 

-
C. D. at 5~'u for (i) Irrigation (1) N. S. 

(ii) Nitrogen (N) 7.3 

(iii) Interaction (1 x N) N. S 

Irrigation treatments did not show any influence on tuber size (Table 3). How­

evel' 100 kg and 120 kg/ha N did nct affect tuber size bignificantly. There was 

statist ically nO difference between the nitrogen doses of 120 kg N /ha. Interaction 
eiIect was found to be non-significant. The results are in agreement with the findings 

of Kapoor (3). 
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EFFECT OF SEED SIZE AND SPACING ON GROWTH 
AND YIELD OF POTATO 

A. s. SIDHU\ M, L. PANDlTA2 AND S. K, ARORA2 

ABSTRACT 

in a field tria! at the Vegetable Research Farm, Haryallt1 Agricultural University, 
Hissar iutrarow spacing of 15 cm gave tbe higest tuber~yield in potato Var, 
Kufri Chandramukbi. With wider intra-row spacing of 25 em and 80 g seed-size the 
production of 'A' grade (above 50 mm) tllhers were also improved. The closer 
spacing i.e. 15 em, higer yields of 'B' (25 mm to sa mm) and 'Ct grade (below 
25 mm) tubers was obtained. The height of plant and number of stems per hill 
were also higher in lS em spacing and 80 g seed-size. it was concluded (hat an 
optimum pJant spacing (55 em X IS em} with the seed·size of 80 g gave best perfor­
mance under aria conditions prevailing at Hissar. 

INTRODUCT[ON 

The factors like seed-size and spacing il1{luence economic potato growing. 
Because a slight variation in one or both. apart from iufiucrncing the yield, affects 
considerably tbe physiological capabilities of the plant and also ecorJomlcs of potato 
prOduction. lB the absence of local cold storage facilities, there is Qlways difficulty 
in securing desirable seed-size and the requisite amount of seed potatoes wbich 
must be imported from the hills or from certain other seed centres. The cost of 
imported seed is exorbitant ~urin~ tl\e pla.nting season, Considerable amouut of 
'Work in lndia as well as on exotic locations on thc:se aspects have 
been reported by SUfi (8), Siogn and Wakankar (6), Az.ariah and Saptharishi (I), 
Bates (2), Findlay and Sykes (4). Choudhary and Choudhary (3), and Sllllkla and 
Samarjeet (5). The experiment reported here was planned to deterilline 
the most suitable seed-size and spacing which would be economically 
suitable and prQfitab\e under conditions prevailing in the arid region of H.uyana. 

1 Present address; Department of Vegetable Crops, Landscaping and Floriculture, PAU. 
Ludhiallit (Panjab) 

:1. Depattment of Vegetable Crops, H.A,(J., Hisgar (HaryanaJ. 
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MATERIALS AND METHODS 

This field trinl was conducted at Vegetable Research Farm, Haryana Agricul­
tmul University, Hissar during 1978-79. Variety Kufri Chandramukhi of potatD 

wus used in view of its wide popUlarity and hDmcostatic nalme. The spacing 

chosen for the experiment were IS em (S1)' 20 cm (S2) and 25 cm (S3) from 
tuber [0 tuber, 20 em spacing being the local practice. The seed was sorted into 

two groups for size i.e. 50 g (W 1) and 80 g (W 2)' The experiment was laid 
out in a randomized block design with three replications. 1 he distance between 

rows was kept constantly at 55 em. The net plot size was 2.40 Mx 3.30 M. 
Planting was done on October 9, 1978 and harvesting on January 19, 1979. Re­
commended manurial and cultural schedule \,,'a8 followed during the 
period of experimentation. Obsel'vations were recorded on various growth and 
yield characters. 

RESULTS AND DISCUSSION 

Results of total yield and in different grades of tubers are presented in Table 
1. Among the intra-tow \lpacing tried Sj (15 em) give the highest ~ields and 

next in succession were S2 and S3' The seed size W2 (80 g) gave better re· 
sults in all the spacings <lnd proved the best with 15 cm spacing. In general in­
crease in the plant spacing resulted in decrease of total yield and the yield of 'C' 

grade (below 25 mm) tubers. Similar results were also reported by Bates (2) 
and Findlay and Sykes (4). There was no significant increase or decrease in 
yield of 'C' grade (below 25 mm) tubers when - the spacing between plants was 
increased from 20 em to 25 cm. It was thus inferred that increa<;ed 
plant populution increased tbe total number of small sized tubers ('C' 
grade) due to increase in intraplant competition. Whereas wider intra-row 
spacing induced production of higher yield of better grade ('A' grade) tubers per 

plant. It had been observed that tubers of 80 g i.e. Jarger seed-size give the 
best yields of 'A' graue tubers. The closest spacing of 15 cm gave higber yields 
of 'B' (25 mm to 50 mm) and 'C' (below 25 mm) grades tubers. The to.tal yield 

from large seed-size (80 em) was greater than from smaller seed-size (50 gm) be­
cause large seed produced more sprouts, greater yields and large number of tubers 
per hill, In small seed-size tbe effects of mosaic disease of potato is to produce 

dwarfed, unhealthy plants, which mainly produces small tubers and in conse­
quence, only very poor yields could be expected. By eschewing the samll tuberll 

and insisting on the ideaJ seed-size for planting, the percentage of mosaic affecting 
the crop could also be brought down considerably. Similar were the findings of 
Singh and W(lkankar (6). 
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The effect of seed-size and spacing on number and weight of tuber, plant stand 

and growth characters is also given in Table 1. The data revealed tbat Sl (15 Cnl) 

spacing and 80 gm seed-size was all along effective in prDducing more number of 

tubes per hill. As the size of seed increases the number of tubers per hill increased 

but reverse was the effect on average tuber weight. The spacing S3 (25 cm) was most 

elTective in increasing the weight of tubers in botb the seed Sizes. Same trend was 

oberved for final plant stand. There were no significant effects of both seed size and 

spacing on number of stems and height of plaot although larger seed size (80 g) 

produced slightly higher number of stems and height of plant. The data depicted 

that seed-size had a direct bearing on the metabolic activities of potato plant which 

resulted in increased growth and tissue formation. Similar results had been repor­

tcd by Singh (7). Since the mother tuber functions as a store bouse of food for 

the plant in infancy thus bigger the seed possesses more is the reverse of nutrients. 

Consequently such seed tubers result in early and rdatively high germination and 

also with stronger and vigorous sprouts which ultimataly grow faster and yield better 

From the present investigation, it was concluded that an optimum plant 

spacing (55 em x 15 em) with the larger seed size (80 g) the best yield performance 

of variety Kufri Chandramukhi could be obtained. With wider intra-fow spacing 

(55 em x 25 em) and 80 g seed-size the yields of 'A grade (above 50 mUll tubers 
were also improved. The closest spacing of 15 em gave higher yields of 'B' and 'C' 
grade tubers in both the seed sizes. 
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EFFECT OF SPACING AND SEED SIZE ON GROWTH AND 
Y[ELD OF TOTAL AND SEED SIZE TUBERS IN POTATO 

S. C. KHURANA AND 1\1. L. PANDITA 

ABSTRACT 

An experiment with nine comblOations of inter-and intra-row spacing and 

three seed sizes laid out at H, A, U. Regional Potato Research Station, Kharindwa 

(Kurkushetra) in 1972-73 and 1973-74, showed that total and net yield and quantity of 

25-50 mm tubers, plant height and number of stems per plant all hlcreased with the 
increase in seed size, The total yield and yield of seed size tubers increased with 

Il1crease in plant population. Spacing of 50 and 60 cm bet we'O'Il rows was found 

better than 70 em during both the years under study. 

INTRODUCTION 

Polato (SolanulJ! tuberosum) crop requires optimum conditions for propel' growth 
and harvest of high yields. In such row crups, yield pel' unit area is depende.nl not 

only on the number of plants per unit area but also on special arrangement of these 

plants. Potato is vegetatively propagated crop and hence has higher seed reqlljre~ 
ment. Too close spacing causes the individual plant to suffer from competition and 

impairs the crop growth. On the other hand, too wide ~pacing cnuses inclcase III 

the size of tubers and yield per plant but total yield per unit afea may be decreased 
because of less plant population (1.4). Hence there is a need to work out the opti· 
mum spacing both for table as well as seed pllrposes. Large seed call also be eff· 
ectively used by increaslUg spacing and smaller seed by decreasing the spacing bet­
ween plants (2). 

The vegetative growth, number of stems and yield increased with incfease in 

the seed size (4), by proper adjustment of spacing wIth seed size, both yield and 
a verage tuber size can be modified. 

I Deplr(m~nt of Yeg etuble Crops, H.A,U., Hissar. 
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The present project was, therefure, undertaken to study the effect of combi­
nation of inter-and inti tHOW spacing and seed size on growth. yield and grades of 

tubers especially in relation to the production of seed size tubers. 

MATERIALS AND METHODS 

An experiment with three seed sizes (25-35,(28 g), 35-45 4Sg) and 45-55 (75g) 

111m diameter) in potato variety Kufri Chandramukhl was planted at 18, 30 and 

42 em apart in rows at distance of 50 cm; 15, 25 and 35 em apart in rowS at a 

Jistance of 60 em and 13. 23 and 30 em apart in rows at a distance of 70 em so as to 
get a plant population of 48,000, 67,000 and 1,11,000 per ha in each case. 

The experiment was laid out in split plot design in three replications with 

combinations of nine inter-and intra-row spacing as malO treatments and three seed 

sizes as sub treatments as shown in Table l. The soil was sandy loam. Plot size 

was 17.64 sq.m. (4.20 m 4.20 m) and planting of well sprouted tubers was done 

on 20th October in 1972 and 30th October [973, at H A.U. Regional Potato 

Research Station, Kharindwa (Kuruksbetra). Data on number of stems per hill 

was recorded 50 days after plantiag and height of plant after 70 days. 

RESULTS AND DISCUSSION 

Total Yield 

Among the 9 main treatments, 60 em x 15 em out yielded other treatments 

during both the years under study (Table I) whirh gave 253.83 q/ha-t in 1972 73 

and 311.79 q/ha-1 during 1913-74. This treatment was statistically at par with 

SO em x 18 cm and 70 em x 13 em and was statistically superior to remaining 6 

treatments. This trell tment also gave highest net yield of tubers during both the 

years (Table 3). The data further revealeu that plant geometry was not important 

factor but plant population was very important factor contributing towards the most 

yield_ Lowest yield of potato tuber was given by the spacing of 70 cm x 30 ern which 

gave 153.99 q/hC1 during 1972·73 and 236.55 q/uc1 during 1973-74. During1972-73 

it was ~tatistieally inferior to all the remaining 8 treatments. It also gave' lowest !let 

yield of 130.33 q/ba during 1972-73 which is significantly lower than all tbe remaining 

treatments. Ho wever during 1973·74 main treatments did 110t diff<!r statistically 
as for as net yield was concerned but the net yield of thb treatment was lower than 

all the treatments except 70 em x 23 em. The lowest yield may be due to lower 

plant population alongwith optimum combination of plant geometry. Lowest yield 

with the spacing of 70 cm x 30 cm has also been reported by Kmhnappa and 

Gowda (6). This may be attributed to more width of ridge resulting in poor 
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seepage to root zone thus making less quanitity of water available to the growing 
plants compared to 50 to 60 cm row spa.::ings. It might also be due to poor 
utilization of space. There was 00 difference between 50 and 60 em row spacings 

which corroborates the fi odings of Rostropowiez (8). 

Among the three plant populations tried, population of I, t 1,000 ha- I gave the 

highest gross yield per Unit area during both the years under study, irrespective of 
seed size and row spacings used and maintained its superiority over 67,000 and 48,000 
plant population. It gave an average yield of 24l.35 q/ha-1 as compared to lowe~t 

yield of 185.70 q/ha- l given by the plant population of 48,000 during 1972.·73 while 

in 1973-74 its yield was 305.65 q/ha compared to 242.75 qjha- I given by 48,000 plant 

population. However its net yield was equlli to the plant population of 67,000 during 
1972·73 and highest during 1973-74. Increase in gross yield with increase in plant 
density has also been reported by Bianco (1). Sub treatments (seed size) also 
differed significantly during both the years. Planling large (45-55 mm) seed tubers 
increased yield by 51.33 q/ha in 1972-73 and 83.25 q/hu in 1973·74 'lnd planting 
35-45 mm seed size tubers increased yield by 19.20 q/ha in 1972-73 and 50.13 q{ha 
in 1973-74 over those of 192.01 q/ha in 1972-73 and 225.34 q/ha in 1973-14 obtained 
by planting small tubers of the size 25-35 mm Net yield also increased with 

IJ1crease in the size of tubers used for seed purpose (Tablc 3). The increase in yield 
is attributed to the increase in the number of stems per unit area. Similar finding~ 

have been reported by Icitani et al. (4) and Pandey and Ghai (7). 

Seed size tuber 25-50 mm 

In general the yields were better during 1973-74 than 1972-73 because of 
optimum time of plantmg and better climatic conditions. With the increase in row 

spacing to 70 cm the yield of seed size tubers was reduced Table 2). Plant 
population of J, 11 ,OOO/ha exhibited the higbest yield of seed sized tubers during both 
the years under study. This is attributed to the increase in number of stems per 
unit area leading to more competition between plants consequently reduction in 
tuber size. This agrees with the work done by Kburana (5), Ifenkwe (3), Gbai 
et al. (2), Svensson and Carlsson (9) and Krishnappa and Gowda (6). With the use 

of large sized tubers for planting, yield of seed sized tubers increased significantly. 
It was 94.79 q/ha during t972-73 and lO7.70 qjha during 1973-74 using tubers of 
the size 45-55 mm for planting as compared to the yield of 75-88 q/hlt during 

1972-73 and 58.89 q/ha during 1973-74 obtained by planting the tubers of the size 
25-35 mm. 
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Econumics of various treatments 

During both the years, income increased with increase in plant population 

(Table 4). The population of 48,000 plants /ha gave the illcome of Rs. 14,666/ba 

during 1972·73 and Rs. 18,791/ba during 1973·74 while an inconJe of Rs. 16,963 and 

Rs. 23.760 was given by the popUlation of 1, I 1,000 plants/ha, during 1972·73 and 

1973 7:l, respectively. Seed size of 45·55 mm used for planting was most economical 

during both the years. Among three row spacings used highest income of Rs. 16,951 

ha during 1972-73 and Rs 21,588{lla during 1973·74 was given by 50 r:m and lowest 
income of Rs 14,558/ha and Rs. 20,080/ha during 1972·73 and 1973-74 by 70 em 

respectively. However, 50 and 60 em row spacings did not differ greatly. 

Vegetathe growth 

Height of the plants increased significantly with the increase 10 size of tuber$ 

during both the years under study (Table 5). This is attributed to the availability of 

more quantity of food in the large size of tubers for iotial boost to Illdividual plants 

which were able to draw more water and nutrients from the soil compared to plants 

from small sized tubers and these plants wet'e stout and healthy. Height of plant , 
increased with tbe increase in spacing between rows. Since with the increase in 
spacing between rows the spacing between plants was reduced to maintain tIle 

optimum plant population per unit area, the competition between adjoining plants 

increased and thus plants became lanky. Highest plant height was given by 70 em x 

13 cm spacing during both the years 

Number of stems per plant increased with increase in the size of tubers 

(Table 6). It can be attributed to more number of eyes on the Jarge sized tubers 

compared to small size ones. This agrees with the findings of Khurana (5) and 

lritani et al. (4). 
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.J. lndinn Potato Assoc. 9(2,3 & 4) : 85-87, 1982. SHORT NOTE 

CQRRELAT10NS BETWEEN STORAGE CHARACTERS OF 
SEED TUBERS AND YlELD IN POTATO 

T. R. DAYAL AND K. P. SHARMA! 

Yield being a combined expression of interactions and associations of various 

component factors, can not be measured in terms of a single trait nor can its 
inheritance be analysed on the basis of individual characters. The contributions 
and relationship among the involved plant characters have, therefore, to be studied 
to find out the correlation coefficients employing the biometric estimation methods 

for calculating the variances and covariances. The information could be further 
used for evolving criteria to select suitable breeding I ines in t he concerned crop for 

yield. 

In potato ('lofanum tuberQsum L.), Salaman (4) and Whitehead et a!. (7) 

have reported correlation studies on certain morphological and tuber characters of 
qualitative nature. Dayal (1,2), Maris (3), Sidhu and Pandita (5) reported posi­

tive relationship between yield and other characters o! quantitative nature. 
Tarn and Tai (6) observed positiVe association between yield and number of tubersf 
plant and average tuber weight. However, information is not available on sto­
rage behaviour of the produce and its effect on yield. An experiment was, 
therefore, conducted to find out the relationship of storage characters with tuber 
yield during the winter of 1980-81 at Central Potato Research Station, Kufri. 

One hundred tubers of equal size and similar physiological age were taken 
f rom the harvest of 17 varieties/hybrids done in October, 1980. The cultures 

selected for study were SLBfM-I7, SLB/M-18, SLB/M-70, SLB/O -239 
SLB/Z -864 -13, K- 2500, K -85,0--2524, JEI -214, F 5242, VB -8, 0-
1135. Kufd Sindhuri, Kurri Jyoti, Kufri Chandramukhi and Kufd Badsbah. To 
begin with initial weight of the tubers- of each culture was recorded and subse­
quently weight losses recorded at 45 days interval. The final weight loss on percen­
tage basis was calculated on 135 days in each case. Average number of sprouts! 

1 Division of Genetics, Central Potato Research Institute, Shimla-17100l. 
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tuber WDrJced out as average of 5 randomly sampled tubers in each genotype, 

was counted. At the time of planting, maximum ler,gth and weight of sprout of 

five sampled tubers were (lIsa recorded A replicated trial was laid out with the 

tubers of all varieties/hybrids in April, 1981 at Kufri WIth recommended doses of 

Nt'.\. and olher cultural prarlices 

At ftowcl'ing time, 5 plants of each culture in different replications were obser­

ved for Dumber of stems! plant and for nwmber of tubers/plant and yield at the time 

of harvest. Rang..:, mean, coefficient nf vanability and simple correlation values were 

calculated by adopting standard procedure of rnalysis of variance and covari:lOce 

for a randomized block design. 

High range of variability was observed for all the characters studied (Table 1). 

Values Df correlation between ~ield and various plant and tuber storage characters 
are shown in (Table 2). At any specific date per cent weight loss showed posidve 

but llon-significuut 'r' values for ,sprol\ts/tuber, average weight/sprout and number 

of tubers/plant. Per cent weight loss, however, showed negative and non-significant 

COl relation with length at sprout, number of stems/ plant and tuber yield/ plant. 

Number of sproutsj tuber showed positive and n(ln·significant correlation with 

average weight/sprout, number of stems/plant and tuber yield/plant. 

Table 1 Ral~ge, meun and co·efficient of variability for different storage characters 

of seed tllbers a nd tuber yield in potato. 

CbaracteI~ Range Mean C.V. -_- - --- -- ---- ~-- ------

J. Total % weight loss 4.06-12.52 8.46 27.42 
2. Average No. of sproutsJtuber 1.00-12.00 6.35 49.61 
3. Average weight/sprout (g) 0.81)·12.40 4.10 1'>1.91 
4. Maximum length of sprout (CM) 4.30·14.10 838 48.27 
5. Number of stems/plant 1.95-5.60 3.82 2487 
6. Number of tubers Iplant 2.5.1-11.70 7.22 16,62 
7. Tuber yield/plant (g) 18.05-348.25 214.38 ~0.44 

The association between llVcrage number of sprouts/tuber with length of sprout 

was fou~d to. be sigillficantly negative. Average weight of sprout showed negative 
correlatIOn With length of srrllut but positIve non-significant association with number 

of stemsfpl~nl, number of tuber/plant and tuber yield/plant. Length of sprouts 
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Table 2. Simple coreelation between storage characters of seed tubers and yield 
III pOlato. 

Characters 2 3 4 5 

. uber yield! 
plant 

6 7 

TOlal % weight loss I +0.3331 +0.2956 -0.006 -0.0992 +0.2150 -,0.0616 

Average No. of 

sprouts/tuber 2 +0.4572 -0.5366* +0.2417 +0.2916 +0.2913 
Average weight! 

~prout (g) 3 - -0.2992 +0.1916 +0.2174 +0.3421 
Length of sprout 

(eM) 4 0.3196 -0.2866 - 0.3782 
Number of stem! 
plant 5 +0.7455** +0.4480 
Number of (ubers! 

plant li +0.4981 * 
*Significant at 5% level, **Significant at 1 % level. 

showed negative Lissociation with number of stems/plant, number of tubers/plant and 

tuber yield/plant. Number of stems/plant showed highly significant and positlve 

correlation with number of tubers/plant and positive but non-significant correlaliol1 

with luber yield/plant. Significant and positive correlation value was also found 

between number of tubers/plant and tuber yield/plant. 

Higher values of coefficient of variability shown by the chararters tcnd to point 
that tht'se traits can be helpful in seiectiC'n for better yield performance. 
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.J. Indilln I'ot~to Assoc. 9(2.3 & 4)' 88·90,1982. 
SHORT NOTE 

VAR1ATION FOR 1UBER DRYMATTER IN ANDIGENA 
POTATOES 

P. C. GAUR l AND M. S. RANA2 

Low genetic vunability for tuber drymatter has been reported in Tuberosul1l 

varieties and segregating progenlcs (2, 3). Since Tuberosu111S represent only a fraction 
of the total genetic variability present in cultivated tetraploid potato, it was 
decided to screen Andigena collection (introductions as also those generated by 
intermatll1g them) available with the Central Potato Research Institute, SImla, India 
for. Luber drymatter content and identify suitable genotypes for lise in the breedlDg 
pr('gramme. No information on this aspect, in this collec[ion has been available 

so far. 

The collection comprising about 5,000 genotypes was grown at Central 

Potato Research Slatlon, Jullundur, during 1975-76 crop season. The genotypes 

were planted in single rows of 20 tubers each in augmented design. Tile v~riety 
Kufri Challdramukhi waS planted on every twentieth row. The distance between 
and within the rows was maintained at 50 and 25 em, respectively. No:mal 

manurial and cultural schedules were followed during the season. At harvest, 766 
genotypes were visually selected in the field on tbe basis of tuber shape, colour and 

bulking. Tuber samples from nearest rows of the variety Kufri Chand! amukhi 

were also drawn. 

The per cent tuber drymatter \Vas estimated by drying duplicate samples (50 g 

each) of sliced tuber tissue, from each genotype, to a c,)nstant weight at 70°C. 

For the estimation of various genetic parameters tile variance of the variety Kufd 

Chandramukhi was taken as an estimate of the environmental vari~.tion (VP). The 
variance of Andigena population was taken to be containing the genotypic variance 
(VG) and the environmental variation (VB). Genetic coefficient of variation, 

heritability and genetic advance were calculated as per usual procedures. 

I Centrat potato Research Institute, Simla.l71001. 
:! Celltral Potato Research Station, Jalandhar·144003. 
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The Andigena collection showed a wide variability for tuber drymatter (Fig. I). 

The drymattel' values ranged from 11.2% in the genotype IEXJB-2959 to 31.4% in 

JEX/ A-857. The mean tuber drymatter value fot' Andigena population (21.02%) 

was a little lower than the mean of the varie~y KlIfri Chandramukhi (22.04%). The 

genetic coefficient of variation (GCV) for Andigeoa population was high (Table 1). 

This together with high heritability and expected genetic advance for 5% selection 

pressure, indicateli the suitability of this population for the improvement of tuber 

drymatter In cultivated potato. 

Table 1. Values of mean, coefficients of variability al1d 
cent tuber drymatter. 

genetic parameters for per 

Population Mean CV GCV Val'iances Heritability Genetic odVallce 
as % of mean 

Andigena 21.U2 
Kufl'i Chand- 22.04 
ramukhi 

% 
Phenotypic Genotypic 

--------------------26.24 24.63 30.37 26.79 88.21 47.02 
8.59 3 58 

-----------------------~~--
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Thirteen genotypes, viz. JEX!A Nos. 27, 30,97, 114, 248, 588, 651, 857; 

JEX/ B Nos 723, 732, 1423, 2346 and Miscellaneous 4, possessed 27% or more 

tubcr drymatter. These genotypes, however, did not have adequate yield potential 

for direct commercial exploitation Almost all the genDtypes except JEX/ A-114, 
llowered when planted at Kufn during 1976 crop season. The genotypes JEXj A-97, 

248; JEX/B-723, 732 & 1423 were male fertile. The genotypes JEX/A.651, 

JEX/B-723, 1423 and 2346 possessed resIstance to late blight alsQ. 

The idenlification of Andigetl3. cultures with high tuber drymatter, good 

flowering, has a significance in breedillg, sillce Tuberoslll11-Andigena hybrids are 
known to exhibit hetcrosis for yield (1,4, 5). These high drymatter Andigena 
genotypes can be exploited through: _._ 

I. Crossing them with Tuberosums aod selecting genotypes combining high yield 

and drymatter, 

2. Intermating the selected A ndigena genotypes followed by select ion for 

orymattcr and yield. 

Whereas, good yielders can directly go to the trials, those with high drymatter 

but only moderate yie'ld can be crossed again with Tuberosums. The selections can 

also be intermated to establish recurrent selelection cycles. A breeding programme 
t'l1 these lines is in progress, and the results will be presented elsewhere. 
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J. IlJ(lillll Potalo /t,ssoc. 9 (2,3 & 4): 91·110, 1981. 

EPIDEMIOLOGY AND SPREAD OF POTATO EARLY 
BLlG HT IN WEST BENGAL 

S.B. CHATTOPADHYAy1 AND B K. DE2 

ABSTRACT 

Studies were ulldertaken for two consecutive cropping st:asol)s on prevalc]lc~ of 
air horne conidia of Alter/wria solani in relation to weather conditions. COllnts of 

cunidia trapped on slides on aeroscopes exposed for 12 hours were made twice dally 

on':e at 5 p.m. and another at 7 a.m. Daily rec(1l'ds of maximum :md 
minimum temperature, maximum and minimum relative bumidity, wind 

velocity, dew deposition and sunshine hours were kept. Conidia could be detected 

fIOlll the third week of December till end of March with perceptible increase from 

Ihild week of January to end of February. Highly significant positive correlation 
was found between maximum and minimum temperature, maxiIllum relative 
hunddlty, wind velocity and dew deposition. Partial regression showed maximum 
temperature to play tile lDfljor role and wind velocity to some extent. 

Study on progress of infection of early blight of potato in tile field and 

individual plant tor two consecutive years on cultivar Kufd Chandra'11ukhi wns 

made. tn the first year of study, disease appeared early in the first week of Janu['y 
and progless was comparatively slow in the initial s1ages. A typical logaritilmic 

curve of progress of' infection could be made ont. In the second year, Jisca~cs 

appeared in the third w,~ek of January and progress was very rapid and almost lillr:H. 

Spread was local and limited to surrounding plants Disease in an individual plan! 
was found to be located mOTe on the leaves near the base ,1l1d intensity grad\lally 
decrrased on the leaves towa rds the apical region. 

INTRODUCJ ION 

Chattopadhyay (1,2) reported that the disease appears annually fro\1\ J:mu':u'y 
onwards and is responsible for heavy spotting of leaves and premaiulc defoliation 
of plants resulting in decrease in yield particularly in lute maturing on~_s_. ____ _ 
L Present addres~ : Department of Agriculture, Gove. of West Beng;(l, Writers Bui klill![3, 

Calcutta· 700001. 
:2 Faculty of Agriculture, Bidhan Chandra Krishi Vishwavidy<llaya, Kalyani· 741246. 
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For adequate control of the disease th rough application of fUlIgicides, a pre,-.ise 

schedlile bused on epidemiological data is necessary wbich also requires knowledge of 

spread. For these reasons a detailed study was undertaken on cipdemiology Bl1d 

spread of early blight of potato, as knowledge under Indian conditions is heking. 

Rands (16), reported early blight to be the 1110st severe in years characterizf'd 

by high ll1oi,ture early in the season followed by higb temperature and sufficient 

moisture to promote abundant conidial formation. Jones (20) and Rolfs (17) 

cicnWllstratcd that the development of early blight disease in both polato and tomat') 

was favoured by w3Im and moist weather Lutman (10), concluded thai early blight 

was most severe in drier seasons Moore (II) established that principal limiting 

factor iii feaf spot infection of tomato seeldling by A, solani W~IS humidity, Hirst (9) 

{(,ported maximum concentration of Alternaria spores in the afternoon when the 

tenperature and wind velocity were high and relative humidity low. Guthrie (7) 

l'l ported importance of dew on the development of early blight disease' of potato. 

Fury and Durie (4) found AI((fIlQria to be com~on in January and February. 

Dd'ferences in prevalence of conidia corresponded roughly with differences in 

temperature, reJutil'e humidity Ilnd rainfall. Rotem (18) showed maximum dH,persal 

of spores of A. porl'i f. sp. solani (A, so/mJ) and A. fenuis (0 take place during the 

final stage of early blight disease of tomato and potato, and during two weeks 

following death of plants. A diurnal periodocity 'Was observed in spore dispersal 

wtth 11 maximum at I I a.m. before minimum relative humidity (1 p.m.) and maximum 
wind velocity (3 p,m,). 

Harrison et al (g) reported tbat low tempef:lture and low relative humidity 

resulted in decreased infection of early blight. (Jemawat and Prasad (5) observed 

airborne conidia of Alternaria bllrnsii to be most abundant at 9 a.m. to 12 a.m. 

Ohms and Fenwick (12) noted v.ind as the principal means of dissemination of 
speres of A. solani. 

MATERIALS AND METHOJ)S 

Field experiments were conducted at the Ulllversity farm, Kalyani, Nadia, 

West Bengal. The cultivar Kufd Chandramukhi was planted in hoth the years in 
tpe 3rd week of November (normal for the area). 

Spores were trapped in aeroscope developed qy Chattopadhyay (unpublished) 

to measure the periodic sporeload of A. so/alii during the growing season. Height 

of the aeroscopes was adjusted periodicalJy to keep the trapping surface at approxi~ 

mately the same level with the top of the plants. Glass slides covered with a thin 
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film of vaselih on one SIde were placed regularly at 7 a.m. and -5 p.rn dally through 

out the cropping season. Four aeroscopes were placed in different places in the 

potato Delos. UncQated side of the slide was marked into eigllt equal parts with 

the belp of a glass marking pencil and cODidia of A. so/ani were counted and 
average was made for 4 ~Iides. Periodical measurement of conidia were made to 

ascertain whether tbe conidia belonged to A. sol:mi or nnt. 

For observation on presence of viable conidia of A, so(ani the exposed slides 

were placed in the saturated moist chamber at 26°C fur 24 hours. Cou.nting of 
genninated 'Conidia was made under micro$cope. 

Observations we're also recorded daily on maximum minimum temper,Hure, 

maximum and minimum relative humidity (by placing Therrnohygrograph in the 

experimental plot), wind velocity, dew deposition and sunshine hours. 

To determine the relationship between defferent factors of weather on the 
prevalence of airborne conidia as determined by deposition of conidia on (he 
aeroscopic slides, correlation coefficients were worked cut in respect of each factor 

aDd airborne conidia trapped. For this purpose, data on five dates were choosen 
at random in each month in the cropping season from December to March of tbe 
following year which constituted the period of observation. Total number of conidia 
''trapped on aeroscopic slides on tbese dates. as well as the data on maximum 
-and minimum temperature, maximum and minimum relative humidity, s.unshine, 
wind velocity and dew deposition were recorded and correlation coefficient between 

number of cOllidia and each of these factors was determined according to the 
formuala described by Pan~ and Sukhatme (15). 

For study of spread, experiments were undertaken to find out (a) time of first 
appearance and progressive increase of disease as well as (b) spread of the disease 
in infected plant. 

Observations were recorded on plots specially selected for the purpose. In 

each plot 50 plants were grown. The variety Kufri Chandramukbi was planted in 
both the years. Row to row distance was 50 em and plant to plant 20 em. Plots 
were kept under close observation to record the date of first appearace of symptoms 
of early blight. Plants which showed first signs Of' infection were marked as 'A' 
with the date of infection recorded. Plots were closely observed at 3 days' interval 
to find out whether infection appeared on any other plants, Plants subsequently found 
to be infected were marked as 'B' with date of observation, In this way recordings 

were taken on the spread of the disease and plants showing mfection at later slage£! 
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were marked 'e', 'D', 'E', 'F', ro' and H. Progressive infection was recorded till 
majority of plants were fouud to be affected with disease 

For this purpose a &chernatic plan of the plot indicating the position of plants 
was made and progressive incidence of the disease was recorded on the plants in the 
said diagramatic plan on the pa~er. Diagramatic representations are illustrated in 
Text figures 1 to -8. 

1st Year 

Indicating the plants showing first symptoms of disease and progressive spread 
of the same 

Fig 1 

Fig. 3 

~" 
I j ., 
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Fig. 2 

Fig 4 

_-f'" 

I" 
~ 
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2nd Year 
Indicating the plants showing first symptoms of disease and progressive 

spread of the same 

_N 

CHOU" 

I 
~ I. 

[] m 

Fig 5 Fig. 6 

Fig. 7 Fig.S· 

For study of progress of the disease in a particular plant, four plants were 
selected at random in each plot. A [together sixteen plants were used. They were 
tagged. In each tagged plant, each haulm arising from an individual sprout in 
a tuber was also separately marked. Plants were grQuped according to the number 
of leaves, in which each shoot was considered as a single unit for purpose of Doting 
progress of the disease. Sixteen. shoots contained 5 leaves. Similarly 19, 34,- [9 
and 13 shoots contained 6,7, 8,9 and 10 leaves respectively. Observations were 
taken at 3 days interval after initial appearance. of symptoms of early blight.. Data 
were recorded at regular intervals on infection of baul.m and leaf until majority of 
leaves were infected. In this stndy, presence of spot was takr.n as tbe criterion 
of Infection. 
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RESULTS 

Table 13 : Data on weekly average num ber of conidia trapped on aeroscopic slides 
minimum relative humidity, wind velocity, dew deposition and sUDshine 

No. of conidia trapped Temperature (daily) 
daily Jslide O~C 

Period ---,......-------- ---_._---_ - ----_ 
Mini- Maxi- Ave- Mini- Ave- Maxi- Ave-
mum nlum rage mum rage mum rage 

December-73 

1st-7th 0.0 0.0 0.0 W,3 12.1 27.4 267 
8th-14th 0.0 0.0 0.0 10.2 13.8 25,9 23.2 
l$th-21st 0.0 3.0 0.25 7.7 9.7 25.3 24.6 
22nd-28th 0.0 3.0 0.50 6.7 8.7 25.3· 23.& 

January-74 

1st-7th 0.0 4.0 1.46 9.0 9,9 25.4 24.9 
Sth-14th 0,0 6.0 2.14 7.2 9.6 27.6 25.7 
15th-21st 0.0 8.0 0.75 5.3 8.2 26.7 23.3 
22nd-28th 0.0 8.0 2.82 7.9 9.9 27.7 26.0 

February-74 

1st-7th 0.0 16.0 5.46 7.0 10.2 :n.s 27.1 
8tb-14th 0.0 10.0 6.71 4.2 7.4 27.S 24,2 
15th·21st 0.0 -]9.0 10.17 11.5 12.9 32.2: 29,& 
22nd-1Sth 3,0 52.0 17.53 11.7 15.3 35.1 32.7 

Marcb-74 

1st-7th 2.0 520 19.53 l46 18:3 35.8 32.S 8th-14th 4.0 no 16.39 15.8 17.2 37.2 35.6 15th-21st 0.0 21.0 12.53 17.7 20.2 36.4 35'; 
22nd-28th 0.0 13.0 5.17 17.7 19.8 33.5 3.0.3 
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as well as maximum temperature, minimuIll temperature. maximum and­
hOUTS from the period of December, 1973 to March, 1974 ill the first year 

Relative humidity 
(daily) in % 

Wind velocity 
(km/hI') 

------ ----- - -- ----,--_._--
Maxi- Ave- Mini- Ave- 7 AM· 5 pM- Ave· 
mum rage mum rage 5PMAv.7AMAv. rage 

!!4 83.7 37 51.8 5.09 }.05 2.73' 

86 83.4 50 54.4 8:08 3.99 5.69 i 

86 83.8 45 45.8 3.68 1.72 2.53 

86 84.3 44 48..4 3.90 2.\9 2.90 ' 

87 84.0 44 49.6 4.b4 0,66 2.40' 

86 83.8 42 46.8 7.17 2.04 4.16,' 

86 83.7 44 49.1 6.70 0.70 3.20,. 

86 84.3 40 45.7 7.75 L07 3.87 ' 

87 83.8 35 37.4 10.16 2.62 5.76:> ' 

88, 86.6 30 38.7 ' 8.78 .1.14 ' 4.68' . 

86 85.1 34 38.6 7.56 0.98 3.74 

90 86.4 35 36.4 ,7.61 2.45 , 4.60 

89 84.7, - 27 32.4 ' 8.26 2.31 4.80: ' 

90 857 26 19.8 ' 9.l~ 4.66 6.51 
86 83.1 25 ,31.8 6.93 4.01: 5.22 '. 

90 85.1 32 52.3 -8.33 4.20 ' 5.92 

Dew deposi· SUIl-shine 
tion (mm) hours 
average average 

0.268 9.6 
0.350 7.0 
0.338 9.4 

0.278 9.7 

0.237 9.6 

0.225 9.6 

0.160 9.5 
0.135 9.6 

0.088 95 
0.012 9.2 
0.022 9:5 
0.042 9.9 

0.055 9,3 
0.061 10.1 

O.OZO 9.3 
0.040 7.2 



Table Ib : Data on weekly average number of conidia trapped on aeroscopic slides 

minimum relative humidity, wind velocity, dew deposition and sunshine 

Period 

Dccember-74 

1st-7th 
8th·14th 
15tb-21st 
22nd-28th 

January-75 

1st-7th 
8th·14th 
15th-21st 
22nd-28th 

February-75 

1st· 7tb 
8th-14th 
15th·21st 
22nd·28tb 

March·7S 

1st-7th 
8th-14th 
15th·21st 
22nd-2&th 

No. of conidia trapped 
daily (slide 

Mini- Maxi· 
mum mum 

0.0 0.0 
0.0 0.0 
0.0 9.0 
0.0 10.0 

0.0 (i.0 

0.0 4.0 
0.0 8. 'J 
0.0 15.0 

0.0 34.0 
0.0 29.0 
0.0 22.Q. 
2.0 35.0 

7.0 40.0 
3.0 52.0 
0.0 29.0 
0.0 23.0 

Ave­
rage 

0.0 
0.0 
2.42 
082 

1.0 
2.07 
3.39 
5.96 

11.4 
11.21 
16.96 

20.0 

24.0 
17.53 
16.28 
12.14 

98 

Temperature (daily) 
O°C 

-------------
Mini· 
mum 

8.6 
7.5 
7.5 
7.1 

7.2 
7.7 
6.7 
8.9 

11.5 
11.3 
9.1 

12.1 

16.4 
17.5 
16.0 
15.5 

Ave­
rage 

to. 1 
10.4 

10.9 
7.7 

10.3 
10.1 
7.8 

12.6 

13.9 
142 
14.4 

14.5 

18.0 
20.3 
17.4 
20.6 

Maxi- Ave· 
mum rage 

27.4 26.5 
28.4 25.5 
28.1 25.5 
24.3 23.5 

27.7 24.9 
27.4 25.3 
27.1 24.2 
27.3 24.2 

28.8 26.6 
29.8 28.6 
30.6 27.3 
32.2 29.2 

34.4 32.7 
35.7 32.8 
34.5 32.8 
37.6 34.6 



as well as maximum temperature and minimum temperature. maximum and 

hours from the period of December 1974 to March 1975. 

Relative humic\ity 
(daily) in % 

Wind velocity 
(km/h) 

- ----------- ---- -------_ 
Maxi- Ave- Mlni- Ave· 7 AM- 5 PM- Ave-
mum rage mum rage 5PM Av. 7AM Av. rage 

84 82.4 42 47.4 
86 84.8 39 49.8 
86 84.6 40 44.0 
84 82.8 42 45.7 

86 84.7 42 48.4 
85 84.4 40 43.3 
86' 85.0 38 39.8 
86 84.7 40 52.0 

86 

86 
88 
88 

83.7 44 48.6 
84.7 37 40.1 
83.7 33 44.7 
85.8 34 39.3 

86 84.6 28 35.7 
91 85.7 28 40.0 
88 85.7 ~O 24.7 
84 82.7 20 32.6 

4.34 
4.90 
3.00 

2.45 

S.72 
5.93 
4.88 
5.aO 

4.19 
6.37 

7.90 
S.20 

6.61 
6.44 
4.40 
7.08 

" 

0.55 
1.14 
0.73 
0.63 

1.44 
0.36 
1.15 
1.38 

0.93 
1.29 
1.94 
1.61 

2.84 
3.09 
2.3 I 
4.63 

2.12 
2.70 
1.67 
1.37 

3.22 
2.68 
2.70 
3.22 

2.28 
3.40 
4.42 
3.10 

4.41 
4.48 
3.18 
5.65 

Dew deposl- Sun-shine 
tioD (mm) hOllrs 
average 

0.202 
0.150 
0.169 
0,212 

~.168 
0.147 
0.167 
0.147 

0.182 
0.225 
0.263 
0.130 

0.127 
0.083 
0.088 
0.085 

average 

9.7 
9.4 
8.9 
9.8 

8.8 
9.5 

.9.7 
7.6 

7.S 
9.2 
9.1 
9.6 

8.9 
8.3 
9.8 
8.g 



In the· initial stages, namely 1st and 2nd week of December, 00 conidia could 

be detected on aeroscopic slides. From the third week of December, a few conidia 

were trapped. A fair deposition of conidia could be noticed from the third week of 

January gradually attai~ing the peak in 4lh week of January to 1st week of March 
after which a sharp decline was noticed, thougb they could be observed till the end 

of March. Data recorded in two consecutive years were found to show similar 

trends. 

A highly positive correlation coefficient between maxi,num temperature and 

number of conidia was noted (Table 1 a, b,2). With increase in maximum tempera­
ture, there was a rise in airbome conidia of A. so/alii. In March, 1st yr. and 

2nd yr. average number of conidia ranged from 5.17 to 19.53 and L2.14 to 24.Q 
when the average maximum temperature was between 30JoC to 35.6°C and 32.7°C 

to 34.6~C respectively which indicated that higher maximum tempeH)ture was 

conducive for conidial movement and deposition. 

Tuble 2. Values of correlation coefficient in relation to different weather factors. 

Weilther factors Deglees of 

freedom 

'r' value 

MaKi1l1um temperllture 

Minimum tempera.tpre 

Maximum relative humidity 

Minimum relative humidity 

Wind velocity 

Dtw deposition 

Sun shine hours 

38 

38 

38 

38 

38 

38 

3~ 

+0.789** 

+0.779** 

+0.79 ** 
-0.04 

+0.72 ** 
+0.56 * 
-0.14 . 

*Signlficant at 5% level, **Significant at 1 % l~vel. 

There was a statistically significant positive 
temperature and prevalence of airborne conidia. 
rise' in conidial popUlation was' noticed. In 

correlation also between minimum 
With rise in minimum temperature, 

tbe first season of observation 
(December, 1973 to March, 1974) minimum number of conidia were found to be 
O.2~ (average) in the 3rd week of December when the ~li'nimum temperature was 
9.7 C. From 3rd week of February when minimum temperature began to rise the 
conidia deposition also was observed to increase till the 1st week of March. Similar 
observations were recorded in the second year. 

,/l'l 
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From the data recorded in the croppieg season of two years on the depositiOn 

of airborne conidia a highly significant positive rehtionsbip between rise in conidial 

population with maximum relative humidity was noticed, 

Non-significatH negative correlation coefficient was observed botween the 

minimum relative humidity and prevalence of airborne conidia, 

Highly significant correlation was obtained between the wind velocity and 

deposition of airborne conidia of A. so/alii Increase in wind velocity contibuted Lo 

greater deposition of conidia. Field studies also indicated greater prevalence of 

disease from February onwards when progressively greater wind velocity was recorded. 

Significantly positive correlation coefficient was observed between the dew 

deposition and prevalence of conidia, From the data it was found that from the 
first week of February, the minimum dew deposition was recorded thereafter gradual 
Increase was noticed, up to 2nd week of March in the 1st year. Similarly, from the 
2nd week of January to 3rd week of February, in second year there was gradual 

increase lU dew deposition. In these periods conidial deposition increased with 
increasing amount of dew deposition with progress of diseas~. 

No definite conclusion could be derived from sunshine hours and deposition of 

airborne conidia in the given period of time. 

Attempts were made tQ estimate the combined effects of all these factors i,e. 

maximum temperature, maximum relative humidity, wind velocity and dew deposition, 

on the flight on conidia of A.. so/ani. 

It was observed that all these fOllr factors together were responsible to the 
extent of 80% for deposition, and the. flight of conidia 0:1 aeroscopic slides. 

From the partial correlation studies it was observed that the role of maximull1 
temperature, maximum relative humidity, wind velocity and dew deposition were 
important, no doubt, in the tlight of the airborne conidia of A. solani, but the 

ma.ximum temperature played the major role and wind velocity to some extent. 

Large number of conidia were always recorded on Ihe slides exposed during 
the night (Table 3). Hirst (9), ]lady (13), Pady et al. (14), Corbaz (4), Gemawat 
and Prasad (6) have reported maximum ffight of conidia of A. so/ani during day. 

Maximum numb!!r of conidia were observed during the 1st week of March. 
When the number .of conidia in the day were 504 and 451, average night temperature 
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was 25.9°C and 30.()~C, day relative humidity 68.2 and 65,5 per cent, wind velocity i 
the day 8.26 krufh and 661 km/h ana in night 2.31 km/h and 2.84 km!1 
respectively. 

'Iable 3 ~ Da'a on differentia! deposition ill day and night of conidia of A. solall 
and on the temperatures, relative humidity and wind velocity during dn) 
and night for the period of Dec. 73 to March 74 and Dec. 74 tfj 
March,75. 

Period Conidia trapped Temperature in Relative humi- Wind velo. 
weekly (total of Cc (average) dity (%) (average) city in km(h 

4 slides) average 

Day Night DilIe- Day Night Day Night Day Night 
renee 

Column: I 2 3 4 5 6 7 8 9 10 

Dec. 73 

lst-7th (J 0 0 26.5 20.7 62.5 74.5 5.09 l.OS 
8th· 14th 0 0 0 23.7 21.0 62.9 74.3 8.09 3.99 
15th·21 st 5 2 3 23.8 20.4 58.7 76.0 3.68 1.72 . 
22nd-28th 11 3 8 24.5 203 60.6 71.0' 3.90 2.19 

Jan. 74 

1st· 7th 27 14- 13 25.0 19.5 60.8 76.0 4.84 0.66 
8th· 14th 55 6 49 25.7 18.6 58.7 75.2 7.17 2.04 
15th-21st 21 0 21 25.2 16.9 59.5 73.S 6.70 0.70 
22nd-28th 81 0 &1 25.2 17.1 57.8 74.7 7.75 1.07 

Feb. 74 

1st-7th 137 11) 121 22 (l 18.2 50.8 67.3 10.16 262 
8th·141h 168 20 148 21.4 17.6 49.3 67.5 8.78' 1.74 
15th-21st 247 38 209 26.5 21.4 50.7 71.1 1.56 0.98 
22nd·28th 405 86 319 300 25.7 '47.0 65.7 7.61 2.45 

March 74 

1st-7th 504 42 462 30.1 25.9 48.9' 68.2 8'.26 203'1' 
8th-14th 310 149 161 23.S 27.1 41.3 66.0 9.13 4.66 
15th·2lst 250 101 149 32.1 27.7 49.5 62.3- €i.93 4.01 ' 
22nd-28th 93 5d 42 27.9 26.5 p3.4 73.8 8.33 4.23 

.. COl)td. 
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Column I 2 3 4 5 6 7 8 9 ]0 

Dec. 74 

1st-7th 0 0 0 26.6 22.5 60.6 73.6 4.34 0.55 

8th-14th 0 0 0 25.4 20.6 63.5 74.9 4.90 1.14 

! 5th-21st 42 26 16 25.7 21.3 562 74.5 3.00 0.73 

22nd·28lh 13 10 3 22.8 20.3 58.2 75. ! 2.45 0.63 

Jan. 75 

1st· 71h 26 2 24 25.1 20 '& 61.7 76.4 5.72 1.44 

8th-]4th 49 9 40 25.6 20.7 56.7 72.9 593 0.36 

15th-2ist 75 20 5S 25.5 18.8 58.3 70.2 4.88 1.15 

22nd-28th 125 42 83 ~6.2 22.5 645 78.0 5.80 1.38 

Feb. 75 

lSI-7th 23& 81 157 28.2 23.1 64.7 77.3 4.19 0.93 

8th 14th 252 62 190 27.2 25.3 54.9 73.7 6.37 1.29 
15th-21st 378 97 28t 285 24.7 55.6 70.7 7.90 194 

22nd-28th 391 163 234 30.9 263 48.5 69.8 5.20 1.61 

Marcl'175 

1st· 7th 45l 221 230 34.0 300 52.8 65.5 6.61 2.&4 

8th-14th 393 97 226 32.9 31.5 51.9 68,0 6.44 3.09 

15th·21st 328 128 200 33.9 31.5 39.5 56.7 4.40 2.31 

22nd-2'8th 290 50 240 35.7 31.2 46.5 54.6 7.0& 4.63 

From the data presented in Table 4, it was evident that conidia trapped in the 

slides during the day showed greater percentage of viability in both the years. 

Differences in some cases were perceptible. 

In the first year of study, symptoms of early blight were nrst noted on 5th 

January in one r.eplication (R II) and in other on 8th of Jalluar:i. In tbe second 

year of study, symptoms of early blight disease were first no led on 24th January in 

all the replications. 
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Table 4. Data on number of non·viable conidia of A. solani trapped during the 
pericd 00 Dec. 1973 (0 March 1974 and Dec. 1974 to March 1975. 

Total Dumber of conidia trapped on four aeroscopic slides/week 

Penod 5 P.M.-7 A.M. (night) 7 A.M.- 5 P.M. (days) 
~--------------------------

Column:1 2 3 4 5 6 

Dec. 73 

1st-7th 0 

Hth-14th 0 

15th-21st 5 5 JOO.OO 

7 63.60 

o 0.00 

22nd-28th II 4 36,40 

Jun. 74 

lSI-7th 

8th-14tb 

1'5111.2151 

22nd-28th 

27 186660 2 33.30 

55 37 67.30 18 32.70 
21 10 47.70 11 

&1 38 46.90 43 

Ecb. 74 

1st-7th 137 91 66.40 46 
8th-14th Hi8 118 70.20 50 

15th-21st 247 197 79.80 50 
22od-28th 405 ~16 78.00 8.9 

lUarcb 74 

tSI-7th 

8th-14th 
15th-21st 
22od-28th 

Total 

Dec. 74 

1st· 7th 
8th. 14th 

15th-21st 
22nd-28th 

50~ 376 7460 128 
310 230 74.10 80 

250 175 70.00 75 

93 58 62.30 35 
2314 1676 12.42 638 

o 0 

o 0 

42 2'4 51.10 
12 1 53.80 

o 
() 

18 
6 

52.30 

5310 

33.60 
29.79 

20.20 
22.00 

25.40 
25.90 

30.00 

37.70 
27.57 

42,90' 
46.20 

104 

7 

o 
o 
2 
3 

14 

6 

o 
o 

16 
20 

38 
&1) 

8 9 

o 0.00 

2 66.60 

9 64.28 

6 100.00 

o 
o 

0.00 
0.00 

5 31.20 
10 50.00 

26 68.40 
63 7325 

42 32 76.10 

59.10 

6530 

60.70 

6400 

149 88 

101 6{) 

51 3-1 
528. 338. 

o 
o 

2(1 
110 

o 
a 
15 57.60 

3 30.00 

2 

5 

o 
o 
o 

11 
10 

12 
23 

n 
61 

35 
20 

120 

o 
(l 

11 
7 

100.00 

33.40 

35.72 
0.00 

0.00 
0,00 

68.80 
50,00 

31.60 
26.70 

23.90 
40.90 
34.70 

3600 
36.00 

42.40 
70.00 

... C00td. 



--------------------------------.--------------Column 1 2 3 " 
Jan. 75 

1st-7th 26 

8th-14th 49 
15th·2lst 75 

22nd-28th 125 

17 65.30 

36 73.40 

53 70.60 

86 68.80 

Feb. 75 

lst-7lh 
8th-14th 

15th-21st 

238 143 

252 138 

378 270 

22nd-28th 397 258 

March 75 

bO.OO 

S470 
7[.40 

64.90 

5 

9 

13 
20 

39 

95 
114 

108 

139 

1st-7th 
8th-14th 

15th-2 [st 

22nd 28th 

Total 

451 250 55.40 20 I 
393 228 58.00 165 

328 180 54.80 148 

290 182 62.70 108 

3057 11\72 61.20 1185 

6 

34.70 

26.60 
29.40 

31.29 

40.00 

45.30 

28.60 

35.10 

44.60 
42.00 

45.20 

37.30 
3380 

7 

2 

9 

20 

42 

81 
62 
97 

163 

221 
97 

128 

50 
1008 

8 9 

2 100.00 

7 77.70 

IS 75.0D 

32 76.10 

40 

45 
67 

121 

150 
57 
73 

36 
663 

49.30 

70.50 
69.10 

74.20 

67.80 
58.70 

57.00 

72.00 

66.0u 

10 

o 
2 

5 

10 

41 

17 

30 

42 

11 
40 

55 

14 
345 

11 

0.00 

22.30 
25.00 

23.90 

50.70 
27.50 

30.90 

25.80 

32.20 
41.30 

43.00 

28.00 

3400 

For study of the spread of disease, the various symbols u,ed to dellote 
prog.ressive, appearance of the disease were. 

Group Symbol 

I 1st Year A+B 

2nd Year A+B 

II 1st Year C+D+E 

2nd Year C+D 
lTJ 1st Year F+G+H 

2nd Year E+F 

Dates of observation 

5th, 81.h and lllh Jallu:uy 
24th and 27th January 

14th, 17th and 20th January 

30th January and 2nd February 
23rd, 26th and 29th February 

5th and 8th February 
A picture of movement of disease in the field was thus obtained. 

From the observations, it mny be concluded that the disease appeared in a few 

plants first and subsequent spread in the field was limited to the surrounding plants. 
Distribution was local and limited. 

In the first year of study, the disease appeared early and all plants were infected 
within 18 days of first appearance of the disease (Fig. 9). The spread of disease was 
comparatively slow in the initial stages and abrupt rise was noted after 9·12 days. 
In the second year l infection was fairly late (24th January in the second year as 
compared to S·8th January in the first year) but progress of the disease was very 

rapid (Fig. 10). 

105 



Graphical representation of spread of fhe disease In relation to period 

-&-Fig. 9 Fig. 10-+ 

rili1S D :l , 9 1a IS 18 31 a4 

In the second year, reason of comparatively late appearance might be contri­
buted to lower temperature in the earlier part of the season prior to appearance of 

the disease, and consequently less- disposition of conidia (Table la, b). 

Graphical representation of progress of infection in the first yp.ar (Fig. 9) 

shows a typical logarithmic curve illustrative of Van der Plank's (1963) model of 
epidemics of disease as ex.emplified by the Wt= Woer!, where Wt=disease at a given 

time, Wo= inhial inoculum. r=progress of infection, e=base of naturallogarithl11. 

t= time. An expotential function was noted in this case, disease increased pro' 

portional to tbe amount of the disease present at the moment. In the second 

year, logarithmic nature was discernible (Fig. 10) but not very clearly demonstrable 

as in first year. On the other hand, a somewhat linear relationsllip was noticed 
Ihough tbe grapb teoded to be logarithmic in the end. 

The leaves which were nearest to the soil namely 1st, 2nd and 3rd showt:d more 

infection than the leave5 which are s.itualed above (Table 5,6). The observations 
were most pronounced in plants having large numbers of leaves which provided 

better microclimatic conditions. 

DISCUSSION 

Results of the study show that with a rise of maximum and minimum 

temperature to some extent conidial fiight was more i e. from the third week of 

January. Appearance and subsequent spread of the disease also started from the 

same time, thereby a close relationship between rise in conidial production and flight; 

and appearnnce and spread of the disease could be observed. It also points out the 
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Table 5. Progress of early blight disease on potato plant ~Leaf study). 

Plant Pcsition Number of leaves infected (days after lst detection of infection) 

size of leaf 1 st 3days 6days 9da~s 12days lSdays lSdays 21days 24days 

from the date after after after after after after after after 

base 

(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

5 leaved 1st L* 5 8 8 11 15 15 

plant 2nd L 7 10 11 12 15 16 

(16) 3rd L 6 9 13 14 14 '16 

4th L 5 7 11 14 14 16 

5th L 2 3 5 14 14 16 

6 leaved 1st L 5 7 11 12 16 17 18 

plant 2nd L 10 12 14 16 19 19 19 

( 19) 3ro L 5 10 13 16 16 19 19 

4th L 3 10 13 14 18 19 19 

5th L 4 S 12 17 17 19 19 

6th L 3 6 8 15 18 19 

7 leaved 1st L 15 15 19 22 0 27 31 31 39 40 

plant 2nd L 15 26 31 33 41 43 43 45 45 

(45) 3rd L 17 26 36 37 45 45 45 45 45 

4th L 9 20 31 . 37 42 45 45 45 45 

5th L 7 15 27 35 44 45 4S 4S 45 

6th L 3 6 11 2S 37 ~3 45 45 45 

7th L 5 8 17 34 37 41 44 45 

I) leaved 1 st L 15 22 27 29 32 32 32 32 

plant 2nd L 11 19 27 31 33 34 34 34 

(34) 3rd L 7 16 22 26 31· 34 34 35 

4th L 4 9 22 26 31 34 34 34 

5th L 6 12 20 28 32 33 34 34 

6th L 1 5 \3 19 26 33 34 34 

7th L 1 4 5 11 18 30 32 34 

8th L 1 2 3 7 17 29 33 34 

9 leaved 1st L 7 11 11 11 13 13 17 

plant 2nd L 11 12 13 14 16 16 19 

(19) 3rd L 10 15 16 16 18 19 19 

4th L 3 13 18 IS 19 19 19 
.•. Contd. 
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(1) (2) (3) (4) (5) (6) t7) (8) (to) (l\) 

5th L 3 9 13 16 18 19 19 

6th L 2 8 12 15 18 19 

7th L 2 4 8 13 16 19 

8tb L 2 6 9 15 19 

9th L 3 7 14 19 

10 leaved 
plant 1st L 4 5 7 8 10 11 II 12 

(13) 2nd L 3 4 7 8 1l 12 13 13 

3rd L 7 10 12 12 12 13 ' 13 l3 

4th L 3 8 12 12 12 13 13 13 
5th L 4 9 12 l3 13 13 13 

6th L 3 7 9 11 13 13 13 

7th L 1 4 9 12 13 13 13 
8th L 2 4 7 9 11 13 

9th L 2 4 7 8 9 13 
10tl1 L 4 5 7 13 

* Each haulm or shoot considered as single plant. First leaf or lower leaf are 
generally defoliated at later stage. Figures within the bracket indicate number 
of plants observed. L=indicates leaf. 

Table 6. Distribution of early blight infection among leaves of potato (observation 
on plants produced by 4 tubers of each replication). 

Position of leaf on a Number of infected leaves on lst date of infection 
shoot (from base) 1st year 2nd year 

R-J R-If R-m R-IV 'total R-1 R-n R-III R*IV Total 

1st 11 2 4 5 22 8 15 6 3 32 
2nd 5 4 8 4 2L 3 3 8 6 20 
3rd 3 4 3 4 14 3 4 '3 6 16 
4th 0 3 2 1 6 2 l 0 3 6 
5th 2 0 1 J 6 0 0 2 I 3 
6th I 
7th I 
&th }-* 
9th I 
10thJ 

R=indicates replication. *No infectioD was noticed in young (6th to 10th) leaves. 

108 



ncwsity of commencement of pophylatic spmying from second to third week of 

J:',liuary and continuance of the same till mid to lale February should the cOlldition~ 

demand it to contiJ1ue, The appearance of conidia \\ith rise in day temrerature are 

in [Onf(1rmity with fiindings of Him (9), Pady ()3) and Harrison et al. (8) wbo 

rccog1l1zed 11 c}wracteri,tiG day time or dry air conidia with components that become 

11101 e Cl:n:m01l witl1 rising tell~reratll: e. That conidia of Alternaria solulli are 

typically dry <tir conidia, are borne by the f~lcls revealed from the present study tbat 

morc cl1nidi2 were found to be deposited during day time than in night and conidia 

twrr{d during day time showed greater viability. The lalter observation IS of 

particular significullce from' epidemiolopical stand point, as the conidi'l liberated and 

disseminated during day time and lodged on th.: plant s.urface in tbe afternoon have 

more chance of fermillatirn !illd establishment within tbe host tissue in the night 
when availability of moisture fJom the dew deposition would be more and longer 

period for completion of the process of establishment of infection. 

Sprcud of tbe disease wus found to be confi.1ed to surrounding plants and it 

If,l[,;ht bl; presumed tbat conidial flight was limited. Under the circumstances, wJl1d 
'idocity whilh bell' conidial flight WI)uld ,be expected to play an important role and 

this was foued to be so fro111 data collected and partlal regression analysis of the 
daia. 

Study of spread of the disea~e showed that the infection was more near the base 

which suggests that (il primary infection might cot11e from soil, (ii) infection was 

more pronounced on ltaves attaining maturity, and (iii) micro·clim'ltic conditions near 

the base were ITon favourable for infection. Observation of Chattopadhyay and 
De ~3) also have clearly showed tbat the primary infection Comes from the soil. 
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STUDIES ON THE POWDERY SCAB OF POTATOES 
lII. CHEMICAL AND CULTURAL CONTROL 

S.K. BHATTACHARYYA1 AND SHfO RAj2 

ABSTRACT 

When potato was taken in rolation with wheat or rea·wheat, the disease 
incidence was reduced from 37% (potatc~potato) to 29.4 and 21.7% re"pectively, 

bUI the infection increa,ed tJ 45% when potato followed pea only. Potato yield 
increased about 3 times when it followed pea, and decreased about 2* times afler 

wheat. There was no difference in yield when potato followed pea-wheat or pJtato­

pea-wheat with control (polato-potato) but di~ease incidence Hlb,tanlially reduced. 

Soil treatment with Brassicol (75% peNB) reduced tbe tuber infection to a 

great extent when healthy tubers were sown in infested soil. Use llf healthy Agallol-
3·tr.:ated tubers and soil amendment with saw dust or saw dust plus additional 
nitrogen did oot reduce the disease incidence. 

iNTRODUCTION 

The powdery scab disease of potatoes callsed by Spollgospora 5ubterranea 
(Wa1lr.) Lagerth. is common in the temperate regions of tbe world. In India it 
has been found in the higher Himalayas (above 2,500 M) and Nilgiri 'hills (l). 

The incidence of the disease has beed recorded upto 25% in HImachal Pradesh (3). 

The disease reduces the market value of the produce. The pathogen not only 
infects the tubers but also predisposes them to late blight (2) and Can transmit (6,8) 

potato mop·top virus rendering the tubers unfit for seed purposes. 

Chemical seed treatment and stem cuttings are known to reduce/eradicate 
seed inoculum ( 4,5,7,8,9). No information is available on control of the disease in fidd 

through soil amendment and crop rotation. Also organa mercurial treatment of 
tubers may provide a protective effect to the progeny tubers. These aspects wer.: 
studied and results are reported herein. 

1. Division of Plant Pathology, CenU'al Potato Research Institute. Sbimia·I71001, 
2. Division of Plant l'athology, Central Institute of Cotton Research, Nagpur·440010, 
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MATERIAI,s AND METHODS 

was 

To carry out the experiments, a permanent· block having high natural inoculum, 

selected at Potato Developmt:nt Farm, Khadrala-(3000m asl) in Himachal 

Pradesh. The experiments were laid Ollt in _ randamized block design with four 

replications ea(;h with plot size 2.5111 x 2.0m. The soil was tilled after every crop 
taking care not (0 mix the soil of one plot with another. The seed rate, planting 

and other cultural operations were followed for each crop as recommended for the 
region. Healthy tubers of variety Kufri lyoti were used as seed. The disease 

incidence, intensity and yield were recorded ut the harvest of the potato crops. For 
c~lcl,llltion of disease index. the infected tubers were graded as per 0-5 scale, (0 -No 

infection, I-upto 5~;) surface area infected, 2-6 to 10% surface area infected, 3 ··1 t 
to 25% surface area infected, 4 -26 to 50% surface area infected and 5 above 50% 

surface area infected) The total value for all the tubelS WdS summed up and then 
divided by the lotal llumb~r of tubers obtained in a replicate. 

The treatments were crop rotation (Table I), saw dust soil amendment, Brassi­

col application and tuber tl'cutment with Agallol-3 (Table 2). Saw dust alone or saw 
dust plus additional nitrogen was applied in the soil one month earlier to potato 
planting to allow its propel' decompOSition. Brassicol (75% peNH) was applied in 

the ridges along with fertilizers al the time of plantiJ1g. 

RESULTS AND DISCUSSION 

1. Crop rotalion,' In case of control i.e. potato followed by potato, disease j;lci. 

dence was 37.0 per cent. The incidence decreased from 37.0 to 29.4 and 217 
Icspectively when potalo WllS taken in rotation with wheat (2 yrs) or pea-wheflt 
(3 yrs) (Table I). 

Table 1. Etf(Ci rf crop r01a t i('ll1 on the incidence of powdery scab. 

Crop rotation Period % tuber Yield 

------- (years) infection (qfha) 
1. Potato-Potato 2 37.Q 4' .1 
2. Pea-Potato 2 45.0 136.8 

" Wheat-l)otato 2 29.4 18.4 
4 I'lltato Pea·Putato 3 45.4 1368 
5. Pea-Wheat-Potato :- 21.7 45.1 
6. Potato-I ea-Wheal-Potato 4 27.0 45 1 

SE (±) 26.3 
CD (0.05) 82.9 
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Table 2. Effect of tuber and soil treatmt:nt on the incidence of p')wdery sCJb in 
the field. 

1975 1976 
Treatments 

~------------

I. No tuber treatment 9.7 ~.3 118.7 33.2 20 9306 13.41 1.3 381.29 
+ no soil treatment 

2. No tuber treatment 18.74 32 59.3 24.0 0.80 77.78 13.40 l.3 326.73 
+50il amendment with 
saw dust @25q!ha 

3. No tuber treatment 19.96 3.3} 124.3 H.t 1.00 125.00 12.40 1.2 324.511 
+soil treatment with 
saw dust (25q/ha)+ 
additio oat nitrogen 
(30 kg/hal 

4 No tuber treatment 20.0 2.97 134.0 21.2 I.2l 151.99 7.'80 0.8 348.12 
+80il treatment with 
Brassical (75%PCNB) 
@30kg/ba. 

S. Tuber treatment with 15.6 1.1 132.0 29.0 0.29 157.64 [3.60 1.3 369.04-
Agallol -3(0.5% solution 
for 1{)mints)+no soil 
treatment. 

() Tuber treatment with 11.47 l.58 151.7 ~.9.2 0.29 16l.tl 14.20 1.1 328.8$ 
Agallol.3(O.5% soln. for 
10 mints.)+soil amend· 
ment with saw dust 
(25q/ha). 

7. Tuber treatment with 18.2. 2. II 173,7 26.5 U4 104.86 14.20 0.7 328.62 
Agallol .3(0.5% soln. 
for to millts)+ soit 
amendment with saw 
dust (25q!ha)+addi. 
tional Nitrogen (30kg{ha) 

g. Tuber treatment with 1l.7 2.15 174.3 26.4 0.26 106.95 5.20 0.2 295.29 
Agallol-3(5% soln. for 
10. mints) + soil treatment 
with Brassico! (15% PCNR 
~O kg/hIS) 

SE± 
C.D(O.05) 

{.9 0.68 
5.4 2.0 

38.8 3.93 0.33 
113.7 11.89 0.99 

Il3 

3.1 0.2 
9,11 0.7 



Wben potato followed pea (2 yrs) tbe infection increased from 37.0 

to 45,0%. Increase in yield was more when potato followed pea though the disease 

incidel1c': had increased substantially. The infection decreased when potato followed 
wheat but the potato yields also decreased markedly from 45, I q/ha to 18.4 q/ha 
(Table 1). 0[1 tbe other hand, when potato was taken in rotation with pea-wheat 

(3 yrs) or potato-pea-wheat t4 yrs) the percentage of tuber infection was found to 
be the lowest without any decrease of the yield over control (potato-potato). 

An enhanced potato crop yield in the case of pea-potato or potato-pea-potato 

rotations can be attributed to tbe fact that pea fixes soil nitrogen, Similarly it also 

adds up extra organic matter and thereby the soil population of the pathogen, S. 
slIhterranea, increases causing high degree of tu ber infection as also noted by Wild 
(10). Apparently if pea is followed by wheat (before potato), the extra nitrogen 
fiKed by pea is consumed by wheat and hence the foilowing potato crop yields less 

even though the rate of infection is also fairly low (Tabltl 1). 

2. Soil amendment allu tuber treatment: In the first year all the treatments were 
found ineffective (Table 2) but in 1975 and 1976 tubers treated or untreated with 

Aga\lol-3 did not affect the disease position. But when the soil was treated with 
B assicol both the disease index and infection reduced in comparison to the control 

Of other treatments (Table 2). Soil amendment witb saw dust or saw dust plus 
: dditional nitrogen could slightly reduce the infection ovor control though 

insignificantly. 

1 be effect of tuber treatment has not been pronounced in this experiment as 

the seed tubers selected for planting were all initially healtby and therefore, the 
tuber borne inoculum had no part to play for subsequent infection. The inoculum 

present in the sOli was solely re~ponsible to produce the infection in the tubers 

harvested. 

From the above mentioned data it was clear that even though the soil treatment 

with FeNB can reduce the disease incidence, it can not eliminate the pathogen from 

soil in 3 continuous years as well as causes yield depressions. Further, due to its 
high cost it c:m not be recommended for general use by tbe farmers. 
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EFFECT OF FUNGICIDAL TREATMENT, CUTTINGS AND SEED 
S[ZE ON SEED l)IECE DECAY, GROWTH 

AND YlELD OF POTATO 

INDU JALALI, IvLL PANDITA AND R,S 1-I000A1 

ABSTRACT 

SlLIdi,'s conducted to eva1ua t! the effect of number of seed pieces cut, seed 
size and fungicidal treatment on deeay and yield of potato indicated that there was 

higher deglee cf decal' in L!1treated seed pieces, whereas plant stand and yield was 

higher in llithane-M·45 treated setS. Size of seed piece aud numb::r of cuttings 

did not influence the yield and yield at'ributes of crop. The yield was higher from 

whole tllbers planted CI(\P and best results were ob'aincd from tUI)ers of 50 g or 

higher weight. Extra larp.e tubers (105 - 1[0 g and L40 - L50 g) planted at double 
spacing (40 cm) resulred ill similar yield uS by 50 g lubers planted 20 em apart, 

INTRODUC nON 

The prevalent potato varietIes have a ten(1ency to produce large sized tubers 

and therefore the prodllcLion of seed size tubers is very lillie, The use of large size 

tubers as seed thus becomes 1I11ecoflOrnicai on ac.;ount of higher s'!ed rate and seed 

cost, This has necessiated cutting of large sized tubers into desired smaller pieces 

as planting materlal. These cut pieces, however, get easily exposed to the attack of 

fungal and bacterial pathogens thereby causing partial or complete seed piece decay 

and consequent poor plant stand in the eady O~lober sown crop which is most 

oplim'lm planting time in this region. Information on the number 0f seed pieces 

to be made from eaeh large tuber so as to obtain higher economic yield is so far Dot 

available, therefore, present studies were cirried out to evalultc the effect of seed 
cuttings, Ileed size and fungicidal treatment on the seed piece decay, growth and 
yield of potato. 

1 Oep:J.rtment of Vegetable Crops, Haryalla Agricltltllre University, Hissaf.125004, 
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MATERIALS AND METHODS 

The experimental trials were laid out in the Vegetable Research Farm of 
H aryana Agricul1urai U niversil y during 1980-81 and 1981·82 crop seasons. Commer­

CIal potato variety Kufri Chandramukbi was selected for these studies as it bears 

large sized tubers with high yield potentml. Tubers of three sizes were selected. viz. 

(a) 75 g tuber cut into two piece ("37.5 g a piece); (b) 110 g tuber cut into three 

pieces (37 g a piece) and (c) 150 g extra large tuber cut into two (75 g a p;ece), three 

(50 g a piece) and four (35·37 g a piece) pieces. Jll each treatment, one set was 

treated wi h Dilhane M-45 (2 gJI) and the other was left untreated. Whole tuber 

of corresponding weights i.e. 37.50,70·75, 105-110 and 140·150 g were planted with­

out treatment as controls. The 1a<;1 iwo controls were planted at double spacing 

i.e. 40 em tuber to luber. Whereas plant spacing in all other treatments was 20 em. 

The experimen twas pJanted in the 1st week of Octob~r in ,I plot size of 2.40 x 
1.65 m during bOlh tllc years. The soil of the experimentaJ field was sandy loam 
with 8.6 pH and average temperature at 5 CIll depth at planting was 31.6°C. The 

experiment with 14 treatmellts was Jaid Dut in Tandomized block design with three 

replica I ions and all recommended cultural practices were [O]i owed during the course 

of c);petill1cntntioll. Pooled analysis of two years' data was done ::md average datu 
presented is of the two years results. The economics of potato production WHS 

calcula1 ed on the basis of production cost of Rs. 3600/- per hectare withotlt the 

cost of seed. 

RESULTS AND DISCUSSION 

The .data (Table 1) revealed that lreiltmenl of ellt seed with Dithane M-45 
reduced seed piece decay, Irrespective of size and resulted in significantly higher plant 
stand as compared 10 correspondjng u[Jlreated cut seed sets. The plant stand under 
75 g tuber cut into two pieces, improved from 47.67 per cent in control to 70.3 J 

percent in Dithane M-45 treated plots. HJwevcr, the number of ('uts per tuber or 
seed piece size did not inll11cnce seed dec .y. The whole tub~rs had significantly 

higher plant stand under all sizes as compared to cut tubers. Ditbane MA5 has 

been reported to be by far the best treatment to prevent seed decay in cut tubers 

(3, 7). Similarly Dithane M~45 treatment of cut tubers resulted in improvement in 

the height of plants and number of stems per hill. Plants from whole tubers also 
bad better weight and more number of stems per hill which improved with the 

increase in tuber size. Tbe siz<.; of cut tubers and Dithane M-45 treatment did not 

have any influence on the number of tubers per hill but ill whole tubers the number. 
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increased significantly with the increase in tuber size which is directly related to the 

Dumber of stems per hill. 

Table 1. Effect of cutting, seed size and fungicidal tre3.tment on plant siand, height 
of plant, number of st(ms/hill and number of tubers/hill in potato 

(So/anliln IlIberoslIm L) cv. Kufri Chandral11Llkhi. 

Tr~atment %plant Height of plant No. of No, of 
(Tubel wt./No. stand (em) stem plant tuber fhill 
of pieces) T U ~: T U T U T U 

75 g/Two 7036 47.67 44,60 29.89 329 249 553 422 
I 

110 g/Three 71.00 61.10 42.91 39.59 339 285 493 453 

150 g/Two 78.69 6662 52.06 45.S 1 4.01 3.2t 6.27 5.72 

150 g/Three SO.08 59.25 4499 40.70 328 2.85 5.73 5.52 

ISO g/Four 7090 57.86 4358 38.66 285 230 4.76 4.45 

35-37 g/Whole 85.64 46.29 2.99 4.67 

50 gj-do- 80.07 49.96 3.40 6.63 

75 gJ-do- 84.76 55.09 3.85 6.68 

105-110 gj -do- 100.00 54.36 4.59 10.14 

140·150 gJ ·do- 92.22 59.78 s.n 11.14 

CD at 5% 12.78 558 0.09 0,91 

*T=Treated and U=Untreated. 

The results further revealed that yield per hectare was also significantly higher 

in Ditbane M-45 treated cut seed as compan~d to corresponding untreated controls 
of various seed sizes (Table 2). In whole tuber planted crop the yield increased 
with increase in seed size and 105-110 g and 140-150 g seed sizes planted at double 
the normal spacing (40 em) did not adversely affect the productivIty. Allen (2) 
from Cambridge reported little advantage in using large sized' whole tuber, as yield 

from half size tubers was similar to the whole size tubers of corresponding weight. 
This observation stands in contrast to the present investigations because of temperate 

climate of Cambridge (England) where the soil temperatures are lower resulting ID 

similar yields from cut and whole. tuber as a result of less seed piece decay. Under 
our conditions at the time of planting the maximum and minimum soil temperatures 
at 5 em depth were 40.9 and 22.2"C, respectively. 

n was further observed that cutting extra large tubers into two, three and four 
pieces (Table 2) did not give economic yields as compared to whole tubers. 
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Among the whole tubers 105-11Og tubers planted 40 COl apart gave heighest economic 

returns (13347.2). Planting of 35 g whole tubers did not give good returns, thereby 

indicating that pianting of whole tlibelS of 50 g and above would be profitable for 
better yield and returns than cut tubers even after treatment with Dithane M·45. 

Similar observations have been reported elsewhere (I, 5, 6). It has been r.;ported by 
Bi~hop and Wright (4) that there is a positive correlation between seed size and yield 

of tuber. 

Hence it can be concluded that for economic returns in autumn planted crop, 

the use of whole tubers above 50 g weight as seed is essential under North Indian 

plains where maximum and minimum temperatures range between 40.9 and 22.3°C at 

planting time. Treatment of cut seed piece with Ditbane M·45 docs not give 
economic ~ieJds, although it improves plant stand. 

1. 

2. 

3. 

4, 

6. 

7. 
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STRAINS OF POTATO LEAF ROLL VIRUS AND THEIR 
APHID TRANSMISSION 

M.N. S[NGH, S.M. PAUL KHURANA, B.B. NAGAICH' AND R.O. AGRAWAL l 

ABSTRACT 

Fi\'e symptomatically distinct and stable isolates of PLRV have been grouped 
into three strains, viz mild, moderate and severe on the basis of their reaction, 
mainly effect on height of p. j!oridana test plants. Usc of tbeir per cent aphid 
transmissibility and incubation period in the test host, as parameters for strain 

identification of PL'RV have also been discussed. 

INTRODUCTION 

Strains of potato leafroll virus (PLRV) vary in their severity and virulence on 

potato varieties and other host plants. This fact has b::en used (5, 15) in differell­
fjating tbe PLRV isolates into strains. Differences in apbid transmissibility from 
potato to potato and to Phymlis fioridal1a Rydb. ::Ind to and from p. jl(}l'idana (4, 12) 

has also been investigated with litis point in view. Webb ef al. (13, 14). recognized five 
strains of PLRV depending on their varying vi mienee/symptom severity on P. floridana 
Harrison (4) also reported similar symptom stab:lity on P. jl9l'idana with virulent and 
avirulent strains of PLRV. However, MacCarthy (7) observed extremely unstable 
symptoms with leafroll virus isolates transmitted from lither potato or to and from P. 
jlol'idana which might have been 'due to naturally occurring mixtures of PLRV strains 
which can be separated (3). Present investigation endeavoured to identify the PLRV 
strains from potatoes in Shimla-hills and Jullundhur on the basis of their reaction in 
P. j[oridana. The five isolates have been grouped in three strains following differences 
in growth of the virus-sQurce and teSt plants as described by Chiko & Guthrie (». 

A number of clones of AphiJ goss),pii and Myrtis persicae were tried simultaneously 
to observe whether or not there is any difierence in {·heir aphid transmissi bility, 

1 Division of Plant Pathology, Central Potato Research Institute, Shimla-I7 001. 
2 Department of Bio-Sciences, Himachal Pr&desh University, Shirnla·171005. 
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MATERIALS AND METHODS 

The virus isolates of PLRV were selected from tbe different potato varieties/ 
hybrids maintained at the Central Potato Research Sta.lion.' Ju~ll\~d.l1r and/or 
Ceotral Potalo Research lnstltute, Shimla. they were maIntained lOdlvldually on 
P. jloridana plants by regular subculturing through Myzus pers:cae (Sulz.) or Aphis 
gossypii (Glov.) ill an insectproof glasshouse 

Clones of M. pel'sicae and A. g()ssJPii were reared on cabbage and chilli plants, 
respectively, in individual plastic cages (8), Usually adult female apterae were 
allowed 24 h acquisition access on p, jloridal1a virus-source plants with two w~eks 
old infection of PLRV before transferring them to P. floridana test plants (13-22 
days), Five viruEferous aphids/plant were allowed 24 h inoculation feeding followed 
by killing wilh 0.1% Metasystox spray. Adequate Dumber of control test pla.nts 
were exposed to equal number of aviruliferous aphids. 

Each experiment conslstea of fO lest plants per treatment, repeated atleast 

thrice using 5 aphids/plant unless otherwise stipulated. A number of virm source 

plants per isolate were infected through virulIferous aphids at 18-22 days stage and 
15·25 days old infection in them was used by randomly picking one plant out of 
the lot available. In general, there was not much difference in tbeir height yet only 
the mean heiglll (.of the test/viru~-source plants was recorded (Table 3). 

RESULTS 

Strains: The five selected isolates were originally from Up-la-Date, R 1-2 (a late. 
blight differential), KufTi Jyoti, Saco, Kufri Sindhuri and for the sake of convenience, 
their abbreviations have been used to depict isolates, viz. UTD, Rl-2, K.J. and K,S. 

They have been grouped into mild, moderate, and severe stra.ins of PLR V on the 
basIs of their virulence on P. floridana plants as well as <'0 potato varieties/hybrids 
(Table 1), Their effect OD srowlb in l1e1ght of P. jf()/"idano virus-source plants showlllg 

Table 1. PLRV Strains: Symptom's intensity on potato and Physalis fioridana plants. 

Strain isolate (Potatovars ./hybrid) P. fl ;/"idallc. Remark 

MIld Up-to-Date!Rl-2, Apparent stunting General chlorosn~ Long incubation 
of height and leaves, severe rolling and sligllt to period in host 
and brown purple pigmentation, moderate stunting (12-19 days). 

Mode- Kufn Jyotl, Mild stunting and severe Interveir;UI chloro- Moderate incuba~ 
rate rolling but mild pigmentation, pink- sis and m:Jd':l'ate tion period in 

brown. stuntin-g. host (ll·13 days), 
Severe Saeo/Kurd Sindhuri. Extreme stUDl- Severe deformation Short incubation 

ing of growth, severe rolling cut and rolling of leaves, period in host 
leaflets, brown!purple pigmentation chlorosis and e"l(treme (7-10 days). 
and severe thickening of leaves~ stunting. 
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distinct symptoms (baving 15-25 days old infection) was compared with the beight of 
test plants that developed the virus Infection and was found quitr comparable. 
Plants of P. flcridana infected with PLRV isolate KJ invoked marked interveinal 
chlorosis and moderate stunting. But isolate Saeo and KS resulted in extreme 

stunting of growth, leaf chlorosis, deformation and rolling (Ta bJe 1, Fig, I) These 

differences in the heil:ht and symptoms, mainly on P. f{orid~na, clearly suggested 

them to be three distinct strains of PLRV. Slight differences in height observed 

(Fig. J, Table 1) may be 9n account of the differences in test plants used either in 
their age and/or fiucluatl11g environmental conditions. 

Fig. 1. Effect of PL R V slTai ns on tho growth (beight) of Physalis florida"a test plants : 

A & B : Severe strain (K.S. & Saeo isolates). 

C & D : Modertlte strain (K J, isolate). 
E : Mild strain (UTD isolate). and 
F : Healthy control. 

Transmislion o' PLRV isolates and symptoms: The results in Table 2 reveal that the 
different PLRV isolates could be transmitted with varyillg degree of efficiency by the 
aphid clones which ranged bt tween 5-80% and 5.85% through A, gossypif and 
M persicae dones, respectively. The most efficient clone of A. gossypii was H.V. 1 

followed by clones H,V. V. II & IV in descending order while clone RV. It was the 
ITost inefflcient and it could not transmit PLRV isolates UTD, RI-2 & KJ. Similarly 
M. persicae clone H. V. IX Wi1S the most efficient vector for all the PLRV isolates 
followed by H.V. V, I & III in de~cending order, thougb with certain similarities 
for some isolates. H(lwever, clone H.V. XII was quite inefficient yet superior (lver 
A, gossypii H.V. r1. None of the plants under control ever got infected (Table 2). 

Effect of tlumber o~ aphidsJ plant Orl transmission bf PLRV isolates: This experiment 
was designed to observe the effect of varying inocutum poten tial on the test plant by 
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Table 2. Aphid transmissibility of PLR V isolates througb Aphis gossypii and Myzus 
persicae clones. 

PLR. V isoliltes/ % transmission 
Aphid clones ------- .. _- _ ... - ----- . ------_ 

Up-to-Date Rl-2 Kufri Jyoti Saeo Kufri Sindhuri 
A. gossypii 

_._--.---. 

H.V. I 40.0 50.0 65.0 75.0 80.0 
H.V. II 0.0 O,0 0.0 5.0 5.0 
H.V. III 300 400 45.0 55.0 65.0 
H.V. IV 25.0 35.0 45.0 50.0 65.0 
H.V. V 35.0 45,0 55.0 60,0 750 
Control* 0.0 0.0 ou 0,0 0.0 
M. persicae 
H.V. I 30.0 40.0 35.0 5S 0 60.\) 
H,V. III 25.0 35.0 500 50.0 55.0 
H,V/V 25.0 30.0 45.0 60.0 700 
H.Y.IX 30.0 45,0 55.0 75,0 85.0 
H.V, XIII 50 10.0 ]0.0 25,0 35.0 
Control** 0.0 0.0 0.0 0.0 0.0 

Adult aphids of *H.V. I and **H.V. IX, respectively. were used by feeding them on 
virus-free 'host' plants to serve as control. 

Table 3. Aphid (M. persicae H.V. IX* clone) trawl1issibiJity of PLRV isolates and 
their effect on the height of P. /foridllna test plants. 

Virus isolate Vi rus-sou fce Aphidsl % Test plant height (mm) 
(strain) plant height plant Transmission --_ ... _-----

(rom), Mean Range 
Up-to-Date 165 1 0.0 
(Mild) 5 100 155 150·160 

10 '10,0 
Rl-2 1 10.0 
(Mild) 175 S 15.0 165 155·175 

10 25.0 
Kurd Jyotl 1 30,0 
(Moderate) 131 5 45.0 115 110·120 

10 50 0 
Saco 1 35.0 
(Severe) 110 5 50.0 82 78·86 . 

10 70,0 
Kufri Sindburi 1 45.0 
(Severe) 100 5 65.0 75 68-82 

10 80.0 
Control (Healthy) 200 10 0,0 200 180·220 
"'Efficient vector clone. 
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varyipg tIle Dumber of viruliferous aphids! plant (2). Although a higher rate of 

transmi'sion was achieved up to a certain extent due to an increase in the number of 
viruliferous aphIds/plant s1ill they did not invoke different symptoms for the various 

PLRV isolates on P. jioridalla Further, the mild isolates (UT D & R 1·2) had longer 

incubation period (13-18 days) as against (7-1O days) for the severe ones (Saco & 
KS) (Table 4). 

Table 4. Incubation period of PLRV isolates in test plants (P. jlortdalla) on trans· 
mission through A gossypii H V. V* clone. 

Leafroll isolate 
(Strain) 

Up-te-Date (Mild) 
Rl-2 (Mild) 
Kufd Jyoti (Moderate) 
Saco Severe) 

Kufri Sindburi (Severe) 

>!'Efficient vector clone. 

Incubation period in days 
--------- ----
Ip 50** Range 

14 13·18 
13 12-19 
II 11-13 
9 8·10 

7 7-10 

% tran sm iss ion 

35.0 
45.0 
55.0 
60.0 

75.0 

**Ip 50=The minimum number of days recorded for symptom expression in atleast 

50% of the total infected plants 

DISCUSSION 

We did not come across isolates with changing or unstable PLRV symptoms 
(7) probably because we filtered them a number of times before grouping 
into strains. Stability of present PLR V isolates in symptoms indicate 
Ihat the 'pure' isolates cf PLR V have stable symptoms in P. jloridolla as known 
earlier (3). But the facl that the severe isolates (Sacol K. S.) were more 
dficienlly aphid tran.smilted is in contrast with that of low aphid-transmissibility of 
~he severe isolates of PIR V found Chiko & Guthrie (3). Neverthelesss, a large degree 
of such variations have been reported earlier (8, 9, 10, 11). 

Besides tbe symptoms and effect on growth, we found a relation between the 

aphid·transmissibility and incubation period of tbe presently delineated three strains. 
The mild strain isolates induced minimum growth retardation, had longer incubation 
period and poor aphid-transmissibility. On the other hand, the severe strain isolates 

resulted in extr~me stunting, required shprter incubation period and registered 
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maximum aphid transmissibility. But on the basis of reduction in plant height 
alone, it may not be possible to delineate the intermediate type of PLRV strai!ls. 
Thus, we have delineated the KJ isolate as the moderate strain of PLRV by 

taking into consideration its moderate behaviour in tranmission through aphids and 

the incubation period. Our studies suggest that the other two factors alone or in 
combinati0n with the effect of \irus on plant height (3,12) should be considered 

important parameters for differentiating virus strains as has been reported for papaya 

and Ragi (Eleusine) !lIosaic (non-persistent) viruses (1, 6). 
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POTATO YIELD DEPRESSIONS DUE TO CURRENT YEAR 
INFECTION WITH VIRUSES Y AND LEAFROLL1 

M.N. SINGH, B B. NAGAICH 2 AND B.O. AGRAWALJ 

ABSTRACT 

Field e:xperiments were conducted for 3 years, i.e. from 1977 to 1980 to study 

the yield losses incited by PVY and PLRV in potato varieties The yield losses 
caused by PVY and PLRV varied from 13.90 to 20.12% and 7.4;5 to 15.74% in 
autumn crop and 44.03 to 57.18% and 38.83 to 60.04%, respectively, in spring crop, 

The losses were more in potato varieties Kufd Sindhuri followed by Kufri Chandra. 

mukhi and least in Kufri Jyoti in both the crops easons. 

INTRODUCTION 

Virus Hnd allied diseases are generally a m.ljoT problem on potato (Solanum 
tuberosum 1.) production. Amongst these putato viruses Y (PVY) alld leafroll 
(PRLV) seriously affect the potato yields in India. The yield losees caused by PLRV 

uave been reported to vary from 29 to 98% in different countries (8, ~ 1, 12). The 

losses caused by PVY and PLRV in India have been reported by different workers 
to vary from 20 to 82% and 25 to 75%, resrectivcly, depending upon the varieties 

(16, 15, 4,6, 10, 11). The data on losses in three present day potato cultivars due 
to PVY and PLRV are Jeported in thi~ paper. 

MAT I!.: RIAI,s A ND METHODS 

Virus-free seed of the three commt:rcial potdto varieties namely, Kufri Chandra­
mukhi, Kufri Jyoti and Kufri Sindbufl, which are early, medium and late in their 

n1aturity, respectively, was planted in replicated plo[s in randomized block design. 
Each plot, measuring 10 1\ 4.8m, was pl<l.l1ted with 400 tubers. Manurial application 

\ 

1 A pan of the Ph.D. tlmb of the senIOr author. 
2 DivisiJD of P!1l n t Pathology I Central Potato Research Institute, Simla.17 HlOJ. 
:; Department of Bio-Sciences, Himachal Pnldesh University, Simla-171005 
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was done @ 20 kg N, 80 kg P and 80 kg K/ha. The inter and intra row distance 
was 20 and 60 em, respectively, The tria's were conducted during' three autum 11 

crops 1977-78, 1978-79 and 1979-80 and two spring crops 1978 and 1980, The spring 

crop in 1979 was badly damaged by hail-stroms and hence no observations could be 
recorded, No pesticides were applied in and around the field. 

For each of the the 'experimental plots, atleast 2 known infected tubers each 

of PVY and PLRV were mixed in the tuber lots before planting to allow their 
random location for spread of the two viruses by aphIds under natural conditions. 

The losses in potato YIeld due to PVY (mild or severe mosaic) and PLRV 

(mild /severe symptoms) infections was determined separately by taking yields of 
individual diseased plants of each category (pegged before hand) as compared to at 
rae dam healthy control plants in a particular plot. The yield losses were calculated 
on the basis of the following formula from the data recorded for an equal number of 
healthy and diseased plants. 

H-D 
% Loss in yield= --- X 100 :::::: L(100) = per cent loss at 100% incidence 

H 

Where Hand D are the average yields per plaut of healthy and diseased ones 
respectively. This gives the percentage loss In yield on 100% infection basis. Percent 
loss at p% disease incidence was calculated by 

LOOO) 
L(p) = x p = percentage loss at p% disease incidence. 

100 

RESULTS 
Yield depressions due to potato virus Y and leafroll inf~ction. During the 

course of study many species of aphids' were observed but Myzus persicae (Sulz.) 311d 

Aphis gossypii Olav.) were higher than tbe critical level, i.e. 20 aphids per 100 
compound leaves, which were found responsible for spreading the PVY and PLRV 
in the field in both the crop seasons. 

The data gathered indicate that the per cent loss in yield due to PVY was 
almost of similar magnitude in different years for a given \ariety. TIle three varieties 
viz I Kufri Jyoti, Kufri Chandramukhi at d Kufri Sindhnri, however, had di'Jfercnt 
degrees of yield depression, viz. 13,90, 164S and 20.12%, respectively, due to PVY 
and 7.45, 11.93 and 15.74%, respectively, due ,to PLRV. Significantly more loss in 
),ield due to PVY was observed in variety Kufri Sindhuri followed by Kufri 

Chandramukhi and K:ufri Jyoti during all the three autumn crops. The data also 
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reve aled the highly significant differences in the yield of healthy and PLRV diseased 
plants during all the three years in varieties, viz Kufri Sindburi and Kufri Chandra_ 

Illukhi. However, such significant differences in yields of healthy and PLR V infected 
plants could be observed in Kufri Jyoli only during 1977-78 

The percentage losses in yield due to PVY and PJ.RV were almost similar io 

spring crops but were higher due to PVY in all the three potato varieties in autumn 
crop (Flg. 3). 

However, the yield despres~ion due to PVY and PLRV was observsd 44.03, 
57.50, 57.18% and 38.83,61.54,60.04% in varieties Kufri Jyoti, Kurri Cbandramukhi 
and Kufri Sindhuri, respectively, in spring crop. Further, the per cent loss in yield 

due to PVY and PLRV in Kufri Sindburi and Kufd Chandramukhi was not signifi. 
cantly different but was lower in variety Kufri Jyoti. Based OIl the actual yield 
losses determined from the field data, losses were estimated (projected) for the higher 
degrees of incidence in nature for autumn (Pig. 1) and spring (Fig. 2) crops 

individually. The trend of per cent losses due to PVY and PLRV in all tbe three 
. autumn crops and in both the spring crops was similar for all the three varieties. 
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DISCUSSION 

The actual data (Fig. 3) and the yield losses projected for higher incidence 

(Fig. 1.2) afe in close agreement with the previous reports (7, 10, 11, 15). 

A linear correlation was observed between the increase in disease incidence 
and the per cent yield loss in both the crop seasons. 

Variations in tbe yield losses of potato due to individual infections of PVY and 
PLRV were observed to be markedly less in autumn than in the spring season. 
Further, the yield depressions were prominf)nt in varieties Knfri Sindhuri followed 
closely by Kufri Chandramukhi and least in Kufri Jyoti in both the seasons. This· 

, may be because the population of aphids were definitely more in spring crops than 
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the autumn crops. Also, the higher temperatures during spring favour symptom 
severity, virulence of the viruses and aphid fecundity. The variety Kufri Sindhuri 

had supported t"e maximum fecundity of aphids followed by Kufri Chandramukbi 
and Kufd Jyoti. The findings corroborate the observation of Bos (3) that the high 

vector population may also adversely effect crop yield even without transmitting 
viruses. 

The losess in yield are ver~ much related to the incidence of the disease in tbe 

v~riety and the influenced in a particular season because both tbe environmental 

factors and virulence of the virus interact in causing yield losses. The present data 
strongly support the findings of Harper et al. (51, Kiliick (7), Rasocha (13) that the 

yield losses due to PLRV varies with the severity of symptoms. Arenz and Runnius 

(2) and Singb (14) . also noted that the yield losses caused by PVY and PLRV are 
very much related to severity of the disease symptoms in a particular season/potato 
variety. 

Furthermore, it was obser\led that the per cent loss in yield due to PLRV was 

quite high in comparison to PVY though the natural incidence of PLR V was usually 
very low than that of the PVY in all the three varieties in both autumn and spring 
crops. It may be because the plants infected with PLRV are known to have less 
number of stems and total number as' well weight of the tubers produced per bill (7). 
VelY high degree of yield losses have been registered for PVY and PLRY infections 
by Nagaich (10), Khurana (6) and Singh and Khurana (IS). However, they worked 
(Iut yield losses on the basis of absolute infection verses healthy controls under pot 

culture conditions at ShimJa. Since the present data refer to the actual yield losses 
on the basis of disease in fields. they coorborate the findings of Chattopodhyay and 
Das (4) who observed tbe incidence o~ rugose mosaic from 0.14 to 14.5% and that 
of leaf roll from 0.14 to 1'7% causing 20 to 70% and 41 3 to 73.3%, losses in yield, 
respectively, 
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J. Illdian Potato AS50C. 9(2.3 & 4) : 136·139,1982. 

EfFECT OF ADJUVANTS ON ANTfSERA TITRE OF 
PARTIALLY PURIFIED POTATO VIRUS X 

YP. BHARDWAJ, R.B.S. SAI'\GARl AND C.C. UPRETl2 

ABSTRACT 

Rabbits were immunized intramuscularly with PYX antigen emulsified in Freund's 

4;omplcte adjuvant and liquid paraffin as against the control (antigen without 

adjuvant). Both the adjuvants were found effective over the control. Freund's 

adjuvant increased the antisera titre more than that with liquid paraffin and 

maintained high antibody level for iOtlgcr period. 

INTRODUCTION 

The efficiency (lnd reliability of seed testing increases with the use of high titre 
antisera. The antibody response of antiserum I:an be enhanced by proper selection of 

lllllllunizing animal (7) using highly purified form of antigen, adopting different 

routes and methods of immunization (1) or immunizing the animals with adjuvants 
(4,8). For lust several years, Central Potato Research Institute, Sbimla has been 
actively engaged in producing antisera of PYX for tuber indexing and testing the 

seed crop 8\ its various regional stations. The antisera are also supplied to different 
State Agricultural Departments and Universities, neighbouring countries like Nepal. 

Afghanistan. etc. for research & seed production programmes. In order to increase 

the production of PYX antiserum, adjuvants, which are known to stimulate 
production of antibodies, their protection and distribution in the animal body have 
been in use for some time. Since different adjuvants show varying antibody response 

with different plant viruses (4), this study was undertaken to determine the effect 
of two adjuvants on the titre of antisera using partially purified PYX as the antigen. 

1 Division of Plant Pathology, Central Potato Researcb Illtitu1e, Simla-17100J. 
::1. Present address: Central Potato Research StalioD, Mukteswar-263138. 
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MATERIALS AND METHODS 

potato virus X was increased in Datura stramonium L. plants in a glasshouse. 
One hundred gm of infected leaves packed in a polythene bag were frozen overnight 

at _20°C. Leaves were than tllawed and macerated in a waring blender adding 
50 rol of 0.1 M (pH 7,0) sodium phosphate buffer and 200 mg each of sodium sulphite 

and ascorbic acid as reducing agents, Clarified extract was obtained by adding and 

shaking the contents with an equal volume of other and separated by means of a 
separating funnel. The virus was precipitated by saturating the extract with 

ammonium sulphate. Tbe pre9ipitate w:<!s concentrated and separated by low speed 

certifugation (3000 rpm) for 30 minutes and suspended in saline (085% NaCl). The 
suspension was again centrifuged at 2000 rpm for 15 minute& and the supernatant was 
taken as the antigen to inject the rabbits. 

Twelve healthy rabbits free from virus antibodies were selected for the studies. 

Antigen was injected intramuscularly into the rabbits at thighs. A total of 

three injections werc given to each rabbit weekly. Emulsions of equal volumes of 
the antigen and the adjuvants were prepared by repeatedly sucking­
in and ejecting the solution with the syringe having a short 18-gauge needle (6). 
Three groups each of 4 rabbits were immunized with 1ml of antigen emulsified with 
equal volume of Freund's complete adjuvant (6), 1 rol of antigen with 1 rol of thick 
liquid paraffin and with 1 1111 of antigen oilly (control), respectively. The rabbits 
were first bled one week after tbe last injection and subsequently at weekly or ) 
weeks interval. Antisera obtained from all the 4 rabbits of each group were pooled, 
adsorbed with the sap of healthy host plants for the purpose of neutralizing the plant 
protein-antibodies and examined for tqe titre by making two fold dilutions. 
Chloroplast agglutination method, with tbe sap of PYX infected D. stramonium plants 

as antigen, was used for determining the titre. 

RESULTS AND DISCUSSION 

Rabbits immunized with partially purified PYX with adjuvants produced 
antisera showing different antibody response. Maximum titre (1:2048) was observed 
with Freund's adjuvant followed by 1:256 with liquid paraffi 11 as against J :64 ill the 

'"' (:ontrol (Fig. 1). The maximum antibody level reached the peak after 5 weeks of 
the initial injection and thereafter did not change upto 8th week. The liquid paraffin 
was only able to increase the antibody production by 4 times as against the control 
and this level was reacbed by 4th week after the initial immunization. 

Freund's adjuvant has been found to be the best by different workers (4, 5, 8) 
for other viruses also. Gpvier (2) working with PYX oQtained high titre antisern 
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from the rabbits injected intramuscularly with a single dose of virus emulsified \\.ith 

Freund's adjuvant. Maximum antibody level reached after about 4 weeks. In our 

studies, however, 3 doses of 1 ml each of the antigen were given in all c;a~es to make 
sure that a reasonable titre is obtained in the control for compari:;,on (three I ml 
doses each of the partiaily purined antigen had been necessary to produ';e ao anti­
serum). The titre of the antiserum obtained was 1:2041 in our case and it was low 
as compartd to that of 1:4096 obtained by Govier (2). This variation in the titres 
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may be due to several factors ('.15· immunization technique (I), antibody producing 
capacity of tbe animal (8), purification methods (9) or concentration of the antigen 
(3), etc. 
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J. Illdiall Potato Assoc. 9(2,3 & 4) : 140·H4, 1932. SHORT NOTE 

SOME NEW SYMPTOMS ON POTATO TUBERS INDUCED BY 
FUSARIUM OXYSPORUM 

B.P. SINGH\ R.P. RA12 AND V.C. SHARMA3 

Surveys of freshly harvested potatoes in the fields at Central Potato Research 
Station, Modipuram, Daurala & lalandhar revealed the occurrence of unusual disease 
symptoms. Studies relating to their cause, incidence, distribution pattern 00 the 

tuber surface and patnogenici() CCS'(S' were cartied out and (ile resu{ts are reported 
herein. 

For three consecutive years (1977-78, 1978-79 & 1979-80) the disease incidence 
and intensity of tuber spots were recorded 01} different commercial varieties and 
advanced hybrids from various fields of Modipuram and Daurala Stations. The 
disease was rated on 0 -6 scale, and the disease intensity was calculated as under; 

Sum of individual ratings 100 
Disease intensity - ----. ------- X 

Number of tuber assessed 6 

A lot of 100 infected tubers from each variety jhybrid was sorted out at the 

time of harvest, and visual observations were made to study the distribution pattern 

of tuber spots on the 1 uber surface in regard to two ends of tubers and lenticels. 

Pathogenicity tests were carried out undet laboratory and glasshouse conditions. 
In laboratory, surface sterilised. tubers were inoculated with test pathogen by using 
pinprick method and incubated at 27 ± 1°C for a week. With a view to study the 

nature and development of the disease(s), as Occurs in fields, the same was done by 

creating similar conditions in glassbouse by seeding the sterilised soil in 25 em 

earthen pots with the test pathogen employing two varieties, Kufri Sindburi and 

1. Central Potato Research Station, Modipuram 250110, 
2. Central Potato Research Station, Gwalior 474006, 
3. Central Potato Researcb Station, Jullundur 144003. 
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Kufri Chandramukbi. Appropriate controls were also maintained. Each treatment 
contained 8 earthen pots having one plant in each. Developme,lt of tbe disease 
was recorded at three different stages viz.-a) Prior to tuber initiation, b) After 

tuber initiation (Harvest of this observation was burried in soil after surface bruising, 

and c) At maturity-i) Which were disturbed at the time of second observation with 

a view to inflict injury on tubers, and ii) -Undisturbed plants (no injury). 

For reproducing skin-necrosis symptoms, mature healthy tubers of Kufd 

Chandramukhi were given superficial bruisings with sterile sIInd-paper and burried in 

pathogen infested soil and incubated at 27± 1°C. 

Symptomatology; Diseases on tubers DlEnifested in the form of brown spots 
of varying shapes and sizes which were either circular to oval or irregular from p in 

head size to 1.S em diam. The raised spots had buldging in the cent~e very much 
looking like intact or ruptured pustule~ of powdery scab (Fig, I), Some spots were 

just llat or sunken (Fig. 2). Spots with rupture/crackings in the centres surrounded­
by loose fringe (Fig. 3) were alsQ common. 

Second type of symptoms manifested in the form of dark brown to black necro­
tic patches measuring up to 2.0 ern diam. (Fig 4) and the tuber skin was hard and 
dry, Necrbsis was confined only up to 3 mm depth and underneath flesh was 

healthy. 

Occurrence: Initially tuber. spot was recoJded at CPRS, Modipuram and 

Daurala, laler it was observed,in other parts of U.P. and Punjab. The incidence and 

intensity of the disease were' recorded on \ 24 varieties and bybrids during different 

cropping years. The maximum incidence w~s up to 26.6% while the highest intensity 
I • 

was up to [0.3%. The amount of disease 'great.ly varied in the same variety/hybrid 

within same location or different locations possibly due to different levels of inoculum 

present in soit. 

Distl'ibution Patten!: Tuber spots were usually found associated with leoticels, 

this is perhaps because the pathogen has no inherent mechanism to penetrate the. 

tuber skin directly und therefore. enters througb lenticels, A very strong affinity 

was also observed .' between the tuber spots and bee14 end of tubers. Most of the 

varieties/hybrids examined showed that tubers had spots located on or around the 

heel-eod, only few varieties/hybrids bad very few spots on rose-end. 
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Fig. I. 

Fig. 2. 
Fig. 3. 

Fig. 4. 

- ~;~, .~ 
>'l0; , 

Tuber sllOwing raised spots similar to that of powdery scab lesions 

Tuber showing sunken Spot. 

Tuber having spots with cracks in the centre surrounded by loose 
fringe. 

Tuber showing large irregular necrotic patch. 
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Cultural Characters of the Flmgus: Average growth rate of colony was 58 mm 

on PDA. Aerial mycelium remained off·white with purple tinge, initially floccose, 

becoming felted in old cultures, Conidia bo~h micro and macro, cbalamydospores 
both intercalary and terminal abundantly found in one week old cultures. Microconi· 
dia were oval to cylindrical measuring 2-10 X 2.41-', macroconidia fusoid, curved 

to cylindrical, up to 7 septate measuring 8·40X2-1O,u, chlamydospores 2.160 diam. 
The isolate was indentified as Fusarium oxysporum Schlecht. at CMI, Kew 
(IMI.246010), 

Pathogenicity: Fungus could establish in tubers of both the varieties within 48 h 

of their inoculation and spots were vislhle after 72 h. In variety Kufri Chandra­

mukhi, spots enlarged to 5-10 mm diam, whereas in Kufri Sindhuri these were of 
2·4 mm diam. within a week, 

Fungus did not infect the roots, stolons or stem at llny stage of plant growth. 

Minute spots appeared on mother tubers of Kufri Cbandramukhi after one month of 
planting (prior to tuber initiation). Spots became qUite prominent at second observa­
tion. At final harvest typical spots were observed on tubers of both varieties under 
test. Injured tubers developed more disease than uninjured ones, thus bruiSing was 

congenial for further spot development. Results indicated tbat lenticels provided 
natural avenues for penetration of the pathogen. . 

Second type of symptoms, i.e, necrotic patches developed on tubers burried in 
the infested soil and were similar to the one found in nature. 

Studies reported above clearly show that variable types of symptoms could be 
produced by F. (lXyspoTum under different sets of conditions of inoculation. The 
symptoms were categorised mainly into two types, tuber spot and necrotic patches. 
Allbaugh F. oxysporum is known to cause different disease symptoms on tubers lik~ 

dryrot (I), stem end vascular discolouration (2) and Corky-rot (3) but so far there 
are no reports describing raised tuber spots and necrotic patches as reported in tbe 
present paper. 
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COMPACT~POT METHOD IN POTATO TUBER INDEXING FOR 
VIRUSES AND MLO's IN GLASSHOUSE 

A,K, SOMANI, K,S. VASH1STH AND A K, VERMA
l 

Production of virus and MLO tested nucleus seed stocks at Central Potato 

Research Jnslitute, Shimla is the base of the certified seed potatoes of the commercial 

varieties in our country. It bas two steps: tuber indexing in glasshouse and its 

multiplication in the field. The procedure developed at CPRI is as follows: Four 
tubers (as one clone) are taken from an apparently healthy plant. One eye from 
each tuber is planted separately in small pots in glasshouse. The counterparts are 
kept in cold storage. The plants raised from these single eyes are individually tested 

serologically for contagious viruses X and S, biologically on leaves of 'A 6' 

for viruses Y and A, histochemically using phloroglucinol test for leaf roll virus 
and visually for mycoplasmal diseases. [f anyone plant of a clone is found illfected 
with any of the viruses or MLO's, all the four plants of the clone are rejected along­

with their counterparts in cold storage. The counterparts of the bealthy plants are 

grown ill the field as stage I. 

The availability of the' glasshouse space is a limiting faGtor in: nucleus seed, 

production programme. The present method of indexing in glasshouse can be suit-! 

ably modified to ovelcome this limitation to a great ex.tent. I 

In the compact-pot method (C.P. method) instead of planting the eyes separa­

tely inA pots (11 x 9 x 5 em), these were planted in a big pot (sized 16 x 0 x 10 em) 
on 4 equidistant sites designated as A,B,C and D (Fig. I), about 4 em away from 
the periphery in the usual manner. Comparison for efficiency of Indexing was made 
between the 54 clones each raised in small pots and big pDt (compact pot). Two eyes 
were taken from each tuber and one planted in a small and another in compact pots. 
Adequate distance was maintained among pots to avoid contact tra nsmissioll of 

viruseS X and S. 

lCentral Potato Research Station, Post Bag No.4, Jaiandhar·14400;. 



For keeping 54 clones in small pots and compact pots, the glasshouse beneh 

space required was 4.56 and 2.28 sq m, respectively. (FIg, 2). Plants' growth Was 

normal in both types of pots, The cost of 216 small pots was Rs. 54.00 but for 54 

compact pots it was Rs. 27.00. 

)' , 

Fig, 1. A close up of compact pot. 

;}*w.~ 

:~:~~,. 

Fig 2. Comparisc>o of space occupied by the traditional and improved (C.P.) 
pots for indexing 

In the improved method, using the same glasshouse space, just double the 

number ')f clones can be indexed, VIZ. by c:mventional method 54 clones are indexed 

in 4.56 sq m space while by the improved method in the same space 108 clones Can 
be il dexed. Thus glasshouse space utiliz3tion is increased by 100 per cent. The 

method also cuts on the cost on pots by 50 per cent. Operations such as filling of 

pots, irrigation and the handling of clones were also found to be more convenient. 
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Uuequal distribution of viruses among the eyes of a tuber is well known (1). 
Since the plants of a clone remain in close contact with each other in the improved 

method, the chances of escaping the detection of contact transmitted viruses (X and 
S) are reduced to a minimum. 
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POTATO VIRUS X INHIBITOR FROM NEEM LEAF EXTRACT 

R.B.S. SANGAR AND M.K. DHINGRA1 

Several plant extracts have been found to carry inhibitory properties against 

dilIerent viruses (1, 2, 3, 7). In some cases the chemical inhibitors have been identi­

fied and their properties studied in detail (l, 6, 7). Inhibition of infectivity of potato 

virus X (PVX) has been studied both by plant extracts Cl, 4, 5) and their chemical 

inhibitors (I, 6). This paper describes the inhibitory properties of neem (Azadirachta 
illdica J uss.) leaf eKtract on PYX. 

Tender Deem leaves were grollnd mixing one ml. of water for every gram of 

leaf tissue, extract sq ueezed through muslin cloth, centrifuged at low speed for 30 
minutes and stored at -20°C. PYX inoculum was prepared by macerating young 

PYX infected' leaves of Datura stramonium in ratio of I gm : I ml of water and 

diluted 1:5 with tap water. Serial dilutions of the inhibitor and the virus inoculum 

were mixed together and young Capsicum pendulum seedlings were inoculated after S 

minutes for assaying the infectivity. Inoculations were made mechanically on the 
leaves predusted \\ith carborundum powder. Three plants each with six leaves were 

employed for each assay. 

Different combinations of the virus inoculum and the neem leaf extract in the 

proportion of 1:0.5, 1:1, !:l.S and 1:2 were made to study their effect on viru~ inhi­

bition. Corr,pJete inhibition was observed at the ratio of 1:2 i.e. 1 ml of virus 

inoculum and 2 ml of neem leaf extract. The neem leaf e-xtract was heated at 50, 

60, 70, 70, 80, and 90°C in a water-bath for 10 minutes, cooled immediately 

under running tap water and mixed with the inoculum in the ratio of 1:2 and assay 
plants inoculated with the mixture. The inhibitor heated even up to 900 e continued 
to inhibit the virus. It also remained effective at room temperature (18.22°C) for 40 

days and up to 60 days when stored at -20oe. The inhibitor was also not affected 
at a pH range of 5.8 to 8.0. 

Division of Plant PatholJgy, C~ntral Potato Research In~titute, Shimla·171001. 



Spraying the n cern leaf extract on upper surface of the leaves of the test-plant 
was found effective In completely preventing virus infectiDn (made at 0, 2, 4, 6 and 

8 hr after spraying) up w 4 hr but its efficacy decl'eased gradually by increasing the 
interval between treatment and inocula tiOll. The Deem leaf extract exhibited no 
phytotoxicity. 

From above studies, it is clear that the inhibitor in aqueous necm leaf extract is 

Jhermostable, resists storage and a wide range of pH. It showed loss of activity with 

lapse of time between treatment and inoculation. Most of the properties of this 
inhibitor are similar with tbose reported earlier (1, 4, 5). 
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ELIMINATION OF POTATO AUCUBA MOSAIC VIRUS 
FROM POTATO BY HEAT·TREATMENT AND 

MERISTEM TIP CULTURE 

M.K. DHINGRA, R.B.S. SANGAR AND R.A. SlNGH i 

Limassd and Cornuet (3) demonstrated that the concentration of tobacco 

mosaic virus (TMV) gets lower in tobacco leaves as thflY approach the plant tip and 

no virus was usually detected in the apical mcristematic portion. Morel and Martin 

(6) used meristem culture technique to obtain virus-free dahlia plants from the virus­

riddled ones. Since then a number of workers (8) used this method to free the 

potato plants from PYX, PVY, PVS, PLR V, etc. Varying degree of ircidence of 

potato Aucuba mosaic virus (PAMV) is known in some old Indian potato varieties 

(7). Recently. PAMV has gained importance in the plains of India and it may 

assume serious proportion in future if lhe diseased stocks are continued to be ~ used 
by the farmets. Since there is no such published report of freeing potatoes from 
PAMV, we were prompted to find out the efficacy of this technique for freeing plants 

of var. Kufri Kuber from PAMV and the results obtained are reported 

here. 

The culture medium lA', recently reported by Dhingra et al. (1), was used. 

The pH of the mediu 11 was adjusted to 5.8 and dispensed into culture tubes, plugged 

with cotton and autoclaved at 15 Ibs pressure in a pressure cooker for 15 min. 

The meristems. were excised from infected tuber sprouts. Virus-infected tubers 

were pre-sprouted and maintained for 6-8 weeks at 30 ± 30°C under artificial light. 

Tile sprouts were washed with tap water, dipped in 90% ethanol for a few seconds 

and rinsed 2-3 times in distilled sterile water. Soon after this they were transferred 
to a 20% Polar's bleech solution for 5-10 min. and rinsed again 4-5 times in sterile 

water. Apical meristeros (0.3-0.4 mm. approx.) with two leaf primordia were 

aseptically dissected under the binocular microscope on a clean-air bench and then 

1. Division of Plant Pathology, Central PBtato Research Institute Shimla,.171001, 
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transferred on to the nutrient medium. The culture tubes were maintained at 24± 

20°C under fluorescent light ca. 1800-2000 lux (16 hr photoperiod). 

When the plantlets were 3-5 em. long, they were transferred from the tubes to 

small pots containing sterilized soil and compost manure. The potted plantlets were 

covered with a glass beaker for maintaining high humidity for about one week. 

Thereafter the plantlets were indexed biologically on Capsicum ammum 1. and C. 

pendulum Willd. for detecting PAMV (and/or PYX) as well as other indicator plants 

'A6', Chenopodium amaranticolor. Pldntlets that were found to be virus-free were 

maintailled in an insect-proof glasshouse and were rechecked for confirming their 

freedom from PAMV as well as other viruses like PYX, PVS(M), PVY after 30-45 

days. 

Table 1. Development of healthy plantlets on medium 'A' from potato variety 

Kufri Kuber infected with PAMV. 

Number of % virus-free 
PAMV _ .. ----- ----------- plant lets 
isolate Apical Plantlets Healthy 

meristems produced plantlets 

PAMV4 40 29 20 69 

PAMV6 40 33 25 76 

It cao be seen from the table that out of total 80 meristems (in two trials) 

excised from the sprouts infected with PAMV isolates, viz. 4 & 6, a total of 20 and 
25 healthy plantlets could be produced, respectively. Such a Sllccess of the technique 
may be attributed to the presence of different chemicals in the medium or lack of 
the virus in apical meristems or pre-treatment of sprouts at higher temperature and 
light for a longer time or their combined effects. This type of observations on inacti­
vation/elimination of viruses have also been reported earlier (1,2,4, 5). 
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SEXUAL DIMORPHISM IN THE PUPAE OF THE POTATO 
TUBER MOTH 

USHA CHAUHAN AND L R. VERMA! 

ABSTRACT 

Male and female pupae of Phthorimaea operculella (Zeller) differ from each other 
in many morphological characteristics. Body length and weight of female pupae is 
greater than the males. Male pupae also differ from the female pupae in respect to 
shape and position of genital opening, position of posterior-most abdominal spiracle 
and sbape of the caudal margin of the tenth abdominal segment. 

INTRODUCTION 

Potato tuber moth, Phthorimaea operculella (Zeller) is a serious pest of potato in 
all the potato growing countries of the world such as U.S.A,. Australia, Israel, 
New Zealand, Africa and India (1,2,11,12,). Although the biology of this moth has 
been studied in detail (3,4,5,6,9,10), but so for no studies were made on differentia­
ting sex in the pupal stage. Such studies are important in order to find out the sex 
ratio in the population, for understanding the basit; mechanism of insect behaviour 
and reproduction. 

MATERIALS AND METHODS 

The culture of this pest was raised under controlled laboratory conditions and 
pupae were collected from the culture pots, washed. with water and then dried over 
the filter paper. ~ll observations were made under dissecting stereomlcroscope. 

RESULTS AND DISCUSSION 

The main distinguishing morphological characteristics of the male and female 

pupae are shown in Fig. 1. 

1 Department of Bio-Sciences, Himachal Pradesh University. Shimla.I7100S, 
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Fig. 1 

Phthorimaea opercullella : Ventral view of male (A) and female (B) pupae showing 
elevated tubercle (ET). genital opening (GO) and anal opening CAO). X20. 
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The mean body length and weight of the female pupa arc 2 5 UTJd 6.8 per cent 
greater than the length and weight of male pupa, respectively. The genital opening 

(futtre ostium bursae) of female pupa is present on the ventral side of Ihe 8th 
abdominal segment, whereas, the genital opening of male is present 00 the ventral 

side of 9th abdominal segment. Female genital opening is a slit like slructure and 

is longer than the male genital opening. Elevated tubercles are present 00 either 

side ef the male genital opening bl.lt tbese structures are absellt in the female pupa. 

The posterior most spiracle and the genital opening in male pupa are present on 8th 

and 9th abdominal segments, respectively, but in the femall! pupa both are present on 
the 8th segment. The caudal margin of 10th segment in the female pupa ends 
bluntly but in male pupa it is divided by anal op~oing i[lto an inverted V shaped 

structure. Similar observations on sexual dimorphIsm at pupal stage were also 
reported in other species of moths such as /(hyacionia frus:rana (Comstock) ; qhya­
donia rigidana (Fernald); Rhyacionia subtropica (Miller); Rhyacionia neomexicana 

(Dyer) and Agrotis segetum (Schiffer Mueller) n, 8, 13). However, in tbe present 
investigation, sexually dimorphic antennal length, presence of coloured patches in 

particular abdominal segments and tbe number and shape of exposed segments 

beyond the wing pads have not been observed and reported by the other authors in 
tbe above mentioned species (7, 13). 
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NEW RECORD OF APHIDS INFESTING SEED CROP 
OF POTATO 

R.K. KASHYAP AND A.N, VERMA' 

Haryana is one of the leading states of India producing seed-potatoes. With a 
view to study the pattern of population build-up of aphids in seed potato growing 
areaS of the state, a survey was conducted in the months of December and January 
during the year 1981.82. During the course of survey, the aphid species infesting 
this crop were collected for authoritative determinations. Both nymph, and adults 
of the aphids from only well establiseed colonies, were co!lected in glass vials con­
taining 70 per cent alcohol. 

A total of seven aphids species were found to infest potato crop in Haryana 
which were: Aphis craccivora Koel1. ; A. gossypii complex, A. fablle complex, 
MYZllS persicae Suiz., Rltopalosiphum nymphaeae (Linn.), R. rufiahdominalis (Sasaki) 
and Tetraneura, 'nigriabdominalis (Sasaki). Of these, the most predominant aphid 
species attacking potato crop in this state were, however, A, gossypii, A. cracc/vora and 
M. persicae (4). 

Occurrence of R. nymphaeae on potato (from Shahbad, District Kuruksbetra, 
Haryana) has been reported for the first time, This species has earlier been found 
to infest apricot (2); aquatic plants (1, 3) and plum (2, 5). 

Tetraneura nigriabdominalis has been found infesting potato crop in India (Hissar, 
Haryana) for the first time, In earlier literature, Telranellra sp. has been reported 
to infest potato crop in Korea (6). 

R, nymphaeae and T. nigriabdominalis have not so far been recorded to infest 
any crop in Haryana. 
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(Regis/ned under the Societies Registration Act XXI, 1960) 
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Soil and Systemic Insecticide 
) This powerful systemic insecticid~ enters the 

plant through the roots, spreads evenlv and 
'insect proofs' the whole plant. Aphids and 
other insects feeding on the plant are killed at 
all stages of growth. This protection lasts 
several weeks in the crucial growth period. 

EXTENSIVEL Y 
fIELDmTE~TED 
TilE WORLD 
OVt~~ 

I!l1I THIMET 10-6 controls potato ap'hidl 
completely 

II THIMET 10-6 helps sto, the spread of 
virus diseases 

II THIMET 10-G ensures he.althier, bigger 
harvests 

In India, the Cnntral Potato Research rnstitute, 
Simla, have found it very c(iective ill controlling 
patato aphids-a major pest responsible {or 
spreading virus diseases. Cyanamid TH IMET 
10- G thus cleers the major hurdle \-ri the way of 
potato seed farming in South India. where the 
hot and humid climate has 8'0 far restri cted 
seed farming. 
DlflECTIOruS FOR USE 
For commercial potato crops-Two applicat­
ions at 3.5 I<g./ acre. 
1st application-Oistribute granules evenly in 
furrow at sowing. . 
2nd applieation-Incorporate THIMET granule! 
into soil as side-dress 4-5 weeks after planting 
at first earthing-up operation. 

(TCYANAMID ~ 

Cyanamid India Limited : 
Agricultural DIVIsion ~ 
P,O. B. 9109, Bombay 400 02:>. .... 

Cyanamid the name every e:. 
• RIgl.1lred T,ademark 01 Amell.on Cyan, mid 'farmer trusts' i!: 
~C~~g~.n~~~W~.Y~n.~.N~'W~J~.r~"~Y.~U.S~.A~. ________________________________ -------
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SEHRA FIELD'S CONTRlBIJTION TO THE POTATO 
REVOLUTION IN lNDIA 

Sehra Field Trade Marked Machines Have Played 
A Significat Role in Increasing The Output of Potatoes 

In India As well as Abroad, That is Why Sehra Field's 
Have a Special Place of Importance in The Hearts of Fanners 

Manufactured by,· 

SEHRA MOTOR & TRACTOR ENGG, WORKS 

Office: 
Nehru Garden Road 

(Near Land Mortgage Bank) 
lalandhar 

Telephone : 77691 

Factor),' : 
Kapurthahl Road 

lalaodbar 
Telephone; 75272 



Ex-stock availability of the 1982·released book, 

"POTATO IN DEVELOPING COUNTRIES" 
(Pu blisbed by Indian Potato Association) 

Edited by B.B. Nagaicb, 0,8. Sbekhawat, S.C. Verma, & P.C. Gaur 

Tbis is the first comprehensive publication highlighting potato research and 

development in tropical and subtropical conditions. It is a useful reference book 

for research and development workers. It is indispensible for the libraries and for 

tbe individuals dealing with potato crop. 

The book contains 426 pages, printed on superior 'Maplitho ~ and art paper and 

is hard bound. It contains 80 illustrated articles on potato, contributed by authors 

Irom U.S A" U.S.S.R" U.K., F.D.R" G,D.R" the Netherlands, Switzerland. Latin 

American countries, Japan. India, Pakistan. Bangladesh, Korea, Nepal and Bhutan. 

These articles were presented in the International Seminar on "Approaches towards 

increasing the potato production in developing countries", held at Jullundur, India 
in November, 1978, 

'Ihe aspects covered included: 

-Problems at' Farming and Industry, 

-Breeding & Genetics, 

-Agronomy & Seed Production, 

- Physiology & Biochemistry, 

-Diseases, Pests and their conlrol. 

The copies of this book can be had from the Stcretary, Indian Potato Associa. 

tion, Central Potato Research lnstitute, Shimla·17l 00 I (H .P.) India by sendibg the 
price in full (Rs. 100/- Or US. $ 2000 plus U.S, $ 7.00 as uir mail postage outsine 
India for each coPY) in advance by a crossed Bank Draft, 

Book stores/agencies ordering for it will be allowed a 15% discount, All other 
organization/Libraries can order a copy at 10% discount. 




