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ABSTRACT

The present investigation was carried out at vdieta
Experimental Farm. Sher-e-Kashmir University of isghural Sciences and
Technology of Kashmir, Shalimar Campus during Kh2@02 to find out the
optimum dose of nitrogen and phosphorus for potatdtivars. The
experiment was laid out in split plot design witte tthree replications. The
potato cultivars viz. PP-2500, PP-48 and Kufri Jywre planted in the main
plots with a spacing of 60 x 20 cm, while combiaas of three levels of each,
nitrogen (120, 160 and 200 kg Haand phosphorus (80, 100 and 120 kg)ha
were tried in sub plots.

The observations were recorded on percent emergehaet
height, number of shoots pldnttuber number plafit average tuber weight,
tuber weight plant, tuber yield q hd, tuber yield in grades plahtdry matter
percentage and benefit-cost ratio.

Analysis of variance revealed that main effectscatftivars,
nitrogen and phosphorus were significant for molpgical, yield and yield
attributing traits and dry matter content excem #ifects on production of



“C” grade tubers (<25g), the effect of nitrogen apldosphorus on plant
emergence and the effect of phosphorus on numtstrazits plant.

The interaction effects of cultivar x nitrogen wefeund
significant for plant height, tuber number planaverage tuber weight, tuber
weight plant', tuber yield g haand production of “A” and “B” grade tubers
while as interaction effects of nitrogen x phospisowere found significant
for tuber number plaflt average tuber weight, tuber weight ptaand tuber
yield g h&'.

Application of nitrogen and phosphorus indicatetinear and
significant increase in plant height and numbestafots plant at 120- 200 kg
N ha' and 80- 120 kg s ha' in all the three cultivars. While a significant
increase in tuber number pléantaverage tuber weight, tuber weight plant
tuber yield, and dry matter content was observed ap0 kg N and 100 kg
P,O:s ha', and thereafter a decrease was observed at 2R0akgl 120 kg $O5
ha', respectively in all the cultivars.

Significant increase in the tuber yield from 264.86ha" to
314.26 q hd was observed when the level of nitrogen was irserédrom
120- 160 kg ha and further increase in the level of nitrogen updo® kg had
significantly decreased the tuber yield to 269.3%4 Similarly a significant
increase in the tuber yield from 280.81 ¢'ha 290.78 q ha was observed
when the level of phosphorus was increased froml80-kg h&. But again at
the higher dose of 120 kg®; ha® the tuber yield significantly decreased to
274.93 q hd. Among the cultivars PP-48 proved superior witBpet to
growth, yield and yield components and quality daled by PP-2500 and
Kufri Jyoti.

The economic studies indicated that the treatmentbtnation
of 160 kg N and 100 kg,Ps ha'with constant dose of 100 kg,dkproduced
the highest benefit-cost ratio which was recorded.d89 in PP-48, 1.23 in PP-
2500 and 1.03 in Kufri Jyoti. Thus from the presamiestigation, it is
concluded that a fertilizer combination of 160 kgaNd 100 kg s with
constant dose of 100kg,® ha' was found optimum for obtaining higher and
economic returns of the potato cultivars under Kashalley conditions.



CHAPTER- |

INTRODUCTION

Potato (Solanum tuberosumlL.) is one of the most
important food crops both in developed as well asni developing
countries. Due to its diversified uses as food, f@end raw material
for producing starch and alcohol in the developed auntries, the
potato is generally thought to be a crop mostly cdmed to these

nations.

The potato is known for sustaining millions of live by
providing cheap food and nutrition during the times of war and
hunger. This crop is of special significance to thedeveloping
countries as it has high production potential per ait area and time
with high nutritional value to sustain burgeoning population and
ward off malnutrition and hunger. Potato is a balarced food
containing less energy but substantial quantity ofhigh quality
proteins, essential vitamins and minerals (includig trace elements).
Besides being nutritive, potatoes have several methal properties.
The medicinal value of potatoes are a bonus to pdta lovers;
(Ezekiel and Khurana, 2003)

In order of importance for food production among twenty
major food crops, (on fresh weight basis) potato naks 6" in the
developing countries, & in the developed countries, 4 in all world
and 3% in India. (Anonymous, 1999).

The potato is a native of high Andean region of Sdh
America. It was introduced in the Europe during thesecond half of
16" century by the Spanish seamen. From Spain it sprda



throughout Europe where it became a popular food dung the
middle of 18th century. From Europe it spread to dl other parts of
the world. It has the potential to acclimatize in awide array of
climatic conditions from temperate to tropical and almost every
country cutting across the barriers of latitude andlongitude.

Either Portuguese or the Britishers introduced it n India
perhaps in late 18' or early 17" century. By the 19" century, this
crop was widely grown throughout the country. Potab in India is
grown in very diverse agroclimatic conditions thatrange from
snowline to seashore. In India potato can be growthroughout the
year in one part or the other. Its adaptability is so wide that
traditional agriculture seasons do not restrict itscultivation. In fact
it can grow and give economic returns under any ainate, provided
the night temperatures during tuberization remain aound 20C°.
(Shekhawatet al,1999).

Today, India is the third largest producer of potab in the
world and potato production in the country has crosed 25 million
tonnes and is expected to increase further. (Ezekiand Khurana,
2003).

In Jammu and Kashmir, potato is grown from subtropical to
extreme cold temperate conditions. In Kashmir vallg it is cultivated
on an area of 1500 hectares with a production of 3000 tonnes.
(Anonymous, 2000).

Manurial and mineral requirements of the potato crg are
quite high because of its high yield potential peunit area and time.
The application of fertilizers and organic manuresis thus essential
to obtain economic yield. Therefore for a good vedmtive growth

and better tuberization, (which leads to good yielgthe application



of adequate quantity of fertilizers is essential, &sides application of
organic manures. Nitrogen, Phosphorus and Potassiunare the
macronutrients required for potato production and it is impossible
to raise a successful crop without the fertilizersBut at the same time
it must be recognized that the fertilizers are beaming scarce and
costly item because of energy crisis. The efficientse of fertilizers
has therefore assumed special significance from nabhal and
farmers point of view and to reduce the cost of prduction.

Potato needs nitrogen, phosphorus and potassium suitable
combinations and at optimum levels for obtaining hyher yield.
Variable response to nitrogen phosphorus and potagsn have been
reported and the responses were observed to vary thvia number of
factors like soil, climate and varieties etc. (Sinfgand Sharma, 1992;
Lal and Arora, 1993; Grewal et al, 1991).

The information on this aspect is scanty especiallpr the crop
grown under Kashmir valley conditions. Thus presenstudy entitled
“Response of potato cultivars to varying levels ofitrogen and
phosphorus fertilization” was undertaken to genera¢ the
information of academic and practical value keeping into
consideration the following objectives: -

1. To assess the effect of different levels of nitroge and
phosphorus on growth yield and yield attributes ofsome high
yielding potato cultivars,

2.  To quantify the optimum level of nitrogen and phosporus for
these potato cultivars, and

3.  To work out relative economics of different cultivas visa-a-

ViS monetary inputs.



CHAPTER- Il

REVIEW OF LITERATURE

The yield and quality of crop plants is the net reglt of
its genetic potential, input management and enviromental
interactions. Amongst the inputs management, nitrogn and
phosphorus fertilizers are of paramount importance.Nitrogen and
phosphorus needs of the potato crop are known to wa with a
number of factors viz. agroclimate, variety, soil ype, kind of
fertilizers, their time and method of application, nutrient interaction
and moisture supply. Nitrogen is the most limitingfactor in most of
the soils and the need for its application in oneramther form is well
recognized in all vegetables and other farm cropsNitrogen
increases tuber yield primarily by stimulating root growth, crop
emergence, top growth and tuber growth. Phosphorugnters into
the structural composition of plant and increases uber yields by
improving the size as well as number of tubers. Irdequacy of
nitrogen decreases the yields by reducing the plamggrowth including
height of plant, number and size of leaves and canued nitrogen
starvation leads to even dropping of leaves partidarly lower ones.
As a result of this, there is a decrease in photasthetic area.
Excessive amounts of nitrogen application may alsoeduce the
yields by interfering with translocation of photosynthates from

source to sink (leaves to tubers). Plants with sufient nitrogen are



characterized by vigorous plant growth, increaseddaf area index
and large tuber size as well as its number.

Phosphorus is mobile nutrient in plant system, so ts
inadequacy, if any, is reflected in the form of symtoms in the young
growing parts of plant. Phosphorus deficiency oftenresults in
lusterless curled leaves with purple pigmentation r@d some times
marginal scortching exhibited right from the early stages of plant
growth. Phosphorus is known to participate in a nurber of
biological reactions such as energy transfer, -carlnydrate
metabolism vis-a-vis for the development of roots,tops and
improving food value of crop.

The literature pertinent to the present investigaton has been
reviewed in this chapter with the objective of evalating critically
the research work done on the “Response of potatoultivars to
varying levels of nitrogen and phosphorus fertilizéion”.

2.1.1 Effect of nitrogen on plant growth.

Jaisinghani et al, (1964) reported that the potato crop showed
more positive and significant response to nitrogenapplication.
Theron etal, (1965) observed that nitrogen expressed direct efft on
growth and development of potato crop and excessivaitrogen
reduced tuber set.

Das and Ghosh (1973) found relative increase in plaheight,
number of leaves, total leaf area, number of tubergper plant and
mean fresh weight per tuber at higher levels of nibgen. They also
reported that increase in the level of nitrogen ineased the leaf area
index and net assimilation rate. Sah and Sahay (19yreported that
with the increase in dose of nitrogen there was siicant increase in

the height of the plant. The plant height increasegrogressively with



successive increase in the levels of nitrogen upttb0 kg ha' at
earlier stages of growth.

Mandal and Arora (1975) reported that in general, mrogen
had no influence on the germination percentage, wbih was slow in
the initial stages but within 15 days the germinabn was 95 percent.

Pushkarnath (1976) observed that the application ofiitrogen
increased stem thickness which was closely relatad the size of
tuber. He also reported that root growth was direcly related to
nitrogen supply and increase in top growth was diretly related to
the level of nitrogen applied.

Santeliz et al, (1981) while studying the effect of different
levels of nitrogen on the variety Kennebec, foundchat increase in the
nitrogen level increased leaf area, dry matter ofdaves, stem and
tubers but maturity was delayed and tuber yield andtuberization
depressed at higher rates of nitrogen.

Singh et al, (1986) observed that potato responded well to the
application of nitrogen upto 120kg ha" along with 50 kg ha'.

Sahota and Perumal (1986) reported that plant heigh
increased progressively with successive increaselevels of nitrogen
upto 120 kg ha. It also increased number of shouts hift and
the number of leaves per plarit.

Sharma & Grewal (1987) found that placement of higldose of
urea in furrows (more than 60 kg ha?) at planting had an adverse
effect on plant emergence.

Anand and Krishnappa (1988) reported that applicaton of
nitrogen and potassium and their interaction had na significant

effect on plant height and number of shoots hit.



Sharma and Singh (1988) observed that increase ihd rate of
N and P application significantly increased plant keight upto 120 kg
N ha’. Number of shoots plant was highest (3.63 plarit) with the
application of 150 kg N h&' as reported by Gupta and Pal (1989).

Kushwah (1989) observed that average plant heighhcreased
from 44.4 to 51.5 cm with the increase in N dosedm 120 to 150 kg
ha™.

Sharma and Upadhayay (1993) reported that plants m&eiving
sufficient N were characterized by vigorous plant gowth, increased
leaf area index and large tuber size and number.

Singh and Sood (1996) observed that plant height dmumber
of stems plants were favorably influenced by N levels upto
120- 180 kg h.

Singh (2000) reported that plant emergence was netffected
due to manuring or good management practices.

Brache et al, (2000) observed tallest plant height (69.4 cm) in
potato cultivar Kufri Jyoti with 175.5; 125 and 125kg ha’ N, P and
K, respectively.

Singh and Raghav (2000) while studying response pbtato to
nitrogen and potassium fertilizers, reported that ailtivar Kufri Jyoti
showed maximum height (55.1 cm) at 160 kg N Ha
2.1.2 Effect of nitrogen on tuber yield and yield attributes.

According to Gupta (1969) applicatiaf 150 kg N ha
increased the tuber yield significantly as compatedthe control.
Increase in the level of nitrogen resulted in digant increase in ware
grade tubers of K-12 Z variety at 150 kg N*ha

Singh and Singh (1970) while studyihg éffect of there levels
of nitrogen 100, 150 & 200 kg Hand irrigation on two varieties



viz. K- Shakti and K- Sindhuri, observed that thker yield was
highest at 200 kg N Hdevel.

Sagar and Singh (1973) reported that bulking watte
100 kg N h& was as good as with 150 kg N'ha
Sah and Sahay (1974) reported that N applicatid2@tkg ha
increased the yield of tubers by increasing tulenlver and their
weight. Mandal and Arora (1975) observed thember of tubers
hill * was mostly a varietal character however, the ssiee increment

in nitrogen significantly affected the numboétubers hilf".

Gupta and Saxena (1975) reported that significarease in
tuber yield was recorded at 180-kg N'ls@companied by a dose of
52.5 kg BOs ha'.

Singh and Grewal (1979) reported highesgityield with 100 kg
N ha'+ 83 kg K hé.

Sahota and Perumal (1986) observed that progeesgivease
in tuber yield was recorded with every increasthalevel of N upto
80 kg hd similar results have been reported by Grestal, (1979) and
Sahota and Grewal (1979).

Singhet al, (1986) reported that application of 120 kg N and
80 kg K ha alongwith 2 kg Agromin Hato Kufri Badshah, Kufri Bahar
and Kufri Sinduri gave a tuber yield of 26.3, 1&r81 15.2 tonnes Ha
respectively.

Singh and Sharma (1987) studied the responsetaftq
cv. Kufri Jyoti and two hybrids to different leved$ nitrogen application
(0 to 180 kg hd) and observed that increase in the levels incrémese
average tuber yields from 10.21 to 22.03t.ha



Studies conducted by Sharma and Shekhar (198%pldn
application of nitrogen on the yield of potato Bwufri Chandramukhi
reported that higher tuber yield of 29.03 t'xas obtained with the
application of 50 per cent nitrogen at planting 26cper cent 4 weeks
after emergence. This treatment also recorded hglogortion of
medium sized tubers (50 to 100g) and the lowerqtagn of the

smaller tubers (50 g).

Anand and Krishnappa (1989) reported titatighest tuber yield
of 26.08 t hd was obtained with the application of 180-kg N and
150kg K h&.

Gupta and Pal (1989) while studying the respohgai@to
cultivars viz ev SLB 12-132,” Kufri Jyoti” and KufEherpa” to nitrogen
fertilization under rainfed condition, recorded thighest yields of
42.71, 34.38 and 18.90 t haith the application of 50, 100 and 150 kg

N ha', respectively.

Kushwah (1989) found that the highest tuber ya#la5.5 and
20.3 t ha were recorded with 100 kg N him a two year study,
respectively significant increase in yield was ated only upto
150 kg N h&.

Mondy and Munshi (1989} reported the highest tupeld at 150
kg N ha".

Sharma and Arora (1990) reported thatrtyled in
cv. Kufri Chandramukhi increased with the applicatof N upto
150 kg hd at 45 DAP and 200 kg N Haat later stages.



Sharma (1990) observed that increase in tubed wiel
120 kg N h&d was due to increase in the weight of large and umedi

sized tubers.

Nandekaet al,(1991) while studying the fertilizer requirments of
Kufri Badshah variety, observed that tuber yielct@ased upto 120 kg
N, 50 kg BOs and 50 kg KO ha'application. Sharma and Grewal
(1991) observed that tuber yield increased withegiy@ication of N, P
and K upto 120: 20: 80 kg Harespectively.

Sudet al, (1991) reported that higher levels of N applizati
delayed tuber initiation is early stages and thendlnt availability of N

in the soil was more effectively utilized in pustpiap vegetative growth.

Sharma and Upadhayay (1993) observed that plapfgied with

sufficient nitrogen produced large sized and mamalver of tubers.

Das and Banerjee (1994) reported the maximum tweaght with
the application of 160: 100: 100 kg N, P and K haspectively.

Sharmeet al, (1995) reported the highest tuber yield (25.36%h
in cv. JH- 222 with the application of nitrogenl&0 kg hd.

Chaurasia and Singh (1996) reported that the btgiet return
was obtained when nitrogen was applied at 180 Kmhd the haulmus
were cut on 120 DAP.

Roy (1996) found that application of 240 kg N adks POs ha
L gave tuber yield of 45.6 t Hand also the highest net returns.

Singh and Sood (1996) observed that N applicati@®al120 and
180 kg ha produced a tuber yield of, 21.1, 26.1 and 28.4™ ha
respectively as compared to 13. 4 thdhout N application. (Control).



Meena and Gupta (1996) observed the highest tubler of
16.2 t ha and high returns with the application of 120 kga&{.h

Singh and Verma (1998) reported the highest tulsdd pf
12.8 t h&in the cv. “PC 189” with the application of 150::9M0 kg N,
P and K h&, respectively along with FYM.

Singhet al, (1998) observed that potato tuber yields increased
with increasing N rate (100, 150, 200 or 250 kgaN)land seed tuber

size.

Singh (2000) reported highest tuber yield with aipglication of
100: 120: 50 kg of N: #©s: K,0, respectively alongwith 15 tonnes of
FYM ha.

Bracheet al, (2000) while studying the response of potato to
fertility levels and plant growth regulators in tkacotton soils, obtained
largest tubers in potato cv. Kufri Jyoti with thegpéication of
175.5: 125: 125 kg N: P: K Harespectively and planting small sized
tubers with the application of 150: 100: 100 kg™ K ha’,
respectively.

Hassandokht and Kashi (2000) reported the higheanrtuber
weight, dry matter content, protein and starchtaber yield of 18.99
and 24.85 t hiain cvs. Aula and Moren with the application of 16PN
ha'.

Singh and Raghav (2000) while studying the respohgetato
to nitrogen and potassium fertilization under UTRrai conditions

recorded the tuber yield of 254.0 g'tat 160 kg N haapplication in
cv. Kufri Ashoka.



Sharma and Dubey (2000) reported the highest vitues
tubers hill* (7.0) in cv. Chandramukhi with the application of
150 kg N h& and lowest values for tubers Hil3.0) with 75 kg N ha

Lankeret al, (2000) observed that significant increase in tuber
yield (238.33 to 290 q Fa was obtained with the increase in the
application of nitrogen from 80- 160 kg ha

2.1.3 Effect of nitrogen on tuber grades
Effect of nitrogen on the size of tubers has beediad by several
research workers. Das and Ghosh (1973) observedltapplication in

general stimulated the initiation of more tuberdigiger size.

Mandal and Arora (1975) reported that higher lewglsitrogen
significantly increased the ware size tubers arledsed the seed and
chat sized tubers. Similar findings have been tepgdoy
Kapoor (1952) and Hukkeri (1968).

Shukla and Singh (1975) observed that applicatfon o
225: 150: 240 kg haN, P and K, respectively produced more number of
‘A’ grade tubers.

Satyanarayana and Arora (1985) reported that mtrégd
significant effect on the tuber size of ‘A’ and ‘Brade.

Chadcharet al, (1986) observed significant increase in different

tuber grades with the increase in nitrogen aptingL00- 200 kg hd).

Sharma and Arora (1987) reported that nitrogeniegipdn
decreased the number of small sized tubers bugased the number of

large sized ones.

Anand and Krishnappa, (1988) observed that nitr@ggmication
significantly increased the weight of A, B and @dg tubers as



compared to control and higher levels of N appiacabf 180 kg ha
alongwith 150 kg K Hagave higher yield of ‘A’ grade tubers and
decrease in N levels decreased the siber Similar findings
have been reported by Singh andv@rél984) and Khurana
etal,(1984). Sharma and Shekhar (1989) obsenadatiplication of
N at 100 kg hd at emergence increased the proportion of tubdesef
than 50 g weight. Kushwah (1989) observed sigmficacrease in the
number of seed size tubers at 150 kg N.I8harma and Sharma (1990)
reported that N increased the number as well asafifubers.

Sharma (1990) reported that tuber yield increasédmtrogen
application due to increase in the weight of laagd medium sized

tubers.

Das and Banerjee (1994) observed the highest gageeof large
size tubers (> 45mm) at the application of the éggtiertility level of
160: 100: 100 NPK kg Ha

Singh (1995) observed that the highest dose okg0Q ha'
effectively increased the ‘A’ and ‘B’ grade tubewsd there was

minimum production of ‘C’ grade tubers.

Roy and Sharma (1999) observed increase in yiglchamber of
large, sized tubers when N, P and K was increas&8Q@ percent of the

recommended dose of 180: 28: 100 kg RaP: K, respectively.

Bracheet al, (2000) reported that in potato cultivar “ Kufrialy
large size tubers were obtained with the applicabil75.5: 125: 125
kg ha'N: P: K as compared to the application of 150: 1M kg h&
N: P: K that yielded small sized tubers, respedbfive

2.4 Effect of nitrogen on dry matter production.



The findings of different workers are presentefoéiews.

Hukkeri (1968) reported that N had little effectdny matter

content of tubers.

Yadav (1970) stated that application of nitrogen
(100 and 200 kg ha in sandy loam soil under draught conditions
showed an adverse effect on starch and dry maiteect.

Mandal and Arora (1975) reported that fresh wegjhtibers hill*
increased with nitrogen application upto 150 kg &ad in later stages
the fresh tuber weight was higher with higher dofsH applied. Similar
findings were reported by Raet al,(1979).

Shukla and Singh (1976) observed that higher dokBs P and K
@ 225, 150 and 210 kg harespectively, produced the highest dry

matter.

Singh (1977) in a field experiment on potato regdadignificant
increase in tuber yield, dry matter and proteirdpation h& with the
increase in the level of FYM application, whereapglication of
200 kg nitrogen hashowed harmful effects in all the above trials in
comparison to 100 kg N Ha

Sudet al, (1982) reported that nitrogen fertilization exdrte
highly significant influence on the dry matter gmatein yield of tubers
in both the cutlivars viz. “Kufri Chandramukhi” afidufri Jyoti”. The
response of potato in terms of dry matter yieldeasagnificantly marked
upto 50 kg N Ha Whereas, increase in dose of nitrogen above 150

kg ha' depressed the dry yield of tubers.



Mishra and Singh (1983) reported marked increaseliking rate,
dry matter of tubers, tuberization efficiency anler yield at
180 kg N h&.

Hari and Hooda (1987) observed maximum dry matter
accumulation ( tuber and whole plant) at the higfeslity level of
187 kg N h&.

Castro (1988) observed that application of N ug@b kg ha
significantly increased reducing sugars in tubersv. “Kennbec and
Desiree”. He further stated that potash signifigargduced dry matter

content.

Krishnappa (1989) reported that fertilizer apploatalmost
doubled the dry matter production in Potato crop.

Beirne and Cassidy (1990) observed that tuber étgancontent
was significantly reduced by the application of entitan 150 kg N ha

Hassandokht and Kashi (2000) observed that meam wight,
dry matter, protein and starch content were highitst 160 kg N h&in
potato cultivars “Aula and Moren”.

Patelet al, (2000) reported highest dry weight of shoots ardts
plant'with the application of 260 kg N Hén “Kufri Badash”.

2.5 Effect Of Nitrogen on C:B ratio

Lanker (1999) obtained the highest cost benefib raith the
application of 160 kg N Hain potato cv. Kufri Jyoti. Similar results
were reported by Singh (1998).

2.6 Effect of phosphorus on plant growth
Application of phosphorus before planting hashegipositive nor

negative effect on crop emergence, but it increesetsand shoot



growth of the plant. The increase in root growthPogpplication has
been reported by De (1960) and Pushkernath (1976).

Pushkernatlet al, (1976) reported that application of P increased
the plant height by 20 percent. Sharebal, (1981) reported that the
application of P increased the plant height by é@ent.

Sharma and Singh (1988) observed significant asgen plant
height upto the application of 120 kgd®? ha.

Joseph (1988)while studying the effect of P omgincand yield
of potato, observed that there was no significéférénce in
germination percentage in different treatments pibant height

increased when P level was increased from 0 tok@jgta’.

Nandekaet al, (1991) observed that plant emergence was not
significantly affected by varying levels of N: P:dfplication.
However, the N, P and K application increased timalver of shoots
from 5.3 to 7.3 plah&s compared to control. Similar results
have been obtained by Sharma and Singh (1988).

Hossairet al, (1997) reported increased leaf number, leaf length
leaf area and stem number with the applicatiorbofg ROs ha'.
Bracheet al, (2000) observed the tallest plant height of 69T cv. “

K. Jyoti” with the application of 175:125:125 of R: K, kg h&,

respectively.

Singhet al, (2001) observed significant increase in plant hieig

and weight of foliage hiftwith increasing phosphorus levels.
2.7 Effect of Phosphorus on tuber growth

Shukla and Singh (1975) reported that N: P: Kiappbn at
225:150:240 kg hibgave higher tuber bulking rate. P increased the



number as well as weight of tubers (Shagnal, 1976). Similar results
have been obtained by Sharetaal, (1984). Application of nitrogen
and phosphorus has been reported to increaserslzauanber of tubers,
Sharmeet al, (1985).

Joseph (1988) while studying the effegblmdsphorus on growth
and yield of potato, observed that tuber numbeaeissed as the level of
P was increased from 0-180 kg'h&le also found that average tuber

weight did not increase above 140 kg P lexel.

Sharma and Singh (1988) reported a significanmesse in
number of tubers fwith the application of 120 kg,Ps ha’.

Lal and Arora (1994) observed P applicafi®-90 kg h&)
improved the bulking rate, tuber number and tubeldyover the

control at all growth stages.

Deka and Dutta (1996) found that the tuber-bulkmig was
highest at 100 kg®s ha' application.

Hossian et al (1997) reported that the applicatioR at 75 kg Ha

increased the mean tuber weight in potato cv. {pes”.
2.8 Effect of Phosphorus on Yield.

Hukkeri (1968) reported that yield of potato in@ed with
increase in the level of fertilizers and this irage was upto 90 kg®5
ha'.

Shukla and Singh (1975) observed that maximum yéfabtato
was produced with the application of 225: 150: 840, P and K h3,

respectively.



Gupta and Saxena (1975) found that significaniease in tuber
yield at higher levels of N was obtained only witemas accompanied
by a dose of 52.5 kg,®s ha'.

Shukla and Singh (1976) while studying the respafiskfferent
levels of nitrogen in combination with 80 kgd? and 60 kg KO ha',
observed increase in the tuber yield to 27.9 tom@@svith the highest
dose of N applied.

Deroncele and Valdes (1978) reported that apptinatf 200 kg
N, 100 kg BOs and 200 kg KO ha'to potato cv. “Red Potaic” increased
the yield to 20.28 tonnes haas compared to control (9.03 tHha

Kurlekar and Pawar (1978) observed that applicatio80 kg of
N along with 100 kg phosphorus and potashdave the highest tuber
yield of 26.46 t ha as compared to 16.93 t hia the control.

Madhikarmy (1978) reported that application of
25t FYM + 180 kg N + 100 kg-Ps + 100 kg KO ha'gave the highest
average tuber yield of 15.96 t'hia cv. “Kufri Jyoti”

Krishnappa and Gowda (1979) recorded maximum tyiledat
(222.2 g ha) at 180, 50 and 50 kg N, P and K'fzsplication,
respectively. Similar results are reported by Knaret al, (1977).

Trehanet al, (1982) reported that application of 100 kg'kach
of N, P.Os and KO increased tuber yield significantly.

Verma and Grewal (1983) observed that potato tyieda
increased linearly by increasing the rates of Mn& K ha from
0-120 kg h& and the optimum economic rates were 115, 120 arkd) 90
ha', respectively.



Trehan and Grewal (1984) observed that balancelitappn of
NPK fertilizers (150 kg N + 40 kg,Ps + 80 kg kO ha') gave
significantly higher yield of tubers (376.4 gha

Singhet al, (1986) reported that application 120 kg nitrogeh, 8
kg phosphorus, 80 kg potash and 2 kg agromifrghae tuber yield of
26.3, 16.3 and 15.3 t Han potato cultivars “Kufri Badshah”, “Kufri

Bahar” and “Kufri Sindhuri”, respectively.

Sharma and Singh (1988) while studying respong®taito to
N, P and K, reported significant increase in potater yield upto the
applciation of 120 kg N, 180 kg®s and 60 kg KO ha'.

Jaggiet al,(1988) while studying the response of potato to
fertilizer application, concluded that potato ckufri Jyoti” markedly
responded to the application of 150, 52.5 and 7B kg and K h3,
respectively.

Joseph (1988) reported that optimum yield of tuljée2 q ha)
was obtained with the application of 100 kgPPha’.

Sharma and Sharma (1989) observed that applicatid@0, 44
and 42 kg N, P and K Harespectively to the “Kufri chandramukhi”
recorded the highest average tuber yield of 5018 &s compared to

the control.

Nazaryuk and Prozorov (1989) recorded a tuber yéld
29.1 t hd with the application of 120, 60 and 100 kg N, P &nius™,

respectively.

Shanmugavelu (1989) reported that application inbgen at
180 kg h&d alongwith 50 kg FOs and KO ha'gave a maximum yield of

222.29 g hdas compared to other combinations.



Krishnappa (1989) while studying the effect of eiffint levels of
P and their methods of application to potato irdgdnam soil, reported
that increase in P level upto 50 kg'tiacreased the tuber yields
significantly.

Sharma and Grewal (1991) while studying the respofh@otato
to NPK fertilization and their interaction effectdyserved significant
yield response to nutrients with balanced use &f&hd K. They also
recorded an optimum economic dose of 143, 43 ariqy8ta-1 of N, P
and K, respectively. Similar results were repoligdenepal (1967).
Nandekaet al, (1991) while studying the fertilizer requirements
cv.”K.Badshah” observed that application of N, [ &wupto 120 kg N,
50 kg BOs and 50 kg KO ha'respectively increased the tuber yield’
significantly. Sharma and Grewal (1991) observetaase in the tuber
yields with the application of N, P and K upto 1ZDand 80 kg Ha
respectively. Lal and Arora (1993) while studyihg response of potato
cultivars to Phosphatic and Potassic fertilizerseobed that all potato
cultivars under test were equally responsive terklization and tuber
yield increased significantly upto 45 kgd2. Similar response to P
fertilizer was observed by Upadhyay and Grewal §)98
Lal and Arora (1994) reported that application afijto 90 kg hagave
the highest tuber yield of 263.0 gha

Minhaset al,(1994) observed that the direct P application upto
78 kg ROs ha' to spring crop and 52 kg®s kg ha' to autumn crop
increased the potato yield significantly.

Deka and Dutta (1996) in field trial on sandy loaondic soil
found that cv. K. Jyoti gave highest tuber yieldghwhe application of
100 kg ROs ha'.



Roy (1996) found that application of 240 kg N and
50 kg ROs ha' gave tuber yield of 45.6 t Havith highest net returns.

Singhet al, (1996) reported that tuber yield was highest with
application of 15t FYM in combination with 100 KOs

Hossairet al, (1997) observed that the application of
75 kg BOs ha' was optimum and increased tuber yield in the potat

cv.’Patrones”.

Alvarezet al, (1999) reported that application of 207 k@Pha"
gave the highest tuber yield (18 tén cv “ Meriquense”.

Roy and Sharma (1999) observed significant increate yield
and number of large sized tubers when the NPK egijobin was raised
to 150 per cent of the recommended dose of 18Mma@8 80 kg of N, P

and K, respectively.

Singh and Sharma (2002) reported that phosphorrsesik
significant effect on tuber yields at 120 kgDR ha.

2.2.3 Effect of Phosphorus on tuber grades and dry mattecontent
Hukkeri (1968) while studying effects of nitroggrosphorus
and potash on yield and quality of potato, repotted application of

phosphorus upto 90 kg heesulted in the increase of seed sized tubers

without affecting the percentage dry matter contéritibers.

Shukla and Singh (1975) observed that higher ptaoof
‘A’ grade tubers were produced with the fertilizkrse of
225: 150: 240 kg N, P and K harespectively.

Application of nitrogen and phosphorus was alsorial to
increase the size and number of potato tubers (@2wnel Bole, 1975).



Shukla and Singh (1976) also reported higher ptapoof
‘A’ grade tuber even with the application of 150Kg80 kg BOs and
180 kg KO ha' and also reported that application of 225 kg N6® kg
P,Os + 240 kg KO ha'produced the highest dry matter in tubers.

Negiet al,(1982) recorded the highest yield of large sizdxbts
(45.41 q h&) with the application of 120, 40 and 80 kg N,P &nla*,
respectively. He further, reported that the tubeldyincreased due to

increase in the tuber size.

Mishra and Singh (1983) observed that applicatioh98.67 kg N
and 93.6 kg FOs ha' was more profitable and gave marked increase in

the bulking rate, dry matter accumulation of tulaerd tuber yield.

Singhet al,(1984) reported that phosphorus application upto
80 kg ROs ha'improved dry matter of tubers significantly. Simila
results have been reported by Shaatal. (1981).

Reddyet al,(1986) While studying effect of different dosedof
and K on growth and tuber yield of potato cv. “Kiubeva”,
“Kufri chandramukhi” and “Kufri Bahar”, observedahapplication of
both P and K increased significantly proportionAsfgrade tubers and
dry matter of tubers. This increase was highe$ ufri Deva” as
compared to other cultivars. Similar results hagerbreported by
Grewal and Trehan (1979).

Hari and Hooda (1987) recorded maximum tuber dritena
production in the cv. “Kufri Chandermukhi” at theghest fertility level.
(187.5 kg N + 37.9 kg s + 75.0 kg KO ha?).

Sharma and Arora (1987) reported that applicatidd decreased

the number of large and medium sized tubers bueased the number



of small sized tubers. Whereas Krishnappa (19§9)rted that
application of phosphorus increased the yield mfdaand medium sized
tubers and had no significant effect on small sizd@rs. Similar results
have been reported by Sharataal, (1976) and Verma and Grewal
(1978).

Lal and Arora (1993) observed that P applicatior@® kg hd
increased the leaf area index, stems, leaves #aldity matter and

finally the yield.

Das and Banerjee (1994) experienced the highestpige of
large tubers (> 45 mm) and average tuber weight thi highest
fertility level of 160:100:100 kg h&N, P and K, respectively.

Deka And Dutta (1996) in a field trial found thatav. Kufri Jyoti
the yield of small tubers > 25 g was unaffectedlite application of P,
whereas the yield of medium (25-75 g) and largé& (g)/tubers were
highest with the application of 100 kg@® ha™.

Bracheet al, (2000) observed that higher proportion of large
sized tubers were obtained in the Potato cv. “Kiyoti” with the
application of 175.5:125:125 kg of N:P:K kg haespectively, whereas
application of 150:100:100 kg N:P:K fgielded higher proportion of

small sized tubers.

Singhet al, (2001) reported that the maximum weight of tulwdrs
different grades were recorded with 150 kg P.ha

2.2.4 Effect of Phosphorus on Benefit-Cost ratio.
Singhet al, (2001) obtained the highest benefit cost ratiin whe
application of 100 kg &5 for HPS 1/13.



CHAPTER- Il

MATERIALS AND METHODS

The materials used and the techniques followethguhe course of present investigation are

described in this chapter.

3.1 location

The present investigation was conducted at therewpetal farm of Division of Oleridufe, Sher-e-Kashmir
University of Agricultur&ciences and Technology, Shalimar Campus, Srinagar Kashmir
during Kharif- 2002. The location is situated at an elevation of 1587 m abo&lsgel between 34.1 North
latitude and 74.89 East longitublee topography of the land is flat.

3.2 Agro- meteorological features of the experimentalite.

The climate of the Kashmir valley is humid temperat
characterized by hot summers and severe wintere &herage
annual rainfall is 944.6 mm (ranging from 676 to931mm).
More than eighty percent of the rainfall is receiviiom December
to April. Winters are very cold and cloudy followelly hot
sunny summer months. The temperature ranges bet@&aC to
33.0C.

The meetorological data for the cropping period
recorded at meteorological observatory, Division Afyronomy,
S. K. University of Agricultural Sciences and Teology of
Kashmir Shalimar is presented in Appendix-1.

The minimum and maximum temperature recorded nduri

the cropping season was 4.7- 17.1 and 15.5- 3Hsgectively.



The total rainfall received during the entire @ season was

113.68 mm.

3.3 Physical and chemical characteristics of soil.

Representative soil samples were taken randomiy fro the
experimental fields. These samples were dried,
ground and sieved for mechanical
and chemical analysis prior to sowing
operation. The soil of the experimental
field was silty clay loam in texture with
low in available nitrogen and medium in
available phosphorus and
potassium. The soil had a neutral pH,
normal EC and high organic carbon content.
The results of thmalysis

are presented in Table-1.

Table 1. - Physical and chemical
characteristics of the soil of the
experimental site.

Soil properties: -



A. MECHANICAL ANALYSIS
Method employed

ComponenPercent

i). Coarse sand
i) Fine sand
i) Silt

iv) Clay

B. CHEMICAL ANALYSIS
Component
i) Electric conductivity (dsm™)

ii) pH

iii) Organic carbon (%)

iv) Available N (kg ha)

v) Available P (kg ha')

vi) Available K (kg ha™)

vii) Cation exchange capacity (ml kg ha)

3.5 Experimental details

15

International pipette methodRiper 1966)

18.3
42.8
36.8
v) Texture

Value

0.30

6.9

0.87

256

15.6

263

11.35

silty clay loam The
texture and class of soil was
determined using textural
diagram

Method employed
1: 2 soil water suspension with
solubility conductivity meter
(Jackson, 1973).
1: 2: 5 soil water suspension

using pH meter (Jackson,
1973).

Wet digestion method(Walkey
and Black, 1934) Rapid
titration method suggested by
Piper, 1966).

Modified alkaline
permanganate method

(Subbiah and Asija, 1956).
Extraction with 0.5 M NaHCG;
(Olsen et al, 1954) using
systronics spectrophotometer
Extraction with neutral normal
NH4OAC using systronics
flamephotometer (Marwin and
Peech, 1950).

Ammonium acetate extraction
method (Chapman, 1973).

Treatments comprised of three potato cultivarsedhlevels of

nitrogen and three levels of phosphorus. The deadppted was split



plot with three replications. The varieties weraméd in main plot and
the fertilizers put in subplots.
3.5.1 Treatment details

A. Main plots

a). 3 cultivars

). PP-2500

ii). PP-48

ii). Kufri Jyoti

B. Subplots

b). 3 nitrogen levels

N, = 120 kg h&

N, = 160 kg hd

Ns; = 200 kg hd
c). 3 phosphorus levels

P, = 80 kg ha

P, =100 kg h&

P; = 120 kg h&d
(Potash was applied as per package of practice8a@&dLK,0 ha')
Replication: 3
Plotsize : 3.0x2.0m
Spacing : 60cmx20m



Experiment was laid out in split plot design as pigr 1.

Ry

VAIAT M ALIARINII

VAIAT M ALIARINI—I

<+—— WATER CHANNEL¢—— N
NZPlVl N3Plv3 N2P3V2
NP V1 | NiP.Vs NPV We——> E
NZPZVl N3P3V3 N1P1V2
N.P5V1 | NoP3V; N3PV, Q
N3P2Vl N1P3V3 N1P3V2 %
NPV: | NPV NPV, || B
N2PsVi | NaP2Vs N2P,V
NaPsVi | NiP:Vs N2P1V
N:PV1 | NoP1V; N;P,V,

BUND WATER CHANNEL

NiP3Vs | NiP1Vy NsP N;P,V, NoP.V3 | NiPoV,
NP2V | NPV, a NsP;Vy N3PiVs | NoPoV,
N3PsVs | NaPpV4 é N3PsV; N2P2V3 | NoPiVs
N3P,V3 | N3PV, N3P V5 NoP3V 4 N1P>V3 | N3P,Vso m
N2P3V3 NlPZVI N2P3V2 N1P3Vl N3P2V3 N1P3V2 é
NlPlV3 N3P2V1 N2P2V2 N2P2Vl N1P3V3 N3P1V2 ;
NaPVs | NiPaV; NaP V, NaP,V; NoPaVs | NiP1V, ;
NoPVs | NP3V, NP3V, N:P,V1 NsP3V3 | N3PsVso E
NiP2Vs | N3P3V, NiP.V, NoP:Vy NiP:V3 | NoP3V, g




3.5.2 Treatment combinations
N1P;V;
N1P,V;
N1P3V;



N2P:Vy
NPV,
N2P3Vy
N3PV,
N3PV,
N3P3Vy
N1P:V>
N1P2V>
NP3V
N2P1V>
N2P,V>
N2P3V>
N3P1V>
N3P2V>
N3P3V>
N1P:V3
N1P;V3
N1P3V3
N2P1V3



N2P,V3
N2P3V3
N3P1V3
N3P2V3
N3P3V3

3.6 Agronomic operations

The cultural practices carried out during the cgepson are described as under: -

The experimental plot was ploughed with a tractace, followed by leveling and planking to get aditilth.
Weeds and trashes were removed and the field whsuaas per the layout plan.

The main plot was assigned to varieties and thepsot to the fertilizers. The fertilizers were éipd to each
plot at random. Full dose of P and K was appliethasal dose. Half of nitrogen was given at plantingg and the
remaining half at the time of first earthing up.atity of N supplied by DAP was also accountedcfaculation of N
dose.

The fertilizers were applied in the following conmmial form.

(1) Urea 46% N



(i) DAP 18% N and 46% s

(iii) MOP 60% K0
3.6.1 Plant materials used

Healthy tubers of cultivar PP-2500, PP-48 and Kdyoti were obtained from research station Pahalgdra
tubers with signs of bruises, disease infestatiorwere rejected. The tubers having more then tyes evere selected
and planted on well-prepared ridges in the maits@ssigned to each variety separately. A spadi6g cm. Ridge to
ridge and 20 cm, plant to plant was followed. Eheere five rows in each sub plot and ten tubeesach row. The
planting was done on 20th of Marép2

The experimental field was irrigated twice at ateimal of 25 days.

3.6.2 Earthing up of the crop
The earthing up of the crop was done twice. Ths fineing and earthing was done after one monghaoting
and the second fifteen days later.
3.6.3 Weeding
Besides hoeing of the crop, two hand weeding®vaso followed to remove all the

weeds before they would have assumed a criticgésta



3.6.4 Plant protection
The crop was sprayed with Mancozeb at 0.2% cdreten and Dichlorovos 0.5%
twice to control any possible attack of diseasa® (&nd early blight) and insects and pests.
3.6.5 Details of other cultural operations.
The details of various other fields operations @enked during the cropping season are presentéeifable 2.

Table 2: - Details of cultural operations

Nature of the operation Date
Ploughing 12- 3-2002
Clod breaking and leveling 15- 3-2002

Layout, raising of bunds and making of irrigatidraonels 17- 3-2002
Weighment and application of fertilizers (basaleos 19- 3-2002

Planting of potato tubers 20-3-2002
Ist hoeing and application of ¥2 N (Top dose) 12002
First irrigation 1- 5-2002
Second hoeing 5-5-2002
Second irrigation 25-5-2002
Dehaulming 19-7-2002

Harvesting of the crop 29-7-2002



3.6.6. Dehaulming
Dehaulming of the crop was done 10 days beforedssing.
3.7 Harvesting

Harvesting of the dehaulmed crop was done by dgygimt potato tubers manually from the experimeplats
separately for each treatment combination variesgwand replication wise. The harvested crop wasvat to dry to
a desired moisture content before weighing andiggad
3.8 Observations recorded
3.8.1 Sampling techniques for growth and yield componéraits.

Ten representative plants were selected from eattfe@xperimental plot at random and tagged vabiels for
periodical recording of data for different paramgtel'he results obtained were expressed as avémagpn) of ten
plants.
3.8.1.1 Percent emergence

Plant emergence count was taken thrice at an altefnl0 days from the emergence of the first tuddsove
soil. For emergence count the data was recordadtyavise for the each treatment. The mean was &bdut and
subjected to statistical analysis.
3.8.1.2 Plant height (cm)



The height of the main shoot of each tagged plaa# wecorded from the ground level to the tip of riregn
shoot. The recording was repeated thrice duringitbeping season and the mean was worked out.
3.8.1.3 Number of shoots plarit

The number of shoots plahtvere recorded in the tagged plants thrice dufiregcrop season and the number

plant* at the final observation was analyzed.

3.9. Yield

Before harvesting the experimental plots. The borde/ss were harvested first and all the precautiaken.
The potatoes were cleaned off from soil and wep ke properly labeled trays plot wise for weighiagd grading.
The plot wise yield was calculated and convertéal inha'.
3.9.1 Tuber number plant

At harvest ten plants selected randomly were dutgseparately from each treatment plot and the eurb
tubers plant was counted and the average worked out.
3.9.2 Average tuber weight

Average tuber weight was calculated at the timdarfvesting from ten randomly selected plants freswch
treatment plot by dividing the weight of tuberstiper number and then the average of ten plantswedsed out for
analysis. Similarly average tuber weight plamas also worked out by dividing weight of tubeysnnmber of plants.



3.9.3 Grading of potato tubers
At harvest, the tubers from each treatment weeslegt variety wise and replication wise in the folloy
categories.
“A” grade (large size) tubers above 50 g sortegigived and calculated kg plant
“B” grade (medium size) tubers (25- 50 g) sortedighed and calculated kg plant
“C” grade (small size) tubers (< 259) weighed aaltulated kg plaht

3.10 Dry matter percentage

Estimation of dry matter was done from fresh matefiOO g of potato tubers was taken from eachrresat. It
was sliced and oven dried at 6{ll constant weight.
3.11 Benefit-Cost ratio.

Gross returns were worked out by multiplying yielastained with the market price. The cost of cutiMa was
subtracted from the gross returns and resultsmdaivere presented in rupees ha
3.12 Statistical analysis

The statistical analysis for each parameter wasecbaout on mean values. The data was subjectadatysis of

variance as per the INDOSTAT software package.






CHAPTER- IV

EXPERIMENTAL RESULTS

The Research Findings of the experiment laid owaskess the response of potato cultivars to vatgiwels of

nitrogen and phosphorus fertilization are describedktail in this chapter.

4.1. Influence on the morphological traits.

4.1.1 Percent emergence

Analysis of variance (Appendix-Il) revealed thlae tmain effect of different varieties was significavhere as
that of nitrogen and phosphorus was non-significemplant emergence. The interaction effects neguftom variety
X nitrogen, variety x phosphorus, nitrogen x phaspk and variety x nitrogen x phosphorus were sanificant.

Varieties revealed significant differences for thedbility of plant emergence (Table-3). The varibty-48 had
the highest plant emergence (94.30%) followed by2BB0 (93.50%) and Kufri Jyoti (90.70%). The vaastPP-48

and PP-2500 showed significant difference for et @mergence as compared to Kufri Jyoti wherea® thvas no



significant difference between the emergence p¢sgenof PP-48 and PP-2500. Application of differlavels of
nitrogen and phosphorus had non-Bagmt effect on percent emergence. The increapelicent emergence
with the increase in levels of nitrogen and phospfevas non-significant.

4.1.2. Plant height.

Perusal of analysis of variance (Appendix-Il)eaked that all the main factors viz. cultivarsfehént levels of

nitrogen and phosphorus had significant effectlantgeight.



Table 3: - Effect of different levels of Nitrogen ad Phosphorus on the percent emergence in Potatoltuars.

Treaments Percent emergence
Cultivars
PP-2500 93.50
PP-48 94.30
Kufri Jyoti 90.70
SE (d) 1.29
CD(5%) 259
Nitrogen levels(kg ha')
N, 120 92.30
N, 160 92.37
N 200 93.18
SE(d) 1.28
CD at 5% N.S
Phosphorus levels(kg h3)
P, 80 92.00

P, 100 92.50



P, 120 93.10
SE(d) 1.19
CD (5%) N.S

Plant height (Table-4) was significantly higherRi®P-48 (56.52cm) as compared to PP-2500 (51.99acwh)
Kufri Jyoti (50.31 cm). Nitrogen application incezal the plant height significantly, as the doseeiased. At 120 kg
N ha' the plant height was 50.88 cm, which increasest®7 cm at 160 kg N Haand to 54.97 cm at 200 kg N*ha
Similarly, application of different levels of phdsgrus increased the plant height linearly; at 8CPkia’, the plant
height was 52.58 cm, which increased to 53.05 cch%$19 cm at 100 and 120 kg P'haspectively. However the
increase was non-significant only between 100 &@dkhy P h& as compared to 80 kg P ha

Interaction resulting from variety x different lds®f nitrogen was significant and it was obsertreat plant

height increased significantly when the dose abgien was raised from 120 to 200 kd'fimall the three cultivars.



Interaction resulting from variety x ppbsrus, nitrogen x phosphorus and variety x nitnag@hosphorus were

non-significant.
4.1.3. Number of shoots plart

Number of shoots plantrevealed a significant variance (Appendix-11) fearieties and different levels of
nitrogen application.
Maximum shoots plaft(4.77) (Table-5) were observed in PP-48 which sigisificantly higher as compared to both
PP-2500 (4.62) and Kufri Jyoti (3.95). Applicatiohnitrogen increased number of shoot plditiearly and
significantly as the dose increased from 120 tol2P0OI ha'. At 120 kg N h& the shoot number was 4.20 which
increased significantly to 4.59 at 160 kg N'tut thereafter the increase was non significaingoé.73 shoots plarit
at 200 kg N ha

Table 4: - Effect of differentlevels of nitrogen and phosphorus on Plant heighthiPotato cultivars.

Treatments Plant height (cm)
Cultivars

PP-2500 51.99

PP-48 56.52

Kufri Jyoti 50.31



SE(d) 0.14

C.D(5%) 0.41
Nitrogen levels (kg h&)
N, 120 50.88
N, 160 52.97
N 200 54.97
SE(d) 0.12
CD(5%) 0.26
Phosphorus levels (kg hd)
Py 80 52.58
P, 100 53.05
P 120 53.19
SE(d) 0.19
CD(5%) 0.40

Interaction effect of cultivars and nitrogen

Cultivars | Nitrogen levels (kg ha)

120 160 200
PP-2500 |49.71 51.70 54.57
PP-48 54.43 56.75 58.40
Kufri Jyoti | 48.52 50.47 51.94




SE (d) 0.21
CD (5%)  0.46

Table 5: - Effect of different levels of nitrogen ad phosphorus on

number of shoots plant in potato cultivars.

Treatments No. of shoots plant
Cultivars

PP-2500 4.62

PP-48 4.77

Kufri Jyoti 3.95

SE(d) 0.22

CD(5%) 0.63

Nitrogen levels (kg ha')

N3 120 4.20



N; 160 4.59

N, 200 4.73
SE(d) 0.16
CD(5%) 0.36

Phosphorus levels (kg hd)

P, 80 4.26
P, 100 4.34
P 120 4.42
SE (d) 0.14

CD (5%) N.S



The main effects of phosphorus and all the intevaaffects were found non-significant.
4.2. Yield and yield parameters

Yield parameters consisted tuber number plamid average tuber weight where as tuber yieldestimated as
quintals hd.

4.2.1. Tuber number plant!

Analysis of variance (Appendix-lll) revealed a rsfgcant difference between varieties, differenvdks of
nitrogen phosphorus application and interactiomitfogen with varieties and phosphorus. The intesacamong

varieties x nitrogen x phosphorus and the intevadtietween variety & phosphorus was non-significant

Maximum tuber number plah{Table—6) was observed in PP-48 (11.79) followgdPB-2500 (11.40) & Kufri
Jyoti (10.13). The difference in the mean perforosaaf all the three varieties was significant. Théivars PP-2500
and PP-48 were statistically at par with each otheespect of tuber number plarbut both these cultivars differed
significantly from Kufri Jyoti. Application of nitgen had a significant increase from 10.44 tubkstpat 120 kg N
ha' to 11.95 tubers plantat 160 kg N ha but a significant decrease to 10.77 tubers pPlavds observed when the

dose was increased to 200 kg N'him case of application of different levels of ghhorus almost a similar trend was



observed. The tuber number of 10.82 pfargcorded with the application of 80 kg P'Hacreased significantly to
11.48 tubers plaftwith 100 kg P ha but decreased significantly to 10.86 tubers plavith the application of 120 kg

P ha'.

Interaction resulting from the varieties and nigngevealed that a significant increase occurreld thie application of
120 to 160 kg N Ha

Table 6: - Effect of different levels of nitrogen ad phosphorus on tuber number plant' in potato cultivars.

Treatment Tuber number plaht
il szarve
wuitivaro
PP-2500 11.40
PP-48 11.79
Kufri Jyoti 10.13
SE (d) 0.20
CD (5%) 0.57
Nitrogen Level (kg ha')
N; 120 10.44
N, 160 11.95
N3 200 10.77

SE (d) 0.15



CD (5%) 0.34

Phosphorus Level (kg hd)

P, 80 10.82
P, 100 11.48
P 120 10.86

SE(d) 0.15
CD (5%) 0.31

Interaction effect of cultivars and nitrogen _Interaction effect of nitrogen and phosphorus
Cultivars | Nitrogen levels (kg ha’) Nitrogen | phosphorus levels (kg hd)

120 160 | 200 fﬁ's k9180 100 120
PP-2500 | 10.40 | 12.06] 11.40| 715G 588 048 1073
PP-48 11.40 | 12.66] 11.32
160 1131 | 12.86 | 11.66
Kufri 931 | 1111 | 953
Jyot 200 11.20 | 1085 | 10.20
SE (d) 0.27 SE(d) 0.26

CD (5%) 0.60 CD (5%) 0.54



But the tuber number decreased significantly asitise was increased to 200 kg N fraall the three cultivars.
In case of interaction between nitrogen and phag#hat was observed that a linear and signifizactease occurred
with increase in the application of phosphorus I combination with 160 kg N HaBut at 200 kg N haa linear
and significant decrease was observed as the dd3énoreased from 80- 120 kg haHowever, in case of 160 kg N
ha', there was significant increase in tuber numbeemphosphorus level increased from 80- 100 khtha at 120

kg P h& a significant decrease was observed.

4.2.2 Average tuber weight (g) and tuber weight plant.



Analysis of variances (Appendix-1ll) revealed tmadin effect of cultivars and different levels ofragen, and
phosphorus, and interaction resulting from appbeaof nitrogen with variety and phosphorus wegngicant. The

interaction between variety x phosphorus and variety x nitrogen x phosphorus were non- i§iggmt.

The average tuber weight was maximum in PP-48 $48.0 (Table-7) followed by PP-2500 (41.249g) and
Kufri Jyoti (39.179g). These differences among thiivars were highly significant. Application offtirent levels of
nitrogen had a significant effect on the averadgpetweight. The tuber weight of 40.369 recordedhlie application
of 120kg N h& increased significantly to 42.40g with the applima of 160kg N ha, but at 200kg N Hj it
significantly decreased to 39.71g.

Application of different levels of phosphorus shawa significant effect on tuber weight. The tuber

weight of 40.80 g recorded at

Table 7: - Effect of different levels of nitrogen ad phosphorus on average tuber weight in potato ctivars.
Treatments  Averagetuberweight(g)
Cultivars

PP-2500 41.24
PP-48 42.05




Kufri Jyoti 39.17

SE (d) 0.12
CD (5%) 0.36

Nitrogen levels (kg ha')
N, 120 40.36
N, 160 42.40
Ns 200 39.71
SE (d) 0.16
CD (5%) 0.34

Phosphorus levels (kg had)
Py 80 40.80
P, 100 41.29
Ps 120 40.57
SE (d) 0.22
CD (5%) 0.46

Interaction effect of cultivar and nitrogen

Cultivars | Nitrogen levels (kg hal) Interaction effect of nitrogen and

phosphorus
120 160 | 200 Nitrogen | phosphorus levels (kg hd)
PP-2500 | 40.96 42.23 | 40.53 levels kg
it 80 100 | 120
PP-48  [41.96 | 44.60 | 39.60| [120 40.00 | 40.17 | 40.93
160 41.76 | 43.33| 42.10

200 40.63 39.80 | 38.70




Kufri 38.17 40.36 | 39.00
Jyoti
SE (d) 0.27
CD(5%) 0.60

80kg ROs ha'increased significantly to 41.29g at 100k@Fha’. But at 120kg FOs ha' it significantly decreased to
4057 g.

Interaction of application of different levels oftrogen in the potato cultivars revealed that imegal a
significant increase was observed when the nitraise increased from 120 to 160kg'hBut at 200kg N Haa
significant decrease was observed in all the tlordgvars. Interaction arising between the appiaratof different
levels of nitrogen and phosphorus, revealed thaRakg N h& application, a linear increase was observed a$the
level increased from 80-120kg habut the difference was significant only betwelea highest and the lowest dose of
phosphorus. At 160 kg N Haapplied, a significant increase was observed asltise increased from 80-100kg P ha
But at 120kg P Hait revealed a significant decrease in tuber weigh200kg N h& there was a gradual decrease as

the dose of P increased from 80-120kg &ad this decrease was significant at each level.



Similarly tuber weight plafitwas maximum in PP-48 (0.396 kg) (Table-8) follovisydPP-2500 (0.375 kg) and

Kufri Jyoti (0.348 kg). These differences amongdhbkivars were significant.

The interaction effect of cultivar x nitrogen relegha similar trend as observed in case of aveays weight.
The interaction arising between application ofetiéint levels of nitrogen and phosphorus revealadahl120kg N ha
'a significant increase was observed as the levél wfas raised from 80-100kg haut a significant decrease was
observed at 120 kg P haAt 160kg N h& applied, a significant increase was observed as daseased from 80-
100kg P hd. But at 200kg N ha

Table 8: - Effect of different levels of nitrogen ad phosphorus on tuber weight plant-1 in potato cuivars.

Treatments Tuber weight (kg plant?)
Cultivars

PP-2500 0.375

PP-48 0.396

Kufri Jyoti 0.348

SE (d) 0.003

CD (5%) 0.010

Nitrogen Levels (kg ha')
Ny 120 0.349



N 160 0.410

N3 200 0.360
SE (d) 0.001
CD (5%) 0.003
Phosphorus Levels (kg hd)
P1 80 0.372
P, 100 0.384
P3 120 0.363
SE (d) 0.002
CD (5%) 0.005

Interaction effect of cultivars and nitrogen Interaction effect of nitrogen and phosphorus

Cultivars | Nitrogen levels (kg ha') Nitrogen | phosphorus levels (kg h&)
120 | 160 | 200 'ﬁ;‘f's ka0 100 | 120
PP-2500 |0.352 | 0.418 | 0.335| oo 0345 9358 | 0314
PP-48 0359 | 0.435| 0.394| &5 5395 5425 | 0.410
?;(‘;: 0336 | 03761 0.331) 545 0.378 | 0.368 | 0.334
SE (d) 0.002 SE (d) 0.004

CD (5%) 0.005 CD (5%) 0.008



there was a significant decrease as the doserafr®ased from 80-120kg'ha
4.2.3. Total yield (q hd)

This is the most important economic parametehéngdotato crop. Analysis of variance (Appendix-tByealed
that all the factors i.e., cultivars, nitrogen &gsphorus applications and interactions resultioghfthese factors were

significant except the interaction between vanephosphorus and variety x nitrogen x phosphorus.

Performance of different cultivars of potato rdedathat (Table-9) PP-48 produced the highest tyhedd of
(303.28 g h3) followed by PP-2500 (281.73 ¢ Haollowed by Kufri Jyoti (261.51q h8.

Application of nitrogen significantly increasedethiuber yield from 264.86 quintals ha-1 recordethwhe
application of 120kg N hato 314.26 q haquintals hd recorded with the application of 160kg N'havhich however,
decreased significantly to 269.39 quintals’tes the dose increased to 200kg N'.h&imilarly application of
phosphorus increased the tuber yield from 280.84tajs ha' recorded with the application of 80kg P'ta 290.78
quintals h&d when the dose was increased to 100 kg Pbagain at the highest dose of 120 kg P tuber yield
decreased to 274.93 quintals‘ha

Interaction resulting from the application of éifént levels of nitrogen in the potato cultivargeeed almost a

similar trend i.e. the tuber yield increased sigaifitly when the dose was increased from 120 t«kd®0ha' but it



decreased significantly as the dose further ineas 200kg N hain all the three cultivars. In case of nitrogen x

phosphorus interaction, it was observed that aifgignt increase resulted when phosphorus apptinatincreased
from 80—100kg P haat both 120 and

Table 9: - Effect of different levels of nitrogen ad phosphorus on tuber yield in potato cultivars.

Treatments Tuber yield (q hd)
Cultivars
PP-2500 281.73
PP-48 303.28
Kufri Jyoti 261.51
SE (d) 7.04
CD (5%) 15.68
Nitrogen Levels (kg ha')
N, 120 264.86
N, 160 314.26
N3 200 269.39
SE (d) 8.53
CD (5%) 17.69

Phosphorus Levels (kg hd)
P1 80 280.81



P, 100 290.78

P3 120 274.93

SE (d) 3.37

CD (5%) 6.84
Interaction effect of cultivar and nitrogen  ntéraction effect of nitrogen and phosphorus
Cultivars | Nitrogen levels (kg ha) :\lltrc;gen ‘ phosphorus levels (kg ha)

120 ] 160 200 fg?s 980 100 | 120

PP-2500 | 260.99 | 313.41| 270.90 | 120 258.91| 273.20 260.69
PP-48 282.02 | 340.63| 287.21 | 160 2090.16| 328.63 315.49
?Uff? 251.80 | 289.24) 245.21 | 200 284.85| 270.51] 247.95
yoti
SE(d) 6.11 SE(d) 5.84
CD (5%) 13.32 CD (5%) 11.85

160kg N hd but at 120kg P hha significant decrease was observed in the tuieéd gt both the levels of nitrogen.
However in case of 200 kg N ha linear and significant decrease was observeleadose of P increased from 80—
120 kg P ha.

4.3 Tuber grades



Quality of tubers in terms of different gradesh@ving economic importance from both the pointviefv of

seed potatoes and table purpose potatoes.

4.3.1 “A” grade tubers

Tubers weighing more than 50g were graded as ‘A’the yield of such tubers in kg pldmtas worked out.

Analysis of variance (appendix-1V) revealed higlsignificant difference for all the main factors,ltouars,
nitrogen and phosphorus and the interaction aridiogn variety x nitrogen. All other interactions rgenon-
significant.

Maximum ‘A’ grade tubers (Table-10) were observediltivar PP-48 (0.197 kg plahfollowed by PP-2500
(0.172 kg plant) and  Kufri Jyoti (0.171 kg plant However the difference was significant only whka cultivar
PP-48 was compared with the other two cultivarsplisption of nitrogen increased the ‘A’ grade tulyezld from
0.182kg plarit recorded with the application of 120kg N'tia 0.193 kg plantat ~ 160kg N ha But at the higher
level of 200kg N hait decreased significantly to 0.170kg planSimilarly with the application of different levebf
phosphorus the ‘A’ grade tuber yield of 0.169 kgnif recorded at 80kgPs ha' increasedo 0.195kg plantat100
kg P205 habut decreased significantly to 0.182 kg pfaat 120kg FOsha’.

Table 10: - Effect of nitrogen and phosphorus onuber yield in



grades plant' in potato cultivars.

Treatments Tuber yield in grades (kg plant)
Cultivars A B C
PP-2500 0.172 0.123 0.081
PP-48 0.197 0.135 0.082
Kufri Jyoti 0.171  0.122 0.076
SE (d) 0.002 0.001 0.025
CD (5%) 0.008  0.003 NS
Nitrogen Levels (kg ha')
N, 120 0.182 0.127 0.074
N, 160 0.193 0.128 0.074
N 200 0.170 0.126  0.092
SE (d) 0.004 0.001 0.024
CD (5%) 0.008 N.S N.S
Phosphorus Levels (kg ha)
P, 80 0.169 0.119 0.072
P, 100 0.195 0.133 0.081
P3 120 0.182 0.134 0.087
SE (d) 0.003 0.001 0.024
CD (5%) 0.006 0.002 N.S

Interaction effect of cultivars and nitrogen
(Grade ‘B’)

Cultivars | Nitrogen levels (kg h&")

120 160 200

PP-2500 [0.117 | 0.128 | 0.123

PP-48 0.133 | 0.139 | 0.134




Interaction effect of cultivars and nitrogen
(Grade ‘A"

Cultivars | Nitrogen levels (kg ha)

120 160 200

PP-2500 |0.175 | 0.181 | 0.160

PP-48 0.196 | 0.210 | 0.185

Kufri 0.170 | 0.176 | 0.167
Jyoti
SE (d) 0.006

CD (5%)0.015

Interaction effects resulting from applicatiohdifferent levels of nitrogen and different culins revealed a
significant increase in the tuber yield of ‘A’ geatlibers which increased when nitrogen levels waased from 120-

160kg hd. But it significantly decreased as the dose wathén increased to 200kg N ha

4.3.2 “B” grade tubers



‘B’ grade tubers were categorized as the ones patuber weight of 25 to 50gm. Analysis of variance
(appendix-1V) revealed that only the main effectcultivars, different levels of phosphorus andemaction arising

from cultivar x nitrogen were significant. The otleffects were non- significant.

The highest ‘B’ grade tuber yield of 0.135kg planias observed in PP- 48 (Table-10) followed by PFB02
(0.123kg plarit) and Kufri Jyoti (0.122kg plabtand this difference of PP-48 as compared to other
cultivars was significant. Application of differefgvels of nitrogen did not increase the yield Bf grade tubers
significantly but application of different levelsd phosphorus revealed that the ‘B’ grade tuberdyigicreased
significantly from 0.119kg plafit* 80kg BOs ha'to 0.134 kg plantat 100kg BOs ha' but thereafter it increased non
significantly to 0.34 kg plafitwith the application of 120 kg,®s ha' in all the three cultivars.

The interaction effect of cultivar x nitrogen reilezh a significant increase when the level of nigogvas

increased from 120 to 160kg hhut it decreased significantly when the dose waseased further to 200kg N ha

4.3.3 “C” grade tubers
Tubers weighing less than 25g were graded asP&usal of analysis of variance (Appendix-1V) rdedahat
none of the main factors (Table 10) or the inteoachmong them was significant and hence the vanan the values

has arisen exclusively because of sampling errdmaed not be highlighted.

4.4 Dry matter percentage



Dry matter accumulation in plants is a photosyntheind nutrient assimilation and utilization eféocy

measurement. In the present study dry matter (%)estamated in tubers.

Analysis of variance (Appendix-1V) revealed thdttak main factors viz., cultivars, applicationrofrogen &

phosphorus and interaction arising from cultivélistrogen and phosphorus were significant.

Potato cultivars revealed an inherent propertyifd@m@nce in dry matter content. Maximum dry mattentent
(20.03%) was observed in PP-48 (Table-11) followedPP-2500 (19.76%) and Kufri Jyoti (19.00%). Thitedences
were significant in all the three cultivars. Applion of different levels of nitrogen revealed tmaaximum and
significant increase in dry matter percentage wesenved with the application of 160kg N'h@0.14%) as compared
to (18.81%) recorded with the application of 120 Mgha' but at 200 kg N Ha a non-significant decrease was
observed. Similarly with the application of phospi®a significant increase in the dry matter contértuber was
observed at 100kg P ha(19.99%) as compared to dry matter content (B9)32corded with the application 80kg P
ha'. In this case also at higher level of 120kg P the dry matter content decreased significanty®8%.



Table 11: - Effect of different levels of nitrogerand phosphorus on
dry matter percentage in potatoultivars.

Treatments Dry matter percentage
Cultivars

PP-2500 19.76

PP-48 20.03

Kufri Jyoti 19.00

SE (d) 0.09

CD (5%) 0.26

Nitrogen Levels (kg ha')

N1 120 18.81
N; 160 20.14
N3 200 20.04

SE (d) 0.05



CD (5%)

Phosphorus Levels (kg ha)

Py 80
P, 100
Py 120
SE (d)

CD (5%)

0.11

19.32
19.99
19.68
0.06
0.13






CHAPTER- V
DISCUSSION

The potato $olanum tuberosur.) is one of the four most important crops of therld, the other three
being rice, wheat and maize. A short duration dika@potato, which is nutritionally superior andpedle of producing
high amount of food per unit area and time, hasatgotential in modern agriculture for meeting tificreasing food
requirements of the country. Therefore in a couhkey India with a large population to feed, pot&gerhaps one of
the best answers to meet the growing food needsthizucan be realized only if due attention isdp@i the effective
utilization of environment and inputs by adoptindtaral practices on a scientific basis.

Potato can be grown only under such situations evtiex temperatures during growing season are mediera
cool. However it can grow and give economic retuunsler any climate provided the night temperatuhasng
tuberization remain around ¥D. (Shek hawagt al, 1999).

Geographical location, length of growing seasontility status of soil, soil type, varieties andhet
environmental factors play a significant role ire tgrowth and successful cultivation of potato tbgetwith the

significant influence of nutritional application{&maet al. 1978, Chaurasia and Singh 1993).



Potato crop is sensitive to nutrient stress owmngg shallow and sparse root system N, P and Kseéthe
crop vary with the soil type and its nutrient syppd capacity, variety, cropping system and soulfesutrients.
Research studies on mineral fertilizer applicadond varietal responses have been conducted foradelerades and
they continue to be the focus of research evenytotlithough a lot of information has been gainedtlvese aspects,
the need for determination of optimum fertilizesrsdards for potato cultivars continues to be ingmrtThe present
study was thus conducted to ascertain the respafngetato cultivars to varying levels of nitrogendaphosphorus
fertilization.

The results thus obtained have been made to ietamportant findings in light of available liteuaeé.

5.1 Growth parameters

5.1.1 Percent emergence

Plant emergence was taken regularly at an intefva0 days from the emergence of the first tuber @ntinued for
30 days after planting.

Cultivars showed significant differences for thaiility to emergence. The cultivar PP-48 showedhighest
plant emergence (94.30%) followed by PP-2500 (¥8)@nd Kufri Jyoti (90.70%). Our findings are inosé
conformity to those of Gagret al, (2000). However our findings are quite contrasthimse of Ranet al, (1979) who
observed that cultivars did not exhibited significalifferences with respect to emergence. The mdiffees in

observations may be due to peculiar agroclimatnditmns which prevailed during the present studies



The plant emergence was not significantly influehds increasing levels of nitrogen. The results @re
concurrence with the findings of Mandal and Ardr@45), Singh (1995), Nandekatral,(1991) and Singh (2000).

The plant emergence was not significantly influehbg increasing levels of phosphorus. These fingliag in
line with those of Joseph (1988) and Nandediaal, (1991). Krishnappa (1989), Pushkarnath (1976) Veamd
Grewal (1978).

5.1.2 Plant height

Cultivars exhibited significant differences in pidreight. Cultivar PP-48 produced the tallest @ab6.52 cm)
as compared to PP-2500 (51.99cm) and Kufri Jydi3Ecm). These results are in agreement with thairfgs of
Sahota and Perumal (1986) and Nandekai, (1994).

The plant height was significantly influenced byragen application, as shortest plant height (5h88was
recorded at 120 kg N Havhile the tallest height (54.97cm) at 200 kg Nt h@imilar results have been reported by Sah
and Sahay (1974), Mandal and Arora (1975), Siaglal, (1986), Kushwah (1989), Singh and Sood (1996) and
Singh and Raghav (2000). This increase in plarmghtemight be due to the fact that higher nitrogencentration
stimulated the assimilation of carbohydrates amdegom, which is turn enhanced cell division andrfation of more
tissues that resulted in enhanced vegetative grofatie plant. (Mayer and Anderson, 1970).

Similarly application of varying levels of phospherincreased the plant height linearly and sigaiftty. The
plant height was 52.58cm at 80 kg P' had was recorded 53.19cm at 120 kg P. I8imilar findings have been



reported by Pushkernath (1976), Joseph (1988) angh 8t al, (2001). The interaction between cultivars andogién
produced a significant effect on plant height. layrbe due to the fact that nitrogen plays an ingmrtole in
promoting vegetative growth and plants with suffidi nitrogen are characterized by vigorous plaowgr (Sharma
and Upadhayay, 1993).

5.1.3 Number of shoots plarit

Potato cultivars showed significant difference imer of shoots plant Maximum number of shoots plan(4.77)
were observed in cultivar PP-48 which was signiftbahigher as compared to cv. PP-2500
(4.62) and Kufri Jyoti (3.95). Similar results halween reported by Sahota and Perumal
(1986) and Nandekaat al, (1994).

Application of nitrogen increased number of shqaemt linearly from 120 to 200 kg N Hawhich increased non
significantly to 4.59 at 160 kg N Hiabut when the level of nitrogen was increasedo® iy
ha' the number of shoots plahtincreased significantly to 4.73. These findinge a
confirmed by Mandal and Arora (1975), Satyanaryana and Arora (1985), Gupta and
Paul (1989) and Singh andd5(1996).



Number of shoots plahincreased non significantly when the level of phasps was raised from 80 to 120 kgDp
ha'. Similar findings have been reported ®lyarma and Singh (1988) and
Nandekaet al.(1991).

5.2 Yield and yield parameters

5.2.1 Tuber number plant

Cultivars exhibited significant differences in i@ to tuber number plaht Maximum tuber number plant (11.79)
was observed in cv. PP-48 followed by cv. PP-2800040) and Kufri Jyoti (10.13). The
difference in the mean performance of all the three cultivars was signifita
Similar findings have been reported by Sahota and Perumal (1986), Reddy
al, (1986), Sharma and Verma (1987) anshiuahet al, (1993).

Number of tubers per plant increased significafibyn (10.44 to 11.95) with the increase in levelngfogen from
120 to 160 kg N Haand when the level of nitrogen was increased to R§ha' tuber
number plarit decreased significantly to 10.77 tuber pfarhe reduction in tuber number
was due to the fact that plant growing under highogen availability had significantly
higher rate of carbohydrate accumulation in thedsaut the rate at which the carbohydrates
were exported from leaves was significantly lowethe high nitrogen treatment suggesting
low tuber sink strength. Our findings are in linghathose reported by Mandal and



Arora (1975), Reddy and Rao (1968), Satyaaaayand Arora (1985), Kushwah (1989) and
Sharma and Dubey (2000).

Tuber number plafitincreased significantly with the increase in phaspk levels upto 100 kg,®s ha'. It was
recorded 10.82 at 80 kg Phand 11.48 at 100 kg P205 but when the phosphoves leas
further raised to 120 kg Hahe tuber number decreased significantly to 1088®ilar results
have been reported by Shargetaal, (1984) and Lal and Arora (1994).

The interaction between cultivars and nitrogen aitcbgen and phosphorus exhibited significant affen tuber
number plant. Maximum tuber number of 12. 86 tubers plamtas obtained due to the
combined effect of nitrogen and phosphorus at 1§Ghkd 100 kg Hg respectively. This
may be attributed to various physiological actestiwithin the plant resulting in increased
tuber number. Increase in tuber number planay be due to increased photosynthetic
activity and translocation of photosynthates to thets that might have helped in the
initiation of more stolons (Anand and Krishnappa89).

5.2.2 Average tuber weight (g)

Significant differences in average tuber weight whserved with respect to potato cultivars. Averageer weight
was maximum (42.05g) in cv. PP-48 followed by c¥®-F00 (41.24g) and Kufri Jyoti
(39.179). Similarly the tuber weight pldnivas observed maximum (0.390 kg



plant!) in cv. PP-48 followed by cv. PP-2500 (0.375 karpt) and 0.348 kg plant-1 in Kufri
Jyoti. These differences in tuber weight amongivais have been reported by Sahota and
Perumal (1986), Reddst al,(1986), Sharma and Verma (1987), Kushwealal, (1993) and
Nandekaret al, (1994).

Significant increase in average tuber weight waseoled when nitrogen level was increased from @260 kg N ha
. At 120 kg N hdit was recorded 40.36g and at 160 kg N #2.40g. but when the level of
nitrogen was further increased to 200 kg N hasignificant reduction in tuber weight was
observed. Similar trend was observed in tuber wgdgmt', which increased significantly
upto 160 kg N haafter which a significant reductiaas observed at 200 kg N ha
g Similar results have been reportgdhs and Banerjee (1994) and Hassandokth
and Kashi (2000). The decrease in tuber weightigiten levels of nitrogen could be an
adverse effect of luxuriant vegetative growth aghler nitrogen availability. Excessive
amount of nitrogen delays tuber initiation and tuip@wth (Sharma and Upadhayay, 1993.)

Similarly average tuber weight increased signiftsawhen the level of phosphorus was raised to k§ha'. The
average tuber weight of 40.80 g was recorded atk@0P205 ha which increased
significantly to 41.10g at 100 kg®;s ha'. But further increase in the level of phosphonus t

120 kg P ha-1 caused a reduction in tuber weigl#0té7g. A similar trend of significant



increase in tuber weight plant-1 upto 100 k@$ha' and a significant decrease at 120 kg
P,Os was also observed. Similar findings have beenrtegoby Sharmeet al, (1976),
Sharmaet al, (1984) and Das and Banerjee (1994). The interastomiween cultivars and
nitrogen showed significant effect on tuber weighte combined effect of nitrogen and
phosphorus levels 160 kg hand 100 kg ha respectively. With respect to tuber weight
showed significant superiority over the other tmezt combinations in all the cultivars.

5.2.3 Tuber yield (q h&d)

The cultivars differed significantly in their yiefabtential. The highest tuber yield (303.289 ¢)haas obtained from
cv. PP-48 which was significantly higher than otbeltivars cv. PP-2500 recorded a yield of
281.73 g hawhich was significantly higher than 261.51 g'lmacorded in Kufri Jyoti. Our
findings are in confirmation with those reported 8$sgar and Singh 91973), Shukla and
Singh (1975), Shuklet al, (1985), Reddyet al, (1986), Kushwalet al, (1989),
Govindakrishnaet al. (1991), Mondy and Munshi (1991), Sudet al, (1991),
Chadcheret al, (1993), Nanderkaet al, (1994), Randhwa and Kooner (1994), Lal and Arora
(1994), Ghosh (1995) and Swamy and Krishnappa (189 Pateét al, (2002).

Significant increase in yield with respect to diéfet levels of nitrogen was found upto 160 kg N,Haut a significant
reduction in yield was observed at 200 kg N.ha



At 120 kg N hd a tuber yield of 264.86 q Havas recorded which increased significantly to 364y2ha" at 160 kg N
ha'. Thereafter the tuber yield reduced significanty269.39 g haat the higher dose of
200 kg N h&.

The higher yield was due to better vegetative gnowesulting in assimilation of more carbohydratewl their
translocation to the tubers, which ultimately halpenlargement of tuber size and weight.
(Shukla and Singh, 1976). However, since tuberdyigla complex character and is the net
result of many physiological processes, it canradsfply be related to a single parameter
alone. (Shekhawait al,1999).

Our findings are in conformity with those reported by Mondy and Munsh989), Treharet al,
(1982), Nandekat al, (1991), Sudet al, (1991), Govindakrishnan (1991),
Sharmaet al, (1995), Lankeret al, (2000), Singh and Raghave (2000), Hassandokht and
Kashi (2000).

Effect of phosphorus application on tuber yieldhe present study revealed that tuber yield ine@asgnificantly
with the increase in phosphorus levels upto 10(P¥g ha' and a significant decrease in
tuber yield was observed at 120 kgDPha'. At 80kg ROs ha'the tuber yield recorded was
280.91 g ha. Which increased significantly to 290.78 ¢'taé 100 kg BOs ha'. Thereafter a
significant reduction to 274.93 q havas observed at 120 kg@® ha'. The highest yield was



obtained at 100 kg,@® ha'. Similar results have been reported by
Kurlekar and Pawar (1978), Madhikarmy (1978), Trele al, (1982), Joseph (1988),
Sharma (1991), Deka and Dutta (1996), Singlet al, (1996). The interaction
between cultivar and nitrogen showed significaféafwith respect to tuber yield.

The interaction between nitrogen and phosphorusistia significant response for yield ha@he application of 160
kg N in combination with 100 kg,Ps ha' showed a remarkable increase in yield (328. 63 q
ha'). This increase might be due to more synthesehtufrophyll, and protein and diversion
of metabolites towards growth and development béts which was observed maximum at
160 kg N and 100 kg,Ps ha™.

5.3 Tuber yield in grades

5.3.1 Grade ‘A’ (above 50q)

Tubers weighing > 50 g were graded as ‘A’ and tieddyof such tubers kg plahtwas worked out. Maximum ‘A’
grade tubers were obtained in CV. PP-48 followedkby PP-2500 and Kufri Jyoti, however
the difference was significant only when CV.PP-4&wompared with other two cultivars.

The difference in production of ‘A’ grade tubers dhjferent cultivars have been reported by Chadataad, (1986),
Reddy et al, (1986), Shukla and Singh(1975), Gupta and Pal Q198%wamy and
Krishnappa(1995) and Singh al, (2001).



The highest yield of ‘A’ grade tubers pldnwas observed at 160 kg N'hiaut at 200 kg N haa significant reduction
was observed. Similar findings were reported by kéuk(1968), Singh and Grewal(1984),
Khuranaet al, (1984), Satynaryana and Arora (1985), Anand anshiKappa(1988),Das and
Banerjee(1986) and Lanker (1999).

The effect of phosphorus on production of ‘A’ gradéers revealed that the highest yield of ‘A’ gradbers was
obtained at 100 kg P205'ad thereafter a significant reduction was obseated®0
kg P,Os ha'. Our findings are in close conformity to those reported by
Krishnappa(1989), Das and Banerjee (1994) and Deka and Dutta (1996). The
interaction between cultivars and different levelsnitrogen produced significant effect on
production of ‘A’ grade tubers. This may be dudhe fact that nitrogen in general resulted
in better vegetative growth, enhanced the assiimiladf carbohydrates and metabolites and
their translocation to the tubers which resultethnge size of tubers.

5.3.2. Grade'B’ (25 to 50 @)

The potato cultivars differed significantly in thpeoduction of ‘B’ grade tubers.Maximum ‘B’ gradebtrs were
observed in cv.PP-48 followed by cv. PP-2500 andfrikdyoti.cv. PP-48 differed
significantly from the other two cultivars in theopguction of 'B' ‘grade tubers while as
Cv.PP-2500 and Kufri Jyoti were at par with eacheot thus confirming the findings



reported by Skukla and Singh(1975), Redtlwal, (1986), Gupta and Pal ((1989), Trehan and
Grewal(1991), Kushwaét al, (1993) and Swamy and Krishnappa(1995).

Increase in level of nitrogen increased the ‘B’dgrduber production upto 160 kg NHaut this increase was non-
significant. Similar results have been reportedHukkeri (1968),Mandal and Arora(1975),
Satyanaryana and Arora(1985) and Kushwah(1989).

Increase in the levels of phosphorus significamityeased the yield of ‘B’ grade tubers .The higlyesd of ‘B’ grade
tubers was obtained at 100 kgOP ha' and after that a non-significant decrease was
observed at 120 kg,®s ha'. Similar findings have been reported by Krishnaf¥g89) and
Deka & Dutta (1996). The interaction between caltss and nitrogen with respect to
production of ‘B’ grade tubers exhibited signifitaffect.

5.3.3 Grade ‘C’ (Below 25 g)

No significant difference among the cultivars ioguction of ‘C’ grade tuber was observed. Howeraximum yield
of ‘C’ grade tubers was observed in cv. PP-48 ofelid by PP-2500 and Kufri Jyoti, thus
confirming the findings of Shukla and Singh (19@8§ Govindakrishnaet al, (1991).

Increase in the levels of nitrogen increabedyield of ‘C’ grade tubers but this increase
was non significant .The highest yield of ‘C’ gradéers was observed at 200 kg N laad
lowest at 120 kg N ha The results thus concluded corrobovatk the findings of



Barevadiaet al, (1978) and Singh & Sood (1996). Higher levels ifogen are reported to
inhibit the activity of neutral peptides, hydrolgserobably causing delayed transport of
metabolites from leaves into tubers and a rapoedese in tuber size and yield.

Similarly the yield of ‘C’ grade tubers wastrsignificantly affected by increase in levels
of phosphorus. However, an increase in yield waseonked when the level of phosphorus
was raised from 80 to 120 kg® ha'.The highest yield of ‘C’ grade tubers was obseraied
120 kg BOs and lowest yield at the lowest dose of 80 k@sFha'. Similar findings have
been reported by Krishnappa (1989) and Deka anth[D1®96).

5.4 Dry matter percentage.

Dry matter accumulation in plants is a photosynth&bd nutrient assimilation and utilization efiocy measurement.
In the present study dry matter (%) was estimatete tubers.

Potato cultivars revealed an inherent property ilérdnce in dry matter content of tubers. The bgthdry matter
content (20.13%) was observed in cv. PP-48 followedv. PP-2500 (19.86%) and Kufri
Jyoti (19.0%). The differences were significant agnall the cultivars. Similar findings have
been reported by Das Gupta and Ghosh (1973)  Shukla and Singh(1975), Sahota and
Perumal(1986), Reddst al, (1986), Trehan and Grewal (1991), Setdal, (1991),Kushwah
et al, (1993).



Increase in nitrogen levels increased the dry matietent upto 160 kg N HaThe dry matter content increased from
18.81% at 120 kg N Hao 20.14% at 160 kg N Ha But when the level of N was further
increased to 200 kg Hahe dry matter content decreased to 20.04% butdéxisease was
non-significant. It may be due to the fact that thgher levels of nitrogen enhanced the
moisture uptake, which increased the water conitertubers. Similar results have been
reported by Suckt al, (1982), Sahota and Premul (1986) and Hassdmdind Kashi
(2000).

Increase in phosphorus levels incredisediry matter content upto 100 kgOP ha'.The dry matter content of
19.32% was recorded at 80 kgCR ha® which significantly increased to 20.91% at 001
kg P.Os ha'.But it was significantly reduced to 19.68% at K@PP.Os ha'.Similar findings
have been reported by Shargetaal, (1981) and Lal and Arora (1993).

5.5 Economics (Benefit- Cost Ratio)

Perusal of the Table-12 revealed thatapplication of 160 kg N Hawith 100 kg
P,Os ha' gave the maximum gross returns, net returns anefitierost ratio as compared to
other fertility levels in all the three cultivar¥he highest gross returns, net returns and
benefit: cost ratio to the tune of Rs 1,77,080,1F33,070 and Rs 1.39, respectively was
observed in cutivar PP-48 at the treatment comioinatf N,P,V,. Prakash and Singh (1976)



reported that use of fertilizer, apart from irrigatis recognized as one of the quickest ways
of increasing production of field crops. The exteturns obtainable depends on many other
factors like climate, rainfall, soil type. Integedt insect pest management, cultural
management measures and other factors. Under wuafdgoconditions and poor crop
husbandry, use of fertilizer may give only a maagjireturns. Therefore, for a farmer it is
essential to know the optimum manipulation of d#f& production factors to harvest higher

economic returns.



Table 12: - Benefit cost ratio

Treatment Average Cost of Gross Net returns| Benefit
combination | yield (g ha') | cultivation returns (Rs. ha') | costratio
(Rs. ha) | (Rs. ha)
N.P,V, 256.76 73117 128380 55263 0.75
NP,V 265.38 73576 132690 59114 0.80
NP5V, 260.83 74032 130415 56383 0.76
NP,V 292.50 73555 146250 72695 0.98
NP,V 330.50 74010 165250 91240 1.23
N-P3V, 316.91 74466 158455 83989 1.12
NsP,V, 285.33 73990 142665 68675 0.92
N3P,V 275.24 74446 137620 63174 0.84
NP3V, 252.13 74902 126065 51163 0.68
N,P,V, 270.83 73117 135415 62298 0.85
N,.P,V, 293.66 73576 146830 73254 0.99
NP3V, 281.58 74032 140790 66758 0.90
N,.P;V, 323.00 73555 161500 87945 1.19
NL.P,V, 354.16 74010 177080 103070 1.39
N,PsV, 344.75 74466 172375 97909 1.31
N3PV, 309.50 73990 154750 80760 1.09
N3P,V, 287.90 74446 143950 69504 0.93
N3PsV, 264.24 74902 132120 57218 0.76
N,P,V; 249.16 73117 124580 51463 0.70
N.P,V3 260.58 73576 130290 56714 0.77
N;.P3V3 245.00 74032 122500 48468 0.65
N,oP;V3 280.51 73555 140255 66700 0.90




N,P,V3 301.24 74010 150620 76610 1.03
N,P3V3 284.83 74466 142415 67949 0.91
N3P;1V3 259.74 73990 129870 55880 0.75
N3P,V3 248.41 74446 124205 49759 0.66
N3P5V3 224.16 74902 112080 37178 0.49

N, N, and Ns: Application of nitrogen @ 120, 160 and 200 kg h§ respectively.
P,, P, and Py: Application of phosphorus @ 80, 100 and 200 kg Harespectively.

V4, Voand Vs Cultivars PP-2500, PP-48 and Kufri Jyoti, respedvely.

Sale price of potato: Rs. 500G

CHAPTER-VI

SUMMARY AND CONCLUSION

The present investigation was carried out at védetxperimental field, Sher-e-Kashmir University o
Agricultural Sciences and Technology of Kashmiralghar campus during Kharif 2002 to study the “Rese of

potato cultivars to varying levels of nitrogen gigbsphorus fertilization”.



The experiment was laid out in split-plot desigithwhree replications. The potato cultivars viR-R500, PP-
48 and Kufri Jyoti were planted in main plot witls@acing of 60 x 20 cm, while as combination oééhlevels of each
nitrogen (120, 160 and 200 kg haand phosphorus (80, 100 and 120 kg)haere tried in sub plots. Potassium was
applied as per package of practices @ 100 X3 ka'. The size of experimental plot was 3.0 x 22 Entire quantity
of P and K was applied as basal dose. Half of gétnowas applied at planting time art Balf at the time of first
earthing up. Observations were recorded on diffegeowth Parameters, yield, yield component trartd dry matter
content.

The results revealed that among the cultivars4®Recorded the maximum performance with respegtdwth,
yield, yield parameters and dry matter contentcé®pared to cv. PP-2500 and Kufri Jyoti, feW-48 recorded
the highest tuber yield of 303.28 g'havhich was significantly higher than PP-2500 (Z81q h&) and Kufri Jyoti
(261.51 g ha).

Application of nitrogen upto 160 kg havas observed to increase significantly the peestopmance of the economic
traits under study. The optimum tuber yield of 2B4q h& was obtained with the application of 160 kg N'ha
Application of phosphorus upto 100 kgQ? ha' was observed to increase significantly the peesopmance of

economic traits studied. The optimum tuber yiel@®D.78 q hda was obtained with the application of 100 k@Phd
1



From the present investigation it is concluded tha application of 160 kg N and 100 kg ha' with
constant dose of 100 kg® was found optimum for obtaining higher econoreittims from the potato cultivars under

Kashmir valley conditions.



Appendix- I: Weekly Meteorological data at Shalindaring cropping period for the year 2002.

Standard week Date Temperature Relative Rainfall

Maximum | Minimum | Humidity (%) (mm)




12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

19-25 March
26-01 April
2-8 April

9- 15 April
16-22 April
23-29 April
30-6 May
7-13 May
14-20 May
21-27 May
28-3 June
4-10 June
11-17 June
18- 24 June
25-1 July
2-8 July
9-15 July
16-22 July
23-29 July

16.5
18.30
15.5
23.1
24.9
16.0
22.6
26.5
26.4
290.1
29.6
29.6
29.5
28.4
28.8
31.4
31.1
31.0
29.5

6.3
4.7
6.5
6.0
7.4
7.7
7.9
9.1
10
8.9
11.6
12.4
14.2
14.3
16.0
15.3
14.8
17.1
14.8

66.14
61.16
63.28
56.28
58.92
78.21
66.42
66.21
69.07
52.5
59.2
58.28
66.21
67.8
73.28
69.92
68.14
61.28
70.71

10.28
0.4
4.7
0.0
0.0
5.7
0.4
0.4
17.2
0.0
19.4
5.0
11.9
3.9
18.0
0.0
0.0
3.5
13.2




Source: Meteorological observatory, Division of Agpnomy, SKUAST(K) Shalimar, Kashmir.



Appendix-II: - Analysis of variance for the effect of different levels of nitrogen andphosphorus on growth

parameters in potato cultivars.

Source of D. F. Mean squares
variance Emergence Plant height | Number of shoots
percentage (cm) plant®

Replication 2 132.200 0.392 0.588
Cultivar (V) 2 171.826* 279.103** 18.520**
Error (A) 4 22.589 0.297 0.700
Nitrogen (N) 2 3.244 112.546* 2.981*
V x N 4 7.307 1.725** 0.548
Error (B) 12 22.173 0.204 0.375
Phosphorus (P) 2 0.024 2.823* 0.011
VxP 4 3.758 1.251 0.148
NxP 4 1.115 0.366 0.192
VXNXxP 8 2.124 0.380 0.223




Error (C)

36

19.264

0.530

0.298

* **_Significant at 5 and 1 percent level, respeely.




Appendix-Ill: - Analysis of variance for the effect of different levels of nitrogen and phosphorus oryield and

yield attributes in potato cultivars.

Source of D. F. Mean squares

variance Tuber Average | Tuber weight| Tuber yield
number tuber (kg) plant* q ha'
plant® | weight (g)

Replication 2 0.542 0.217 0.00006 210.839

Cultivar (V) 2 52.447* | 59.398** 0.0159** 30120.294**

Error (A) 4 0.153 0.277 0.0001 56.667

Nitrogen (N) 2 11.742* | 53.060** 0.0282** 18652.371**

V x N 4 | 0.584* 10.669** 0.0013** 742.986*

Error (B) 12 | 0.300 0.347 0.00002 168.368

Phosphorus (P)] 2 0.487* 1.862* 0.0029** 955.341**

VxP 4 10.082 0.260 0.0001 203.083

N x P 4 1.588** 1.477* 0.0021** 776.040**




VXNXxP

Error (C)

36

0.230

0.160

0.164

0.707

0.0002

0.00008

260.722

153.676

* **_Significant at 5 and 1 percent level, respdively.




Appendix-I1V: - Analysis of variance for the effectof different levels of nitrogen andphosphorusn tuber yield in

grades and dry matter content in potato cultivars.

Source of D. F. Mean squares
variance Grade ‘A’ | Grade ‘B’ | Grade ‘'C’ Dry matter
percentage
Replication 2 0.0001 0.00002 | 0.0103 0.0184
Cultivar (V) 2 0.0043** | 0.00133** | 0.0100 4.584**
Error (A) 4 0.0001 0.00001 | 0.0085 0.1226
Nitrogen (N) 2 0.0019* 0.00002 | 0.0071 7.3099**
VXN 4 0.0006* 0.00016** | 0.0126 12.7878
Error (B) 12 0.0002 0.00002 | 0.0080 0.0357
Phosphorus (P) 2 0.0080** | 0.0014** | 0.0039 1.4586**
VxP 4 0.0002 0.000014 | 0.0080 0.4812
N x P 4 0.0080 0.000012 | 0.0080 0.8909




VXNXxP 8 0.0002 0.00007 | 0.0075 0.4209

Error (C) 36 0.0001 0.000028 | 0.0079 0.0567

* **_Significant at 5 and 1 percent level, respeely.
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