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i}'ieU eJ\Periments were carried out auring 1999-2000 and 2000-2001 at 

rJ3[ocll Seea iJ'arm} jlaisaptagram., J{oogfify, 'West cBenga( to stuay: (a) tfie rore of 
Biojertifizers in economizing :N' ana P tes for potato proauction; (6) tfie if.fect of 

(t.tJ;pl. 
fevelS ana metfiod,~ of potassiurtijbn grO'f.{)th} y£eGf ana storage 6efiaviour of potato and 

·I"'~- "-. 
{c)lpfiysica[ ana 6iocliemica{ parameters of some (])utcli ana Indian cuuil,Jars in orefer to 

~. 

itfentify suita6fe cultivars on processing quality an4 productimty, 7lie 

oBjective was to standanfize P ana'l( nutrients ana tfie Best metlioa of 
potass£um app[icatt'on wlien in c01ifunction 'Witli different 6ioferti{izers as 

inocu{ants for 6etter economy an4 ejfic£ency am{ to identify suita6fe liif]1i yie{ding 

potato varieties forprocessingfor tfie qa ngeticjl {[uvia[ Zone of'West (}3enga[. 

711.e first eXperiment comprising eight combinations of inor;qanic :J{ and p 

aiOng "vith 6ioferti{izers was out in 1?!JJ(j) untn tliree repfications. Jlppfication of 

6iofertitlZers impartea significant £nfluence on p{ant growth ptlrameters1 tUbers hill), 

oj tu6ers,. tota[ tu6er uptafi! am{ 50£[ fertifit_y, %ough 6ioJertiEizers 

jlzot06acter + Pliospli06acteria aumg witli 100% N ana P + 1 % urea + 1 % sodium 

6icar60nate recon[ea highest treatments contaim'ng 15% 'N atul <P awng witli 

1 % urea + 1 % so({ium 6icar6onate + jIzotoGacter + <Pfiospfio6acteria and" rJ3ad{[us spp. 

exfiiGit:ed 3. 86 ana 1.38 cent-] liitJfter y£eU of tuGer comparea to uninocu{atea contro{ of 

100% :N and P arone. rrfte upta~ 6y [eaves, stems and tu6ers were higlier in 

treatment containing 100% am{ <P + 1 % urea + 1 % sotfium Gicar60nate + 

jlzot06acter + Pliospfio6ac:teria. rrfte soi{ fertility status Showea a 6Ul:{d up £n tlie 

initia{ avaiCa6fe :NlPl( after cif e:x:perime1lt z:n 60tli tfie years. 71ie net 

return rnpe{;l l:1tvested was alSo nigher in GioJertifizer inocuCatea treatmetlts. 



%e second experiment consisting of fi1.)e fevds and four metli.ods 

o_f potassium application was arraugd in a <J?SB([) '(vitfi three replicates. 7lie nuujmum 

values of a{[ tlie growth attributes, yzeU ana,WCP1(, uptaR.§ 6y (eaves) stems an4 tubers 

were recorded' at 200 I?:e 

app[iea at 150 IW 'l(z0 ha-J 

ref as 6aseI + 1 h ni as top 

spbts. rBut potassium 

max/mum num6er of t,ubers hi[E1 when appEiea 

at 30 cfays after p{ant:mg ~1)fl.q1 ,{~A1S a 

buiY up of a1Jaila6(e soi{:J{ aruf (P after tlie comp(etion of tlie experiment 'with a{( die 

(eTiefS of potassium; liOWe'fJe1; in tfie treatments 0 aru[ 50 IW '1<20 fia: 1, a aecline ill 

available was noticed' auri1tfJ botli tlie '11le minimum physio[ogica[ foss in 

weight ana rotti1tfJ of tubers after 90 aays of storaee was recoraea at 200 I?:e '1<20 M·l 

app[ied)u{{ at 30 ([)fl.fP as top aressi1tfJ. iJ1ie economic optimum dose of potassium 

'11ie tnalto .(!fJa[uate processi11{J quaHty of nine ([)utdi ana Indian potato 

cu[ti'l)ars was camed out in a CR[B([) witli tliree repfications. rrFte LA!' (D:.M 

accumulation, £}1/D ana was liirJliest in 1(;ufri 

cq~ 'ItBCf( and 1I(JICf( was liigfwst itt (j)utcfi (Diamant but Cardinal 

protfuced tfie ma.:(jmum percetltOfje of lare£ sized tubers) tuber yieU{ ana recorc£ea die 

minimum peefitlfJ foss of tuGen 7:(ujri Cfiipsona-l ana 1{ufri Cliipsona-2 recoraea 

rem,cing sugars, total sugars acceptab(e 6.glit cofour Chips. rtota[ acidS cwa 

'vn.j:l11ll'n C content 'was ma.J;:irnum rn fl.jax:; total so{u6fe SO[itLi were m.a:xjmum in 

whi(e specific gra'Vr:ty was liirJliest in 'l(ufri Cliipsona-2. 1(ufri Ch£psona-l sfiowed 

minimum pfiysiofoeica{ foss in whife 'l(lifri Cfiipsona-2 resu{ted in minimum 

rottine of tuGers after 90 days storage. rrrwugli tuber _yie{c{ of ([)utcfi cu[tzvars 

Canuna[ ana rDiamant as weO" as popular weal cu[ti'var 1(ufri Jyoti '(vas fiig&'r, 

faifed to meet tfw minimum processi1Ze quafity standards ana were suscepti6(e to 

fate b{iglit. In contrast, (ate 6figlit resistant cuEti'vars 1(ufri Chipsona-l ana 

1(ufri Cfiipsotla-2 yielded liiglier, ana met trw requirement of processing quafity 

standardS of higfi ary matter content) specific era'oity ana hw reaucing suears to give 

cofout chips. 
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1. INTRODliCTION 

M ankind had al~e.a~y stepped into the 21~! century. Scientists of an fields 

of human activItIes are extremely won-led about the future of mankind 

owing to the steadily mounting demographic pressure in our country by leaps 

and lJOunds. With the progress of civilization, human knowledge has increased 

enormously and rigorous research works of the agricultural scientists have led to 

a tremendous progress in the arena of agricultural production. But the vv'orld 

food scenario is becoming more and more complex with the demands of food 

increasing at higher rate a scarcer resource base and the quality aspect 

receiving greater attention iL<; never before. 

India, a home for 18 cent! of the world population and over 15 cenfl of the 

world livestock has only 2 cenfl of land resource to meet their basic 
,) 'f;; I 

requirements. Having achieved food grain production of 211 million tonnes 

(m t) in 2000~20o.): India would further need to produce an additional 5-6 m t of 
,~"",__..'-W'~~' 

food graIns annually in the next two decades to meet the requirement of 

estimated population of 1360 million in 2020 AD. However, capita-1 availability 

of land for producing ~agrIc~ltural co~odi~ies has declined from 0.48 ha in 

195! to about 0.20 11a in 1981 and 0.15 11a in 2000 AD and it is expected to 

decline further to about 0.09 by 2050 AD (Singh et a!., 2002). This situation 

v./arrants maintenance of soil health and other resource base to produce more 

quality food from less and less land area for the survival of the mankind and 

other biotic popUlation. The burgeoning population also necessitates significant 

increase in the production of other agricultural products. 

We have been relying on the major cereal crops - rice, wheat and 

maize - to feed the ever-increasing population in our country. Such an over 

dependence on cereals should end, if we have to ensure food security in the 

decades to come. Therefore, \ve cannot afford to be complacent and should look 

for alternative foods from among the high productivj;ty' crops like tubers and 
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root.s. Tuber crops are tile most important food crops cereals and 

legumes and find an niche in the socia-economics of small and 

marginal farmers in the southern, eastern and north-eastern regions of India. 

The eminent agricultural scientist, Dr. S. Swaminathan, wrote, 

present vulnerability of national food budgets to the vagaries of weather arises 

fi'om our dependence on too crops for our daily bread. Potato can help to 

widen the food supply base 

shortages in the tropics and 

thereby help to minimize the risk of serious food 

111 to 

increase agricultural production further, the only option IS to grow high 

productivity crops, like potato. 

1.1 Potato as a potential food crop: 

Potato, a nourishing wholesome food plays a pivotal role in the farm 

economy. It can contribute substantially towards providing both food and 

nutrition security in the years to come as it is one of the most productive edible 

known to man and it produces the highest amount of dry matter. 

ca;:bohydrate, minerals, edible protein, dietary fibre and vitamins unir1 area unif j 

..,lX'time among all the major food crops. The favourable protein carbohydrate 
~ 

balance and the extremely high quality of potato protein are potential assets for 

improving the nutritional status of malnourished populations diets are 

on cereals and other roots and tubers. A short duration crop I ike potato 

being nutritionally superior, capable of producing high anlOunt of food unir1 

area and time and amenable inclusion in intensive cropping systems has a 

potential in modern agriculture. In developing countries with large 

population to feed, potato is perhaps the one of the best alternatives to meet the 

growing food needs. 

Dr. R. L. Sa-wyer, fomler Director General, eIP, said, "If one had to live 

on one tood alone, the potato \"ould be better by far than any 

crop available today." The of potato as a food 

major food 

developing 

countries has been greatly underestimated. It is one of the world's most cffici.ent 
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crops converting natural resources, labour and capital into a high quality 

food~ The nutritional qualities potato go unrecognized most of us 

The eminent potato physiologist, Dr. W. G. Burton, said, "It is a reasonable 

approximation to state that nutritive value of the produce from a hectare of 

potatoes would have been about three times as great as that from a hectare of 

cereals." Considering the trend of population growth and consequently the 

increased demand for food in the country and the ~~~ind!in~ ,?ultivable land area, 

the potato is likely to play very important role in the future. Because of 

exceptionally high productivity coupled with high food value, potato demands 

greater attention and should not be treated merely as a vegetable but it needs to 

be elevated to its rightful starus of a supplementary food as China, Europe 

North Amer'ica. By giving attention and care, potato can contribute greatly 

to the food and nutrition security of our country. 

1.2 Potato production scenario: 

Globally, potato is sharing about 1.35 cen(1 of the total cultivated land 

area and in India, potato is grown accounting for 0.70 cenfl of the total 

cropped area. India has made: major strides in potato improvement and nmv 

ranks 4th in acreage and 3rd production but lOth in productivity among the 

major potato producing countries in world. During the year 2000-2001, the 

country has reaped 22.28 m t potatoes from 1.23 m ha with an average yield 

of 18.15 t ha-1 (Khurana, 20(2), quite hitting the targets set by the National 

Commission of Agriculture. It has carved a niche for itself in the intensive 

cropping systems particularly the five states of the Indo-Gangetic region 

Punjab, Haryana, Uttar Pradesh, Bihar and West Bengal, together 

constitute the potato bowl of 

(Shekhawat, 2001). 

accounting for 90 cenf! of potato production 

West Bengal after independence, especially 60's made 

tremendous progress in potato production as a result of disease free seed 

production programme, release a number of high yielding varieties and 
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development of improved cultivation practices for different agro-climatic 

regions of the state. With an average yield of 25.61 t ha- 1
, West Bengal not only 

heads the list of Indian states in productivity but also stands 2nd in area 

(0.30 m ha) and production m t). The crop is grown to a certain extent 

throughout West BengaL The major producing areas are coatlned to three south 

and western districts of the state viz., Hooghly, Burdwan and Midnapore to the 

extent of 65-70 cenr l of the total coverage. Even then, a large gap exists 

between the yield potentiality potato achieved so far and that of highest potato 

producing countries in the world. 

Thus, there is a need to appreciate the several advantages of this 

wonderful crop and to fmd out ways and means to ensure that the production 

keeps an upward trend. Hence, there is a need to direct a massive research effort 

towards the development of sustainable and environment friendly agro

techniques which has become a major issue most of the developing countries. 

1.3 Challenges and scopes: 

According to the estimates of International Food Policy Research Institute 

(IFPRI) and International Potato Centre (elP), India has recorded highest annual 

compound growth rates for potato production (5.7 cenrt) and productivity (2.4 

cenrl) as compared to 0.3 and 0.9 ccnfl, respectively in the world during last 37 

years but the worldwide demand of is expected to increase by 40 cenfl 

by the year 2020. This scenario calls for concerted efforts to capture global 

market by producing international quality potatoes and processed products. 

Projections made by Central Potato Rese1:lfch Institute (CPRl) also indicate 

production of 49 m t potatoes an area 2 m ha by the year 2020. 

1.3.1 Scope of using biofertilizers in potato: 

As there is no scope for horizontal expansion of our agricultural land, 

additional amount of production to be harnessed vertically, which 

fertilizer takes the lead role. Potato crop has strict requirement for a balanced 

fertilizer management, without which growth and development of the crop arc 
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poor, and both the yield of tubers are diminished. Since the crop 

produces abundant food within. a short period, sufficient plant nutrients need to 

supplied in assimilable to sustain rapid growth and for 

production of sizeable yield. 

Among the major nutrients, nitrogen, phosphorus and potassium play an 

important role in improving gro\';1:h and yield of potato. However, there 

increasing concern of the chemical fertilizers in maintaining long-tenn 

soil productivity. The regular use of acid or acidogenic fertilizers cause a drop in 

pH over a period of time thus crop yields drastically and also 

damages the soil physical propc11ies (Gaur, 2002). In order to minimize these ill 

effects organic farming involving biofertilizers, organic manures, crop 

residues etc. must be adopted for sustainable agriculture especially in heavy 

feeder crop like potato., Evidence is also growing of favourable effect of 

Azotobacter and phosphate solubilising bacteria in providing plant nutrients to 

several crops and in supplementing the expensive inorganic fertilizers. In this 

context, use of biofertilizers in an excellent option owingLtheir low cost and 

environment friendly nature. Biofertilizers help to maintain the long-term soil 

and ecological required tcr increasing crop productivity. 

The role of different like Azotobacter fixing atmospheric 

nitrogen and phosphate solubilising bacteria (PSB) in their ability to bring 

sparingly insoluble inorganic or organic phosphates into soluble tbnn by 

secreting organic acids has well established by several workers. Apart from 

the micro-organisms secrete phytohormones and build up organic status of 

the soil due to which the availability of other nutrients also increase~~ 

The other major nutrient, potassium not only improves yield but also 

benefits various aspects of tuber size, percentage of dry matter, 

starch content, internal storabllity, resistance to mechanical damage 

resistance against pests diseases and drought and frost stresses. 

Potassium is fundamental to potato for the translocation of carbohydrates and 

storing of starch in short period of potato 
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plants in the plains, abundant supply of potassium is needed to maintain a high 

rate of metabolic activity for good yields. Potassium balances the effect of both 

nitrogen and phosphorus and influences the size and chemical composition of 

tubers. However, application of potassium at proper time with appropriate 

method and amount is much more important and one of the strategies to reduce 

various losses of nutrient that, in turn increases the nutrient use efficiency. 

However, the research work \vith biofertiIizers in combination with N and P 

fertilizers is very meager. Hence. this aspect needs thorough investigation. 

1.3.2 Scopes in potato processing: 

Processing support is a must for sustaining increased potato production. 

In developed countries, potato is put to diversitied uses like human consumption 

as fresh staple food and processed products; industrial use for starch and alcohol 

production, and livestock feed. In developing countries, however, it is still 

primarily used as a vegetable In India about 0.1 cenfl of total production is 

exported, 0.3 cenr l is processed in different forms, iO cenr[ is used as seed, 

17 cenr1 goes waste, and remaining about 73 cenCi is consumed either as 

vegetable or other fresh house hold preparations (Khurana, 2002), Processing is 

a fast growing sector in the potato world economy. Most or the potato processing 

is presently confmed to the developed countries and is only in its infancy 

in most of the developing countries \-vith the exception of China (20 cenCi), 

Korea DPR (6 cenCI) and Mex.ico (8 cenr!). In Netherlands and USA, 

processing industry absorbs about 55 cenr! and 60 cenCI, respectively of the 

annual potato production. However, fast grO\vth in potato processing is expected 

to occur in India due to increased urbanization~ preferences for easy-to-prepare 

and fast foods, rise in capita-1 income, increase in number of working women 

and expanding tourist trade. Processing provides an effective means of 

utilizing surplus potatoes during glut in some years as it reduces 

wastage and helps in decreasing the demand for refrigerated storage space, the 

capacity of which is hardly 40 cen(! of the total production both in India and 

West BengaL 
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With the liberalization 

processors have 

consumption as table potatoes 

though not ideal for n"r'I"'I,""'" 

7 

economy, potato processing has picked up and 

the available varieties developed for 

Chandramukhi and Kufri Jyoti, which, 

been found acceptable. 

growth of organized processing industry in the country and in West Bengal has 

remained slow. This can attributed to non-availability of raw 

materials i.e. lack of processing varieties and their continuous supply. A demand 

was, therefore, created for 

haying desirable tuber size 

low reducing sugars 

of varieties suitable for processing 

u""'V'-' , higher dry matter (more than 21 cenft) 

than I50 mg 100 g-I fresh and also 

resistance to late blight along with high recovery of light colour chips. 

A breeding programme to meet the demand for varieties suitable for 

processing was, therefore, initiated at Central Potato Research Institute (CPRI), 

Shimla in 1990. In 1998, CPRI released two varieties for processing viz. 

Kufri Chipsona-l (hybrid MP/90-83) and Kufri Chipsona-2 (hybrid MP!91 

having high dry matter and 

, 1998 and Gaur et aI., 1 

reducing sugars as desired for chipping (Gaur et 

of high dry matter potatoes In 

lower energy requirement removing water either frying or 

dehydration, lower uptake of medium during frying higher yields of 

the products (Ezekiel et 1999). A number of promising hybrids and some 

exotic cuItivars were also for assessment of various biochemical 

attributes required for processing, higher yield and resistance to late blight So 

perfonnances of these 

need to be evaluated. 

Again, it is well 

unfavourable for processing 

reducing Hence, 

different cultivars under 

potato varieties in West 

where high temperature and 

in the climatic conditions of West Bengal 

that .low temperature storage at IS 

to accumulation of high amount 

is a need to investigate the keeping quality of 

storage conditions since most the 

cannot be stored under ordinary conditions 

prevail soon after its 
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Against the backdrop of changed scenario of potato production, it is, 

therefore considered worthv,'hile to undertake investigations in order to identify 

high yielding potato for \-vith better keeping quality 

for the Gangetic Alluvial Plains (Entisol) of West Bengal and 10 standardize 

doses of N and P when used 

inoculants for better economy 

conjunction with different biofertilizers as 

, Application of potassium at 

time and amount is also an important aspect for increasing its efficiency In 

potato and its effect on storage behaviour tuber under normal room condition 

is needed to be evaluated. 

Keeping the above object.ives in vicvv, following three experiments have 

been carried out in Gangetic Alluvial Plains of West Bengal: 

i) Fertilizer in potato use biofertilizers, 

ii) Levels and methods of potassium application for increasing its efficiency 

in potato and its role on storage behaviour of tubers under normal room 

condition and 

iii) Evaluation of Dutch and Indian potato cultivars for processing on the 

basis of yield, chip colour keeping quality. 





2. REVIEW OF LITERA nLRE 

Potato production and utilization pattern in the world is changing very 

fast Such changes offer many opportunities and challenges. If we want to be 

globally competitive, we to keep pace and adapt to the new emerging 

potato production and utilization trends. 

A good amount of work has been done by several research workers in 

India and abroad for the successful growing and utilization of potato. Some 

salient findings related to the present investigation have been reviewed in this 

chapter. 

2.1 Fertilizer economy in potato by the use of 
biofertilizers: 

The modem day inten;;;ive crop cultivation requires the use of chemical 

fertilizers but fertilizers are not only in short suppl~, they are also expensive in 

developing countries. Therefore, the current trend is to explore the possibility of 

supplementing chemical fertilizers with organic ones, more particularly 

biofertilizers of microbial origin. Microbial processes are not only quick but 

consume relatively less energy than industrial processes. 

2.1.1 Growth parameters: 

A field experiment was conducted at Upper Shillong with four 

biofertilizer treatments (AzolObacter and phospho-inoculant culture strain 

Pseudomonas striata alone and in combination and ~ controbSingh (2001) , ' 

~ahial:~ lombined inoculation of Azotobacter + phospho-inoculant culture 

produced highest number of stems m-2 (34.2) and compound leaves m-
2 

(429.3). 
''rJ ' ,t:;,,,,,,t ·;;c';;1!:j' •. 6 

The number of stems m:2 and compound leaves,m·2 iri"l'lzotobacter inoculation 
",,/_ '"'~"'" ti~._. ?:ft· ~1 J,;" 

~;':s2:~r and_-1&9T~phOSPho-inoculant culture ~;;';;'~+~4Q;t;8j and at~l 

,31.3 and 340.5};tespectively. 



,,/Kumar et a1. (2001 b) reported an. experiment with 2 fertility levels 

of Nand P along biofertilizers treatment . Azotobacter + 

phosphobacteria, Bacillus (strain M t ) & Bacillus (strain B5) that the number of 

leaves planfl at 45 days was maximum in the treatments comprising 100% N 

and P (65.6), closely followed by treatments with 100% Nand P -I-- soaking of 

tubers in solution containing 1% each of urea and sodium bicarbonate + 

Azotobacter + phosphobacteria (65.4). flowever, at 75 days the etIect was just 
. I 

reverse to that at 45 days and the number of leaves planf
l 

were :76.0 and: 73.2 in 

two treatments, respectively. 

A field experiment was conducted to evaluate the efficacy of biofertilizers 
, 

namely, Azotobacter + phosphate solubilising bacteria (PSB) and Bqcil~1J$ spp. 
'~'7f v~ 

along with varying levels Nand P on potato cv. Kufri Jyoti; Ray and 
_.,,; . /' l/ 
! IY4""\" 

Mukhopadhyay (2002L'stated that soaking of tubers in solution containing 

1 % urea and 1 % NaHC03 along willi Azotobacter and PSB at 100% NP level 

produced maximum leaf area index, dry matter accumulation, crop growth rate 

and tuber bulking rate, closely followed by tubers inoculated with Bacillus spp. 

suspension at 100% NP level at all the crop growth stages. 

2.1.2 Yield parameters and tuber yield: 

The effectiveness of seed tuber inoculation with Azotobacter was assessed 

in pot (cv. Cardinal) and field (cv. Desiree) experiments at Faisalabad under 

optimum fe~ili~yr ~lication (250:150:150 ru~df 200:100:100 kg N:P:K ha-
l 

respectively)~~ahir and Arshad (1996), l~~a!@(;L.fr.Qr:n the pot experiment that 
;, . ' L· 

inoculation significantly increased the number of tubers planf
l 

(up to 82.4 cent" 

l) and tuber yield (up to 45.3 cenr l) compared with the control (fertilizer 

application alone). Similarly, under field conditions, inoculation increased the 

number of tubers planf! (up to 50.0 cenfl) and tuber yield (up to 32.3 cenfl) 

compared with controls. 

In a field experiment in Tamil Nadu, potatoes were givcn vanous 

combinations of 50, 75 or 100%) recommended NPK rates and soil inoculation 

with Azospirillum and Phosphobacteria, The application of the recommended 



NPK rate + soil inoculation vvith Azospirillum and Phospho bacteria gave the 

highest tuber yield of25.87 t (Mahendran and Kumar, 1998), 

Field experiments with biofertilizers viz. Azotobacter and , / 
l)lA",.","-

Phosphobacteria using potato cv, Kufri Jyoti were conducted at Patru;(Praharaj y .... / 

Ihf?f' 
at al. (1999), stated that soaking of tubers in solution containing 1% urea and 

1 % NaHC03 for 5 minutes along vvith biofertilizer application resulted in 

significantly higher tuber yield (268 and 235 q ha-1
) over control (234 and 218 q 

ha -1) and soaking of tubers in solution containing only 1 % urea and 1 % NaHC03 

for 5 minutes (250 and 225 q ha- I
) in both the years$ ~~ty. 

,;K§ignificant increase in grov,.1h and yield of potato plants ~btained 

by treating seed potatoes with suspension of two Bacillus spp. viz. B, subtilis and 

B. cereus before planting in field ~-a&,~unaina et a,~~","'1999)~B~th 
strains showed significant cenfl increase in yield plant: l

, values r~~gingietween 
26 to 31. 

~ adav !~f al. (1999) evaluated the effect of biofertilizer Azotobacter in 

potato cv. Kufri Sutlej in the absence and presence of nitrogen fertilizer. The 

results indicated that Azotobacter inoculation along with 75% fertilizer nitrogen 

had increased tuber yield and at par with 100°/1) fertiUzer nitrogen alone thus 

shovving a net saving of 25 cenf! fertilizer nitrogen, 

Field experiments were conducted at CPRS, ShiHong to evaluate the 

efficiency of biofertilizer (Azotobacter phospho-inoculant culture) alone and 

in combination \vith soil applied varying N levels. Singh (1999 c) opined that 

combined application of both biofertilizers along with 150 kg N ha"l produced 

the highest tuber_yield (19.9 t ha- I
) whereas control (no nitrogen and 

,i\,,<.. 
biofertilizers) gave(~~west tuber yield (10.2 t ha· I

), On an average, Azotobacter 

gave 7,9 and phospho-inoculant culture 8.6 cenf! higher tuber yield over control 

when applied separately. 

2.1.3 Nutrient removal and soil fertility status: 

Field experiments were conducted with varying levels of NPK application 

along with biofertilizers, viz. Azospirillum and phosphobacreriwn on potato cv. 
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i'/< 

Kufri Jyoti. Mahendran and Chandramani (1998) observed that the uptake of N 

by potato plant was maximum at split application of recommended dose of NPK 

with biofertilizers. Similarly maximum P and K uptake \:vas also recorded under 

this treatment. However, the maximum soil available NPK was recorded in basal 

application of recommended dose of NPK along with Azospirillum and 

phosphobacterium and the cenfl increase in available NPK val.ues at this 

treatment were &A5, \45.:\ and 1')~ respectively over basal application of 

recommended dose ofNPK alone. 

A field experiment was conducted comprising four treatments of 

biofertilizers (Azotobacter and phospho-inoculant culture strain Pseudomonas 

striata alone and in combination and the control) and four levels of nitTogen 
§ ...... ~' 

(0, 50, 100 and 150 kg N ha-!). Singh (2001) reported that the N uptake was 

higher by 13, 11 and 23.4 cenfl with Azotobacter, phospho-inoculant culture and 

combined inoculation of both the biofertiIizer respectively over the controL 

Corresponding to that P uptake was higher by 14.5, 37.1 and 49.8 cenCi and K 

was 11.2, lO.l and 21.3 cenfl respectively. 
\_.I~",..-, 

Singh and Sharma (2002) obtained relatively higher N and P uptake by 

potato plants with inoculation of seed tubers with phosphorus solubilising 

bacteria (Pseudomonas striata) from an experiment at Meghalaya v.rith potato 

cultivar Kufri Jyoti. 

2.1.4 Economic feasibility: 
/< 

From an experiment in MeghaIaya, Singh (1999 b) estimated the 

efficiency of phosphate solubilising bacteria with various levels of phosphorus 

on potato production. The phosphate solubilising bacteria enhanced the net 

return by Rs. 10,325 ha- I
. A net return of Rs. 3,474 was obtained from the best 

combination of phosphate solubilising bacteria + 120 kg P20 S ha- 1
. 

The effect of biofertili?£f (Azotobacter chroococcum) and other organic 

sources along with fertilizer levels (100, 125 and 15Q% of recommended dose of 
.,/ 

1\TPK) on potato crops was investigated. Krishnamurthy et at. (2001) inferred 



Review of Literature 13 

that biofertilizer application recorded the highest incremental cost benefit ratio 

(leER). 

2.2 Levels and methods of potassium application for 
increasing its efficiency in potato: 

It cannot be denied that successful potato growing depends on potassic 

fertilizer and not only this, the crop also responds miraculously to potash 

application. The potato crop like the legume, is not very efficient in taking up 

potassium which it needs in large amounts and the only way to correct this is to 

enrich the soil solution to its optimal level by applying potassium that facilitates 

the roots in taking up this nutrient 

2.2.1 Growth parameters: 

. . ~hukla and Singh (1976) observed that the increasing levels of potassium 

ex~ttdlinear response in mean fresh and dry weight of shoots and tubers, 

number of tubers and tuber bulking rate at all the stages of growth. 

Singh and Grewal (1979) reported that the application of 83 kg K20 ha- I 

produced 493 kg more dry matter than no potash treatment Dry matter of leaf at 

maximum tuber bulking stage was maximum in potassiwn treated plots. It is 

clear that the potassic fertilizer helped to store maximwn amount of 

photosynthates in the tuber. 

The investigation carried out at Ludhiana with 5 levels of potassium 

(30,60, 90, 120 and 150 kg K20 ha-1
) and 2 cultivars (Kufri Chandramukhi and 

Kufri Sindhuri) showed that increase in the level of potassium had no significant 

effect on leaf area planfI
• However, leaf area increased from 16.3 cm2 to 17.7 

cm2 at 90 kg K20
F

ha- 1 and then decreas~ at higher doses in Kufri Chandramukhi 

while in case of Kufri Sindhuri leaf area increased up to 120 kg KiO ha- I (23.2 

cm2
) and then decreasJat higher levels of K20 (Singh et af., 1993). 

An experiment was conducted with 5 levels of potassium and 6 methods 

of its application to potato cv. Kufri Badshah. Levels of potassium significantly 

increased the fresh weight of leaves hm-1 up to 50 DAP, thereafter the fresh 
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weight of leaves decreased. The maximum fresh weight of leaves i.e. 28.6 g at 

30 DAP and 87.6 g at 50 DAP with 200 kg K20 ha- I and 82.9 g with 150 kg K20 

ha'i at 70 DAP was recorded. The maximum fresh weight of stems hill'l was 

recorded with 200 kg K20 11a-\ at 50 DAP (61.7 g) and 150 kg K20 ha-
J 

at 70 

DAP (55.0 g). Singh and Singh (1995 a) also obtained the highest fresh weight 

of leaves (36.7 gat 30 DAP) with fun basal application of potassium, 92.2 gat 

50 DAP and 93.2 g at 70 DAP with basal + '12 top dressing. Again the highest 

fresh weight of stems hiH-1 was observed under full basal application at 30 DAP 

(20.8 g) and Y2 basal +Yz top dressing at 50 DAP (69.0 g) and 70 DAP (61.4 g). 
,,; UtA." 

In field trials in Brazil, potatolicv. Achatwere given 0, 180 or 360 kg N 

ha'l; 0, 300 or 600 kg P20 5 ha"l; 0, 90 or 180 kg K20 ha·1and 0 or 20 kg B ha-
I
. 

Dry matter yields increased linearly with increasing rates of applied N, P and K 

as stated by Peixoto et al. (1996)-
',)oQ 

Potato cv. HPS 1113 ~ given no fertilizers, 25 cenCl less or 25 cenr
l 

more than the recommended rate of fertilizer (125 kg N + 100 kg P20 5 + 125 kg 

K
2
0 ha-1) in field trials on alfisol at Kamataka. Veeranna and Khalak (1997) 

found that application of 25 cent I more fertilizers than the recommended rate 

significantly increased the le:tf area planf l
, leaf area index, leaf area duration 

and total dry matter production planf\ compared with lower fertilizer rates, 

Field experiments were conducted at Gurgaon, Haryana and in Meerut 

region of Uttar Pradesh with 5 rates of potassium viz. 0, 100, 150. 200 and 225 

kg K
2
0 ha-1, The highest dry matter content of tubers were measured at 

potassium rates of 150 kg K20 ha"1 and the effect of potassium was more 

pronounced at 225 kg K20 ha" I (Bansal and Maibaum.; 1999). 

2.2.2 Graded tuber yield: 

Field experiment was conducted at Jalandhar with sixteen combinations 

of 4 rates of K applied at planting and earthing and 2 potato cultivars, 

Application of potassium up to 66 kg K ha'i at the time of planting significantly 

increased the mean tuber yield of cv, Kufri lyoti from 32.8 to 36.6 t ha'l. But 

significant response to basal application of K was up to 33 kg ha'i in cv. Kufri 



Chandramukhi "\vhen it enhanced mean tuber yields from 26.5 to 28.1 t 

Kufri Jyoti gave significant mean response to K applied at earthing up to 66 

ha'! but CV. Kufri Chandramukhi did not respond to K when applied at earthing 

(30 DAP) (Trehan and Grewal, 1991). 

Potatoes were given 0, 100, ISO, 200 or 250 kg N; 75, 100 or 

125 kg P20 S·; 0, 50, or 100 kg K20 and 20 t FYM ha'! at Pakistan. 

Khan (1993) reported that total tuber yield ranged from 8.66 t ha- I without 

fertilizers to 64.59 t with 250 kg N, 125 kg P20" 100 kg K20 and 20 t FYM ha-
1
, 

Seed potato yield was highest (45.31 t ha-1
) with 200 kg N, 125 kg P20" 

75 kg K20 and 20 t FYM ha-I
, while grade? potato yield was highest 

(26.81 t) with 200 kg N, 125 kg P20 S, kg K20 and 20 t FYM ha'l. 

An experiment was Gonducted on potato cv. Kufri Badshah with five 

levels and six techniques of potassium application at BHU, Varanasi. Singh and 

Singh (1995 b) worked out that increasing levels of potassium influenced the 

number and weight of different grades of tuber hilrl and yield. The maximum 

number of large and medium sized tubers \vas obtained with 200 kg K20 ha-1 

while minimum was in control (no potassium), Among the techniques, 

maximum number of large and medium sized tubers hurl was observed with 

basal + at 30 DAP of potassium application while minimum values were 

noted under no basal + at 30 DAP + at 50 DAP treatment The maximum 

yield of large and medium sized tubers was noted with 200 kg K20 ha'l, The 

decre~sing trend of small sized tubers fi'om 0 to 200 kg K20 ha·
j 

was noted in 

both~ears. Again the maximum yield (238.66 and 212.41 q ha'! two years) 
[':/ 

was obtained with Y2 basal + top dressing of potassium at 30 DAP. 

Field experiment at Shimla and Ialandhar showed that a balanced N x K 

fertilization increased tuber yield. Increasing K doses decreased the yield of 

small grade tubers and increased the proportion of large tubers. A maximum 

yield of 40.8 t ha-1 was obtained at Kuiri (Shimla) when applied with 180 kg N, 

100 kg P20S and 150 kg K20 ha- I
, against a tuber yield of only 14.6 t ha-1 at the 

control plots (Imas and Bansal, 1999). 
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Field experiments conducted at Shimla with different doses of potassium 

revealed that there was a highly significant response of potato to potassium. The 

tuber yield increased with the increase in potassium from 75 to 150 kg K20 ha·
1 

and the effect was most conspicuous on the yield of large sized tubers (75 g) 

(Sharma et aI., 1999). 

Singh and Raghav (2000) worked out from an experiment at Pantnagar 

that the maximum tuber yield of potato cv. Kufri Ashoka was recorded under the 

highest level of potassium fertilization (267 q ha- I at 120 kg K ha-
I
) and the 

minimum was observed in 30 kg K ha-
i
. 

2.2.3 Concentration and uptake of nutrients: 

Trehan and Grewal (1991) worked out from an experiment with 4 rates of 

K (0, 33, 66 and 99 kg ha- I ) at lalandhar that application of K both at planting 

and at earthing significantly increased concentration of K in petioles, leaflets and 

tubers and removal of K by tubers in both Kufri Jyoti and Kufri ChandramukhL 

However, the increase of K in petioles and leaflets at planting was more than 

that at earthing but the magnitude of increase in the tubers at planting was 

similar to that at earthing in Kufri lyoti. 

A field experiment was conducted with three levels each of nitrogen and 

potassium in Kamataka. The nutrient uptake indicated that the potato could not 

respond to higher doses of fertilizers beyond 150 kg K and 200 kg N ha-
1

, The K 

uptake by cv. Kufri Chandramukhi was 79, 100 and 84 kg ha-! and that of cv. 

Kufri Jyoti "vas 67, 84 and kg ha- l at K levels 100, 150 and 200 kg ha-
1
, 

respectively (Chadachan et at., 1993). 

Field experiments were conducted m potato crop with fertilizer rates 

(0, 75, 100 or 125 cenr l of the recommended NPK rate of 125 kg N + 100 kg 

P20S + 125 kg K20 ha- I ). Veerarma et at. (1997) found that the uptake of N, P 

and K was significantly higher with the highest NPK rate. The percentage 

recovery of N (45.55 cenrl) and P (7.93 cenrl) was maximum at the 

recommended NPK rate whereas percentage recovery of K (47.49 cenfl) was 

maximum with the application 75 cenf] of recommended rate. 
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Field experiments were conducted at CPRS, lalandhar with four levels 

of soil applied K at planting and four foliar spray on potato cv. Kufri Badshah, 

Increasing dose of soil applied K from 0 to 99 kg ha-
1 

increased K concentration 

in leaves from 1.6 to 2.5 cenri. Similarly, K uptake by tubers increased from 

61 to 92 kg ha-1 with increase in soil applied K from 0 to 99 kg ha-
I 

(Trehan 

and Shanna, 1998). 

Results of the field experiment at Shimla on the interaction effect of N 

and K on resultant soil fertility revealed that application of K increased the N 

concentration of tubers, which suggests that K helped in utilization of N. 

Application of K also increased K composition of tubers, but N had no effect on 

K but increased its own composition. The post harvest analysis of soil showed 

that application of K increased organic carbon and available K status of the soil 

while N had little effect (Shanna et al., 1999), 

2.2.4 Keeping quality of potatoes: 

A field experiment was conducted at Indian Agricultural Research 

Institute, New Delhi to study the storage behaviour of potato cultivars under 

varying levels of potash. Sha!ma and Ezekiel (1993) observed from the results 

that there was not any significant difference in weight loss of tubers at 30 

and 60 DAS due to K application. However, the weight loss vari~' between 

6.0-8,0 cenr l (Ko) to 6.3-8.7 cenfl (Kso) at 30 DAS and 10.6-15.1 cdnr! (Ko) to 

10.8-16.5 cenr1 (K80) at 60 DAS depending upon the cultivars. 

Singh et at. (1996) estimated the keeping quality of tubers of potato cv. 

Kufri Badshah at varying levels of K. At 11 weeks after storage maximum 

weight loss of 9.4 cenft was found both at 0 and 120 kg K20 ha-
I 
and minimum 

(8.3 cenrl) at 180 kg K20 ha'l. However, at 14 weeks after storage mafimum 
.. ~ 

weight loss of 20.4 cenf1 was found at 0 kg and weight loss decrease, with 

further increase in K levels. Maximum rotting of potato tubers (7.9 ceni
t
) was 

found at 120 kg K20 ha-] and minimum (4.8 cenfJ
) at higher doses (180 kg K20 

ha- l
). 



Post harvest storage losses of tubers were significantly reduced at 4 weeks 

in the experiment conducted at Gurgaon, Haryana with five levels of potassium 

(0, 100, 150, 200 and 225 K20 ha- I
) and two sources (muriate of potash and 

sulphate of potash) (Bansal al1d Maiballll, 1999). 

2.2.5 Production economics: 

Indian potato cv. Kufri Badshah were given 50, 75 or 100 cenr
l 

of the 

rccornmended NPK rate (180 kg N, 80 kg P20 S and 120 kg K20 ha-
1
) in a field 

experiment at Jalandhar and the highest net returns were obtained with the 

recommended NPK rate as reported by laiswal (1995). 

An experiment was conducted at Zonal Agricultural Research Station, 

Chhindwara, Madhya Pradesh with four levels each of phosphorus (0, 50, 100 

and 150 kg P20S ha- l ) and potassium (0, 60, 120 and 180 kg K20 ha·
1
) to potato 

tubers. Nandekar et al. (1999) reported from the economics of cultivation that 

maximun{C:B.)ratio of 2.39 and 2.16 was recorded with 100 kg P20 S and 120 kg 
..... -e---'.' 

K20 ha- I
, respectively. 

Singh (1999 a) reported from the field experiment applied with varying 

levels ofNPK (50:60:25, 100:120:50 or 150:180:75 kg ha·1
) that the highest net 

return was obtained with the application of 100:120:50 kg NPK ha,r. 

Field studies conducted at Central Potato Research Station, Patna with 

three potato varieties (Kufri Ashoka, K_ Jyoti and K. Sindhuri) and three levels 

of nutrients (l00, 125 and 150 cenfl recommended doses ofN, P and K) showed 

that the net returns and benefit: cost ratio were highest in K. Sindhuri, followed 

by K. Ashoka and K. Jyoti. Kumar et aL (2001 a) also opined that 150 cenr
l 

recommended dose of fertilizer :fetched the highest net return (Rs 24,378 ha-!) 

and benefit: cost ratio (1.63). 

2.3 Evaluation of exotic and Indian potato cultivars for 
processing: 

While the ways and means for boosting potato output have been 

deliberated in the national and global food security; conservation and 
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preservation of it has received very little attention in the overall food security 

agenda. With burgeoning population, low productivity, diminishing arable land 

and expensive inputs, the country can hardly afford to waste what is produced. 

This makes it important to complement agricultural productivity with adequate 

post harvest food preservation technology. 

2.3.1 Growth parameters: 

Shaheen et aI, (1995) reported that Cardinal produced the highest dry 

matter content (2 L 7 cenrl) while detemlining the processing quality of four 

potato cv. Desiree, Cardinal, Diam<L'1t and Laale-FaisaL 

New potato hybrids MP/90-74, MP/90-83, MP/90-94 and MP/91-G were 

assessed for tuber dry matter and compared with cv. Kufri Jyoti and Frito Lay 

hybrids 1533 and 1584. MP 190-83, MP 190-94 and MP 191-G produced higher 

tuber dry matter contents (20.3-22.3 cenfl) than Kufd Jyoti (Singh el ai., 1997). 

Kufd Chipsona-l and Kufd Chipsona-2 produced above 20 cenfl 

tuber dry matter and quite comparable with the popular processing variety Kufri 

Jyoti and American variety 1533 from field trials at 8 locations of India 

(Pandey et at., 1999). 

From an experiment at Modipuram, Gaur et af. (1999 b) stated that Kufri 

Chipsona-2 is %" medium-tall, ere,:) vigorous ~ having profusely branched 

stems with high dry matter content. Tuber dry matter of Kufti Chipsona-2 

ranged from 22-23 cenCI as against 18-20.1 cenfl in Kufri Jyoti. 

Processing quality of three potato varieties namely, Kufri Chipsona-l, 

Kufri Chipsona-2 and Kufti Jyoti, along with one advanced hybrid MP/90-94 

were tested at five locations/: Dhanvad, Midnapore, Patna, Faizabad and 
'" 

Modipuram, Kumar et al. (1999 c) reported from the results that the dry matter 

content was around 21 cenfl or more in Kufri Chipsona-l and 2 and advanced 

hybrid MP/90-94 at all the 

Jyoti. 

Das el a1. (2001) 

locations as against around 19 cenfl in Kuiri 

that two recently released processing 

viz. Kufri Chipsona- I and Kufti Chipsona-2 had high dry matter content of 21.2 



and 22.0 cenCI respectively as against Kufri Jyoti (18.9 cenrl) and Kufri 

Sindhuri (18.6 cenfl) from an experiment conducted at CPRS, Pama. 

In a study on chemical maturity of processing potato at CPRS, 

Modipuram exotic cv. FI. 1 3 produced maximum dry matter (22.43 cenrl) at 

80 DAP whilst among the Indian cultivars. the order was Kufd Chipsona-l 

(20.64 cenr1
}, Kufri Chipsona-2 (19.45 cenr\ Kufd Jyoti (18.28 cenrl) and 

Kufri Lauvkar (17.90 cenfl) at 80 DAP (Kumar et at., 2001 c). 

2.3.2 Tuber yield: 

Jekic and Stojanov (1992) found from experiments at Yugoslavia 

with 5 Dutch potato cultivars that cv. Junior gave lowest proportion of small 

tubers, cv. Escost the highest proportion but cv. Diamant the highest overall 

In field trials on sandy loam silty clay loam soil at Bangladesh, 

Khan et a1. (1992) opined that exotic potato cv. Cardinal produced the highest 

tuber yield (22.2 t ha- I
) at both and indigenous cv. Dohazari the lowest 

(8.6-9.2 t ha-1
) among the viz. Cardinal, Patrones and Kufri Sindhuri 

(exotic) and Zaubilati, Lalpakri and Dohazari (indigenous) cultivated. 

Nandekar et al. (1993) on stabiHty parameters of seven 

Chhindwara, during autumn and 

seasons opined that rabi was the most favourable planting season. A significant 

genotype-enviroI1111ent 

showed avetage stability 

environmental conditions. 

for tuber yield was observed and Kufd Jyoti 

desirable tuber yield under varied 

Ghimbasan (1997) conducted an ex-periment on five potato cultivars of 

Dutch origin in Romania on humus-semi clayey and sandy (stony) soils. The 

tuber yields of Doritta and Aminca were not significantly different from 

standard variety Sante, Novita and Carlita produced significantly 

yields than Sante on both 

From a processing varietal trial of potato in West '_'vu<::.<u. Roy el 

(1999) opined that the tuber yield was recorded in Kufri Chipsona~ 1 



(19.3 t ha<l) followed by MP/90-94 (17.9 t ha- I
) and Kufri Chipsona-2 

(17.5 t ha-I);Kufri Jyoti produced an yield of 15.5 t ha· 1
. In another trial 

comprising eight Dutch varieties viz. Ajax, Agria, Anosta, Cardinal, Diamant, 

Marfona, Fresco and Sante along with Kufri Chipsona-l, Kufd Chipsona-2 and 

Kufri Jyoti, only Cardinal (22.3 t ha-1
), Kufri Chipsona-l (21.5 t ha-

1
), Kufri 

Chipsona-2 (20.9 t ha-1) and Ajax (20.2 t ha-1
) were at par in yield and better 

than Kufd Jyoti (15.5 t ha'l). 

Eight potato varieties from Holland along with the newly developed 

varieties Kufri Chipsona-l and Kufri Chipsona-2, and popular processing variety 

Kufri lyoti were evaluated in north-western plains at Modipuram and eastern 

plains at Midnapore. Gaur et aL (1999 a) reported that Kufri Chipsona-2 

produced the highest tuber yield (287.6 q ha'\) foHowed by Cardinal 

(286.7 q ha· l ) and Kufri Chipsona-l (279.5 q ha· l
) at Modipuram whereas at 

Midnapore, Cardinal produced the highest tuber yield (223.0 q ha-
l 

) followed by 

Kufri Chipsona-l (215.0 q ha'l) and Kufri Chipsona-2 (209.0 q ha-
1
). 

Gaur et at. (1999 b) stated that tubers of Kufri Chipsona-2 are of 

medium-size, round to oval in shape and have creamy-yellow flesh with a waxy 

texture and yields of Kufri Chipsona-2 are similar to those of Kufri Jyoti and is 

tolerant of late blight (Phytophthora infestans) and frost. 

Six Dutch and two Indian potato cultivars suitable for processing 

were evaluated in West Bengal taking Kufd lyoti as the standard (control). 

Chettri et at. (2001) found that Dutch cv. Cardinal and Indian cv. 

Kufri Chipsona-l showed higher yield potential over other cultivars. Cardinal 

(339.4 q ha-1), Kufd Chipsona- (317.8 q ha· I
), Diamant (291.8 q ha-

I
) and Kufri 

Chipsona-2 (253.8 q ha- I ) produced higher tuber yield over standard cv. Kufri 

Jyoti (238.3 q ha-\ Cardinal as well as Kufri Chipsona-l also produced more 

than 85 cenf' marketable yields and have potential for large-scale cultivation. 

2.3.3 Quality traits of potato cultivars: 

Gonzalez and Carreno (1993) working on potato cv. Kennebec and 

Sebago at Venezuela found that since specific gravity and content of total solids, 



starch and pectic substances were higher and enzymatic browning lower in 

Kennebec than in Sebago, it was recommended for manufacture of dried 

products. 

Processing quality potato cv. Desiree, Cardinal, Diamant Laale-

Faisal tubers were determi.ned. At harvest Cardinal had the highest specific 

gravity (1.082) while Diamant and Cardinal were best for making French fries 

and potato balls (Shaheen et al., 1995), 

A field trial was conducted at Modipuram, Meemt with four new potato 

hybrids and compared with Kufri lyoti and American Frito Lay hybrids. The 

new potato hybrids MP/90-83, 1'vfP/90-94 and MP/91-G contained low reducing 

sugars content between 150-216 mg 100 gO! fresh wt and had lighter chip colour 

than Kufri lyoti but not Frito Lay hybrids (Singh et al., 1997). 

Gaur et at. (1998) stated that the variety Kufri Chipsona-l produced 

acceptable light colour chips of grade 1-3 (on 1-8 scale where 1 is the lightest 

and 8 is the dark brown colour) from the tubers of the trials conducted at 

Modipuram and several other locations. In contrast, Kufri Jyoti always produced 

unacceptable brown colour chips of grade 5-6 at Modipuram and relatively 

lighter chips at Patna and Midnapore. Since Kufd Chipsona-l produces oblong 

tubers with fleet eyes, peeling loss in this variety was less (9.0 cenrl) than in 

Kufri Jyoti (IDA cenfl)~l{ 
In a field triahin: lalandhar, Punjab, 9 Indian and 5 exotic potato cultivars 

were evaluated for suitability for processing. The reducing sugar content of the 

exotic cultivars was very low (72-112 mg 100 g.1 f. wt.) in comparison to the 

Indian cultivars (164-332 100 f Peeling losses in the Indian 

cultivars varied between lOA cenfl (KufH Jyoti) to 16.5 cen(! (Kufri Sindhuri) 

while the exotic cultivars showed peeling losses from 10.9 cenfl (FL 1291) to 

13.7 cenr1 (FL 1584) (Marwaha, 199& a). 

In a trial at CPRS, Modipuram, Kufri Chipsona-l and Kufri 

Chipsona-2 possess low reducing sugars (45-100 mg and 44-93 mg 100 g-l fresh 
fC ... ·· 

wt., respectively) and produce golden coloured chips comparable to the 



processing varieties developed by the American Company Frito Lay and Dutch 

varieties Agria, Ajax, Anosta, Cardinal, Diamant, Fresco, Marfona and Sante 

(Ezekiel et al., 1999). 
CJn 

Uppal (1999) worked out from an experiment amO!rg tlve potato varieties 

viz. Kufri Ashoka, Kufd Pui<hraj, Kufri Sutlej, Kufri lawahar and Kufd Jyoti 

that reducing sugar content varied among varieties and was lowest in Kufri Jyoti 
~~7i'>,\\ 

(304 mg 100 g-! f. wt.). Total sugars also followed the same trend and lowest in '\ ... 
Kufri lyoti (536 mg 100 f. WL), Differences in Vitamin C content of potato 

varieties were observed and it ranged between 8.25-11.48 mg 100 g-' f. wt, 

Gaur et al. (1999 a) reported while comparing the varieties Kufri 

Chipsona-l and Kufri Chipsona-2 with Kufri Jyoti for 4 consecutive years at 

Modipuram for biochemical character!> that both the varieties have low reducing 

sugars (l08 and 112 mg 100 g-l fresh \vt~espectivel~as against 245 mg 100 g-l 

fresh wt. in Kufd lyoti. Kuiri Chipsona-l and Kufri Chipsona-2 produced chips 

in the range of 1-3 (on 1-10 scale where 1 is white and 10 the dark brown 

colour) as compared to 5-6 in Kufri Jyoti. The chip colour in the range of 1-3 has 

high acceptance in the market. 

Kumar el al. (J 999 a) stated that out of the thirteen cultivars of 

potato investigated at Modipuram only five, namely Kufri Chipsona-l, 

Kufri Chipsona-2, Kufri Kuber, Atlantic and Frito Lay 1533 were found to have 

acceptable chip colour of 3 or below, reducing sugars content less than 

100 mg 100 got fresh wt., specific gravity of 1.080 or more. 

Processing characteristics of the newly released Indian potato cultivars 

Kufri Chipsona-l and Kufri Chipsona-2 were compared with two American 

cultivars and the standard Indian processing cv. Kufri Jyoti. The newly released 

cultivars had the best processing quality with low reducing sugars (below 

200 mg 100 g-l fresh ~i.) and acceptable light colour chips (up to grade 3) as 

compared to Kufri Jyoti (454 mg 100 g-I fresh wt. of reducing sugars and 

unacceptable colour chips grade 5) (Kumar et a/., 1999 b). 



An experiment was conducted at CPRS, Patna with four Indian potato 

varieties. Results revealed that the processing varieties Kufri Chipsona-l and 
"~\le. 

Kufri Chipsona-2 ~d higher chip yield ,and the chip colour in these two 
.. ' 

varieties was better (3.2 and 3.0 respectively) than that in Kufri Jyoti (4.0) and 

Kufri Sindhuri (3.5). The peeling loss in these two processing varieties was 

also low (11.3 cenf i in Kufri Chipsona-l and 11.9 cenCl in Kufri Chipsona-2) 

(Das et ai., 2001). 

A field experiment \vas conducted with nine potato processing varieties 

during rabi 2000-2001. Ray et ai. (2002) reported that the ne\vly developed 

Indian varieties Kufri Chipsona-l and Kufd Chipsona-2 attained minimum 

levels of reducing sugars and produced acceptable light colour chips. Total 

soluble solids were minimum in Kum lyoti and maximum in Sante while Ajax 

contained maximum content of total acids. 

2.3.4 Storage behaviour: 

Tubers of four advanced stage hybrids (E 4486, JE 808, JF 5106 and 

JI 5857) and six commercial varieties (Kufri Badshah, Kufri Bahar, Kufri 

Chandramukhi, Kufri lyoti, Kufri LaHma and Kufd Lauvkar) were stored at 

ambient temperatures (from I30C min. to 46{lC max.) to study the perfonnance 

of individual genotypes. Weight loss increased linearly with storage period fbr 

all the varieties and the loss was below 10 cenf i up to 70 days, over 20 cenf! the 

next 30 days to about 35 cenfl in the next 40 days. Weight loss was initially due 

to respiration and evaporation whereas in the later stages of storage, sprouting 

and rotting contributed to weight loss. The results suggest that it is not worth 

storing potatoes commercially at ambient temperatures beyond 70 days. All the 

genotypes studied had equal storabiIity for 45 days. Rotting did not occur during 

first 70 days. During the next 30 days rotting averaged I cenCI and in the next 40 

days, about another 10 cenfl loss. Thus, after 100 days of storage, rotting was a 

significant contributor to percentage weight loss (Kang and Gopal, 1993). 

Storage quality of eight British potato cuhivars was compared v'lith the 

recommended cultivar, Diamant of Dutch origin. Average weight loss of the 



British cu!tivars due to dehydration was 19.00 cenr l in the second and 17.55 

cenfl in the third generation tubers whilst the loss was 18.16 cenr l and 20.55 

cenfl, respectively in the controls. Average loss of the British cultivars due to 

rotting was 13.33 cenCi in the second and 8.75 cenr! in the third generation, 

compared with 10.00 cenCi and 16.67 cenfl in the controls. Erwinia spp. and 

Fusarium spp. were identified as the cause of rot disease (Hossain et al., I. 995). 

Eleven advanced hybrids along with three control varieties were 

evaluated for their storability at room temperature at ePRS, Jalandhar. Minimum 

total weight loss at 90 and 20 days of storage was observed in hybrid JW 160 

followed by JW 96, JX 216 and MS/89-60", ~fM8t",tij". These four hybrids had 

significantly lower total weight loss than the best control variety Kufri Badshah. 

The percentage rotting ranged from 3.33 (JW 160) to 21.00 (85-P-670) at 

90 days and 3.75 (JW 160) to 33.83 (MS/90-542) at 120 days of storage 

(Kang et aZ., 2001). 

Sharma et af. (2001 studied the storage behaviour of two advanced 

potato hybrids, viz. HB/83~39 and HB!82-372 and two commercial varieties, viz. 

Kufri Jyoti and Kufri Giriraj from December-June at room temperatures in 

country store at Kufri (Fagu). The advanced hybrids were found superior in 

respect of weight loss and sprouting behaviour than commercial cultivars. From 

storage point of view they stored well until February for ware potatoes and until 

April as seed. 

Storage behaviour of seven advanced hybrids along with two popular 

varieties viz, Kufri Bahar and Kufri Sutlej stored for four months at ambient 

temperature at Modipuram revealed minimum sprouting and least physiological 

and total weight loss in hybrids JW 160 followed by MS/89-60. Physiological 

weight reduction ranged from 12.03-24.10 cenf1 while that of loss due 

to rotting ranged from 22.67 cenf I in JW 160 to 38.15 cenf 1 in IX 230 

(Singh et al., 2001 a). 





3, MATERIALS AND MET/{ODS 

Three separate field experiments were carried out during the rabi 

seasons of t\vo consecutive years (1999-2000 and 2000-2001) to study the 

role of biofertilizers in economizing Nand P rates for potato production 

(cv. Kufri Jyoti); the effect of levels and methods of potassium application on 

grm:vth and yield of potato (cv. Kufri Jyoti); and physical and biochemical 

parameters of potato cultivars (six Dutch cvs. viz. Ajax, Cardinal, Diamant, 

Fresco, Marfona, Sante and three Indian cvs. viz. Kufri Chipsona-l, Kufri 

Chipsona-2 and Kufri Jyoti) in order to identifY suitable cultivars on the basis of 

processing quality and productivity in Gangetic Alluvial Zone of West Bengal. 

Storage behaviour of potato tubers under normal room condition of all the 

cultivars{evaluated for processing and the effect of potassium on this aspect was 

also studied for two years. 

3.1 Experimental location: 

The experiments were conducted at the Block Seed Farm, Adisaptagram, 

Hooghly, \\fest BengaL The geographical location of the experimental site is 

22° 57'N latitude and 88020'E longitude and an elevation of 7.8 m above the 

mean sea level. 

3.2 Soil characteristics: 

The soil of the experimental site is endowed with typical Gangetic 

Alluvium (Entisol) and sandy loam in texture. The physico-chemical analyses of 

the soil was done by collecting four samples at a depth of 0-30 em of the 

experimental field and have been summarized in Table 3.1. 

3.3 Agro~climatic condition: 

The climate of this region is sub-tropical humid in nature and situated just 

south of the Tropic of CanceL The entire year can be classified into three distinct 
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cropping seasons viz. (a) 

summer (March-May) and 

or winter (November-February), (b) pre-khan! or 

kharif or rainy (June-October). 

The area is not subj(;'cted to extreme weather conditions and encounters 

fairly hot summer and moderately cool winter. From the long-tem1 average, it 

appears that the mean monthly maximum temperature does not exceed 32.90C in 

March and the minimum temperature does not fall below lO.OoC during January, 

The normal average annual rainfall in this locality is 1396 mm, most of which 

(about 80 cenr1
) is received during the months of June to October and only a 

scanty amount of rainfall occurs during the growth period of potato (November 

to February) (Table 3.2 and Fig. 3.1). 

Table 3.1 : Physico-chemi.cal properties of the experimental soil 

Values 

Particulars 1999-2000 2000-2001 Methods followed 
f--________ __;._~c_--_j_------I----------_l 

Mechanical composition 
----------------~-----~-------,----------------------

Sand (%) 1 53,97 

Silt (%) l30.67 

1~_C_l_aY_(~_o) ______ . . _15,36 

Chemical properties 

Organic carbon (%) 

Available nitrogen 
(kg N ha-1

) 

A vailable phosphorus 
(kg P ha- I ) 

Available potassium 
(kg K ha- I

) 

pH 

I ~- 0.87 

223.17 

8.39 

169.15 

5.9 

52.15 

31.12 

16.73 

0.82 

207.58 

9.16 

International pipette method 
(piper, 1966) 

- Rapid titration method '~l 
(Walkley and Black, 1934) I 
Modified macro-kjeld~ 
method (Jackson, 19713) 

Olsen's method 
(Jackson, 1973) 

I' 
I 

182.27 Flame photometer method 
(Muhr et al., 1965) 

5.6 Beckman's pH meter 
method (Jackson, 1973) 
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3.3.1 Temperature: 

During the crop gro\Vth period, the mean monthly maximum temperature 

did not exceed 30.SoC in November, 2000 and mean monthly minimum 

temperature did not fall below 9.4°C in January in the year 2001. The mean 

maximum temperature also d.id not go beyond 33.50C in March, 2001 during 

harvesting. The daily mean temperature during the crop grmvth period remained 

congenial to sustain growth and development for high production of tubers, 

which persisted up to the end of February in both the years and afterwards the 

temperature began to rise. Again the mean minimum temperature during the last 
/"-" /,,:~~~,~~5 ./' ,{',.·~.t(~5 

30 days of crop growth (during Febmary~)IDore than 12°C which(j§ci quite 

suitable for the production high dry matter content in tubers. From March 

onwards temperature started rising and reached the highest value during 

May-June (more than 3SoC). High temperature and high average relative 

humidity during these months are hardly conducive for the storage of 

biologically active potato tubers that contain about 75-80 cenfl water. 

3.3.2 Relative humidity: 

The mean monthly maXllTIum and mlmmum relative humidity varied 

from 91.0~99.9 cenr1 and .5-73.4 cenrl, respectively during the period of 

investigation in the first The corresponding values the second year 

varied from 91.2-99.5 cenr l and 38.8-78.8 cenr l
, respectively. 

3.3.3 Rainfall: 

The total rainfall of 28,8 mm was received during the crop growth period 

in the first year while during the second year the total rainfaH received was 

6.0mm. 

3.3.4 Sunshine: 

The crop intercepted more than 8 

grov..1h period in both the years. 

hi:: it" ,~~1t~< 
hours of bright sunshihe~uring the 

'. 
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3.4 Cropping history: 

The cropping history of the experimental area before the experimentation 

has been presented in Table 3.3, 

Table 3.3 : Cropping history of the experimental area 

Year Seasons 
". ~ 

Rabi Pre-kharif Kharif 
... -

1996-97 Mustard Jute Rice 

1997-98 Potato Sesame Rice 

1998-99 Rapeseed lute Rice 
.. 

3.5 Experimental details: 

3.5.1 Experiment No.1: Fertilizer economy in potato 
by the use of biofertilizers: 

Wen-sprouted healthy seed tubers of Kufri Jyoti wer~ planted at a spacing 

of 60 cm x 20 em in the last week of November in each year to evaluate the 

efficiency of biofertilizers (Azotobacter + Phosphobacteria and Bacillus spp.) 

along with varying levels of nitrogen and phosphorus on potato production. The 

entire dose of potassium and phosphorus as muriate of potash and single 

superphosphate respectively was applied as basal while nitrogen as urea was 

applied in two equal splits, one as basal and other at 30 days after planting 

followed by earthing up and irrigation. The width of the bund and drainage-cum

irrigation channel was 0.5 m and 1.0 m, respectively_ Details of layout plan and 

treatment combinations are given below: 

3.5.1.1 Details of plan of layout: 

Design 

Gross experimental area 

Net experimental area 

Plot size 

Randomised block design 

680.80 m2 

460.80 m2 

4.8 m x4.0 m 
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Width ofbund 

Width of drainage channel 

Spacing 

Number of treatment combinations 

Number of replications 

0.5 m 

LOm 

60 em x 20 em 

8 

3 

31 

Fertilizer dose (100% NPK) 180 kg N: 150 kg P20 S : 150 kg K 20 ha-! 

3.5.1.2 Details of the treatments: 

A. Fertility levels: 

FI = 100% ofN and P + 100% K 

F2 = 75% ofN and P + 100% 

B. Biofertilizers treatment: 

TJ = No treatment (control) 

T 2 = Soaking of seed tubers in solution containing 1 % urea and 1 % sodium 
bicarbonate 

T 3 = T 2 + Azotobacter and Phosphobacteria 

T4 == Bacillus cereus (strain M 1) and Bacillus subtilis (strain Bs) treatment of 
seed tubers before planting 

C. Treatment combinations: 

3.5.1.3 Biofertilizer inoculation: 

A solution containing 1 % urea and 1 % sodium bicarbonate was prepared 

by dissolving 200 g each of urea and sodium bicarbonate in 20 Htres of water. 

Then 50 kg of well-sprouted healthy seed tubers was soaked in this solution for 

5 minutes, Urea is added for better growth of micro-organism supplied through 

biofertilizers and to ensure rapid germination while sodium bicarbonate 

(NaHC03) is added to neutralize the acidity of the urea solution. 

For inoculation of Azotobacter and phosphate solubilising bacteria 

culture, a jaggery solution was prepared by dissolving 100 g of jaggery in one; 
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litre of water. Biofertilizers weighing 200 g of each was added to this solution . 
• "~."""""~~"-'"<+._''''''''''' 

The solution was spread on 250 kg seed tubers and \\;'as mixed thoroughly so 

that uniform and even spread of biofertilizers over the tubers was achieved. 

Tubers were then allowed to dry in shade. 

For inoculation of Bacillus cereus and Bacillus subtilis, 250 g of each 

culture was suspended in 50 qfYlCater. A solution was prepared by boiling 

2 kg of jaggery in one litre of water. After cooling, it was added to the solution 

of bioagent Seed tubers (250 kg) were then dipped in this solution for 

30 minutes and then dried in shade. 

3.5.2 Experiment No.2: Levels and methods of 
potassium application for increasing its efficiency 
in potato! 

The investigation was carried out with the potato variety Kufd lyoti to 

fmd out the effect of levels and methods of potassium application on growth and 

productivity of potato. Treatments comprised five levels of potassium and four 

methods of application. Altogether there were seventeen treatment combinations, 

All the plots were fertilized with the same doses of nitrogen and phosphorus 

utilizing the same sources as discussed in Experiment No.1 and by following the 

same methods. The details of the plan of layout and the treatment combinations 

are highlighted as under: 

3.5.2.1 Details of plan of layout: 

Design 

Gross experimental area 

Net experimental area 

Plot size 

Treatment combinations 

Number of replications 

Fertilizer dose 

: Factorial experiment in randomised block design 

: 895.40 m2 

: 550.80 m2 

: 3.6 m x 3.0 m 

:17 

:3 

: 180 kg N: 150 kg P20S ha- I (K20 as per treatments) 



--
OL C2 
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3.5.2.2 Details of the treatments! 

A. Factor A: Levels of potassium (kg K20 ha-1
): 

Ko = 0 (control) 

Kl =50 

K2 = 100 

K3 = 150 

~=200 

B. Factor B : Methods of potassium application: 

Ml = Full as basal 

M2 = 2/3rd as basal + 1 as top at 30 days after planting (DAP) 

M3 = 112 as basal + 1/2 as top dressing at 30 DAP 

~ = Fun top dressing at DAP 

C. Treatment combinations: 

KIM, KIM2 KIM3 Kl~ 

K2M! K2M2 K2M3 K2rv4 

K3M, K3l'v12 KJM3 K~ 3 

K4MI K4M2 K4MJ K4M4 

Ko (control) 

3.5.3 Experiment No.3: Evaluation of Dutch and Indian 
potato cultivars for proeessing: 

The trial involved nine potato cultivars (six Dutch and three Indian 

cultivars ~~~~')cUfri Jyoti was used as the standard. The crop was planted in 

the last week of November in year and dehaulmed at 80 days after planting 

and recommended package of practices were foHowed as discussed eartier 

(Experiment No.1). Layout plan treatments were as follows: 
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3.5.3.1 Details of plan of layout: 

experimental area 

experimental area 

Plot size 

Number of treatments 

Number of replications 

Fertilizer dose 

: Randomised block 

51 

: 4.8 m x4.0m 

:9 

; 3 

: 1 

3.5.3.2 Details of the treatments: 

= Ajax 

= Cardinal 

= Diamant 

= Fresco 

= Marfona 

= Sante 

= Kufri Chipsona-l 

= Kufri Chipsona-2 

= Kufri Jyoti 

3.6 Cultural operations: 

34 

Proper care was taken management of all the experimental plots 

beginning with the planting of tubers and continued up to harvest of the crop. 

details of the cultural operations in both the experimental years have been 

summarized in Table 3.4. 

3.7 Management practices of soil and crop: 

3.7.1 Land preparation: 

The land was first to 

turning lough. Thereafter, two cross harrowin~i with disc harrow were done 

feUo A fmal tillage with po"wer tiller to obtain a fine tilth. Then one 
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was given to make smooth for good 

and were from 

Table 3.4 : Calendar of cultural operations in potato planting during 
1999-2000 and 2000~2001 

Sl. Operations 

I " Land preparation 

2. Layout 

3. Fertilizer application 

Basal 

Top 

Date of operation 
--~----------------~.--.--------,---~ 

1999-2000 

26 

26 

26 

05 

20 

21 

21 

21 Planting 
1-----+---------- _--L.--.m-.'-.1.----------i 

5. ultural ""n,,, .. ,,,f".t'\., 

Earthing up 

Weeding 

6. Plant protection measures 

8. 

Fungicide application 

Pesticide application 

Dehaulming 

3.7.2 Layout: 

Dec. 26 

16 & Jan. 10 

10 & Jan, 30 Jan. 05 & Jan. 

14 Feb. 09 

26 Feb,21 

experiments were 

were 

were made 

m 3 and 3 
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3.7.3 Fertilizer application: 

A basal dose of half of nitrogen and full dose of phosphate through urea 

and single superphosphate, respectively were applied in furrows of each plot 

thoroughly mixed with soil before planting of seed potato tubers. The rest half of 

nitrogen was top dressed at days planting. Potash was applied to 

different plots either as basal (Experiment No. 1 and 3) or as per the treatment 

schedule (Experiment No.2) in the form of muriate of potash. 

3.7.4 Seed treatment: 

Well-sprouted healthy were dipped in 0.25% Dithane M-45 

(Mancozeb) solution for 10 minutes and in shade before planting. 

3.7.5 Planting of seed tubers: 

Furrows were opened by big tynes drawn by hand 60 em apart and tubers 

weighing 25-35 g each were placed in upright position in different plots in the 

furrows at a distance of 20 cm and depth of 3-4 cm with final covering of 4-5 em 

over the seed tubers. 

3.7.6 Irrigation! . 

Two light irrigatiott~ given at 5 days interval within 12 days after 

planting. Then five irrigatiot$ at an interval of 7 -8 days and 

two given at 12 The water in each irrigation 

was maintained below two-third height of the ridges. Irrigation was completely 

,·vithheld 12 days before harvest the crop. 

3.7.7 Intercultural operations: 

The dominating weeds in the experimental plots were Cyperus rotundus, 

()modon dactylon and Chenopodium album. One hand weeding at 20 days after 

planting was done to control the weeds. Earthing up was done at 30 days after 

planting and ridges were made manual labour with the help of spade, 
~ 

Afterwards the crop started to attain a good crop canopy, which kept the plots 
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more or less weed free. However, another hand weeding at 45 days after planting 

was given to the plots necessary. 

3.7.8 Plant protection measures: 

Potato crop sufTers from different pathological malady resulting in 

considerable loss in yield. as a prophylactic measure two sprayings 

with Dithane M-45 (Mancozeb) @ 2.5 kg ha-! at 40 and 60 days after planting 

Vv'l8re done. Metasystox (Oxydemeton-methyl) 25 (1.0%) was also sprayed 

two times at 45 and 65 

aphids and other insects. 

3.7.9 Dehaulming: 

after planting for prophylactic measures against 

Haulms were cut by sickle after 80 of planting and lifting of potato 

tubers was done 12 days 

spade. 

haulm cutting from each plot with the help 

3.8 

3.8.1 

Crop assessment studies: 

Growth functions: 

For growth analyses, f1v,e rep~esentative plant samples were collectedl>",';;" 'I[',,~IN" 
(~\ j~t1?\ .. ilf,,:3c '1Z'; f' $§,~:#" 

nmdomly at 50, 60, 70 and 80!))Ap,}frdm each plot and brought to the laboratory. - / 

The leaves, stems and 

water and sliced into pieces 

in labelled paper bags 

attained. 

sample plants were separated, washed with 

quick The samples were, then collected 

dried in hot air oven until constant weights were 

3.8.1.1 Leaf area index: 

Leaf punches of each were taken from 1 0 leaves randomly with 

the help of steel punch. The punched samples of leaves were kept in labelled 

small brown paper envelope and dried in hot air oven to constant weight. From 

knoVvn area of leaf samples their dry weight, area-weight relationship 

leaves was established. Then, using the relationship and total dry weight of 

leaves from a unit land area, area was calculated for each plot. 
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3.8.1.2 Dry matter accumulation: 

38 
£22 

Dry weights of different piant parts were recorded individually and 

summed up to get total dry matter accumulation a particular sampling 

The procedure of rec,ording weights been described earlier. 

3.8.1.3 Crop growth rate: 

Crop grmvth rate is the rate of dry matter accumulation unifl area 

of crop in a tmit time expressed as g m .2day' 1 
" 

CGR "'" 
12 '" tl 

where Wz and Wi are {hy weight of plants from a land of unit area on two 

ditTerent times t2 and tj, respectively (Watson, 1956), 

3.8.1.4 Tuber bulking rate: 

Tuber bulking rate (TBR) is the dry weight of tubers accumulated by 

plant unirl area and time and expressed as g m·2day-!. 

TBR = 
t: - tl 

where m2 and m! are dry of tubers from a unit area on two 

different times t2 and t1. respectively. 

3.8.1.5 Net assimilation rate: 

Net assimilation rate (NAR) is the ll1crease dry weight of plant unirl 

leaf area unir1 time and expressed as g m-Zday"l. 

(W2 - WI) (IogeLz --lo&Lt) 
NAR=-"--

(t2 - tl) - L t) 

where and Ll are total leaf area at times t2 and 

W1 and W2 are total dry weights at times t1 and t2, respectively. 
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3.8.1.6 Leaf area duration: 

Leaf area (l,AD) is a measure the 

leaf area and is obtained integrating mean 

index (L) over crop growth period and expressed in days. 

LAD=Lx M 

where L is the mean leaf area 

crop growth period. 

and M is the number of 

where Ll are leaf area at 

3.8.2 Harvesting of the crop: 

39 

to 

area 

in the 

Tubers of half portion of the undisturbed demarcated area of each plot 

were harvested after 92 days of planting. 

3.8.2.1 Final yield of tubers: 

The fi'esh \veight 

converted in t 

tubers 

3.8.2,,2 Grading of tubers: 

The harvested produce of 

(above 50 g), medium 

each plot was in 

was graded into three 

sman (less than 25 

yields were taken in kg and then converted into percentages. 

3" 9 Chemical analysis: 

3.9.1 Soil analysis: 

3.9.1.1 Collection of soil samples: 

and then 

viz. 

graded 

Soil were collected ... "' .. "',..'" piantirlg 

3 locations in each plot 0-1 S em depth 

were collected by soil auger. Samples were mixed, dried, and powdered evenly 

and passed through fine to in polythene bags. From each stock 
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small amount of were 

3.9.1.2 Mechanical analysis of soil samples: 

The relative percentage 

intemational pipette method as 

and clay in 

Piper (1966). 

3.9.1.3 Chemical analysis of soil samples: 

3.9.1.3.1 Organic carbon content: 

Organic carbon content wa..<; 

method as described Walkley and Black (1934) 

3.9.1.3.2 Nitrogen content: 

40 

to 

Modified kjel was to analyse available content 

soil (Jackson, 1975).' Two of soil was digested in sulphuric acid to 

convert organic nitrogen into form. After the solution, 

released ammonia was collected in boric acid eA"'UU"" 

formed ammonium borate. was again uu .... ,_,Y-

with sulphuric acid and from nitrogen content was 

calculated and converted into kg 

3.9.1.3.3 Phosphorus content: 

Soil samples were determining phosphorus content 

in soil fonowing the Olsen's <>1'-"""',''" described by Jackson (197 Soil sample 

was extracted soil extract 

was mixed with stannous as reducing agent colour development 

Available phosphorus was a photoelectric red 

tilter and expressed haol
, 

3.9.1.3.4 Potassium content: 

Available potassium in soil was analysed 2.5 g soil 

sample in ammonium acetate and then filtered, Soil extracts were analysed for 
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available potassium by flame photometer method (Muhr e/ at, 1965) 

converted into kg ha'l . 

3.9.1.3.5 pH determination: 

41 

Determination of soil pH was done by using Beckman's pH meter. Soil 

sample (10 g) was taken in 1 : 2.5 soil-water ratio and solution was stirred 

thoroughly. The pH meter was initially standardized using buffer solutions, and 

then readings were taken. 

3.9.2 

3.9.2.1 

Plant analysis: 

Methods of preparation of plant samples: 

Plant samples from the plots were collected during dehaulming and 

leaves, stems and tubers were separated, dried in oven, ground, sieved and kept 

in polythene bags. Samples were then analyzed separately for nitrogen, 

phosphorus and potassium content (cenf\ 

3.9.2.2 

3.9.2.2.1 

Chemical analysis of plant samples: 

Nitrogen uptake: 

Total nitrogen content of plant samples were analyzed by modified 

macro-kjel method (Jackson, 1973) and expressed in percentage. Plant 

sample weighing 500 mg was digested and distilled following the standard 

procedure. Then the solution was titrated against (N/lO) H2S04 to calculate the 

total nitrogen content of plant samples. Nitrogen uptake by different plant parts 

were obtained by multiplying total biomass of each plant parts with total 

nitrogen content expressed in ha· l
. 

3.9.2.2.2 Phosphorus uptake: 

Plant phosphorus content was determined by olsen's method as described 

by Jackson (1973), Plant parts (lOO""g each) were taken to form the extract 
() 

solution and readings were recorded from the c~lorimeter using red filter. 
I 

Phosphorus uptake by different plant parts was calculated multiplying total 

biom~ss production with plant phosphorus content and expressed in kg ha'!, 
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3.9.2.2.3 Potassium uptake: 

Potassium content the plant was measured by flame photometer 

method (Muhr et ,1965) after extracting 100 ml of different plant parts and 

expressed in percentage. Potassium uptake by each plant part \-vas calculated by 

multiplying the potassium content unirl sample with the total biomass 

production and expressed in kg ha-1
• 

3.10 

3.10.1 

3.10.1.1 

Physico-chemical analysis (Experiment N:o. 3): 

Physical characters: 

Specific gravity: 

Specific gravity of tuber is the weight of tuber (g) unif! volume (cc). It 

was determined from the fonnula and correction factor given by Baskar (1975). 

This formula is based on water immersion method for the determination of 

specific gravity. It has been established that specific gravity of potatoes is 

directly proportional to their {try matter content, i.e., the DM content of potato 

tubers increases with an increase in their specific gravity (Ezekiel el al. 1999). 

3.10.1.2 Peeling: 

Potato peeling results in the removal of the skin, which is done using 

abrasive peelers. Care was taken to ensure removal of at least 80-90 cenf! of the 

skin without removing too much of the flesh of the potatoes. Usually large sized . 

potatoes (>50 g) have lower peeling losses, as smaller tubers have larger surface 

area in relation to weight. Similarly, peeling losses in potatoes with deep 

eyes are much greater, than in potatoes with shallow eyes, as larger proportion of 

the tissue has to be removed for proper peeling of potatoes with deep eyes. 

3.10.1.3 Storage losses: 

Stored potatoes suffer losses due to loss in weight and spoilage. 

Immediately after harvest, 5 kg healthy and clean tubers of uniform size (40~50 

g) from each plot were kept in hessian cloth bags at room temperature (minimum 

19-26oC and maximum 32-36oC)_ The data was recorded on physiological loss in 
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weight (cenr!) and rotting (cenr!) of tubers at 15 days interval 

from the date of harvesting. 

3.10.1.3.1 Physiological loss in weight: 

43 

to 90 days 

The physiological m (moisture loss) was calculated by 

weighing ten randomly marked tubers from each plot at fortnightly intervals till 

the end of storage period. 

3.10.1.3.2 Rotting of tubers: 

The rotting of tubers was recorded by eye estimation from the total. 

number of tubers of each experimental plot that was kept in storage. The data 

was recorded fortnightly up to 90 days of storage. 

3.10.2 Biochemical constituents: 

3.10.2.1 Total sugars: 

Total sugar content of tuber was determined by titrime~c procedures. ,.,. 
Firstly the non-reducing sugar content of tuber was converted into reducing 

sugar by acid hydrolysis. After conversion, the sugar of the aqueous solution was 

determined by titrating against 

of Fehling A and B solution 

1984) and expressed in cenfl 

freshly prepared mixture containing 2 ml each 

using methylene blue as an indicator (A.O.A.C., 

weight basis. 

3.10.2.2 Reducing sugars: 

The reducing sugar contents of the aqueous extract were determined by 

titrating against the Fehling A and B solution as stated above. 

3.10.2.3 Total acidity: 

The acidity of tubers of each plot was estimated by titrating the aqueous 

extract of 100 ml potato juice against standard alkali (NIIO NaOH) solution 

using phenolphthalein as an indicator and expressed as percentage in terms of 

citric acid (A.O.A.C., 1984). 



Materials and Me/hod) 
44 

3.10.2.4 Total soluble solids: 

Total soluble solids content of tuber was of 

hand refractometer. fe\'\' stained tuber 

from each sample and on the to record the reading, 

calibrated in (iBfix. 

3.10.2.5 Vitamin C content: 

Vitamin C content (ascorbic acid) tubers of each experimental piot \vas 

estimated by using 6~dichlorophenol indophenol dye titration method 

(A.O.A.C., 1984) and expressed as 100 g-I fresh weight 

3.10.3 Chip colour: 

From each plot, 2 kg potato tubers were peeled and cut into 1 A mm thick 

slices by a hand slicer. The were allowed to fall directly cold water to 

which I cenr1 common salt was added. After one hour, were removed 

and blanched for five and then spread on a polythene sheet and sun 

dried for two days. The air temperature during the period of sun drying ranged 

from 3D-40°C. The dried were fried in refmed edible oil at 180°C for about 

1 to I! 12 minutes and scored for colour and assigned a value 

according to the of I to 10 (lower number-better colour) of the PC/SFA 

(Gould et at, 1979). Chips scoring 1 to 3 were considered acceptable. 

3.11 Response function (Experiment No.2): 

The yield responses to different of potassium were 

mathematical equation based on the shape of the curve. 

Quadratic regression was out by the following formula: 

Y=a+bX+c 

where Y = estimated tuber 

X = Potassium dose 

a, band c = constants 

a 



From 

potassium and the potassium level 

optimum yield were worked out by 

Dhillon (1966). 

(i) Potassium level giving maximum 

-b 
=---
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yield values at of 

the maximum and economically 

procedure 

(physical optimum) 

(ii) Economic optimum level of potassium 

3,,12 

q and p arc; the prices 

respectively. 

Statistical analysis: 

Five representative were for recording 

parameters different of In case yield of 

the total yield piar l was record(~d and converted into ha'l basis in tonne. The 

obtained in two years were analyse.d analysis variance by a standard 

method (Panse and Sukhatme, 1995) and the significance of difierent sources of 

error nlean square Fisher Snedecor's 'F' test at 

probability level 0,.05. For delermination critical difference (C.D.) at 5% 

level of significance, Fisher Yates 979) table \vas consulted. For the 

calculation of percentage data, angular transformation was done by consulting 

3.13 Economics of crop production: 

The cost of cultivation was calculated according to the treatments received by 

different plots in The rates of fertilizers and 
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other miscellaneous cost have been accounted for the calculation of cost of 

cultivation, gross and net return and 

cost prices were recorded and enlisted 

: cost ratio. Thc input and output 

A. Input cost: 

1. Cost of seed tubers 

H. Fertilizer costs 

(a) Urea 

(b) Single superphosphate 

( c) Muriate of potash 

III. Biofertilizer cost 

IV. Miscellaneous costs 

(a) Wages of daily labour 
(8 working hours day'l) 

(b) Sodium bicarbonate 

B. Output cost: 

1. Cost of potato 

Rs, 7.00 kg-! 

Rs. 15 kg'! N 

Rs. 1 PLOS 

Rs. 6,64 kg--! K20 

Rs, 30,00 kg- l 

Rs, (1999~2000) 
Rs, 60 .. 00 day~l (2000-2001) 

Rs, 13.00 kg~1 

Rs. 3.00 kg- l 
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4.1 

4.1.1 

4.1.1.1 

4~ 'RESULTS AND DISCl/SSI(!}N 

Experiment No. 1 Fertilizer economy in 
potato by the use of biofertilizers: 

Growth parameters: 

Leaf area index: 

Application of biofertilizers imparted significant effect on leaf area 

indices (LAI) at all the stages observation during both the years (Table 4.1.1 ~ 

Fig. 4. L 1). LAI kept on increasing up to 70 days after planting (DAP) 

irrespective of different treatments and thereafter it declined till the last 

observation recorded at 80 DAP. This might be due to leaf senescence at the 

later stages of crop growth. increase in LAI was relatively slow in the early 

growth stages (50 to 60 DAP), became faster between 60-70 DAP and then 

slowed down gradually in all treatments, with the exception in treatment F 2 T4 

(75% Nand P + Bacillus spp. treatment of tubers) which showed relatively faster 

increase in leaf area between and 60 DAP. 

Treatment FIT) (100% N and P +1% urea and 1% sodium bicarbonate + 

Azotobacter and Pbosphobacteria) recorded maximum LA! but remained 

statistically at par with treatment FIT4 (100% and P +Bacillus spp.) at ali the 

growth stages except at 70 80 DAP in 2000-01, where the effect was just 

reversed. Maf\Vaba (1995) also reported similar results. LAI in treatment F21'3 

(75% Nand P + 1 % urea and 1 % sodium bicarbonate + Azotobacter and 

Phospho bacteria) remained at par with treatment FIT 3 and F I T4 at all the stages 

of observation except after and 60 days in the second year where significant 

differences prevailed. Control plots receiving 75% N and P (F2T1) produced 

lower leaf area and consequently mini111um LAI values at aU the stages of crop 

gro"vth except at 50, 60 and DAP in the first year, where treatment F2Tz (750
/0 

Nand P + 1% urea and 1 % .:JV'-U...,lH bicarbonate) exhibited the minimum value. 
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The results reveal that high LAI values of more than 2.75 conferred a 

high light gathering potential .in treatments FiT3 and F tI 4 . Singh (1996) opined 

that a leaf area index of 2.5-3.0 is optimum for high bulking rate of tubers. 

However, at the end of active grm'\1:h period (70 DAP), the rate of leaf growth 

slightly slowed down probably due to bul.k translocation of leaf photosynthates 

to the tubers. 

4.1.1.2 Dry matter accumulation: 

4.1.1.2.1 Dry weight of leaves: 

The inoculation of biofertilizers Azotobacter, Phospho bacteria and 

Bacillus spp. exerted significant effect on the dry matter (DM) production of 

leaves at different stages of crop growth till harvest (Table The dry 

w:eight of leaves kept on increasing gradually with the age of the crop till 70 

DAP and reduced thereafter irrespective of treatments. In both the years, the rate 

of increase in DM production of leaves was faster during 60 and 70 days as 

compared to dry weight production during 50 and 60 DAP. 

At 50 DAP, maximum dry weight ofleaves of 90.28 gm-
2 

was recorded in 

the treatment F2T4 (75% N and P + Bacillus spp.), being statistically at par with 

treatment F2T3, FIT3 and 4 in the year 1999-00 while during 2000-01, 

treatment FIT3 produced the maximum DM (86.20 gm·
2

) and remained at par 

with F1T2, F2T4 and F2T3• The minimum dry weight of leaves was registered in 

the treatment F2Tl (84.77 and 12 gm-2
) in both the years. 

At 60 DAP, treatment FiT3 (100% N and P + 1% urea and 1% sodium 

bicarbonate + Azotobacter Phosphobacteria) exhibited the maximum dry 

weight of leaves (100.21 and 103.26 gm·2), which was statistically at par with 

F2T3 and F2T4 during both the years. In the fIrst year, treatment FIT t (100% 

N and P) recorded the minimum DM (92.36 gm-2) while F2I1 (75% N and P) 

produced the minimum leaf DM (84.14 gm <2) during second year. 

At 70 DAP, maximum dry weight of leaves was obtained in treatment 

(116.41 and 121.52 in both the years which remained at par with 



o q 
o 
o 

00 
00 

N 

50 



Results and Discussion 
51 

1999-00. However, during 2000-0 1 ~ there were 

significant differences these treatments. Treatment FITI and F2TJ 

recorded the minimum values of DM (lOO.OO)apd' (96.88 1999-009and 
: > '-".,.- i 

2000-01 !tespectively). 

At 80 DAP, dry of leaves slightly decreased over previOUS 

stage (70 DAP). Treatment recm-ded the maximum DM of leaves (100.79 

gm .2) in the first year and no statistical differences prevailed with the treatments 

FIT] and FIT j • However in 2000-01, T4 recorded the maximum DM (106.15 

grn .2) being statistically at with F1T:3 and significantly superior to the rest 0 f 

the treatments. Minimum DM was obtained in treatments F2T2 (93.80 gm.2) and 

F2T t (90.70 gm-2
) consecutive years study. 

The results clearly biofertilizer application accumulated 

greater DM in leaves and showed superiority over check at all crop growth 

stages during two years trial. Kumar et af. (2001 b) also observed that combined 

inoculation of Azotobacter, Phospho bacteria and Bacillus strain (M, and B5) 

increased the number of leaves planrl at and 75 days. 

4.1.1.2.2 Dry weight of stems: 

The application of varying levels of N and P along with biofertilizers 

significantly influenced the weight of stems at all the stages of observation 

both the years of experimentation (Table 4.1.3). The stem dry weight 

increased steadily with the age of the till 70 DAP irrespective of treatments 

which might be due to increase in shoot length. and branches and decreased 

thereafter. However, the increase in stem dry weight was faster during 50 and 60 

DAP and relatively slower aftt~rwards between 60 and 70 DAP and then declined 

gradually till maturity. 

During initial stage (50 DAP), dry weight of stem \vas maximum (85.22 

and P + 1 % urea and 1 % sodium bicarbonate 

+ Azotobacter and Phosphobacteria), which remained at par treatments 

F1T2, F2T4 and F}T4 during the year 1999~OO while in the second year, treatments 

FIT3 (100% Nand P + 1% urea and 1% sodium bicarbonate + Azotobacter and 
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Phosphobacteria) accounted for the highest DM of stems (83.24 gm-
2

) , being 

statistically at par with F2T4, FIT'! and F2T). During both the years, F2Tl recorded 

the minimum values ofDM (80.34 and 67.95 gm·
2
). 

At 60 DAP, maximum dry weight of stem was computed in the treatment 

FIT3 (96.92 and 97.08 grn-2
) in both the years and statistically at par with F2T) 

and FIT4 during 1999-00 and 2000-01, respectively. Similarly, treatment FzT! 

produced the minimum stem dry weight (90.49 and 77.82 gm-
2

) in both the 

years. 

At 70 DAP, DM production in stem was maximum in FIT3 (108.92 and 

106.99 gm-2 during both the years), and statistically superior to all other 

treatments except FIT 4 and F 2 T) in the year 1999-00 and FIT 1 in 2000-01. 

During the year 1999-00, the minimum dry weight of stem was recorded in 

treatment F2T2 (96.82 gm-2), however, F2TI showed the minimum value 

(83.25 gm-2) in 2000-0l. 

At maturity (80 DAP). stem DM declined slightly over the previous stage. 

Treatment FIT3 recorded the maximum DM of stems (105.32 and 104.25 gm-
2
) 

in both years, though the effect was statistically at par with F I T4 and F2 T 3· The 

minimum value ofDM was obtained in F2T2 (94.21 gm-2) and F2TI (79.33 gm-
2
) 

during the year 1999-00 and 2000-01, respectively. 

It is evident from the results that DM accumulation in stem was markedly 

influenced by the combined inoculation of biofertilizers. A positive response of 

stem number plane l of potato crop with inoculation of seed tubers with 

Azotobacter, Bacillus cereus and B. subtilis was also indicated by Sood and 

Sharma (2001). 

4.1.1.2.3 Dry weight of tubers: 

Dry weight of tubers differed significantly with different biofertilizer 

treatments at different stages of observation during two successive crop seasons 

(Table 4.1.4). The dry weight of tubers increased gradually with the 

advancement of crop age tiU maturity irrespective of treatments. However, the 

rate in DM accumulation was not uniform at different growth stages. The rate of 
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Results and Discussion 

increase in tuber DM Vlas in the (50~60 DAP), became 

slowed down during 70-80 DAP. 

There were significant variations in dry weight tubers 

treatments and it ranged 132.10 and 198.13 gm"z; 197 J 7 and 298.63 

, 355.83 and 489.83 , and 482.30 and 61 13 50, 60, and 

80 DAP, respectively during two years trial, Treatment F (100% Nand P + 

1 % urea and 1 % sodium bicarbonate + Azotobacter and Phosphobacteria) 

recorded the maximum tuber and at par wIth 1'4 and at aH 

stages of crop gro~1h during two years experimentation. At 60, 70 80 

DAP in the second year, treatment FIT} differed significantly with 

uninoculated controls (FIT, F2T 1). minimum dry weight of tuber was 

recorded in the treatment at all the crop growth stages during two years of 

study. 

The results reveal that JK)tato tubers maintained conspicuously higher DM 

with the combined inoculation + Phosphobacteria and 

spp. Bhattacharyya et aL (2000) also reported significant response of tuber 

V\teight planf l of potato to biofertilizers. 

4.1.1.2.4 Total dry matter production: 

Total dry matter (DM) production of potato plants progressively incre..ased 

as the grov.1h the crop tm the observation was recorded at 80 

DAP (Table 4.1.5; Fig. 4.1.2). This might be due to continued photosynthesis 

which took place throughout the grovvth period. However, the rate of total DM 

production reached its peak 60 to DAP. 

DM content of potato varied among the treatments and it ranged 

between 273.17 and 370,26 • 359.13 and 495.76 gnf2; 535.% and 71 16 

, and 652.33 and 823.06 at 50, 60, 70 and 80 DAP, respectively 

two years. The inoculation however. produoe) a uniform 

and exhibited consistent inf1uence on the total DM accumulation. The highest 

value was observed in the treatment FIT3 (100% N and P + 1% urea and 

sodium bicarbonate + l"hosphobacteria), which remained 
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statistically at par F I Tel (l00% N and P + Bacillus spp.) at an the stages of 

observation except 70 DAP the year 2000~0 1 where they 

significantly differed from each otheL Control plots receving 75% Nand Palone 

(F2T1) recorded the lowest DM production at all the dates of plant growth. 

The results emphasize that biofertilizer inoculation improved the total 

biomass production of potato plants. The increase in total DM accumulation can 

be ascribed to N addition through biological N fixation by Azotobacter and 

greater availability phosphorus by Phosphobacteria. The above results are 

similar with the, findings of S'idorenko et (1996). 

4.1.1.3 Crop growth rate: 

Application of biofertilizers imparted significant effect on the crop 

growth rate (CGR) of potato plants at difterent stages of observation till harvest 

(TaMe 4.1.6; Fig.4.1.3). CGR had also an increasing trend with age of the 

crop and attained its maximum value between 60-70 days and then declined 

irrespective of treatments. 

During 50-60 and 60-70 DAP. treatment F 1 T 3 accomplished signifcantly 

higher values ofCGR (12.55 and 21.94 gm-2d"1 in 1999-00 and 11.55 and 20.65 
" 

gm -2d-1 in 2000-01, respectively) and remained statistically superior the rest 

of the treatments. The minimwn CGR was achieved in the treatment F2T2 

(75% N and P + 1% urea and 1% sodium bicarbonate) in 1999-00 but during 

2000-01, treatment F2TI (75% Nand P alone) recorded the minimum CGR 

was mainly during this time, Higher CGR in treatment FIT 3 during 50-70 

due to high LAl \vhich accumulated DM at a faster rate {mif
l 

leaf ar~~)unifl 
"'""-,, 

time. The results corroborated the works of Yadav et al. (1999), However, 

during 70-80 DAP, treatment F!Ti (100% Nand P alone) superseded the effect 

of FI T3 and showed the highest CGR (12.74 gm-2d-l
) in the first year, being 

statistically at par with ~~JJ"contrary to this; in the second year treatrn:n~ FIT4 

(100% N and P + Baclllus spp.) recorded the highest CGR (lL70 gm- d- ) and 

remained at par with 

(10.79 gm-2d- l
) 

The lowest COR was obtained in treatment FIT3 

s(""Cond year. 
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respectively, The observation on CGR indicates that highly active growth phase 
/' 

of the plant is mostly covered IrOm 60-70 DAP and the photosynthato/produced 

during the critical period is mainly translocated to the developing tubers, since 
"' ,.' ,-.<'f* 

the defu~nd ~f the tubers for carbohydrate at tilis stage surpasses the requirement 

of other organs, 

4.1.1.4 Tuber bulking rate: 

The data presented in Table 4.1.7 and Fig. 4.1.4 showed that biofertilizer 

inoculation had favourable influence on tuber bulking rate (TBR) of potato. TBR 

continued its increasing trend up to 70 days and thereafter it decreased in an the 

treatments, which might be due to lesser efficiency of photosynthetic perceptive 

organ and consequently lower accumulation of photosynthate to the harvesting 

organ and also senescence of lower leaves. 

During 50-60 DAP, the maximwn tuber bulking was achieved in the 

treatment FIT3 (lO.OS and 8.46 gm·2d-1
) in both the years, which remained 

statistically at par with F j T4, F2T3, F2T4 and FITI during 1999-00 but in 2000·01 

interacted significantly with these treatments except FIT 4. The TBR increased 

gradually after 50 DAP and attained the maximum value during 60-70 DAP. 

During this period, significantly greater TBR was also accounted in the 

treatment FIT) (19.12 and 17.83 gm-2d"1) but remained at par with F1T4, F2T3 and 

F2T4 in the first year. The above results are in confonnity with the finding of 

Singh (1999 c). Treatment F2T! (75% N and P alone) recorded the lowest TBR 

during 50-60 and 60-70 DAP in consecutive years of study. The picture was 

somewhat different during 70-80 DAP and in this period, significantly higher 

tuber bulking unifl area was computed in the treatment FjT4 (13.88 and 13.26 

gmM2d· l) in both the years, which differed significantly with treatment F2T3· 

Lowest TBR was obtained in treatments FIT3 (12.73 gm·
2
d-

l
) and F2Tz 

(11.93 gm-2d-l ) during the first and second year, respectively. 

The results emphasize that combined inoculation of Azotobacter + 

Phosphobacteria and Bacillus spp. significantly accelerated the bulking of tubers 

at all the crop growth stages. The higher TBR between 60-70 DAP was 
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contributed by the leaf dry weight, the source of carbohydrate production which 

attained its maximum level during 60-70 DAP. 

4.1.1.5 Net assimilation rate: 

Net assimilation rate (NAR) differed significantly with the application of 

biofertilizers at all the groMh stages during two successive crop seasons (Table 

4.1.8). NAR increased gradually fi-om the initial growth stage up to 70 DAP and 

afterwards it decreased. The data recorded on NAR reveal that the NAR reached 

its peak during the period bet\veen 60 and 70 days. The NAR was found to be 

higher during the initial growth period (50-70 days), which might be due to 

mutual shading effect of leaves at the later stages (70-80 DAP) of plant grov.rth. 

NAR increased with increastin nutrient supply from low rates but became 

independent of nutrient supply at higher rates (Watson, 1958). However, 

Wdbank (1962) reported that NAR increased with increasing N~supply over an 

extended range. 

During 50-60 DAP, treatment FIT 3 accounted for significantly 

greater NAR values (5.27 and 5 19 gm-2d- i
) in both years, closely followed by 

treatment F1T4 (5.26 gm·2d- l
) and F2T3 (5.15 gm-

2
d-

l
) in the first and second 

year, respectively. Minimum NAR value was tecorded in treatment FIT2 

(4.92 gm-2d-1) and F1T2 (434 gm-2d-1
) during 1999-00 and 2000-01, 

respectively. 

During highly active growth period (60-70 DAP), significantly higher net 

assimilation unif1 leaf area was (:omputed in treatments F2Tl (8.30 gm-
2
d']) and 

F2 T 2 (8.32 gm-2d-1) during the first and second year, respectively, which 

remained at par with treatments F1T3, F2T3 and F2T4 in both the crop seasons, 

The lowest NAR value of 7.83 gm-2d-1 each was recorded in the treatment FIT2 

and F 1 T 4 during 1999-00 and 2000-01, respectively. 

During 70-80 DAP, NAR remained significantly greater in the treatment 

hT2 (5.22 gm-2d-1) and F2Tl (5.08 gm-2d-1
) in both the years. However, the value 

of NAR was minimum in treatments FIT) (3.92 gm·
2
d-') and F IT2 (4.26 gm-

2
d-

t

) 

during the first and second year, respectively, 
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4.1.1.6 Leaf area duration: 

Inoculation of biofertilizers in combination with inorganic Nand P 

imparted significant effect on the leaf area duration (LAD) of potato during both 

the years (Table 4.1.9; Fig. 4.1.5). The LAD was longer in the treatment FJT, 

(74.40 and 69.44 days) in two consecutive years and remained statistically at par 

with F2T3 (72.48 days) and FJT4 (69.39 days) in the first and second year, 

respectively but was significantly superior over the control FJTJ (66.42 and 

63.17 days). 

I 

The beneficial role of biofertilizer was the result of presence of several 

useful traits like supply of Nand P and production of plant growth promoting 

substances. Similar results were conciliated with Praharaj et al. (1999) and 

Singh (1999 c). The lowest value of LAD was noted in the treatments F2T2 

(63.57 days) and F2TJ (59.04 days) during 1999-00 and 2000-01, respectively. 

Table 4.1.9 : Effect of biofer1ilizers on leaf area duration (days) of potato 

Treatments 1999-2000 2000-2001 Pooled 

FJTJ 66.42 ' 63.17 64.79 

FJT2 68.! 7 66.45 67.31 

FJT3 74.40 .... 69.44 71.92 

FJT4 7196 69.39 70.67 

F2TJ 64.63 59.04 61.83 

F2T2 63.57 63.83 63.70 

F2T3 72.48 65.25 68.87 

F2T4 68.54 62.01 65.27 

S.Em(±) 0.93 0.87 0.65 '/ ,i. 
. ,,'I .. 

C.D.(P=0.05) 2.85 2.67 1.99 
--
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4.1.2 

4.1.2.1 

Yield components: 

Tubers hill-l: 

63 

The tuber number was significantly influenced by the application of 

biofertHizers during two years of study (Table 4. 1.1 O~ Fig. 4.1.6). Treatment 

FlT3 gave the highest number of tubers (7.14 and 7.07 hilI- l
) in both the years 

but remained statistically at par with treatments F,T4 (7.06 and 7.02) and F2T4 

S,§.81 and 6.83) in both the years. Treatment PIT) produced 11.39 and 18.62 cenf 

.. 1 more number of tubers hUrl over treatment FIT, (100% N and P); and 20.00 

and 29.72 cenr1 more over F2Tl (75% Nand P) during the year 1999-00 and 

2000-0 I, respectively. 

The increase in tuber numbers hill-! can be ascribed to production of 

growth promoting substances like lAA, gib~llins by Azotobacter arId 

greater avaiJabiIity of phosphorus by Phosphobalt~ria. The results confinn the 

findings of Upadhyay et al. (1994) and Bhattacharyya et aL (2000). Chemicals 

released by Bacillus spp. with arItagonistic properties in suppressing the 

activities of pathogenic micro-organism in rhizosphere of potato, as suggested 

by Sunaina et al. (1999) might have also resulted in higher tuber numbers hill-
l 

which ultimately increased the potato yield, 

4.1.2.2 Tuber yield: 

Tuber yield of potato was significantly influenced with varying levels of 

Nand P as wen as biofertilizers during successive years of experimentation 

(Table 4.1.11; Fig. 4.1. 7). The highest tuber yield was obtained in treatment FIT 3 

(32.59 and 32.41 t ha- I during the year 1999-00 and 2000-01, respectively) with 

a yield increment of 1 L38,and 12.53 cenf! over F1Tl and 20.53 and 22.03 cenfl 

over F2Tl durin~~~~i~if~~~lyears. Combined inoculation of Azotobacter and 

Phospho bacteria significantly increased the compound leaves, tuber number and 

tuber weight hill- l , which finally increased the tuber yield significantly. Similar 

observation was also recorded by Saxena and Tilak (1994). However, the 

treatment FIT3 remained at par with F2T3 (30.92 t ha-I
), FIT4 (30.67 t ha-

1
) and 
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Fig.4.1. 7 : Effect of biofertilizers on tuber yield of potato. 
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F2T4 (3037 t ha>l) in the year 1999-00 which might be due to better utilization of 

applied nutrients by the crop. Moreover, application of biofertilizers might have 

also influenced the availability N P to the crop. But during the year 

2000-01, this treatment remained statistically at par with F1T4 (31.62 t ha>') but 

significantly differed with F2T3 (29.3& t ha- I
) and F2T4 (28.49 t ha- I

). The lowest 

tuber yield (27.04 and 26.56 t ha-1 in both years) was obtained in treatment 

F2TI (uninoculated control 75% N P alone). Though the treatment F2T3 

(75% Nand P + 1 % urea and 1 % sodium bicarbonate + Azotobacter and 

Phosphobacteria) and F2T4 (75% Nand P + Bacillus spp.) did not fetch the 

highest tuber yield, yet they produced 3.86 and 1.38 cenfl more yield of tubers 

as compared to treatment F j T (unmoculated control of 100% N and Palone). 

From the results it can be eoncluded that biofertilizer inoculation 

increased the efficiency of applied N and P and reduced the e:x1:ent of Nand P 

fertilizer requirement of the crop by cenfi. Such spectacular response of 

biofertilizer inoculation on growth characters and ,yield was due to change in 

microbial popUlation in rhizosphere producing ,cif plant growth hormones like 
',,,/ 

lAA, gibbereUins and vitamins like biotin, folic acid and different B group 

vitamins apart from supplying Nand P as explained by Sunaina et al. 999), 

Yadav el at. (1999) and Kumar et at. (2001 b). 

4.1.2.3 Grades of tubers: 

,Bi'ffef~~',lrades oftuhers ~'significantly influenced by the application 
l_,_~"",-.~,.'~" , 

of biofertilizers during both the years of observation (Table 4.1.12; Fig. 1.8). 

The percentage of large sized tubers (>50 g) ranged between 48.81 and 65. i7 

cenf l , medium sized (25-50 between 19 and 38.26 cenfl and small sized 

«25 g) between 7.24 and 15.00 cenr l among the treatments during two years of 

study. When yield comprising the large and medium size tubers (>25 g) was 

considered, the maximum percentage large sized tuber was recorded in the 

treatment FIT] (65.17 cenrl) and F2T3 (63.65 cenrl) during the year 1999-00 and 

2000-01, respectively. Contrary to this, treatments F2T2 (38.26 cenfl) and F2T4 

(37.22 cenrl) gave the highest percentage of medium sized tubers during both 
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the years. The percentage tuber yield containing small sized tubers «25 g) 

was highest in the treatments F2TJ (15.00 cenrl) and F2T2 (14.17 cenrl) in the 

first and second year, respectively, 

The gradewise distribution of tubers reveals that the increase in yield 

of large and medium sized tubers was due to the cumulative effect of both 

increase in number and size of tubers which conciliated with the findings of 

Upadhyay et al. (1994) and Sharma et aL (1996). 

4.1.3 

4.1.3.1 

Plant nutrient analysis: 

NPK uptake by leaves: 

Varying levels of N and P in conjunction with biofertilizers had a positive 

influence on N, P and K uptake by leaves during two years of study (Table 

4. L 13). The maximum Nand P uptake by leaves was recorded with the 

treatment F1T3 (16,42 and 17.95 kg ha- l Nand 1.02 and 1.74 kg ha-
1 

P during 

1999-00 and 2000-{)1, respectively). Pooied data show that the N uptake was 

higher by 37.41 and 9.11 cen(l with FIT3 and F j T4 treatment, respectively over 

uninoculated control of 100% Nand P (FlT l ). In case of P uptake the 

corresponding increase was 72.50 and 23.75 cenf
l
, respectively. Higher 

recovery of P was recorded because of inoculation of phosphorus solubilizing 

bacterial culture that released the fixed P from the soil and made available to the 

plants. Similar observation was also recorded by Mahendran and Chandramani 

(1998), 

The mInImum uptake of Nand P was noticed in the treatment F2T2 

(8.73 and 0.46 kg ha-') in 1999-00 and 172TI (9.S3 and 0.54 kg ha-
I
) in 2000-01, 

respectively. Regarding K uptake, treatment FIT4 recorded the maximum 

uptake by leaves (11.43 kg ha·l)in the fIrst year and remained at par with FIT2 

(10.71 kg ha- I) and FIT) (10.65 kg ha-!), but during second year treatment F,T3 

recorded the highest K uptake (13.28 kg ha- l
) which was signiflcantly higher 

over the rest of the treatments. Likewise pooled data reveal that the K uptake 

was higher by 27.78, 31.97 and 16,98 cenfl with F IT4, F,T3 and FIT2 treatments, 
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respectively over FIT! (100% N P). Treatment F2T2 reeorded the minimum 

K uptake (7.72 and 7.34 kg ha·1
) during both years. 

4.1.3.2 NPK uptake by stems: 

application of with Nand P significantly 

influenced the N. P and K uptake stems consecutive years 

(Table 1.14). The N uptake was maximum in the treatment (11.64 ha'l) 

and FlT3 (11.92 kg ha· l
) during and year, respectively and was 

significantly superior to other treatments. Pooled data indicate that the N 

was higher by 8,45, 7,40 and 7.51 cenf! F1T4, FIT] and Fl 

respectively over uninoculated control Td. Correspondingly P 

was higher by 14.89, 36.17 and cenfl over FlT I . Maximum P uptake 

was noticed in the treatment ha-I
) during 1999~00 and F :) 

(0.84 kg ha- I ) in 2000-01. of Azotobacter, Phosphobacteria 

Bacillus spp. with enhanced doses N and P would have resulted in high 

available and P, ultimately leading to biomass production and N and P 

utilization. These results support findings of Sharma (1989) and Singh 

(2001). 

During 1999-00, minimum N (6.32 kg ha-1
) and P (0.27 kg ha"l) uptake 

was obtained in treatment F;lT2 but F2T! recorded the minimum uptake 

(8.40 and 0.43 kg ha-I Nand P, respectively) in 2000-01. K uptake was 

maXiml.IDl with the treatment 15.55 and 17,74 kg ha-
1

) during both 

years showing an increment of 1834 over F] Tl fTOm the pooled data. 

Treatment FIT4 recorded the minimum K uptake by stems (11.84 13.3 I 

ha-1
) in both the years. 

4.1.3.3 NPK uptake by tubers: 

The inoculation of Phosphobacteria and Bacillus 

imparted significant effect on the N, P and K uptake by tubers during two 

of experimentation (Table 4.1.1 4.1 Treatment FJT3 recorded the 

maximum Nand P uptake (131.96 123.86 kg ha- I Nand 14.53 and 18.58 
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ha- I P during the year 1 and 2000~01, respectively). However, K 

uptake \vas maximum in treatrnent FzT3 (134.12 kg ha'l) in the first year but 

the second year treatment IT 4 recorded the highest K uptake (132.19 

ha,l). Pooled analysis data that the N uptake was higher by 20.80, 27.03 

and 9.89 cenf! with F1T4, F and FITz respectively over uninoculated control 

(FlTl)' The same treatments recorded 37.72, 71.61 and 38.65 cenfl higher P 

uptake and 10.56, 9.69 and 5,00 cenr1 higher K uptake over control (FIT!), 

respecti vely. 

The minimum uptake 

treatment FzT, during both the 

P and K by tubers was recorded in the 

The'greater amount of DM accumulation in 

might have influenced higher amount of N, 

P and K removal as compared to other treatments. An increase in the amount of 

Nand P uptake by potato with inoculation of phosphorus solubilising bacteria 

was also reported by Singh and Sharma (2002). It was also noted that the value 

of K uptake was higher than and P uptake showing higher potassium 

requirement of the crop. 

4.1.3.4 Total uptake of NPK: 

The total uptake of N, P K by potato plants increased significantly 

with and P nutrients in conjunction with biofcrtilizers during both the years 

(Table 4.1.16; Fig. 4.1.10). The rn<Lximum P and K uptake by potato plant 

\vas computed in the treatment F 

kgha"\N~ 16.01 and2L16kg 

and the values were 157.05 and 153.73 

P; and 157.28 and 159.87 kg ha"1 K during 

1999-00 and 2000-01, respectively. Pooled data show that treatments receiving 

biofertilizers and higher dose of (100%) viz. F]T4' FIT3 and FITz exerted 

strong influence on N uptake and computed 18.65,. 26.57 and 8.61 cenfl higher 

N removal over control receiving 100% N and P only (FIT,). Application of 

biofertilizers might have resulted high amount of available N to plants which 

ultimately led to higher biomass production and N utilization. In case of total P 

uptake the corresponding increase \vas 35.71, 70.24 and 37.00 cenfl over control 

(FIT
1
) which emphasized phosphate solubilizing characteristics of PSB and 
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Bacillus. The same treatments were also found to have influenced higher K 

uptake computing 9.62, 11 and cent! more uptake over 

control (FITI). Treatment P only) accounted for the lowest N, 

P and K uptake in both the The value of K uptake was higher than Nand 

P uptake, showing higher K requirement of the crop. The observation was also in 

agreement with the findings Mahendran and Chandramani (1998). 

The results indicate when both Azotobacter and Phosphobacteria 

cultures were applied together, they exerted synergistic effect on each other and 

gave higher recovery of applied nutrients. Similar observation was also recorded 

by Singh (200 I). 

4.1.4 Soil available NPK: 

Initial status of available N; P and K of the soil was recorded before the 

planting of potato crop and again after the harvest of the crop in both the years 

(Table 4.1.17). Sesame (pre-kharif) and paddy (kharij) crops were grown 

between two potato crops. Sesame was grown after potato on the residual 

fertility of the soil and after sesame, paddy was grown as per recommended 

package of practices. However, a build up of soil available N, P and K was 

registered in all the treatments after harvest of potato crop. maxImum 

soH available N, P and K was in the treatment T3 accounting for 

325.30 and 321.37 kg ha-I N, 20.90 and 21.29 kg ha-1 P and 194.34 and 225.43 

kg ha- I K during the first second year, respectively and remained statistically 

at par with treatment F I T4. data presented in the Table 4.1.17 also indicate 

that the increase in available N in the treatment FIT3 was 8.91 and 13.35 cenfl 

higher over uninoculated control of 100% N and P (F I T I) during 1999-00 and 

2000-01, respectively. The corresponding increase in available P was 25.60 and 

23.42 cenr l and that of available was 3.92 and 12.08 cenfl higher over 

treatment FIT, during both years. Howevert treatment F,T4 (100% Nand P + 

Bacillus spp.) computed an increase of 5.88 and 9.40 cenfl available N, 14,48 

and 15.19 cenfl available P and 2.19 and 9.57 cenCl available Kover FITl 

during 1999-00 and 2000-01, respectively. 
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This might be due to of biofertilizers might have 

increased the residual NPK status of the along with the application of 

inorganic fertilizers as also by Sharma (1989). Treatment F2Tl (75% N 

and P) recorded the minimum of soil available N, P and K (259.50 and 

247.23 kg ha- I N; 12.65 and 11.88 kg ha- ' P; and 176.95 and 186.87 kg ha-1 K) 

during the fIrst and second year, respectively. 

4.1.5 Economics: 

The data presented in 1.18 show marginal increase in cost of 

cultivation from Rs. 40,023 ha- ' (100% Nand P) to Rs. 40,545 (100% Nand 

P + 1 % urea and I % sodium bicarbonate + Azotobacter and Phosphobacteria) 

and Rs. 40,373 ha-1 (100% and P + Bacillus spp.). However, the 

couesponding increase at 75% recommended N and P levels was from 

Rs. 38,955 ha- I (F2T I) to Rs. 39,477 ha- I (F2T3) and Rs. 39,305 ha'i (F2T4)' 

During the fIrst year, cost of cultivation was lower than that of second year in all 

the treatments due to higher cost of inputs in the second year. Mean data of 

two years show that treatment FIT 3 recorded the highest gross return of 

Rs. 97,500 ha-1
, followed by treatments FIT,*, FITz, F2T3 and 4 with 

couesponding gross returns of 93,435; Rs. 91,755; Rs. 90,450 and 

Rs. 88,290 ha- I
, respectively, Likewise highest net return was obtained with the 

combined inoculation of Azotobacter and Phosphobacteria with 100% N and P 

(FIT)), followed by treatments FI 4, F2T3 and F2T4. These treatments produced 

21.01, 12.74, 8.30 and 4.08 cenfl higher net return, respectively over treatment 

FIT!. Singh (2001) and Singh and Sharma (2002) also obtained higher net return 

with the combined inoculation Azotobacter and phospho-inoculant culture. 

The net return rupee- l invested was higher \vith treatments (lAO), F!T4 

(1.31), F2T3 (1.29) and F2T~ (1 as compared to uninoculated controls (L18 at 

100% Nand P; and 1.06 at 75% Nand P). 

It could be concluded that the net return rupee,l invested can be 

maximised with marginal investment on biofertilizers as a cheaper source and 
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Resulis and Discussion 

may be used for sustaining agricultural production specially in 

like potato. 

feeder crop 

4.2 Experiment No.2: Levels and methods of 
potassium application for increasing its 
efficiency in potato: 

4.2.1 

4.2.1.1 

Growth parameters: 

Leaf area index: 

Potassium had profound influence on the leaf area index (LAI) which can 

be established from the fact that initial stage (50 DAP) the lowest pooled 

value of LAI (1.86) was observed in control and the highest (2.15) in the plots 

4.2.1; Fig. 4.2.1). LAI increased from 50 to 

70 DAP which might be due to increase in stem length and branches and 

decreased afterwards irrespective fertilizer treatments, This was probably due 

to the leaf senescence as the crop approached maturity. The LAI also increased 

with the increase in potassium Pooled data indicate that highest 

was recorded with 200 kg K20 1 2A8, 2.80 and 2.65 at 50, 60, 70 and 

80 DAP, respectively), which was statistically at par with 150 and 100 

K
2
0 ha- I in the year 1999-00 but superior to 100 ha- l at 50 and 60 DAP in 

2000-01. Control plots (Ko) recorded the lowest LAI (1.86, 2.08, 2.35 

and 2,25 at successive dates of observation). The positive effect of potassium on 

LAl was also reported by el (1993). 

The various methods of potassium application showed significant effect 

on the LAI at different growth stages of the crop. The highest LAI of 2.17, 2.51, 

2.82 and 2.66 at consecutive stages \\fere recorded when potassium was 

appUed full as basal (Mt ), which was, however statistically at par with M2 (2/3rd 

as basal + 1/3rd as top dressing at 30 DAP) and MJ (1/2 as basal + 112 at 

30 DAP as top dressing) in the year and significantly superior to treatment 

M
J 

during second year at all the dates of observation. Potassium applied full as 
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Fig.4.2.1: Effect of levels and metbods of potassium application 
on leaf area indices of potato. 
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Fig.4.2.2: Effect of levels and metbods of potassium application 
on total dry matter accumulation of potato. 
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Results and Discussion 

top dressing at 30 DAP (M4) showed the lowest values of LAl (1..96, 2.19, 

and 2.39 at 50, 60, 70 and 80 DAP. respectively), 

4.2.1.2 Dry matter accumulation: 

4.2.1.2.1 Dry weight of leaves: 

80 

The levels and methods of potassium application imparted a significant 

effect on dry matter (DM) production of leaves at all the crop groviith stages 

(Table 4.2.2). DM accumulation in leaves attained its maximum by the 70th day 

and declined afterwards. Senescence of leaves during this stage (70 to 80 DAP) 

might be responsible for the reduction of DM production. Pooled analysis t\VO 

years data indicate that application of potassium. at 200 kg K20 ha'! (~) 

registered the maximum d.ry weight of (86.21, 100.17, 114.08 and 108.05 

gm-2 at successive grovvth stages) and the effect was significantly higher over all 

other levels of potassium except for 150 kg K20 ha -I (K3) at 60 DAP in the year 

1999-00 and at 60 and 70 DAP in 2000-01. The Increase in dry weight of leaves 

with potassium application might be due to its association with the efficiency of 

leaf as all ass.imiIator of carbon dioxide and builder of plant substances. Control 

plots ~) recorded the lowest production of leaves (55.50, 60.50,67.50 and 

65.17 gm-l
) at aU the growth >:)lal:::vC>, 

Regarding the methods of application, the maximum dry weight of leaves 

was observed with M3 0/2 as + 1/2 as top dressing, at 3(} DAP) resulting, in 

86.75, 96.67, 108.13 and 103 gmw2 at each successive growth stages of 

crop and remained statistically at par with M2 except at 50 DAP during 1999-00. 

The results confirm the findings Singh and Singh (1995 a). 

4.2.1.2.2 Dry weight of stems: 

Potassium application had considerable influence on DM accumulation in 

stem which increased steadily ,.vith the age of the crop tin 70 days and decreased 

thereafter in both the years of experimentation (Table 4.2.3). DM accumulation 

in stem increased with the increasing levels of potassium but the effect was more 

pronounced at lower doses up to 100 kg K20 ha-l (K2). Pooled data show that 
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Results and Discussion 

highest stem dry weight was recorded when potassium was applied at 200 

kg K
2
0 ha- 1 (81.46, 92.80, 102.30 and 98.25 gm-2

) but the effect was statistically 

at par with 150'~g K20 ha-1 at aU growth stages in both the years. Control plots 
61l1t~Jifi'if'~ ~,~" . -:1 . 

(Ko) cpmputed)the least values (47.33, 52.00, 57.00 and 55.50 gm durmg 50, 
~ '~"~ ... _:~~;:-:::l!~>'"rnl&~'Y.·" 

60, 70 and 80 DAP, respectively). The increase in dry weight with potassium 

application might be ascribed to increase in the number of main stems. The 

results confirmed the fmdings of Singh and Raghav (2000). 

Among the methods of application, the highest dry weight of stem was 

obtained when potassium was applied in two equal splits (M3) producing 82.79, 

92.17, 100.79 and 97.92 gm-2 dry weight after 50, 60, 70 and 80 OAP 

respectively, which was significantly superior to other methods of potassium 

application except at 80 OAP in the first year and 50 DAP in the second year 

when M2 and M3 did not interact significantly. 

4.2.1.2.3 Dry weight of tubers: 

The DM production of tubers was atIected signiticantly by the levels and 

methods of potassium application at all the successive growth stages of the crop 

(Table 4.2.4). The DM yield of tubers increased with advancement of the age of 

crop till maturity, however, the rate of increase was rapid up to 70 DAP and 

thereafter it slowed down. Pooled data indicate that ail the potassium levels 

maintained their distinct superiority control (Ko), and 200 kg K20 ha-
I (~) 

accounted for the highest value at all the growth stages (176.79, 264.92, 441.59 

and 613.25 gm -2). However, this treatment (~) remained statistically at par with 

treatment K3 (150 kg K20 hawl
) at all the stages except at 50 DAP in 2000-01. 

The control plots receiving no potassium (Ko) recorded the lowest DM of tubers 

(109.84, 170.83, 307.50 and 424.17 gm-2
) at consecutive crop growth stages. 

Potassium is known to be responsible for enhancing the metabolic activities of 

plants and thus brings about better growth and size of tubers which is ultimately 

reflected by higher OM production of tubers. The results are in hamlOny with 

Bansal and Maibaum (1999). 
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Considering the methods of potassium application, the highest DM of 

tubers was registered in treatment M3 (174.42, 270.34, 452.00 and 627.42 gm~2 

at 50, 60, 70 and 80 DAP, respectively), which remained statistically at par with 

M2 at all the stages except at 70 and 80 DAP in the first year when they differed 

significantly. 

4.2.1.2.4 Total dry matter production: 

It is evident from the Table 4.2.5 and Fig. 4.2.2 that DM production 

gradually increased up to maturity of the crop and also increased with the 

increment of potassium application up to 200 kg K20 ha-
1 

(344.50, 458.00, 

658.00 and 819.50 gm-2 at 50, 60, 70 and 80 DAP, respectively) from pooled 

data of two years and the effect was significantly superior to the rest of the 

potassium levels, except at 70 and 80 DAP in the year 1999-00 and 80 DAP 
f Y' ~ ~' .,"'<: \. '~t~;~'1{ 

during 2000-01 where treatment K3 remained at par with'~. The data also 

reveal that association between tuber DM and total DM production became very 

much stronger with the advancement of the age of crop. Sharma and Ezekiel 

(1993), Nandekar et a1. (1999) and Umar et a1. (1999) also reported that 

application of potassium increased the contents of DM. The lowest total DM 

production was observed in the treatment Ko (212.67, 283.33, 432.00 and 544.67 

gm -2) at consecutive growth stages of the crop. 

Split application of potassium in two equal doses (M)) exhibited the 

highest total DM accumulation (343.92, 459.00, 660.92 and 828.67 gm-
2 

at 

successive grov;..rth stages) which differed significantly with rest of the methods 

of application except at 50 DAP in the second year where no statistical 

difference prevailed between M2 and M3. The increase in DM production by split 

application of potassium might be due to minimum loss of potassium though 

leaching and maximum availability during the crop period. Corroborative 

findings have also reported by Shukla and Singh (1976) and Singh and Singh 

(1995 b). 
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4.2.1.3 Crop growth rate: 

Crop growth rate (CGR) interacted significantly the levels and 

methods of potassium application at different growth of the crop till 

harvest (Table 4.2.6; Fig, 4.2.3). The CGR uni1' l area increased gradually from 

50 days reaching the maximum between 60-70 days. After 70 days, was a 

reduction in the ra~ COR In the early stages of growth (50-60 DAP), 200 

kg K20 ha- I (~) produced highest CGR (l1.86 gm-2d,l) in 1999-00 which 

was significantly higher over rest of the potassium levels. Hmvever, 

2000-01 potassium application at 150 kg ha·I(K) recorded the highest CGR 

(10.93 gm-2d· l
) but remained at with the highest dose Kt(l0.83 

During the peak gro'wth stage of the crop (60-70 DAP) the highest COR was 

obtained with l50 kg K20 ha-) (20.94 gm·1d-l)which remained statistically at par 

with 200 kg K 20 ha-1 (20.14 gm·ld-I) in the first year but during 2000-OJ, the 

effect was just reversed and treatment N registered the highest CGR of 19.88 

gm-2d"1, closely followed by (19.85 gm-2d-1
), The rapid increase in fresh 

weight of leaves and stems resulted in higher CGR at this and was due to 

availability of more nutrients for sustaining the plant as explained by Singh and 

Singh (1964). During 70-80 DAP, potassium application at 150 kg K20 ha-
1 

(K3) 

recorded the highest CGR (17.58 and 1 gm-2d-1 in 1999-00 and 2000-01, 

respectively) and remained significantly superior to 200 K20 ha'l (K4). 

Pooled data show that plots receiving no potassium (Ko) as usual recorded the 

lowest rate (7.07, 14.87 and 11 gm-2d-1)during consecutive time intervals. 

Potassium when applied half as basal and other half at 30 DAP (M3) 

recorded the highest CGR bet,:v'een 50 and 60 DAP (11,48 and 11.57 gm-
2
d-! 

during first and second year, respectively). However, during 60-70 DAP, though 

the same treatment (M3) produced the highest CGR (21.07 gm'2d'!) in the first 

year, M2 (potassium when applied 2/3 rd as basal and 1 rd at 30 DAP) 

recorded the highest value (19.3 gm-2d-1
) in the second year. The highest COR 

values during 70-80 DAP (18.36 and 16.49{ gm-2d-
1 

in 1999-00 and 2000-01, 

respectively) were also recorded M2· 
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4.2.1.4 Tuber bulking rate: 

Tuber b1:king rate (TBR) had also an increasing trend till the 70 tll day 

and thereafter if decreased irn;spective of treatments but the response was more .' 

pronounced when potassium was applied either as basal or in splits (Table 4.2.7; 

Fig. 4.2.4). It was also noticed that there was a positive relation between CGR 

and TBR as both the parameters followed the same trend up to maturity of the 

crop. During the initial stage (50-60 DAP), the maximum TBR was recorded at 

200 kg K
2
0 ha- l (9.55 gm"2d-l) and 150 kg K20 ha'l (8.79 gm-

2
d-

1
) in the first 

and second year, respectively. However, during the 60-70 and 70-80 DAP, 

potassium level at 150 kg K20 ha-! (K3) helped in increasing the TBR 

significantly resulting in values of 18.79 and 18,42 gm-2d-
1 

in 1999-00 and 17.49 

and 17.38 gm-2d'! in 2000-0 I, respectively. Pooled data show that control plots 

(Ko) resulted in the minimum TBR (6.10, 13.67 and 11.67 gm-
2
d·

1
) at successive 

time intervals. 
i'·~/,,'l." ·f ',: 

Among the various methods, treatment M3 influencea to lllcrease 

significantly higher values ofTBR (9.93 and 9.26 gm-2d-
1
) in both the years over 

other methods during 50-60 DAP. However, during 60-70 DAP, treatment M3 

(19.04 gm-2d- l ) and M2 (17.56 gm-2d-1
) accrued the maximum TBR in the first 

and second year, respectively. But the picture was quite reverse during the last 

stage of observation (70-80 I)AP) where treatments M2 and M3 registered 

maximum TBR of 18.99 and 17.23 gm-2d-1 in the first and second year, 

respectively. 

4.2.1.5 Net assimilation rate: 

The influence of and methods of potassium application was 

observed to be significant on net assimilation rate (NAR) of potato crop (Table 

4.2.8). NAR increased linearly up to 70 DAP, ma,ntaining the highest value 

during the interval between 60-70 DAP and then decreased. The levels of 

potassium application, however, failed to produce a uniform trend and exhibited 

inconsistent influence on the NAR values. During the initial growth stage (50-60 
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Results and Discussion 

DAP), application of potassium at 200 

produced the highest NAR of 5.19 and 5.21 gm-2d-! in the first and second 

respectively. However) the peak period of grmvth (60-70 DAP), 

potassium applied at 150 kg ha"1(K3) accounted for the highest NAR values 

(8.09 and 8.22 gm'2d'! in both years) and remained statistically at par with 50 

kg K 20 ha- I (KI)' During the last stages of observation (70-80 DAP)., highest 

value of NAR was registered with KI (6.78 gm,2d-1
) and K2 (6.76 gm·2d'i) in 

Pooled analysis of data show that control 

plots (Ko) receiving no potassium attained the lowest NAR (3.63, 6.78 

intervals. 

Split application of potassium> half as basal and another half at 30 DAP 

(M3) fetched the highest NAR values during 50-60 OAP (5.19 and 6.10 gm'2d'l) 

and 60-70 DAP (8.24 and 8.65 gm,2d-I) in both the years. But during 70-80 

DAP~ potassium applied 2/3 rd as basal + 1/3 rd at 30 DAP (M2) recorded the 

highest NAR (6.90 gm·2d'l) in the first year and potassium applied fully at 30 

DAP as top dressing (Mt) achieved the highest value (6.85 gm,2d']) in the second 

year. 

4.2.1.6 Leaf area duration: 

The various levels methods potassium application imparted 

significant eHect on leaf area duration (LAD) of potato during two years (Table 

4.2.9; Fig, 4.2.5). LAD values increased as the level of,~otassiunl increased and 

potassium applied at 200 kg K20 ha-1 (K4) recorded the longest LAD (73.50 and 

70,11 days), which remained statistically at with 150 K20 (72.34 and 

67.80 days) during two years. These findings are 

agreement with Singh et (1 

values of LAD (64.37 and 58..39 

Among the methods, 

longest LAD (73.24 and 71.00 

Control plots (Ko) resulted in the lO\'v'cst 

in both the years. 

applied fun as (M I) registered the 

and remained statistically at par with M2 

(71.86 and 68.08 days) during two years. The minimum value of LAD was 
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recorded in ~ (67.80 and 62.26 days) in both the 

potassium was applied after 30 days of crop growth. 

when entire amount 

Table 4.2.9 : Leaf area duration (days) of potato as influenced by levels and 
methods of potassium application 

Treatments 

SEm(±) 

CD(P=O.05) 

Ko vs. rest 

CD(P:=0.05) 

Methods of application 

MI 

M2 

M3 

M4 

SEm(±) 

CD(P=0.05) 

1 999-2000 
""-~ 

64.37 

68.06 

71. 14 

72.34 

73.50 
~ 

1.44 

4.14 

6.06 

73.24 

71.86 

71.83 

67.80 
-.~.---

1.44 

4.14 

4.2.2 

4.2.2.1 

Yield components: 

Tubers hilll: 

2000-2001 Pooled 
.--.-~ .... "~-,, 

58.39 6L38 

62.38 6522 

64.30 67.72 

67.80 70.07 

70.11 71.81 

1.53 1.56 

4.44 4.50 
---

6.48 6.54 
.~-

.00 72.12 

68.08 69.97 

63.25 67.54 

62.26 ()5.03 
--_._~h"~,",~~~' 

1.53 1.56 

4.44 4.50 

Levels and methods of potassium application accomplished significant 

effect on the number of tubers hill-l during consecutive years of study (Table 

4.2.10; Fig. 4.2.6) In the first year, the tubers hill'! increased with each additional 
" 

dose of potassium and the maximum number of tubers hill-I was noted with 

treatment K4 (8.58) which remained at par with K3 (8.17). However, during the 

second the highest value (9.75) was recorded with potassium at 150 kg 
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not with (8.67) and ~ (8.50). 

The lowest and in 1999-00 and 

2000-01, respectively). t\-vo years it is that though 

treatment KJ produced more number of tubers hUrl (9.00), it did not differ 

statistically with ~ and treatments K3, produced 

65.96, 53.19 and 14.51 more number of tubers hilr! over control (Ko), 

Singh et al. (1993) also opined that the mean number of tubers planf
1 

increased 

with increase in potassium fonn 30 to 150 kg K20 ha- l
. 

Methods of potasSiU111 application significantly influenced the number of 

tubers hilrl, but failed to any unifoml trend and therefore exhibited 

inconsistent influence. The maximum number of tubers hill,j was observed with 

M2 (S.OO) and M3 (9.50), 

and ~ (6.92) in the year 1 

the results that fertilization 

the minimum values were noted M3 (6.0S) 

and 2000-01, respectively. It is assumed from 

potassium has been conducive to enhance 

metabolic activities \vithin the plant, bringing about better growth and 

development, particularly 

number of tubers hilI-I 

the number and of tubers. The increase in 

be ascribed to the better assimilation of 

carbohydrates and their translocation to the tubers. 

4.2.2.2 Tuber yield: 

The tuber yield differed significantly due to levels and methods 

potassium application during both the years (Table 4.2.11; Fig. 4.2,7). The 

increasing levels of potassium from 0 to 200 kg K20 ha-
1 

gradually and 

significantly increased the yield. The highest yield (30.00 and 2S.00 t ha-
I
) was 

recorded with potassium application at 200 kg K20 ha,l (K4) which 

statistically at par with K3 and 27.92 t ha,l) and K2 (27.08 and t 

two years of experimentation. The minimum values (20.33 18.67 t 

were obtained with Ko Pooled analysis of two years data sho\'v' that 

application of potassium at 150, 100 and 50 kg K20 ha-
I 

increased the tuber 

yield by 47.43, 45.30, 

enzymatic activities and 

and 28,77 over control (Ko). Higher 

of photosynthates due to potassium 
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fertilization might be responsible for higher tuber yield. The increase in tuber 

yield due to potassium application has also been documented by Satyanarayana 

and Arora (1985), Humadi (1986) and Sharma and Arora (1988). The increase in 

tuber yield at 200 and 150 kg K20 ha"1 might be attributed to the increased LAl, 

COR, TBR and number of tubers hil!"l. 

The methods of potassium application showed marked effect on tuber 

yield and maximum yield (29.92 and 28.83 t ha-1
) was obtained with split 

application of potassium half as basal and half at 30 DAP (M) though it was 

statistically at par with M2 (2/3 rd as basal 113 rd at 30 DAP) producing tuber 

yields of 29.17 and 27.75 t ha·1 during both the years. However, potassium 

applied full at 30 DAP as top dressing (M4) showed the lowest tuber yield (26.25 

and 24.50 t ha*1) in both the years. The increase in tuber yield by split application 

of potassium might be due to minimum loss of potassium through leaching and 

maximum availability during the crop growing period as evinced by Shukla and 

Singh (1976). 

4.2.2.3 Grades of tubers: 

The various levels and methods of potassium application showed 

significant effect on the large, medium and small sized tubers during two years 

of study (Table 4.2.12; Fig. 4.2.8). The percentage of large sized (>50 g) tubers 

increased as the levels of potassium increa<;ed and the maximum number was 

obtained with treatment K4 (67.36 and 63.32 cenrl) in both the years, which was 

significantly superior to the rest of the potassium levels. However, potassium 

applied at 150 kg K20 ha- l (K3) recorded 59.82 and 58.71 cenf! of large sized 

tubers and remained at par with K2 (59.74 and 58.16 cenfl) in both the years 

while the minimum value was noted in control (Ko). This might be due to 

catalytic involvement of potassium in increasing large sized tubers. Krislmappa 

and Muddappagowda (1979) linked the increase in large sized tubers with 

increase in potassium dose. Application of potassium at 50 kg K20 ha-
1 

(Kd 

registered the maximum percentage of medium sized (25-50 g) tubers (34.58 and 

37.22 cenrl) and no statistical differences prevailed with Ko (34.43 and 36.31 
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cenr l ). The small sized «25 g) tubers was recorded under 

control (Ko) years (12.71 and 12.89 cenr l
), Ilooda and Pandita 

(1978) and Singh and Grewal (1987) indicated that successive increment 

of potassium application resulted in bigger sized tubers. 

The methods of potassium application, however, t~~iied to produce a 

uniform trend and exhibitt~d inconsistent influence on the different grades of 

tuber. The maximum percentage of large sized tubers (59.46 and 60,09 cenrl) 

was recorded when potassium was applied half as basal and half at 30 DAP (M)) 

and fun basal (Md in the first and second year, respectively. However, 

maximum percentage of medium sized tubers was noted with MI (34.62 cenr
l
) 

and Ma (33.92 cenrl) and that of small sized tubers with Ma (13.03 cenrl) 

and M2 (12.85 cenf i
) in 1999-00 2000-01, respectively. Singh and Singh 

(1995 b) also recorded that split application of potassium produced maximum 

number and weight of large si7..ed tubers. 

4.2.3 

4.2.3.1 

Plant nutrient analysis: 

NPK uptake by leaves: 

Potassium levels and methods significantly influenced the N, P and K 

uptake by leaves during consecutive years of study (Table 4.2.13), The N, P 

and K uptake by leaves varied and it ranged between 7.33-12.08,0.36-0.68 and 

5.54-11.06 kg ha-1, respectively during both the years. The maximum uptake of 

N, P and K by leaves was noted by the application of 200 kg K20 ha-
I (~) 

whilst the minimum uptake was recorded in treatment Ko" Similar results were 

reported earlier by Sharma (1992). Pooled data shov.' that the increase in N 

uptake over control (Ko) due to fertilization of potassium levels at 200, 150 and 

100 kg K20 ha- t was 54.24, 39.63 and 28.16 cenf\ respectively. However, such 

increase in P and K uptake was 65.00, 60.00 and 40.00 cenfl and 83.19, 62.86 

and 43.70 cenr1
, respectively. 

In general, split application of potassium significantly increased th.e N, P 

and K uptake by leaves over its full application as basal or as top dressing. The 
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highest and lowest uptake of P 

basal + 1 at 30 DAP) and 

DAP). respectively. Trehan and 

potassium at planting as well as at 

leaves was recorded with 

applied full as 

100 

(1 as 

at 30 

(1991) also reported that application of 

potassium In 
"rt,',-' 

leaflets in all the growth and this Increase potassium application at 

planting was more than that at earthing. 

4.2.3.2 NPK uptake by stems: 

42.14 reveal that the NPK uptake 

stems increased substantially to potassium application up to 200 kg K20 

. The N, P and K uptake by stems between 6.00-9.75, 0.16-0.55 and 

5.91 kg ha,I, respectively during 1:'.vo years of study. of 

potassium at 200 kg K20 ha-' (Kt ) the maximum uptake of N, P K 

by stems whereas the minimum uptake was obtained by treatment Ko (control). 

Pooled analysis of t\vo years data show that the N uptake was higher by 41.23, 

39.43 and 36.13 with 200, 150 100 kg K20 l1a-
1
, 

respectively over control (Ko). Corresponding to that P uptake was higher by 

147.37, 110.53 and 89.47 cenf1 and K by 68,23, 60.67 and 47.59 

respectively. This be explained due to better absorption of P and K 

the soil perhaps due to behaviour of the plants as explained by 

Sharma et al. (1999). 

The various methods of potassium application showed significant efiect 

on the uptake of N, P and K by stems. Potassium applied half as basal and half at 

30 DAP (M3) registered N, P and K uptake by This was 

by potassium applied as basal + 1/3 rd at 30 DAP (M2) during 

consecutive years of study. 

4.2.3.3 NPK uptake by tubers: 

Uptake of NPK was ::agIl11H:.an1n~ increased not only v.rith levels of 

potassium but also the me'mOilS of application 4.2.15). Pooted 

analysis of data reveal that successive increase in potassiwn application up to 
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200 kg K20 ha-1 (K4) significantly increased the Nand P uptake by tubers. In 

contrast, K uptake increased significantly only up to 100 kg K20 ha-
I 

(K2)' The 

maximum N, P and K'llptake by tubers were observed with ~ while control 

plots (Ko) accounted for the minimum uptake. Potassium levels at 200 (~), 

150(K) and 100 kg (K2) K20 ha- l accounted for 36.77, 30.44 and 22.48 cenfl 

higher uptake of N over control (Ko) respectively. However, such increase in 

P and K uptake was 56.47, 47.13 and 40.07 cenr l and 30.63, 25.84 and 20.00 

cenf l , respectively. The results, therefore, reveal that higher doses of potassium 

tended to increase higher uptake of N, P and K which in tum influenced the 

tuber yield of potato. It was also noticed that K uptake was higher than Nand P 

uptake indicating low requirement of P and higher K requirement of crop. These 

results are in conformity with the observation made by Krishnappa and Gowda 

(1988). Trehan and Sharma (1998) found that K uptake by tubers increased from 

61 to 92 kg ha-1 with increase in soil applied potassium from 0 to 99 kg ha-
1

, 

Such a significant improvement in the uptake of nutrients could be attributed tc 

better vegetative growth of the plant and proliferous root system which led tc 

higher absorption of nutrients. 

The uptake of N, P and K by tubers was significantly affected by th< 

methods of application. The application of potassium in two equal splits (M3: 

recorded the maximum N, P and K uptake by tubers and the minimum uptah 

was registered by potassium applied full as top dressing at 30 DAP (~) in bott 

the years. Similar observation was also made by Trehan and Grewal (1991) whe 

observed that application of potassium both at planting and at earthin~ 

significantly increased the concentration of K in tubers and removal of K b) 

tubers. 

4.2.3.4 Total uptake of NPK: 

The uptake of N and K by potato plants increased significantly wit! 

subsequent increase in potassium level from 0 to 200 kg K20 ha-
1
, while 1 

uptake increased significantly only up to 100 kg K20 ha-
I 

(Table 4.2.lE 

FigA.2.9). Potassium applied at 200 kg K20 ha-1 ("Kt) accounted for th 



.... 
.::c: = .... 
C. = c.. 

"0 

'" "0 
0 

Q,. 

-0 
0 
N 

I 
<:> 
<:> 
<::) 
N 

0 
C 
0 
N 

~ 
Q\ 
Q\ 

0 00 

e: V) 

..... ".; 
0\ 0 

-; 
« 
.c 
~ 

.;;(. ._. 
0 

N 

::.G 
'-
0 

'" <:i 
;.-
OJ 0 ;,2 ...l ::.:::: 

" 

00 
0; \0 

<>:: '''' 1""1 -'-
"- -_--

N "<j" 

"" 0; If) 
'\1 - V"l -

·'l ~ d-j 
t 
~ Rl 

r:2 ~ b 
If) - 0\ N M , 

0 0 

.-

0\ "<t 
0! 00 

0 d 

~ _--

N -'" V) . ' 0 -
_. 

V"l I'-
00 ~ 
0 N 

"} 

0\ I'-

~ 00 V"l 

0 N 

0 l:"- ., 
V) M \0 

0\ 00 
ci N 0 0 --

~ .,.., 
e: 

~ 0 

~ II 
Q,. 

E Cl ~:. [..Ll 
U"l u 

J_----'_-'-__ "_.~ ..... ~ ... __ ~_ 

-'" '" .. 
cO 
:>-

'" :::::: 

104 

I~ r- '" -
""" '"'"' ~ r- \0 00 
00 ..c - -i ¢<! <'1 ,._: N N M - - ""' - - ~ 

r--

N In V"l N 
00 'D N C' M N V 
0 0 - v) 0 0; If) 
00 - N N - - '" - - - -

I-~ -"--
r- 0' 1"" -0, M 'Ct ,..., - r-.. 0, 

N 0 - i""" ~ 0; ~ 
00 N r~. t"> - - I("l 

-~ - -
r--~' r--~' 

\0 '<;f' - <: \0 r--- I"-
M 0, '"': N I"-- 0\ 0< 0 00 0 0 

I---

! 
N - V) 0- "l" 0- M 
0! I/') 0\ ~ - N 00 - 00 00 0, <Xi 0 d 

r--- ---

0 - \0 00 0\ N ..... 
N CC I.t') 

0! d 0 M If"\ V) ..... 0\ 0 N - - - -
f---

V) 0 0, 00 
0'1 <'l OC "'! "": "" \0 
V'> 

'" 00 - M <>:: "<t 
M 0 0 - <::> 0 N - - - -, 

-
M r-- Vi M "<j" 
00 ~ ~ M '" r--

t"-; 00 N V'I r-..: 00 V) 

M 0, 0 0 0'> ci N - -
I . 

r---

l"-- N M N - ~ 0; M "<j" M 00 
0") - 'Ct r-..: 0: 0- ~ 
M - - - 0 6 N .- - - -

c 
0 

+:: 
f-- eo! 

~ 
~ 
C-
CI:! .--.. ..... ~ .,.., 0 II') 

i 0 
'" 

0 
ci 0 "C 
II 0 II 

Q,. .c Q,. 

i5 - Cl ... 
i 

t, M i u ~ ~ 2- u 
_-- -.- ~"-.-"" .. 



140 _-
120 , 

~ -= 
CD e 100 

~ 
.:t 

80 
~ - 60 §" 
~ 40 
~ 

20 Z 
0 

, 

r-

~~ 
rr- Jr" 

~ 

~ , ~ g g 53 ~ @ . 53 @ 

KO K 1 K2 K3 K4 Ml M2 M3 M4 

~ N uptake E2i9 P-uptake ~ K uptake I 

-

160 

140 

120 
'7-
~ 

.c: 
100 CD 

.:t 
'-' 80 ~ 
.:t 

60 ~ -Co 
- 40 :s 

~ 
20 

0 

Fig.4.2.9: Effect of levels and methods of potassium application 0 N 

total uptake of NPK by potato plant. 

r--------_______________ ~ ___ ~ 

18 

16 

_- 14 '-e: 
~ 12 

5 10 
.D 

!: 8 o 
CIl E 6 
o 
~ 

75 90 
Period of sto~age (days) 

Fig.4.2.10: Effect of levels and methods of potassium application 
on rotting of stored potato tubers. 

~KO 

ImK1 

131<2 

IlK3 
IiBK4 

e:J M1 

181M2 

I2!M3 

R9M4 



Results and Discussion 105 

maximum uptake ofN, P and K and the minimum uptake was recorded with Koo 

Pooled analysis shows that the N uptake was higher (0 the tune of 38.74, 32.00 

and 24.11 cenfl with the application of 200, 150 and 100 kg K20 ha-1
, 

respectively over control (Ko). The corresponding increase in P uptake was 

59.79,49.48 and 41.11 cenfl K uptake was 37.18, 31.20 and 23.90 cenf l
, 

respectively. This was because of higher availability of these nutrients and 

increased crop biomass production at higher potassium levels. Total uptake of K 

increased with increasing levels of applied potassium from 0 to 180 kg K20 ha- I
, 

which is evident from the observations of Singh et ai. (1996) and Sharma et at 
(1999). 

Potassium applied in splits significantly increased N, P and K uptake 

plants than its full application as basal or as top dressing. The treatment M3 

(112 as basal + 112 at 30 DAP) accrued the maximum N, P and K uptake during 

successive years of study, followed by M2 (2/3 rd as basal + 113 rd at 30 DAP) 

and MI (full basal). 

4.2.4 Soil available NPK: 

There was a build up in soil available N and P at all the levels of 

potassium after the completion the experiment. However, with the exception 

of treatment Ko{control) and K 1(50 kg K20 there was also a build up in the 

initial available K (Table 4.2. 17)., In general, a decreasing trend of soil available 

Nand P was observed with increasing levels of potassium, however available K 

in soil increased with increase in the flevels of potassium application. The 

maximum soil available N (306.21 and 290.62 kg ha- I
) and P (19.76 and 21.67 

kg hawl
) in two years was observed in control (Ra) while the values were 

minimum in 200 kg K20 ha-l (Kt). The increase in available N in the treatment 

Ko was 19.47 and 24.17 cenfl higher over 200 kg K20 ha·
j (~) during 1999~OO 

and 2'000-01, respectively. The corresponding increase in available P was 58.08 

and 44.47 cenr 1 during both the years. Potassium application, however, affects 

the K dynamics in the soil and showed a negative balance in soil with its 
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',:;i. 

application at 0 and 50 kg K20 ha . The maXImum soil available K was 

registered at 200 kg K20 ha·1 (183.90 and 193.88 kg ha'l) in both the years. 

Among the various methods, full application of potassium at 30 DAP 

(~) recorded the maximum soil available N, P and K values, which remained 

statistically at par with potassium applied in two equal splits (M3) except the 

available K in 2000-01 where statistical ditTerences prevailed. 

4.2.5 

4.2.5.1 

Storage behaviour: 

Physiological loss in weight: 

Significant variations were observed in the physiological weight losses of 

stored potato tubers at varying levels and methods of potassium application from 

two years trial (Table 4.2.1 S). Physiological weight reduction increa1 as the 

period of storage proceeds and t~e losses varied from 0.77 to 1.55, 1.67 to 2.46, 

2.63 to 3,78, 4.07 to 5.28, 7.13 to 8.93 and 10.83 to 13.73 cenr
1 

after 15, 30,45, 

60, 75 and 90 days of storage, respectively. Application of potassium at 200 kg 

K
2
0 ha') (Kt) exhibited the minimum weight loss and possess better keeping 

quality up to 90 th day of storage, followed by its lower doses of 150 kg (K3) and 

100 kg K20 ha"' (K2), On the other hand, control plots (Ko) receiving no 

potassium showed very poor keeping quality with maximum weight reduction 

during consecutive years of study. Singh et ai. (1996) reported that application 

of 180 kg K20 ha-1 reduced weight loss in tubers by 22 cenr
l 

over no 

potassium after 14 weeks of storage. 

Pooled data reveal that potassium applied full at 30 DAP a"l top dressing 

(~) recorded the minimum weight loss at each fortnightly intervals up to 90 th 

day of storage except at 60 th day of storage where potassium applied half as 

basal and half at 30 DAP (Mj ) showed minimum weight loss. The results 

corroborate the findings of Sharma and Ezekiel (1993). 

4.2.5.2 Rotting of tubers: 

There were significant variations in the spoilage of stored potato tubers at 

varying levels and methods of potassium application (Table 4.2.19; Fig. 4.2.10). 
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Rotting of stored tubers started after 60 days of storage and 

between 3.40~1 1,28 and 7Jn-17.83 at 75 and 90 days~ respectively. 

Rotting of tubers decreased by increasing le,veIs of potassium and sho\vOO 

minimum value in the treatment ~ (200 KzO ha'!) which interacted 

significantly with other levels of potassium application. Control plots receiving 

no potassium (Ko) exhibited the maximum of tubers. The are 

with el (1996). 

application at 30 nAP as top dressing (~) CWlo.t~~OO'" 

the minimum spoilage of tubers~ being statistically at par with M3 during both 

the years but signiticant1y differed with treatment M2 and M t • TIle results 

indicate the possibility of storing potatoes .under normal room temperature for a 

period up to 90 days, 

4.2.6 Response function: 

The relationship. between mean of potato and potassium. 

levels was worked out b fitting quadratic production function. 

4.2.11) sho t increasing amount of fertilizer input the 

yields'increased with diminishing return up 200 kg K20 ha·1, The ecc~nOJnlC 
optimum dose of potassium was worked out as 157.8 kg K20 ha- I the 

corresponding value of optimum was t 113-1• Under the existing soH 

and weather conditionst potassium levels can be extended to the maximum 

K20 ha-I (physical optimum level) with the highest tuber yield of 

4.2.7 Economics! 

The response of potato tubers to each kilogram of applied potassium 

(kg tuber kg-l K20) \-.vas maximum at 50 kg na- i being 72.6 kg ha- I
, 

response decreased with increase in the levels of K20 v.rith values 63,1 

kg at 100 and 150 K20 ha"', respectively and was minimum 

K20 ha'i (44.1 kg ha- t
); The benefit: cost increased with m 

potassium levels and ranged from 0.28 to 0.66 
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at 200 kg K20 ha- 1 (0.66). At optimum dose, the benefit: cost ratio was 0.62. 

Gross return also increased increase in potassium application and was 

maximum at 200 kg K20 ha·1 (Rs. 85,342). The increase in gross return at 50, 

100, 150 and 200 kg K10 ha-! was 17.54, 30.34, 38.41 and 41.74 cenCi, 

respectively over no potassium level (controI). The results suggest that there was 

a positive response of potato up to 200 kg K20 ha- I
• The finding confinns well 

with the observation ofShanna et (1999). 

4.3 

4.3.1 

4.3.1.1 

Experiment No.3: Evaluation of Dutch and 
Indian potato cultivars for processing: 

Growth parameters: 

Leaf area index: 

Variation in the growth of leaf area was noticed among different cultivars 

at various stages of crop growth both the years (Table 4.3.1; Fig. 4.3.1). Leaf 

area index (LAI) increased with the age of the plant and reached its maximum 

value at 70 days and thereafter the rate of leaf growth decreased in all the 

cultivars, owing to leaf senescence for aging of the crop. The rate of increase in 

leaf area was relatively slow in the early grov.rth stages (till 60 DAP) and 

between 60 and 70 DAP the rate of leaf growth became faster with the exception 

of Dutch cultivar Sante which showed relatively faster increase of leaf area 

between 50 and 60 DAP as compared to later stages of crop growth. The pooled 

data of nvo years show that the Indian cultivar Kufii Chipsona-l produced larger 

leaf area (1.90, 2.16, 2.42 and 2.30 at different stages of crop growth till harvest) 

and significantly superior to aU other cultivars. Indian cultivars also registered 

higher leaf area indices as compared to the Dutch cultivars at 70 and 80 DAP> 

But this trend was [lot observed at early growth stages (50 and 60 DAP) when 

Cardinal and Diamant recorded higher or equal LA! values with respect to Kufd 

Jyoti. However, anlong the Dutch cultivars, Cardinal exhibited greater LA! 

values (1.67, 2.10 and 1.98 at 50, and 80 DAP, respectively) but at 60 DAP 

Diamant recorded the greater LA! (1.84). Similarly the minimum LAl was 
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recorded in the Dutch cultivar Sante (1.09, 1.58 and 1.44 at 50, 70 and 80 DAP, 

respectively) while at 60 DAP Fresco showed the minimum value (l.40). 

It is evident from the results that the LAI values of Kufri Chipsona-l and 

2, KufTi Jyoti, Cardinal and Diamant generally remained higher (around 2.00) 

throughout the active tuber bulking period which indicated that these plants were 

capable to put forth sufficient assimilatory apparatus unifl land area at the very 

early stage of tuberisation. These characteristics are very ideal for sizeable tuber 

production in short winters of West Bengal. 

4.3.1.2 Dry matter accumulation: 

4.3.1.2.1 Dry weight of leaves: 

Dry weight of leaf was significantly influenced by the Dutch and Indian 

potato cultivars at all the crop growth stages during two years of trial (Table 

4.3.2). The dry weight of leaf increased with the age of the crop till 70 DAP and 

then at 80 DAP the leaf dry weight reduced considerably irrespective of 

cultivars. During the active grovvth period (50-70 DAP), the plant rapidly 

accumulated dry matter (DM) and thereafter it slowed down due to senescence 

of leaves and slowness of growth activities. 

Dry weight of leaf of potato cultivars varied an~ iJ;;c ranged between 

48.12~108.00; 54.32-120.33; 56.70-133.54 and 52.68~124.0~at 50, 60, 70 and 80 
~ 

DAP among the different cultivars during two successive crop seasons. Pooled 

data reveal that the leaf dry weight was highest in the Dutch cultivar Cardinal at 

50 DAP (92.66 gm-2
) whereas Martena recorded the highest dry matter of leaves 

at all other stages of crop growth (102.78, 114.06 and 107.67 gm-2 at 60, 70 and 

80 DAP, respectively)and remained statistically at par with Cardinal. The Dutch 

cultivar Fresco recorded the mininmm dry weight of leaves at 50 DAP (57.93 

gm-2) while during 60, 70 and 80 DAP, Indian cultivar Kufri Chipsona-2 

produced the minimum values (67.27, 72.03 and 68.23 gm-2
, respectively). 

Marwaha (1998 a) reported similar higher dry matter content in exotic cultivars 

as compared to Indian cultivars. 
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Plate 4.3.1 : Potato plants of Ajax, Cardinal and Diamant 
at 60 days after planting 



Plate 4.3.2 : Potato plants of Fresco, Marfona and Sante 
at 60 days after planting 



Plate 4.3.3 : Potato plants of Kufri Chipsona-l. Kufri Chipsona-2 
and Kufri Jyoti at 60 days after planting 
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4.3.1.2.2 Dry weight of stems: 

It is evident from Table 4.3.3 that the dry weight of stems increased 

steadily with the crop age irrespective of cultivars up to 70 days and declined 

thereafter. Significant variations in the DM accumulation in stem among 

the cultivars were noted and it ranged between 43.91-93.54; 47.24-98.25; and 

49.12-109.23 gm·2 at 50, 60 and 70 DAP, respectively and declined thereafter 

with a range from 48.08-105,87 gm.2 at 80 DAP during both the years. The 

pooled data show that dry weight of stem was maximum in the Dutch cultivar 

Cardinal (84.81, 93.38 and 94.60 gm·2 at 50, 60 and 80 DAP respectively); 

which remained statistically at par with Marfona whereas during 70 DAP 

Marfona exhibited the maximum value (96.41 gm.2) and no statistical differences 

prevailed with Cardinal. Growth of robust stems might have contributed higher 

DM accumulation in these cultivars that was also observed by Shaheen et at. 

(1995) and Marwaha (2001). Despite having higher leaf area indices, Kufri 

Chipsona-l and Kufri Chipsona-2 produced significantly lower DM 

accumulation in stems in comparison to Dutch cultivar Cardinal at all the dates 

of observation during consecutive years of experimentation due to growth of 

medium thick stems in these cultivars. However, dry weight of stem was 

minimum in the Dutch cultivar Fresco (50.43, 60.40, 63.78 and 60.77 gm-2 at 

50, 60, 70 and 80 DAP, respectively). 

4.3.1.2.3 Dry weight or tubers: 

The Dutch and Indian cultivars imparted significant effect on the DM 

accumulation of tubers at different stages of growth till harvest (Table 4.3.4). 

The dry weight of tubers progressively increased with the age of the crop 

irrespective of cultivars up to harvest. However, the rate of DM accumulation in 

tuber was slightly higher between 60-70 DAP which might be due to maximum 

tuber bulking that took place during this stage. Pooled data of two years reveal 

that the Indian cultivar Kufri Chipsona-l accounted for significantly maximum 

dry weight of tubers (182.83, 283.06, 439.83 and 583.01 gm·
2 

at SO, 60, 70 and 
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80 DAP, respectively). This was followed by Kufri Chipsona-2 at 50 and 60 

DAP (172.87 and 261.45 , respectively) while 70 and 80 DAP Dutch 

cultivar Cardinal fbBowed Kufri Chipsona-l (423.57 and 573.31 gm·2
, 

respectively). Gaur et at. (1999 b), Kumar et al. (1999 b) and Singh el al. (1999) 

reported significantly higher tuber DM of Kufri Chipsona-l and 2 at various 

locations. The Dutch cultivar Marfona produced the minimum tuber DM (112.35 

and 177.57 gm-2 at 50 and 60 DAP, respectively) but l~resco showed the 

minimum values (281.05 377.00 at 70 and 80 

respectively). 

Ezekiel et (1999) opined that the minimum temperature 

is more than 120e especially during the last 30 days of crop gro\vth, a DM 

content of 20 cenf! or morc could be expected. The Indian cultivars Kufri 

Chipsona-l and 2 and Dutch cultivar Diamant recorded up to 3.11 cenfl higher 

DM content of tubers than Kufd Jyoti (control) at 80 DAP, while the other 

Dutch cultivars exhibited iovllcr values. The meteorological data in Table 3.2 

show that the mean minimum temperatur{is)above loge during the crop gro\vth 
',".. " 

period and above 14(lC particularly at the time of maturity that resulted in higher 

tuber DM in aU the cultivars, particularly the Indian ones, Kufri 

Chipsona-l and 2 having more than 20 cenfl DM, can. therefore, be considered 

good for processing into chips as proposed by Brody (1969). 

4.3.1.2.4 Total dry matter production: 

A significant variation DM production of plants was observed among 

the cultivars at all the crop growth stages during consecutive years of study 

(Table 4.3.5; Fig. 4.3.2). The total DM accumulation increased gradually with 

the advancement of crop age to harvest, which might be due to continuous 

translocation of photosynthates from source to sink till harvest of crop. 

total DM production potato cultivars varied and it ranged between 

1.00-343.29, 298.98-455.85,403.00-643.02 and 488.64-790.65 gm-
2 

at 50, 60, 

70 and 80 DAP, during two years of experimentation. Similar 

varietal differences in DM """,,,",,,,,,1' Indian and exotic potato cultivars have 
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been reported by Verma el al. (1971) and Matwaha and Kumar (1987), Pooled 

analysis of data reveal that during the early growth stage (50 DAP), total DM 

accumulation was highest in the Indian cultivar Kufri Chipsona-l (332,46 gm-2
) 

indicating its early bulking nature and significantly superior to the rest of the 

cultivars. However, during 60, 70 and 80 DAP, Dutch cultivar Cardinal showed 

the maximum values of 440.48, 627.10 and 772.33 gm-2
, respectively. This was 

closely followed by Kufri Chipsona-l at 60 DAP (440.42 gm-2) but at 70 and 80 

DAP inte,ra9t~d significantly with Diamant (602.74 and 753.02 gm.2, 

respecti~~iy). The Indian cultivar Kufri Chipsona-2 also produced significantly 

higher DM (302.66, 398_70, 540,49 and 641.25 gm-2 at different growth stages 

till harvest) than Kufri Jyoti (control). The above finding confrrm the results of 

Kumar el al. (1999 c). However, at all the dates of observation Dutch cultivar 
~'h~'t,,~~\ 

Fresco ~/the minimum values of total DM accumulation (226.19, 

308.54, 41'~;r24 ~d 508.63 gm-2
) at 50, 60, 70 and 80 DAP. respectively. 

4.3.1.3 Crop growth rate: 

The cultivars varied significantly with respect to crop growth rate (CGR) 

at aU the dates of observation during 1999-2000 and 2000-2001 (Table 4.3.6; 

Fig. 4.3.3). CGR attained its maximum value at 70 DAP, thereafter biomass 

production decreased in all the cultivars. It was also noted that the highest CGR 

of potato plant was achieved during the period between 60-70 DAP in all the 

cultivars. Pooled data show that the Dutch cultivar Diamant accrued the highest 

CGR between 50-60 DAP (12,44 gm-2d- l
) and 70-80 DAP (15.03 gm-2d'!), 

followed by Cardinal (11.80 and 14.52 gm-2d-1 during respective growth 

intervals) while during 60-70 DAP the effect was just reversed and 

Cardinal fetched the highest CGR values (18.66 gm-2d-l
) followed by Diamant 

(17.73 gm-2d- I
). The Indian cultivar Kufd Chipsona-l also resulted in 

significantly superior CGR values (10.80, 16.05 and 13.78 gm-2d-1 at respective 

time intervals) over Kufri J:yotL During the period between 50-60 DAP and 

70-80 DAP, the Dutch cultivar Sante accounted for the lowest CGR values 

(7.86 and 8.05 gm-2d-1, respectively), however during the interval 60-70 DAP, 
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Fresco recorded the minimum value (1l.07 gm-2d· I
). Similar findings were also 

reported by Sahota and Singh 985). who reported that the dry weight of leaves 

was maximum during the interval behveen 55-75 DAP. 

Thus it can be visualized that the active growth phases of aU the cultivars 

are mostly covered behveen 60-70 DAP. The photosynthate produced during this 

critical period is mainly translocated to the developing tubers, since the demand 

of the tubers for carbohydrate at this stage surpasses the requirement of other 

organs. 

4.3.1.4 Tuber bulking rate: 

Tuber bulking rate (TBR) increased linearly up to 70 DAP and maximum 

tuber bulking took place during 60-70 DAP and thereafter it decreased in all the 

cultivars during two successive crop seasons (Table 43.7; Fig. 4.3A). The 

reduction in the rate of tuber bulking after 70 days of crop growth might be due 

to lesser efficiency of photosynthetic perceptive organ and consequently lower 

accumulation of photosynthate to the harvesting organ and senescence the 

lower leaves. Pooled data of two years reveal that the Dutch cultivar Diamant 

recorded significantly higher values of TBR at 50~60 and 70-80 DAP with 

values of lOA7 and 15.64 gm-2d-1 respectively and significantly superior to other 

cultivars. However, during the 60-70 DAP, the highest value of TBR 

was fetched by Dutch cultivar Cardinal (17.82 gm-2d'\ followed by Diamant 

(16.76 gm·2d-1
). Indian cultivar Kufri Chipsona-l exhibited significantly higher 

TER values (10.02, 15.68 and 14.32 gm·2d·! at the respective time intervals) over 

Kufri Chipsona-2 and Kufri 1yot1. The result is in conformity with the findings 

of Das et ai, (200 I). On the other hand. the picture on the minimum TBR was 

quite inconsistent and the minimum values during 50-60 and 60-70 DAP were 

accomplished by Dutch cultivar Fresco (6.03 and 10.29 gm·2d- J
) while Sante 

recorded the minimum TBR during 70-80 D.A..P (8.73 gm-2d·1
). 
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4.3.1.5 Net assimilation rate: 

The capacity of potato cultivars to increase dry weight in tenus of their 

assimilatory surface varied significantly at different stages of crop growth (Table 

4.3.8). Net assimilation rate (NAR) increased gradually up to 70 DAP and 

afterwards it decreased in all the cultivars. The NAR was found to be higher 

during the initial growth period (being maximum during 60-70 DAP) compared 

to later period, which might be due to the mutual shading efIect of leaves at the 

later stages (70-80 DAP) of plant growth. These results are in confonuity with 

the findings of Watson (1958) \\'ho reported that owing to the mutual shading of 

leaves LAI tends to be negatively correlated to NAR. 

Dutch cultivars in general maintained conspicuously higher NAR values 

than the Indian potato cultivars. Pooled data of two years show that the 

maximum NAR was resorted to Diamant during the early (50-60 DAP) and later 

stages (7,9-80 DAP) of crop growth with values of 7.40 and 7.50 gm-
2
d-

l
, 

respectively and significantly superior to other cultivars. Cardinal (6.81 and 7.19 

gm-2d- l ) followed this at respective time intervals. Likewise, Cardinal recorded 

the maximum NAR values during the period of 60-70 DAP (9.62 gm-
2
d'!)j 

followed by cultivar Diamant (9J6 gm,Zd- I
). However, Indian cultivar Kufri 

Chipsona-2 maintained the lo"\vest NAR (5.27, 6.79 and 4.65 gm·
2
d-

1 
at the 

respective growth stages). 

4.3.1.6 Leaf area duration: 

The Dutch and Indian potato cultivars significantly influenced the leaf 

area duration (LAD) during consecutive two years (Table 4.3.9 Fig. 4.3.5). The 

Indian cultivar Kufri Chipsona-l reckoned the longest LAD (64.47 and 60.84 

days) in both the years and remained statistically at par with Kufri Chipsona-2 

(61.52 days) and Dutch cultivar Diamant (58.27 days) in the first and second 

year, respectively. Pooled analysis of two years data reveal that among the Dutch 

cultivars, Cardinal exhibited the longest LAD of 54.46 days. The minimum 
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of LAD was obtained the Dutch cultivar Sante (38.78 and 36.50 days) 

during two years. 

It is evident from the results that the ground cover duration of leaves of 

potato cultivars was very consequently the hybrid tubers perform 

wen to maintain the higher LAD values. 

Table 4.3.9 : Leaf area duration (days) of Dutch and Indian potato cuitivars 

Treatments 1999-2000 

Ajax 16 

Cardinal 58.57 

Diamant 47.52 

Fresco 

Marfona 51.78 

Sante 38.78 

Kufri Chipsona-l 64.47 

Kufri Chipsona-2 61 

Kufri Jyoti 56.44 

r 
S.Em(±) 3.30 

9.91 

4.3.2 

4.3.2.1 

Yield components: 

Tubers hill-1: 

2000-2001 Pooled 

44.24 47.20 

50.34 54.46 

58.27 52.90 

4L11 42.03 

44.06 47.92 

36.50 37.64 

60.84 62.66 

51.78 56.65 

48.92 52.68 

4.16 2.91 

12.50 8.73 

Dutch and Indian potato cultivars displayed significant variations for 

number of tubers hill· l during both the years (Table 4.3.10; 4.3.6). The 

maximum number of tubers was recorded in Indi.an cultivar 

Chipsona-l (9.11 and 9.3 7) which remained statistically at par with Dutch 

cultivar Cardinal (8.74) and MarfDna (8.77) in the first and second year, 

respectively. Indian cuhivar Chipsona-I produced 15.61 and 28. I 8 cenr l 
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more tubers than Kufd Jyoti (control) during 1999-2000 and 2000-2001, 

respectively which might have attributed to higher DM production, CGR, TBR 

and LAD values of this cultivar in comparison to others. Minimum number of 

tubers hill- l was recorded in Dutch cultivar Fresco (6.31) and Ajax (6.72) in the 

first and second year, respectively. 

4.3.2.2 Tuber yield: 

A significant variation in tuber yield was observed among the cultivars 

(Table 4.3.11; Fig .. 4.3.7). Dutch cultivar Cardinal accrued the maximum yield of 

tubers (31.33 and 29.72 t ha· l
) with a yield increment of 24.23 and 16.32 cenr l 

over control in the ftrst and second year, respectively. Diamant (30.22 and 29.30 

t ha- I
) showed an increase of 19.83 and 14.68 cenfl yield over indigenous 

Kufri Jyoti (control) but remained at par with Cardinal. Pooled dat{t also 

that Indian cultivar Kufri Chipsona-l showed an yield increment of 4.49 

cenr l over controL Dutch cultivar Fresco recorded the lowest yield of tubers 

(20.33 and 20.83 t ha-1 in the first and second year, respectively). Similar 

differences among these cultivars have been reported by Gaur et al. (1999 a) at 

Modipuram in North Western plains and Roy et at. (l999) at Midnapore in 

Eastern plains. 

Under environmental condition of the present investigation, Dutch 

cultivars Cardinal and Diamant and Indian cultivars Kufri Chipsona-l, Kufri 

Jyoti and Kufri Chipsona-2 emerged as superior in terms of yield potentiality. 

Higher LAI,. CGR, DM accumulation and more number of tubers might have 

contributed to higher tuber yield in these cultivars. 

4.3.2.3 Grades of tubers: 

The data presented in Table 43,12 and Fig. 4.3.8 indicate that percentage 

of large sized tubers (>50 g) rangf'Ai between 46.15-67.43 cenfl, medium sized 

tubers (25-50 g) between 21.12-38.43 cenfl and small sized tubers «25 g) 

between 7.82-18.33 cenf l among different cultivars during both the years of 

study. Similar differences in different grades of tubers among these cultivars 
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Plate 4.3.4 : Cut and whole tubers of Ajax, Cardinal and Diamant 



l 

MARFONA 

Plate 4.3.5 : Cut and whole tubers of Fresco, Marfona and Sante 



Plate 4.3.6 : Cut and wbole tubers of Kufri Cbipsona-l, 
Kufri Cbipsona-2 and Kufri Jyoti 
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were reported by Gaur et al. (1999 a) for Modipuram in North Eastern ~lajns? 

Roy et aL (1999) for Midnapore and Chertri et aL (2001) for Hooghly in West 

Bengal. Pooied data show that when yield comprising the large and medium 

sized tubers (>25 g) was considered, the maximum percentage of large sized 

tubers was recorded in Dutch cultivar Cardinal (64.96 cenf!), closely followed 

by Indian cultivar Kufri Chipsona-l (61.35 cenf\ while maximum yield of 

medium sized tubers was obtained in Dutch cultivar Marfona (37.9& cenr\ 

closely followed by Diamant (36.74 ). The percentage of tuber yield 

containing small sized tubers «:25 g) was highest in Kufri Chipsona-2 (15.97 

cenf\ closely followed by Marfona (15.25 cenf1
), 

From the results, it is evident that both the cultivars Cardinal and Kufri 

Chipsona-l, which produced more than 89 cenfl large and medium sized tuber 

yield; have potential for large-scale cultivation in West BengaL However, 

Cardinal is susceptible to late blight and produces red-coloured tubers. 

Considering that white-coloured potatoes arc preferred in West Bengal except in 

a few-pockets and late blight appears almost every year, cultivation of Kufri 

Chipsona-l and Kufri Chipsona-2 will be successful for replacement of Kufri 

Jyoti in future, which has now gone susceptible to late blight. MoreDver, with 

cultivation of Kufri Chipsona-l in West Bengal, processing potatoes from the 

state can be provided to the processors both to organized and urlorganized 

sectors. 

4.3.3 

4.3.3.1 

Physical characters: 

Specific gravity: 

Specific gravity of tubers differed significantly among Dutch and Indian 

potato cultivars during two consecutive years of study (Table 4.3.13; Fig. 4.3.9). 

Differences in specific gravity of tubers of potato cultivars were observed and 

the values ranged between 1.050 and 1.082 in both the years. Tubers of Indian 

potato cultivar Kufri Chipsona-2 exhibited the highest specific gravity (1.082 

and 1.079), closely followed by Kufd Chipsona-l (1.078 and 1.075), while 
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Dutch cultivar Fresco attained the lowest value (1.052 and 1.050) in 1999-2000 

and 2000~200 1, respectively. The observation showed a positive correlation 

between specific and dry matter content of tuber, which was aiso 

reported by Marwaha and Kumar (1987). It is reported that potatoes with 

specific gravity less than 1.075 can be cIDmed without disintegration even 

~'ithout the use of calcium salts (Talburt, 1987). Based on this, Kufri Jyoti and 

all the Dutch cultivars containing dry matter less than 20 cenr l and specific 

gravity less than 1.075 may be considered suitable for cruming. 

Table 4.3.15 : Tuber cbaracfers of Dutcb and Indian potato culthrars after 
harvest 

-_ .. _--"_- ,-~.~.------~~~~ .... ~~."" ... ~-,~.--~~"". 

Tuber characters 
Cuitivars 

Shape Skin Eyes Flesh 
colour 

Ajax Oval Smooth/ Fairly Pale yellow to 
yellow shallow yellow 

Cardinal Oval and Rough! red Fairly Pale yellow 
slightly tapering shallow 

Diamant Oval and Rough! yellow Fairly Pale yellow 
slightly tapering shallow 

Fresco Short oval Smooth! Fairly Pale yellow 
yellow shallow 

Marfona Short oval Smoothl pale Medium Pale yellow 
yellow depth 

Sante Oval Smooth/ pale Shallow Pale yellow 
yellow 

Kufri Oval to oblong Smooth/ white Fleet Cream 
Chipsona-l cream 

Kufri Round to oval Smooth! cream Fleet Yellow 
Chipsona-2 

Kutl'i Jyoti Oval Smooth/ Shallow Dull white 
~-~--~~---
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4.3.3.2 Peeling losses: 

There was a significant variation in peeling losses of tubers of Dutch and 

Indian potato cultivars in both the years of study (Table 4.3.14; Fig. 4.3.10). 

Peeling losses in the Indian cultivars varied between 11.54 (Kufri Chipsona-l) 

and 13.56 cenrt (Kufd Jyoti), while the Dutch cultivars showed peeling losses 

between 9,61 (Cardinal) and 14.78 cenfl (Marfona) during two years triaL 

Differences in peeling losses of tubers of Indian and exotic cultivars were also 

observed by Marwaha (1998 a) and Das et al. (2001). The tubers having shallow 

eyes might have contributed to lower peeling losses in the varieties. Relatively 

thin skin of Cardinal and Ajax recorded lesser peeling losses in these cultivars 

than Kufri Chipsona-l and Kufri Chipsona-2. Tuber characters influence the 

yield of processed products as peeling. trimming and cutting losses vary with the 

shape, size and depth of eyes of tubers, which ultimately influence the yield 

recovery (Gaur et at., 1998) (Table 4.3 .15). 

The results show that processing losses in the cultivars Kufri Chipsona-l 

and Kufri Chipsona-2 and all Dutch cultivars except Marfona were less than in 

Kufri Jyoti. The recovery percentage of finished products of these cultivars will, 

therefore, be higher in comparison to Kufri Jyoti. 

4.3.4 

4.3.4.1 

Quality characters: 

Reducing sugars: 

Dutch and Indian potato cultivars imparted significant effect on the 

reducing sugar content of potato tubers in both the years (Table 4.3.16~ Fig. 

4.3.11). The content of reducing sugar in tubers ranged between 0.08 (Kufri 

Chipsona-l) and 0.29 cenfl (Kufri Jyoti) on fresh weight basis, during both the 

years of study. Such varietal differences have also been reported earlier by 

Uppal and Verma (1990). Tubers of Indian potato cultivars Kufri Chipsona-l 

and Kufri Chipsona-2 attained the minimum levels of reducing sugars (0.11 and 

0.14 cenf! during 1999-2000 & 0.08 and 0.10 cenC! during 2000-2001, 
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respectively). Singh et al. (1999) observed that the Indian varieties Kufri 

Chipsona-l and Kufri Chipsona-2 contained low amount of reducing sugars 

(below 150 mg 100 g-I fresh weight), which not only compare well with 

exotic varieties but perform better in processing and keeping quality. The 

maximum levels of reducing sugar were achieved by potato cultivars Kufri Jyo!i 

(0.29 cenrl) and Sante (0.24 cenfl) during 1999-2000 and 2000-2001, 

res pecti vely. 

It is also interesting \0 note that in Hooghly the average reducing sugar 

content of the cultivars was low as compared to north Indian conditions, which 

might be because of relatively warmer temperature, which rarely went below 

10°C during grow1h and curing of potatoes. Temperature below 10°C triggers 

high ratio of conversions of sucrose to reducing sugar due to increased invertage 

activity (Pressey and Shaw, 1966 and Davies and Viola, 1992). Reducing sugars 

of potato tubers determines the suitability of tubers for processing into fried 

products and tubers containing large amounts of reducing sugars produced 

unacceptable dark coloured chips and french fries (Burton, 1966 and Roe et at., 

1990). 

Under long day conditions, sucrose has been reported as the predominant 

sugar in the tubers at the time of harvest and reducing sugars were either absent 

or present in very small quantities (Mazza, 1983), Tubers with lowest levels of 

sucrose were considered chemically mature and suitable for processing (Iritani 

artd Weller, 1977). In contrast to the above, under short day conditions, we find 

high accumulation of reducing sugars in the tubers, which may be attributed to 

high invertase activity associated with low soil temperatures (Yamaguchi et al., 

1964). However, \\lith the adoption of Kufri Chipsona-l artd Kufri Chipsona-2, 

the Gartgetic Alluvial plains will be able to produce potatoes for processing. 

Introduction of these cultivars will help in diverting part of the potato produce of 

the region to the processing factories, thereBy, reducing fluctuations and the glut 

situations, which occur every few years. 
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4.3.4.2 Total sugars: 

There was a wide variation in the content of total sugars among cultivars 

(Table I' FigA.3.12) and it ranged between 0.79 to 1.31 cenfl (on fresh 

weight basis) during two years triaL Varietal differences in the content of total 

sugars have been observed previously by Marwaha (1998 b). The sugar content 

was minimum in Kufri Chipsona-l {0.79 and 0.89 cenf\ closely followed by 

Kufri Chipsona-2 (0.81 and 0,96 cenrl) during 1999-2000 and 2000-2001, 

respectively. However, maximum content of total sugar was recorded in 

cultivars Sante (1.1 1 cenfl) and Fresco (L31 cenrl) in first and second year, 

respectively. It appears that total sugars followed the similar trend as that of 

reducing sugars. Among the Dutch cultivars, minimum content of total sugar 

was attained by Marfona (0.84 cenrl) and Cardinal (1.06 cenr') during both 

years. Hence, the results of thc~ trial indicate that good quality potatoes for 

processing can be produced 

Chipsona-l and Kufri Chipsona-2. 

Total acids: 

using the Indian potato cuUivars Kufri 

Significant variation was in the extent of total acids among different 

cultivars and it ranged between 0.459 and 0.693 cenfl (on fresh weight basis) 

during both the years of experimentation (Table 43.18; Fig. 4.3.13). Ray et al. 

(2002) also reported a large varietal difference in total acid content. Minimum 

content of total acid was resorted to the Dutch cultivar Marfona (0.555 and 0.459 

cenr\ which was fonowed by Diamant (0.565 and OA91 cenfl) during the first 

and second year, respectively. Dutch cultivars Sante and Ajax showed the 

maximum content of total acids (0.693 and 0.661 cenrl) in 1999-2000 and 

2000-2001, respectively. However, tubers of the Indian. cultivars 

Chipsona-l and Kufri Chipsona~2 contained moderate amounts of total acid 

(0.587 and 0.597 cenfl in the first year and 0.523 and 0.523 cenf! in the second 

year, respectively). 



138 

--"- ---~~~"~~."-~~-"" ,---,-".-~-.-"-,,,,~-~-.---'" 

"0 
I:: 
~ 

.c "d 

.;: ~ 
.!!; 

" 0: 0' "" "" <" r-> 
0 r-: ~ ~ 00 r-: . ..,.; 0 

:::I 0 t-- <-D ~ 0 6 
10 c.. 
<... 
0 

'" !.. ~'~"""~~'m ____ "'_~~ __ 

lI.I 
.0 
::: .... .... 
~ 0 
0 0 >.0 ""' "'"'"' 

M IX) 0- V; 0 f'. N ~ <=> I ...0 -.0 -.0 -.0 -.0 vi) r-: ~ 0 00 VI <0 <0 
';: 0 

P=I '" 0 
1-. N 

~ ~ 

'" 
... 

:'S2 := 
'0 :::I 

u on 
E 0 

<J.) 0 
:E ~ 0 IX) V) ... M 00 00 >.0 C! 'D r- C! = 0 C! N , r-: '-0 r-: \IS r-: QC \IS r.: Vi d 
'0 c.. Cl\ 0 

Cl\ on ;: c-, 
C!iI -= ~ ..... 

0 ;: 
~ -
Q'\ N ..... VI I 

I""i 
.... <".l 
:: c: 

..,;. lI.I 0 

S ;; +-' <; VJ 

<J.) a c CC ~g ... C 0 
~ :E 

:E ~ ~ E u !B ;;-. 
\1.1 x: '" () ""' <:".I LE. 

d 
<Il 

<".l v <".l a 
<' Q 

._. 
:::E ;2 ~ :.i ~ (.) (.L, U':l 

G3' ~ t=::' 
"0 r- .- N 

\1.1 c: q c: 
'0 - - .-< 

~ '-' '-' 

___ ' 

0 '-0 0 <>0 v; 
c.. Vi ~ N Vi 

~ ...0 V; "l 
<:) <0 0 0 

..-. 0:- .~ 

r"> t-
o N '<t 
c: c: C: "" ,-, 
'-' ._. '--" '-' 0 c: 
r- '" v, 0 I:- 0 0 
0 ~ '" '" 0-
'I) \0 OJ") "l v; 

6 ci 0 <:) <0 

<o ......... ~,~ _____ 

r;; --.. --. G3' - M V; 
0 r- '" 0\ .-
0 C: c: 0\ C: 
M - - 2- .-< 

• '-' '--" 
._.. 

0 .- 0\ - M 
0 <-D N 0- M 
0 ~ ~ ~ VI 
M 0 0 d 0 

r'- ~ ~ ,-.. 
0\ .- '-0 
r- -0: c: 0; 00 'Ci 

S - .- - V) 

'-' '-' '--' 0; c: 
0- r- <<; M ,..., 

0 0 
OJ") 0- N N M 

~ v; OJ") Ii) Ii') 

0 d 0 0 0 

~,~-.---~-. . ___ ._--

0 ""' ,-. ..-. ,_.. 
M M N r-

0 r- ~ q M 
0 C: C: 
M .- - .... .-, '-' '-' .._,. '-' 
Cl\ .-< ..... V; '-0 c-, V; V; '" t-
Cl\ '-D '" V; V; - 0 d 0 ci 

........ r-. t=::' r-.. 
r- N Q() 

N ~ ~ ~ 0; ~ M - - - ~ 
',-, '-' '-...' ._.- - 0 c: 
Ii) r'l r- r- - ci 0 
v; 0- 00 0- 'Ci V 
v; 'Ci v; 'n \0 ... 
ci 0 ci 6 0 

".;: 

'" v 
'" 'l) -- .£:: .... 
c: 
'l) 

'" .... 
C 
\1.1 

S "@ e 
""' c: 0:: 0 
~ 

~ :0 E () 
lI.I In 
t.. '- '" 'l} 

<' 
ro a .. 

f-< (.) [.l.. 

-' Sl 
.... , ~ t<:! 

ro til OJ") Cl. 
c: c: c: .S 0 0 0 

til '" '" II c C4 ,~ 2;. 
V) 

·2 () :.a .r; <U 
... C u u ci ::I 
ro ~ 

:E til ;,d :L U (/J > 



~ 

~ 
0.7 

0.6 --... '_ = CIjI 
~ --.... = CIjI 

_ 
= 8 
"0 .... 
u 
CIS -to: 0.2 
_ 
0 

E-t 
0.1 

0 

L.~ 
Ajax: Diamant Marfona K. 

Chipson 
a-I 

Fig. 4.3.13: Effect of Dutch and Indian potato cultivars 
on total acid content of tubers. 

? 
I!Q 
~ 

6 en 
:g 
Q 5 
en 
CIjI 

4 -.Q 

= Q 3 en -:! 
0 
~ 

K. Jyoti 

Ajax Diamant Marfona K. K. Jyoti 
Chipson 

a-1 

Fig.4.3.14: Effect of Dutch and Indian potato cultivars on total 
soluble solids of tubers. 

, 

\ 



139 
Results and Discussion 

4.3.4.4 Total soluble solids: 

Dutch and Indian potato cultivars exerted significant effect on the content 

of total soluble solids (TSS) potato tubers in two successive crop seasons 

(Table 4.3.19; Fig. 4.3.14). TSS content ranged from 5.0 (Kufri Jyoti) to 

8.1 oBrix (Sante) during both the years. Gonzalez and Carreno (1993) have 

observed such varietal differtcnces in TSS content previously. The highest 

content of total solid was recorded in Dutch cultivar Sante (8.0 and 8.1 °Brix in 

two years), closely followed by Ajax (7.8oBrix) in 1999-2000 but during 2000-

2001 followed by Indian cultivar Kufd Chipsona-2 (7.1 °Brix). However, Kufri 

Jyoti (control) accounted for the lowest value of total solids (5.0 and 5.6
o
Brlx) 

in consecutive two years. The content of TSS in Indian cultivar Kufri 

Chipsona-l was also higher (6.6 and 6.20sdx) in two years than Kufri Jyoti. The 

results indicate the suitability of Dutch cultivar Sante and Indian cultivar Kufri 

Chipsona-2 for manufacturing dry products of potato. 

4.3.4.5 Vitamin C content: 

Vitamin C content (ascorbic acid) of tuber was significantly influenced by 

Dutch and Indian potato cultivars in both the years of experimentation (Table 

4.3.20; Fig. 4.3.15) and it ranged between 4.0 mg and 11.2 mg 100 fresh 

weight during two crop seasons. Ascorbic acid content was minimum in the 

Indian cultivar Kufri Chipsona-2 (7.0 and 4.0 mg 100 g'! f. we), followed by 

Kufri Chipsona-l (7.8 and 5.6 100 g-l f. wt.) in 1999-2000 and 2000-2001, 

respectively. However, the Dutch cultivar Ajax accounted for the maximum 

content of ascorbic acid (11.2 and 9.0 mg 100 gol f. wt.) in both the years. 

However, among the Dutch cultivars, Marfona attained minimum content of 

ascorbic acid (8.4 mg 100 g-l f. wt) in the fIrst year while during second year, 

Fresco recorded the minimum value (5.6 mg 100 g-l f. wt.). The values of 

ascorbic acid were comparable to the values reported by Finglas and Faulks 

(1984) in European potatoes and Marwaha (1987) in Indian varieties. 
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The results indicate that non-enzymatic browning, which is also an 

important character in processing, will be much less in these Indian varieties as 

compared to Kufri Jyoti as well as the Dutch cultivars. 

4.3.4.6 Chip colour: 

Dutch and Indian potato cultivars exhibited a wide variation in the chip 

colour during consecutive years of study (Table 4.3.21). Among the potato 

cultivars. Kufti Chipsona-l and Kufri Chipsona-2 produced acceptable light 

colour chips of grade 1-3 during both the years and showed superiority over 

other cultivars. A trial conducted at Central Potato Research Station, Modipuram 

(Ezekiel et ai., 1999) also corroborated the fmdings. Kufti Jyoti (control) always 

produced unacceptable brown colour chips (grade 4-5). This confirmed the 

observation of Gaur et al. (1998) and Singh et at. (1999). Dutch cultivars also 

produced chips of unacceptable colour. Chip colour was directly correlated with 

the content of reducing sugars in the tubers (Marwaha, 1998 b) and the chips 

prepared from potato cultivars containing more than 0.39 cenfl reducing sugars 

on fresh weight basis were dark in colour. Burton and Wilson (1978) reported 

that the permissible upper limit of reducing sugars is generally 0.25 cenrt for 

processing. Khurana (2002) reported that tubers with dry matter content of 20 

cenft and above and reducing sugar content of less than 150 mg 100 g-l f wt. 

were preferred for processing, Thus, none of the Dutch cultivars and the Indian 

cultivar Kufri Jyoti (used as control) met the processing quality standards in the 

preparation of the lightest colour chips. In contrast, both the new Indian 

cultivars, viz. Kufri Chipsona-l and Kufri Chipsona-2 containing low reducing 

sugars and high tuber dry matter met the requirements of good processing 

quality despite having better yield potential. 

4.3.5 Storage losses: 

4.3.5.1 Physiological loss in weight: 

There were significant variations in the physiological weight loss of 

stored potato tubers at room temperature of Dutch and Indian cultivars during 
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both the years of experimentation (Table Physiological loss weight of 

different cultivars increased with increasing period of storage in all the cultivars. 

The losses varied from 0.77-1 cenf l (I5 days of storage), 1.70-2.67 cenr
1 

(30 days of storage), 2.63-4.03 cenCi (45 days of storage), 4.1 cenr
l 

(60 

days of storage) which increased drastically from 7.13-9.57 cenCl (75 days of 

storage) and 11.37-14.07 cenfl (90 days of storage) during two successive crop 

seasons. Verma and Jha (1991) and Kumar et al. (1995) have also reported 

variation in weight loss in different genotypes during storage at ambient 

temperature. Pooled data of two years reveal that the potato Kufri 

Chipsona-l, Ajax, Cardinal and Kufti Chipsona-2 exhibited minimum weight 

loss (11.22, 11.30, 11.77 and 12.58 cenrl, respectively) after 90 days of storage 

and showed better keeping quality than control, Kufri lyoti (13.12 cenf
1
). In 

contrast, Dutch cultivar Sante exhibited very poor keeping quality with 

maximum weight losses of 9.42 and 13.80 cenr l after 75 and 90 days of storage, 

respectively. 

4.3.5.2 Rotting of tubers: 

The percentage of rotting in stored potato tubers varied from 3.40 and 

13.93 cenfi (75 days of storage) to 7.83 and 20.53 cenr' (90 days of storage) 

among the Dutch and Indian cultivars during two years of observation (Table 

4.3.23; Fig. 4.3.16). Verma et (1974) and Verma and Jha (1991) have also 

observed a wide range in spoilage of tubers among Indian potato varieties and 

hybrids. Pooled data show that the rotting of tuber was minimum in 

Indian potato cultivars, Kufd Chipsona-2 (8.67 cenrl) and Kufri Chipsona-l 

(8.75 cenr!); and Dutch cultivar Ajax (10.07 cenrl) after 90 days of storage. On 

the other hand, maximum rotting of potato tuber was recorded in Dutch cultivar 

Sante (11.73 and 17.45 cenf i after 75 and 90 days of storage, respectively). 

Results thus indicate that good keeping quality of hybrids, Kufri 

Chipsona-l and Kufri Chipsona-2 would ensure their wider acceptability and 

greater utilization. Such hybrids, which can be stored for three months at room 



144 

'-~-'~"---~-"~----' 

N ~ 

't! 
V) 

c:: 00 
(i> 

~ £::; f'.I 

== "0 ;:2. V) 

Q c t"- M 00 V) 0' >r> V) r-... 0 ci 0 .,... c. 0 N " 
<""') 0 "" r-... \0 00 

.-::: ci ..,; M ,0 ..,; r-...: 00 00 v 
"I:l -
== Q .... 

-"-~,,,,~~,-,,,,--,--

e 
0 e <:> t=:' N 
-; <:> r-... 

Q N «> ~ is '" 
. "'-' M 

0 0 M M 0 0 M t"- O ;.. 0 f"-. I:'- "'-': ~ 'D V) r-... 0 \0 0 'D 0 0 N 0 N M <""> ..,; ci 0\ 0\ "..; ::: M 

'"' ~ "I:l 
== =:I 
I'l 

'"' 0 
,..._, r::- r-.. 

= 0 V) t--... ..-.. <:> 00 0-._ 
"" N ~ rJ~ 

V) ..... .... ,;. ("j \0 = ~ M 
,,.., M 0 l"- f- M M M 0 ci 

~ '" t- " 0\ "'1 M 0\ 
CJ ..._, C\ V "..; c<:i 00 M M - 0\ ,.., <') V r-: 00 Q ~ -..... 
S E 
0 S Q. ...., 
== .... 
= 0 

:a ~ 
r-., ,-." 

N 0 
::: .: 't! <0 V) 

(i> 

~ N M 0\ 

'""" 
I- "0 N \0 CI.I '-' 

"C Jl. e f"-. V) M 0 M 
<") -:t -:t on 0 d 

= C. t"- O' _; 0 t"-; 0 0\ 00 

= "..; 0\ cO 0\ ..,; v) r-: 
-= 
~ 
=:I 
~ 
"C 
t .... ,~ '"" 0 '" 0 Q V c:: '" .... Vl N N N N '<t N 
<Il r--- , _, ._, 

~' M c:: .... 0 M M M 0 (,", M r-... 0 0 ci 0 0 " 0: 0 (;) "'-': V) 
0 00 '" on f'.I 

'Z' N V) r-: 0\ M ..:t -.0 r-: 
-= W') 

'il -----"""-,~--. ::: 
>. 

.Q (;) ;;0 f::' 0; - (;) .. (;) '" 0: M 

= N d· d, 00 '" ~ 
V) 

\IJI <0 r-- M '0 
""' <"'l 0 r- <0 0 ci () C\ r- "t: '-' 0' 0 00 t'-. V) "t: M V) - -.0 r-: N -.0 0\ M ....; 00 II) W') .- .... 

== <'il .... --& 
t"'l 
~ "" N .... , 

~ 1"1 = <II 
\IJI c ,5 ~ e 0 0 <a § o;j <II '" \n (1,1, - c 0 C 0. 0. IV ~ = <9 :2 :.a .Q ~ E (.) J:l :::::l 
(1,1 til i;l U U ca ~ ""' '" 0) c 

Eo-- E-< 
~ is 

._, 
;! "" :L ~ > u u:. (f) 



145 
Results and Discussion 

temperature after harvest without much weight loss, would highly useful for 

fanners for slow and successive release of their produce in the market. 

4.3.6 Economics: 

The average economics cultivation of two years (Table 4.3.24) show 

higher gross return in the Dutch cultivars Cardinal (Rs. 91,575 ha· l
) and Diamant 

(Rs. 89,280 ha· l
) and Indian cultivar Kufri Chipsona-l (Rs. ha'l), which 

was 20.25, 17.23 and 4.49 cenf l more against the control (Kufri Jyoti) that 

recorded a gross return ofRs. 76J55 ha'l, corresponding increases in the net 

profit in these eultivars were 42.68, 3633 and 9.47 eenfl over Kufri Jyoti. The 

net profit rupee-I invested was also higher in the cultivars Cardinal (1.29), 

Diamant (L23) and Kufti Chipsona-l (0.99), while Dutch cultivar Fresco 

fetched the minimum benefit: cost ratio (0.54). 
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5. SllMMARYANV CONCLUSION 

The research programme comprising three separate field experiments 

were conducted at Block Seed Farm. Adisaptagram, Hooghly,. West Bengal during 

raM 1999-2000 and 2000-2001 with the objective of formulating an appropriate 

schedule of NPK nutrients for better efficiency while utilizing the beneficial 

effects of different biofertilizers and identifying suitable high yielding potato 

processing varieties for the Gangetic Alluvial Zone of West Storage 

behaviour of tubers under normal room condition of all the cultivarSlevaluated for 
l'~", 

processing and the effect of potassium on this aspect was also studied for two 

years. 

The soil of the experimental field was sandy loam &ntisol) having 

pH 5,9, organic carbon 0.87%, available nitrogen 223.17 kg N, available 

phosphorus 8.39 kg P and available potassium 169.15 kg K ha- 1
, Well-sprouted 

healthy seed tubers were planted a1. a spacing of 60 cm x 20 em following the 

normal fertilizer schedule of the region (180 kg N, 150 kg P20 S and 150 kg K20 

ha"l) during the last week of November each year. 

The first experiment has been undertaken to study fertilizer 

economy in potato (cv. Kufri Jyoti) by the use of biofertiHzers (Azotobacter + 

Phosphobacteria and Bacillus cereus + Bacillus subtilis). The experiment was laid 

out in a randomized block design with eight treatment combinations replicated 

thrice. Treatments containing 100% N and P + 1 % urea + 1 % sodium bicarbonate 

+ Azotobacter + Phosphobacteria produced the highest LAI, DM accumulation, 

CGR and TBR at different stages of observation with the exception in TBR during 

70-80 DAP when tubers treated with 75% N and P + Bacillus spp. recorded the 

highest value. The treatment comprising 100% Nand P + 1 % urea + I % sodium 

bicarbonate + Azotobacter + Phosphobacteria also exhibited the longest LAD 



(71.92 days), maximum number tubers hilrl (7.11), percentage of large sized 

(>50g) tubers (62.73 cenrl) and highest tuber yield (32.50 t ha- l
) but there was no 

significant yield variation among the treatments comprising 100 and 75% Nand P 

along with Bacillus spp. and uninoculated control of 100% Nand P and only 

significantly superior to the uninoculated treatment of 75% Nand P. Maximum 

uptake of NPK by potato plants (155.40 kg N, 18.59 kg P and 158.58 kg K ha- I
) 

and soil available NPK was also registered with the same treatment. The 

economics of cultivation indicated that net return rupee- l invested was higher with 
,~l;l~> 

containing 100% N and P + 1 % urea + 1 % sodium bicarbonate + 

Azotobacter + Phosphobacteria (lAO), 100% Nand P + Bacillus spp. (1.31) and 

75% Nand P + 1% urea + 1 % sodium bicarbonate + Azotobacter + 

Phosphobacteria (1.29) as compared to uninoculated controls (1.18 and 1.06 at 

100% and 75% Nand P, respectively). It visualizes that biofertilizer inoculation 

increased the efficiency of applied N and P and reduced the extent of N and P 

fertilizer requirement of the crop by 25 cenf1
, 

In the second experiment efforts have been made to find out the effects 

of levels and methods of potassium application (0, 50, 100, 150 and 200 kg K20 

ha- i as basal and in splits) for increasing its efficiency in potato (cv. Kufri lyoti) 

and its role on storage behaviour tubers under normal room condition. It was a 

factorial experiment conducted in RBD with three replications and altogether there 

were seventeen treatment combinations. The maximum LAI, DM production, 

CGR and LAD were recorded at 200 kg K20 ha·1
• However maximum LAI and 

LAD values were attained when potassium was applied full as basal while split 

application of potassium (Yz as basal + Yz as top dressing at 30 DAP) gave rise to 

the highest DM production, CGR and TBR at all the dates of observation except at 

later stages (70-80 DAP) in CGR and TBR where potassium applied 2/3 rd as basal 

+ 1/3 rd as top dressing at 30 DAP recorded the highest value. The maximum 



number of tubers hilr' (9.00) was obtained with 150 kg K20 ha-' but potassium 

applied at 200 kg K20 ha-I accrued the maximum percentage of large sized tubers 

(65.34 cenf I) and highest tuber yield (29.00 t ha- '). Moreover split application of 

potassium 2/3 rd as basal + 1/3 rd as top dressing at 30 DAP recorded the highest 

number of tubers hill-I (8.58) whilst tuber yield (29.42 t ha-
I
) and percentage of 

large sized tubers (58.46 cenfl) were maximum when potassium was applied in 

two equal splits. The NPK uptake by leaf, stem and tuber was also higher at 

200 kg KzO ha- I when applied \12 as basal + \12 at 30 DAP. However, all the levels 

of potassium maintained their distinct superiority to control. There was a build up 

in available soil N and P after the completion of the experiment at all the levels. 

Wowever, except the levels of lOa, 150 and 200 kg K20 ha-
I
, in rest levels of 

potassium there was a decline in available K during both the years. Regarding 

storage behaviour, the minimum physiological loss in weight (Il.l 0 cenfl) and 

rotting of tubers (8.42 cenfl) after 90 days of storage was recorded at 200 kg K20 

ha- I. However among the methods, potassium applied full as top dressing at 

30 DAP showed minimum physiological loss in weight (12.16 cenfl) and rotting 

of tubers (11.86 cenfl) after 90 days of storage. The response curve indicated 

the economic optimum and physical optimum level of potassium at 157.8 and 
~--""".' 

216 k:g K20 ha-I with corresponding yields of28.29 and 28.94 t ha-
I
, respectively. 

P'''~ 
The gross return and benefit : cost ratio increased with the increase in potassium 

levels and exhibited maximum value at 200 kg KzO ha-
I
. Keeping in mind the 

yield parameters and NPK uptake pattern of potato, split application of potassium 

(\12 as basal + \12 as top dressing at 30 DAP) at 150 kg K20 ha-
I 

proved to be 

effective for achieving higher production of potato. 

The trial to evaluate the Dutch and Indian potato cultivars (Ajax, 

Cardinal, Diamant, Fresco, Marfona, Sante, Kufri Chipsona-I, Kufri Chipsona-2 

and Kufri Jyoti) for processing on the basis of yield, chip colour and keeping 



quality was carried out in a RED with three replications. The Indian cultivar Kufri 

Chipsona-l accounted for maximum LAI and DM production at all crop 

growth stages and also recorded the longest LAD. The Dutch cultivar Diamant 

accrued the highest CGR, TBR and NAR between 50-60 and 70-80 DAP \-"hile 

during 60-70 DAP Cardinal exhibited the highest values of these parameters. Kufri 

Chipsona-l and Kufri Chipsona-2 attained higher number of tubers hill-I (9.24 and 

8.46, respectively), but the highest tuber yield (30.53 t ha-1
) and maximum 

percentage of large sized tubers (64.96 cenCi) were obtained by Cardinal. Kufri 

Chipsona-l and Kufri Chipsona-2 also produced higher tuber yields (26.53 and 

24.07 t ha-1
) with low reducing sugars (0.10 and 0.12 cenCi on fresh weight basis) 

and total sugars (0.84 and 0.89 cen(1
), respectively and gave acceptable light 

colour chips (grade 1-3). Dutch cultivar Cardinal achieved the minimum peeling 

loss of tubers (9,9 cenrl) while Kufri Chipsona-l showed 11.58 cen!"! losses. 

Specific gravity was highest in Kufri Chipsona-2 (1.081) while Ajax recorded 

the maximum content of total acids (0.656 cenr l
) and vitamin C (10.1 mg 100 g-I 

f. wt.). The maximum content of total soluble solids was recorded in Sante 

(8.1 oBrix), which remained at par with Kufd Chipsona-2 (7.4°Brix). Regarding 

keeping quality! Kufri Chipsona-l showed minimum physiological loss in weight 

(11.20 cenrI) while Kufri Chipsona-2 resulted in minimum rotting of tubers 

(8.67 cenrl) after 90 days of storage. The highest net return (Rs. 51,552 ha·1
) 

and maximum benefit : cost ratio (1.29) was recorded with Cardinal while the 

corresponding values in Kufd Chipsona-l were Rs. 39552 ha'! and 0.99~ 

respectively. Thus Indian cultivars Kufri Chipsona-l and Kufri Chipsona-2 

yielded higher, and met the requirement of processing quality standards of high 

dry matter content, specific gravity and low reducing sugars to give light colour 

chips for commercial adoption by the farmers. Moreover, they were susceptible to 

late blight 
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CONCLUSION~ 

Biofertilizer inoculation increased the efficiency of applied Nand P in 

potato crop and reduced the extent ofN and P fertilizer requirement of the crop by 

25 cenrl. Thus, a fertilizer schedule of 75% of existing doses of N and P and 

soaking of seed tubers in solution containing 1 % urea and 1 % sodium bicarbonate 

for five minutes followed by inoculation with Azotobacter + Phosphobacteria or 

Bacillus spp. may be advocated for achieving higher production of potato. 

Levels and methods of potassium application influenced growth and yield 

of potato. The economic optimum dose of potassium was worked out to be 157.8 

kg K20 ha· l • Split application potassium (1/2 as basal and as top dressing at 30 

DAP) proved to be effective for achieving higher production of potato than its full 

basal application, which is usuany recommended and conventionally practiced by 

the fanners. 

Kufd Chipsona-l and Kufri Chipsona-2 met the requirements of processing 

cultivars. Besides, it was observed that they had yield potential comparable to the 

most popular cultivar Kufri Jyoti and showed good resistance to late blight Hence, 

introduction of these cultivars in West Bengal may help in diverting part of potato 

produce of the state to the processing factories, thereby reducing price fluctuations 

and the glut situations that occur every few years. 





6. FUntRE SCOPE OFRESEARCi{ 

The results of the experiments revealed that biofertilizer application 

appreciably affected not only the productivity of potato (cv. Kufri Jyoti) but also 

economized the requirement of N and P by about 25 cenfl. It is, therefore, 

essential to study the effect of different sources of biofertilizers and their methods 

of application on the productivity and keeping quality of tubers of other existing 

potato cultivars. 

The role of levels and methods of potassium on yield and keeping quality 

of tubers of Kufri lyoti was studied and optimrnn dose was also worked out. 

However, it is not known whether different cultivars differ in their potassium 

requirement Hence, this aspect needs investigation. Different sources of 

potassirnn on growth and yield of potato cultivars should also be investigated. The 

effect of micronutrients on potato and their role on storage behaviour of tubers 

may be studied. 

The results also revealed that the cultivation of the traditional potato 

cultivar Kufri Jyoti can be substituted by the new promising cultivars Kufri 

Chipsona-l and 2, which not only yielded comparable to Kufri Jyoti but superior 

in terms of quality standards for processing into chips. Hence, intensive research 

on these varieties are to be carried out at various locations of the 

state. Experiment can also be laid out with different combinations of N, P, K and 

organic sources of nutrients on the yield and processing quality of these promising 

cultivars. 

Only nine cultivars were studied for their chipping quality and the yields 

were compared. However, at present number of potato hybrids released from 

CPRl are under the process of evaluation in West BengaL These varieties should 

also be studied for yield and suitability of producing various processing products. 

Biochemical parameters potato tubers were studied just harvest It 

was, however, not possible to study the biochemical changes in tuber during 

storage. This study is essential to assess the availability of suitable raw material 

for processing in the later part of year. 
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