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INTRODUCTION

Potato is a potentlal crop for solving vorld's food
praoblem. It was introduced in India by the beginning of 17th
century. It 1s one of the most important cash orops of Himachal
Pradesh, occupying an area of 12,6 thousand hectares. ‘he average
yleld of potato in the Pradesh is only 32 q/ha as against the
national average of 131.13 quintal/ha (Anonymous,1982),The
reasons ascribed for low ylelds could be low and imbalanced
use of chemical fertilizers and lack of irrigation rauciiities
10 which potato is reported to respond very high in di(ferent
regions of the country (Singh et gl., 1961} Grewal and Sharme,
1978; Sharma and Grewal, 1978; Ehattacharjee et al., 1979
Sharma et al., 1980; Grewal and Sharma, 1980; Grewal gt al.,1981;
Singh and Sharma, 1983; Singh and Grewal, 1983%) Trehan and
Grewal, 1984),

Among the major nytrients, nitrogen is the firat limiting
nutrient for the production of potato as the needs of the crop
are very high due to production of large foliage in a short
period. In the event of its deficienoy, lower leaves of the
plant become yellow and later the whole 0f the plant glves
yellowlsh appearance and the growth of the plant 1s stunted.
Nitrogen application increases the plant growth and leaf area.
It Increeses the tuber number as well as the tuber sizs.Potato
grown on the acid soils of Himachal Pradesh responds to nitrogen

heavily (Sharma et al., 1975} Grewal ot 81,,1979; Sharma, 1986)



as most of the s0ils are not able to supply the required
quantity of this nutrient. Therefore, the application of
nitrogenous fertilisers in ours soils becomes necessary to

meet the nitrogen needs of the crop for obtaining optimum ylelds,

On the other hand the ever increasing cost of crude oil
world over is making chemical fertilizers, especially nitrogen,
a costly input. The low fertilizer nitrogen use efficiency,
which seldom exceeds 40-50 per cent, alsoc gives farmers low
returns (Sharma et al., 1984)., Hence, the judicious use of

fertilizer-N is &8 must to reduce the cost of production.

The high cost and low agronomic effectivenesa of nitrogenou:
fertilizers call for alternative sources of nitrogen and meassures
that could enhance the fertilizer recovery. The incorporation
of organic manures along with fertilizer nitrogen enhances the
fertilizer nitrogen use efficlency by releasing it slowly in
the soil, besides serving itself as a source of nitrogen to
plants (Sharma et al., 19803 Sahota et gl., 1984). The positive
association of organic manure and nitrogen has been reported
by Dimitrov (1964), Below (1968), Shloma (1968) and Singh(1975).
The addition of organic manures also improves the physical
environment of soil, which is s0 important for the proper
proliferation of roots and tuberization., The incorporation of
organic manure also improves the water use efficlency of the
crop.

One of the readily available sources of organic matter

on farm is FYM. But under intensive cultivation, it also becomes



scarce and farmers have to look for othar sources ot organlc
matter (Blswas, 1982}. There is a growing concern of researchers
planners and social reformers about the spread of obnoxious

weed viz. Lantana cemara, which is posing a great threat to

out agricultural sector by replacing grasses and other desiruble
vegetation from pastures, foresta and wasatelands.It would be
quite heartening to know if it could be recycled in the form

of an organic manure and serve as a source of nutrition to

plants.

There are still apprehensions as to the beneficial effects

of the addition of Lantana camara to solls es 1t conteins

alkaloids {Joshi and Magar, 1952; DBarton gt 8l.,1954; Nigam
et al., 1957; Sharma et al,, 1980} Wadhwani and Bhardwej,1981;
Sharma, 19843 Acchireddy and Singh,19843 Aoohireddy et ul.,
1985 and Singhasnd Saxena, 1987) which could prove toxic to
plants, However, these alkaloids could act as nitrificution

inhibitors and enhance nitrogen use efficienoy.

The amount of water avallable to the potuto plant is quite
critical during its active growth phase which cun effect the
size and number of tubers as well am their jquality {Prince &
Rlood, 1962}, Potato being & short duration crop bulks up
reapidly and due to its sparse and ehnllow root system nenrly
70 per cent of the total water supply comes from the upper 30
cm layer. Therefore, the deeper layers do not contribute
materially to the water supply of the orop (Singh et al,,1968),
Irrigation and N application are the most important factors
contributing to the growth and yleld of potato(Singh und tirewal,

1983). But the potato crop grown for seed at higher altitudes



.o 1600 m. above mean sea level in Himachal Pradesh is
fainfed. However, under mid and low hill conditiona potato
grown for table purpose 1is mostly irrigated.It would,ther fore,
be worthwhile to see the effect of irrigation alone as well as
in combination with N end organic materials on the vegetative

growth, tuber size and yleld of potato in the mld hills of the
State.

Tnerefore, considering the significance of the . hove
problems, a research study entitled, " Responae of Potato to
nitrogen as influenced by irrigation and organic matier®, was
envisaged with the following objlectivess

(1) To find out a suitable nitrogen dose for potato under
mid hill conditions of Himachal Pradesh,

(i1) To find out the effect of FYM application in combinution
with N on soil properties as well as growth and yleld of
potato and to see the feasibility of {te subistitution
by plant material llke Lantuna gumara.

(114) To see the effect of optimum irrigation on potnto ar.uwth
and development as compared to rainfed conditiens,

(iv) To study the effect of N, FYM, Luntena cumura und
irrigation on the quality of potato,.
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2. REVIEW OF LITERATURE

Potato responds quite high to the application of nitrogen
and irrigation. Also the incorporation of organic matter along
with fertillzer nitrogen plays an important role in enhancing
fertilizer use efficliency, besides favourably affecting the
physical environment of the soil (Biswas and Oza, 1978}.The
optimum soil physical conditions will enhance wuter use, root
proliferation, nutrient uptake, tuberization and other metabollic
processes assoclated with good physical environment, 4 falrly
good amount of fertilizer nitrogen could be asubstituted by
organic manures when applied in conjunetion with fertilizer
nitrogen (Meelu and Singh, 1978), The pertinent lit.rature

concerning all these aspects has been reviewed undar the following

heads and sube~hesadst

2.1 Effect of organic manure and nitrogen on forma of

nitrogen {n the soil,

2.1.1 Effect of organic manure and nitrogen on N03-N.

2.1.2 Effect of organic wmanure and nitrogen on Nuh-N.

2.2 Effect of organic manurce and nitrogen on oryunic
carbon,

2,3 Effect of nitrogen and organic matter on vegetotive

growth of potato.

2.4 Effect of different treatments on tuber yield and
tuber size of potato,

2.4.,1 Effect of nitrogen and organic matter nn tuber yleld
and tuber size of potato.

2.4.1,1 Effect of nitrogen

2.4,1,2 Effect of organic manure.



2.4,1.,3 Combined effect of nitrogen and organic manure,
2.4.2 Effect of nitrogen aad irrigation on tuber yleld

and tuber size of poteto,

2.5 Effect of nitrogen and irrigation on quality of

potato tubers,

2.1 Effect of or%anig manure and nitropen on furms of
nltrogen 1n e BOLli.

Nitrogen in soils is present in different forms

which are continuocusly undergoing transformation., Larger fraction
of nitrogen 1s, however, present in organi¢ form which ia not
readily available to plants, Depending on sail environment this
form gets transformed to the inorgenic form to be mvailable to
plants, Plants differ in theiy capeolty for uptske und asaimilatlion
of NH, <N and NOB-N (Barker and Mills, 1980) and potstoés
preferentizlly take up NOB-N over NH,~N (Roberts and Cheng,1984),
Results of various studies on the use of organic matter and

inorganic fertilizers have been reviewed as follows:

2.1.1 Effect of organic manure and nitrogen on NO,=N,

3
Gawronska-Kulesza (1966) observed that the effect
of manure on N03—N was small and was dependent on the decomposition
rate of manure., Zameck (1966) reported that in a sandy loam soll
the formation of NOB—N was 13 per cent higher in the year of
manuring than in plots whnich received mineral fertilizera,with
average increases of 32 and 14 per cent after one &nd two yeors,
respectively, after the last application of dung. Zameck (1967)

found that application of 40 t/ha manure every two yasrs along with



T

basal N, P and K increased the NOJ-N in ocomparison with plots

- -

receiving N, P and K only. Lapnev (1967) observed that NOy~N
accumulation in soil in spring was the greatest when dung along
with N,P and K was applied, From the incubation study Power
(1968) reported that all mineral nitrogen was changed to nitrate
form after 10 weeks of incubation at 30°C, Olsen et al. (1970)
obgerved that production of NO,—N was directly related to the
rate of manuring, period of incubation, soil pH and presence
of anaeroblc conditions. It has been reported that addition of
cow=dung, molasses or water hyaocinth compoat to two soils
from delta flood plaina of the Brahaaputra and Gangetic slluvial
plains applied together with urea inoreased ammonification and
tended to decrease nitrate acoumulation (Khan and Rashid,1971).
Sonoilenke (1973) found that N application inoreased NOy-N
content by 30-50 per cent but had less effeat on NHA-N. The
| NO3-N of a clay loam soil, having received ocattle manure over
3 successive years at the rate upto 224 t/ha, increased with
increasing levels of manure and in the top of soll 1t was
maintained at about 100 kg/ha by annuel application of 224 t/ha
manure., Giddens andRao (1975) indicated that incorporation of
manure into the soil greatly increassd the amount of nitrogen

oxidized to nitrate form. Sattar {1975) reported that the NO,-N

content of the s0il increased gradually with incubation timo3
and glso with the increasing rates of Urea~-N application,.Similar
results were obtained by Broadbent ¢t al,(19%8) end Acevede and
Pereira (1964), Hahne et al.(1977) noted an appreciable
accumulation of NOB-N in the soils under continuous cropping
when the optimum rate of 140 kg N/ha was exceeded tc 168 kg N/ha.

Westerman and Tucker {(1978) claimed that {mmobilization of
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N03-N in soils with organlic carbon amendments was increased

markedly with increased temperature and time, but initial
moigture content had little effect, It was obaserved by
Shankhyan and Shukla (1978) that NOB-N concentrations were
generally higher in urea treated than in non-treated soil,
higher in 1ight textured than in heavy textured soila, and
higher in non-saline than in saline 30ils,They further
observed that the change in NOB-N coucentration with increasing
incubation period was less in nonetrested than in treated soil,

and less in heavy textured then in light textured soils.

vandani et al.(1979) noted an i{ncreased NO,~N

3
accumulation particularly in the deeper soll layers when repeated
applications of liquid cattle manure were applied at rates

. varying between 75 and 300 m>/ha. Gaur and Mukherjee (1979)
observed that ammonical and NOB-N contents which were 8.3 and
5.8 ppm, respectively, in the control, decreased to 1.6 and 0,83
ppm and 5.9 and 0,84 ppm in the treatment receiving 10 and
5 t/ha straw, r-spectively, after seven days., In the incubation
studies More and Varade (1982) noticed that there was & rise
in NOs-N concentretion with incubation time, A rapid increase
in Noj-N formation took place with inoreasing moiature from
~25 to =33 bars water potential., The lowest NOB-N content
was found at =25 bars potentiel. Similar werethe results
reported by Justice and Smith (1962),

Singh and Grewal (1983) reported that NOy-N content of
the 801l increased significantly with the increuaing levels of
nitrogen. The distribution of NOB-N in s0ils also varied with

nitrogen doses. In control and 60 kg N/ha plots, 1t was more in



the surface layers while in 120 and 180 kg N/ha plots, 1t

was more in the sub-soil, The total and NOB-N atatus of the
80il was found to be improved after three yeuars treatments

of FYM as studied by Sharma (1986), Joshi et ul,(1986) reported

that time taken for appearance of NOB-N was 8.4)1 days for

urea.

2.1.2 Effect of organic manure and nitrogen on NH,-N

Mineralization of organic nitrogen from FYM is
generally too slow to provide appreciable nitrogen for crops
with a short growing season {(Jensen,19%2).Among di{fferent
organic materials FYM was found to have a low rate of
ammonification and nitrification whereaa groundnut cake had the

highest rate (Sinha and Sharma, 1961).

Laidler and Hoare (195%) found that the ammonification
rate of urea increased linearly with concentretion. The
ammonification rete of applied urea~N was found to be rapid in
neutral soil {(Temple, 1914) and lower in acid soll (Usmtromecka,
1963)., Jalyebo and Bouldin (1967) reported that non-axchenge: ble
NHA-N showed an indefinite inverse relationship with the am-unt
of added nitrogen fertilizer in plots receiving differential
management for atleast 10 years, Power (1968) from the incubation
studies indicated that NH“—N decreased with lncubation time,
Sowden (1968) observed that percentages of total N represented

by acid soluble N, amino acid-=N, NHA-N and smino sugar-N were
similar in both clasy and sandy soils, and were only alightly
affected by additions of orgenic materials, Khan snd Rashid(1971)
observed in laboratory experiments that loss of gascious

nitrogen from urea added to two solls from flood pluina was
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markedly increased by ~ddition of cow dung, molasses or hyacinth
compost, They further obsarved that these organic matericls wers
responsible for increansed ammonification. That the nitrogen
fertilizers tended to increase ammonia voletilization has been

reported by Chal et 8l.(1974).

Pang et al.(1975) noticed that with the application of
100 kg N/ha, little or no oxidation of NHQ-N took place during
the 1st week of incubation, They found after 2 weeks of incubation
that nitrate prasent amounted to 36, 27 and 24 per gent of the
banded urea, NH,-OH and (NH“)2 S0,s respectively, rnd the
remainder was found as NH,-N., Sattar (197%) observed an appreciable
increase of NHQ-N upto 2 weeks after the appliomtion of uren-N
and thereafter 1t decreased gredually with time, [t was further
noticed that increased rate of Urea-N resulted in increucsed

concentration of NHA-N.

Townsend (1977) reported that application of NH, NO, to

3
a light sandy loam and a heavy silty clay loam socil revealed

that, irrespective of whether s0i{l was limed or unlimed, N, =N
was neither nitrified nor lost during winter, but in summer

much of the NH,-N was nitrified when either the sundy loam or
gilty clay loam s0il wae limed., The production of NHQ-N was
increased with the increasing levels of urea=N but the process

of nitrification was depressed when ureu-N waa increased from 118
to 236 ug/g soil, as obsaerved by Sarigumbe gt al.(1978).Kowalenko
(1978) observed that nitrification of fertilizer nitrogen wuus very
rapid with extractable Nﬂh-ﬂ approximating backpground level within

the first 43 days of 15 N-labelled smmonium sulphate application
to clay loam soil,
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According to Puranik et al,(1978) NH,-N was the highest
in green manuring + FYM treatment followed by N, P and K and
FYM treatments. Contrary to the above observations, Sharma
{1979) reported that fertilizer treatments did not show any
significant effect on NHA-N and NOB-N forms of nitrogen in an uci
soll after three yveurs of cropping., He further observed that

lime application increased Nﬂh-N by about 30 per cent.

Sommers et al.(1979) reported that an insignificint
amount l.e, 1 % of NH =N applied was lost through NH:5
volatilization from soils treated with sewage, sludges and

antibiotic processing wastes. In a flield study utilizing !‘N
on Manotic sand, Kowalenko (1980) observed that leaching,
denitrification, clay fixation of NH, =N, minerslization and
immobilization all plesyed a significent role in the transport

and transformation of fertilizer NHQ-N.

It was observed by More and Varade (1982) that there wns
1ittle effect of moisture regime on the formetion of NH <N in
soll, In general, there was an initial inorease in NH, -N
concentration attaining a peak and subsequently, it decreased

gradually with time,

2.2 Effect of organic manure and nitrogen on orgunpjc carbon,

Considerable increage in the content of orgenic carbon
was noted by Brage et al. (1952) in soils applied with 20 t/na
of manure over 30 years but 10 and 5 tons applications were
found less effective in achleving the corresponding increases,
Acharya and Rajgopalan (1956) obmserved 20 to 40 per cent
increase over the unmanured check plot in the carbon content of

the so0il applied continuously with FYM at varying doses over a

‘



period of 25=45 years,

Prat et al, (1957) reported that application of
ammonium sulphate and calcium nitrate for 28 yerrs increased
the carbon content of the soil, 3imilar results were obtained
by Sundra Rao and Krishna (1963) and Sahu and Nayak (1971).
Kanwar and Prihar (1962) reported that the applicution of organic
manure and inorganic fertilizers maintained the organic
carbon in a surface soil under wheat~fallow-whesnt rotation.
Chaudhry and Vachhani (1965) found no change in carbon content
of soll even after continuous application of ammonium sulphate
for 10 years. Similar were the results reported by Bandyopadhya
et al. (1969).

Singh and Roysharma (1968) indloated that the oryanic
carbon content did not lncrease considerably in a long term
experiment by the application of FYM, whereas i{ncreased carbon
content in the 201l applied with FYM was observed by Singh
and Mahant {1968) in an acld red clay loam aoil., Chater
and Gasser {1970) found that in a long term experiment the
loss of organic carbon after cropping without organic manure
can be recovered to the original percentage by the application
of FYM,

Vig and Bhumbdbla (1970) noted significant increase in
organlic carbon content due to appllication of FYM, Incresased
level of organic carbon content in solls due to application
of FYM alone or in combination with P and K was obmerved by
Prasad et al. (1971). Sandhu and Meelu (1974) reported the

continucus application of FYM to increase the organic carbhon



content in soll, Similar results were also observed by Mishra
et 81,(1974). Naphade and Bhoyar {(1978) found increased level
of orgaenic carhbon in the soll incorporated with FYM wheress

the fertilizers were found little effective,

Ruasel {1977) was of the view that using normal farm
dressings of FYM might increase the soil organlic carbon content
by Jjust over 0,1 per cent. On the other hand, no significont
increase in organic carbon in plote, whioh received chemical
fertilizers, was observed by Acharyes and Rajgopalan (1956),
Significant increase in the organio carbon content of the soil
ag conmpared to the control was recorded by Ruhal and Shukle
(1979) with the incresasing doses of FYM,

Grewal and Trehan (1979) while studylng the effects of
organic and inorganic sources on potato in aoid brown hill soil
of Shimle reported that organic carbon content of the soil
increased only by the continuous appllication of FYMO 30 t/ha,

It was reported by Shurma gt al.(1980) from the long term
manurial experiment on potatoes on acid brown hill soils of
Shimla that FYM increased organic carbon and nitrogen contents
of the soil substantiully, Signifiocunt ilncrease in pH and organic
carbon due to continuous application of FYM was also observed by

Grewal et 2l,(1981) while conducting a pot experiment.

Minhas and Bora (1982) observed highly significant
positive correlations between the various formsbf wsoil nitrogen
including available nitrogen and the organic carbon content angd
so among the forms of nitrogen themselves,

In a long term rotetionalecum-manurial field experiment

tn an alkaline sandy loam soil (pH 7.92) of Jalandhar, Singh and
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Sharma {1983) reported that green msanure wns less effective
than FYM in ralsing organic carbon status of the scill. Shurma
(1986) from 3 years field study reported that FYM € 30 t/ha
improved organic carbon status of the soil,

2.3 Effect of nitrogen and organic matter on vepgetative ;rowit
of potato.

It is generally assumed that vigour in haulm reflects
the tuber yield but excessive vegetation is uften at the
expense of the storuge reserves in the tubers(Pushkernath,1967).
A good vegetative growth is necessary for obtaining waximum
yield (Bradley and Pratt, 1955) and there are reports by
Sommerfeldt and Knutson (1968a) from their green house
experiment that the tup weight inereased with nitrogeﬁ and
the number of tubers per plant and thelr welght tended to
decrease, especially at the higher rates, It was also observed
that the root welght increased at the intermediate rates, that
s, 60 to 120 1b N sacre , The same workers in the same year
have also reported from the field study that major activity
in tuber set and growth oocurs in the later stages of plent

development,

Singh {(1975) reported that plant height did not difter
significantly due to 250, 500 and 1000 g/ha #YM levels, but
these had significant effect in increasing the plunt height over
contrel. The shoot height also increased ss the rate of nitrogen
Increased at all Stages of plant growth.It waa further reported
that the dry matter increased with various rates of FYM and
nitrogen upto 45 days of planting. The highest level of FYM
caused greatest dry matter production,Iln the same type of atudy

Khurana et al., (1977) observed maximum helght of potato in the



treatment receiving 120 kg N/ha in combination with 100 kg each
of P,0; and K,0/ha followed by 180 kg N in combination with the
same levels of 9205 and KZO. The shortest plants were noted in
plots receiving no fertilizers. The results were similar to the
findings of Cupta (1969). Abdel-Maksoud et al. (1978) observed
that application of nitrogen increased the number of stems,
stolons and tubers per plant,It was further noticed that the
tuber forming efficiency was greatest with low nitrogen levela
in young plants but it was increased with nitrogen levels in
older plants. A significant inorease in number of stems per hill
and increase in the height of main shoot with the increasing
levels of nitrogen has also bean reported by Hooda and Pandita
(1980).

Sharma et al,(1980) reported that the yleld of tops
(pooled over all the three crops) showed a positive rasponse of
nitrogen upto 200 mg/kg s0il when CAN was applied elther alone
or in combination with FYM, In the field study at Ludhiana,Sahote
(1983) observed a progressive incresse in the vegetative growth
with the increasing levels of N (0 to 120 kg N/ha) at all dates
of observations.

Govindakrishnan and Sahota (1984) found that application
of nitrogen significantly increesed the plant height or shoot
number per plant over no nitrogen treatment.They also noticed
that the haulm yileld Increased with the inorease in nitrogen
levels and delay {n tuber initiation occured especially when
applied at the time of planting.

. Sahota and Sherma (1985) reported that higher levels of
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nitrogen (80 and 120 kg N/ha) delayed the emeryence and davelopme
of underground parts, including tubers, but accelerated the
tuber formation later. Sharma (1986) from the experiment
conducted in an acid sandy loam hill soll observed that there
was highly significant response of haulm yield to nitrogen. The
response, however, varied with the type of manuring, The effect
of increasing rates 0f N on haulm yield was in line with {ts
effect on tuber ylelid,

Widjajanto and Widodo (1986) reported that increasing
rates of nitrogen fertilizer in combination with increasing
rates of FYM increased plant height but had inconsistent effect
on number of main stems per hill,They also reported that

increasing rates of FYM increased the number of branches per

hill,

2.4 Effect of diflerent trestments on tuber vield and tuber
size of polata,

2.4,1 Effect of nitrogen and orgunig mgtier on tuber yield and
tuber size of potato,

1

2.4.1.1 Effect of nitrogen.,

Judicious application of essentinl nutrients is a sure
means of augmenting the yield of potsto (Reddy and Rao,1968).
Nitrogen is the most important single nutrient for determining
the yleld of potato (Sharma, 1986) and the effect of nitrogen and
organic matter plays an important role on the tuber yleld and
tuber size, Chucka et al,{1543) while studying the effect of
rate of fertilizers on the yield and chemical composition of
tubers in potato crop observed an appreciable increase in yield
send change in composition of tubers. Russel and Garner (1941)

on a similar study observad an inorease in yisld of potato by

Ta
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application of N,P and K rertilizers.fIt has, generally, been
reported that nitrogen application gives higher reaponse in
comparison to phosphate and potash (Ramanujam and Singh,19563
Hawkins et al., 1948)., Singh and Singh (1953) obtained optimum
yvield of potato by application of nitrogen @ 90 kg/ha in study
conducted on sandy soils, Studies conducted at Cornell Universit
New York have shown that nitrogen applicetion even upto 157
kg/ha increased potato yields (Sawyer and Dallyn, 19%58).
Anonymous (1962) observed N response even upto 252.3 kg N/ha,
Black and Cairns (1958) conducted long term fertilizer studies
for eight years in acid soils (pH 5.4 to 6,7) at New London
Illustration Station in Prince Edward Island to study the effect
of different levels of nitrogen (45, 90 and 135 1bs/acre) on

the vield of potato. The analysis of the linear and quadratic
effects of nitrogen revealed that the trend of N element in
terms of increased yleld was linear with no evidence of quadrat}«
effect. The combined application of 112,1 kg N, 112,1 kg on5
and 224.2 kg K20/ha resulted in a significant yileld increase

of potato on the experiments conducted on the cultivetors'

field in Punjab (Kanwar, 1962). Reddy and Rao (1968) conductaed
farm experiment on sendy loam so0il (pH 7.6) during November-
March,1962 and 1963 and reported that with the increase in
levels of nitrogen the yleld incrsased significantly.Application
of 56 kg and 112 kg N/ha gave an increase of 59.5 and 94.9 per
cent, respectively, over no nitrogen treatment. The crop response
per kg N at 56 kg N was significant for linear effect but the

quadratic response was not found to be significant. The results
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thus indicated that the level for obtaining maximum yield wes
more than 112 kg N/ha. Hukkeri (1968) while conducting a field
experiment in lateritic Hijli sandy cley loam soil (pH S.4)

at Kharagpur (West Bengal) in winter under irrignted conditi na
reported that 90 and 135 kg N/ha aignificantly increased the
yield of potatoes over 45 kg N/ha, In the farm expcriment
conducted at the Indian Agricultural Research Institute in
alluvilal sandy loam soll of medium fertility, Singh et al.(1968)
reported that the incrcase in the level of nitrogen application
from 56 kg N/ha to 112 kg N/ha tended to inorease the yleld
significantly in two of the three yesrs of study. Application

of the highest dressing of 168 kg N/ha which did not improve
upon the response to 112 kg N/ha, proved a luxury dose.Sahu
(1973) reported from his experiment conducted on alluvial and
sandy loam soils of Orissa that the yleld of potato was the
highest with 80 kg N/ha and decreased linearly due to applicntion
of higher doses. Singh (197%) and Henninger gt al.(1977) observed
@n increase in mean tuber yield of potuto by application of
different levels of nitrogen over zero levels. 'Khurana et sl.
(1977) reported that nitrogen gave linear response upto 180 kg/
ha., The highest average yield of 369.% q/ha was obtained under
the combined treatment of 180 kg N, 50 kg on5 and 50 kg Kzo/ha.
Sadaria (1978) in a study on the effact of nitrogen on potato
crop conducted at Palampur under mid hill conditions obtalined
highest yield of application of 120 kg N/ha applied in 2«3 splita.
Sharma et al.(1978) found that the tubers continued to accumulate
the nutrients ti1l maturity, and the accumulation was rapid
during 65«85 days which corresponded to tuber initiation and
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early bulking stage of the crop and can be regerded as the
critical stage for absorption of primary and secondary nutrient
The findings hold good for Kufri Jyotl which 1s the main
variety of the hills, Grewal et al.(1979) while working in
field experiments conducted in acidic brown hill scils of
Shimla found that the tuber yleld inoressed with an increase

in the level of nitrogen upto highest level, but the
differences between 80 end 120 kg N/ha were not significant,

De and Singh (1959) else observed significrnt increase in potat:
tubers by application of nitrogen upto 7% kg/ha, Sikka and
Singh (1969) and Grewal et al.(1976) observed that the split
application of N was better than full application in furrows in
alluvial soils of Jallandhar. Giroux (1982) obtained higher
yield of potato with increasing levela of N (130-210 kg N/ha).
However, Santeliz and Ewing (198l1) obtained a reduction in tube:
yield and delayed meturity by the application of increasing
rates of N (0-268 kg N/ha), Koening gt al.(1981) grew potatoes
on an irrigated loamy sand to compare different nitrogenous
fertilizers and found that NthN source tanded to produce
higher yield than NOB-N source but urea and ammonium sulphate
showed considerable differences. Clutterbuck and Simpson(1978)
reported a significant response of tuber yleld to nitrogen

even upto the highest rate tested (300 kg N/ha). Verma and
Grewal (1983) reported that nitrogen response by potato showed
increasing trend upto the highest level of 120 kg/ha. The
pooled data of 4 years showing significant responses upto 180
kg N/ha has been reported by Singh and Sharma (1983) on alluvial
sandy loam (pH 7.92) soil of Jallandhar., 8ingh and Grewal
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(1983) reported that the tuber yield inoreased linearly with

the increase in nitrogen levels upto 180 kg N/ha but the
responsge per kg nitrogen decreased with increased nitrogen
doses., The earlier studies by Pushkarnath and Sardana (1964},
Pushkarnath et el.(1971), Grewal and Sharma (1978), Ram et al.
(1979) also showed that per unit N response decreased with
increasing nitrogen levels., Singh and Sharma (1983) in a
similar type of study conducted on alluvial soils of Jallandhar
(pH 7.9) obtained increased yield of potsto tubers nnd N
concentration of tubers with the increasing levelas of N,Jagirdar
et al,(1984) found significant effect on yleld of potato with
increasing levels of nitrogen upto 187 kg N/ha over 132 and 110
kg N/ha, respectively. Grewal gt al. (1984) on the basim of
fleld experiments conducted at four locations of Central Potuto
Research Institute, reported that at Jallandhar and Patna,potnto
responded significantly to nitrogen application upto 180 kg N/ha
and at Babugarh upto 120 kg N/ha, Dixit and Sharma (1985)
observed highest tuber yields with 120 kg N/ha applied to the
soll in two split dressings at planting end earthing up followed
by 120 kg N applied at planting. Similar results were observed
by Grewal and Sharma (1980) end Sehota gt pl.(13984), Satyanarayms
and Arora (1984) reported that tuber yields of potato increased
by increasing the N rates upto 150 kg/ha, Govindekrishnan and
Sahota (1984) conducted an experiment at Shillong and Shimla and
reported that application of nitrogen significantly increased
the yield of tubers upto 100 kg N/ha, and the difference between
100 and 150 kg N/ha was non-significant at both the places,
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Trehan and Grewal (1984) while working in acidic brown hill
soils of Fagu(Shimla) reportaed that applioetion of 100 kg

N + 20 kg 9205 + 40 kg K20/ha (5:1112) significantly increased
the tuber yleld from 126.6 to 291,1 3/ha,

The lncreasing doses of nitrogen have been reported to
increase the size of potato (Mass, 1963; Hanlay et al.,1965).
The observations of Sommerfeldt and Knutson (1968,b) revealed
that the increase in the size of different gruades of potato was
possible only under field conditions and not under pot culture,
Nitrogen levels at 56 and 112 kg N/ha gove an increase of 61,8
and 120.4 per cent of big sized tubers and 19,00 and 41.9 per
cent of medium sized tubers, respectively, as reported by
Reddy and Rao (1968), This is in accordance with the findinga
of Russel and Garner (1941), Singh (1952) and Anonymous(1960),
An increase in the yield of ware sized tubers by the applicatio
of different doses of nitrogen has been reported by Hukkerl
(1968), Herlihy and Carroll (1969) reported that alze
distribution of tubers was influenced by nitrogen which
increased the proportion of large tubers and decrensed thet
of other grades,

The experimontal results of two years fleld study nade
by Sehota and Govindakrishnan (1984) almo contirmed that the
application of nitrogen in combination with phosphorus ond
potash results in the increase in the yvield of tubers of
different grades, Similarly, Sharmes (1986) concluded from his
study at Shimla that the increasing rate of nitrogen is
responsible for the increase in the yield of large grade tubersa

(100 gm) and that this effect is more conapicuocus when nitrogen



is applied along with P and K, Inorecase in the yleld of medium
grade potato (50-100 gm) due to N application also took place
but the magnitude of increase was less than the large grade
tubers. The increase in the yield of large sized tubers due to
the application of different nitrogen levels has also been
reported by Singh and Grewal (1983), Sikka and Singh (1969)

and Singh and Paliwal (1978). Contrary to the above observations,
White and Sanderson (1983) did not observe any effect of
increase in nitrogen application on per cent grade size

distribution of potato tubers.

2.h4,1.2 Effect of organic manure

The effect of organic manures in conjunction with
inorganic sources of nutrients could lead to the increased
efficlency of the latter and fairly a good amount of it could
be substituted by the former (Ruszsel and Garner, 1941).Singh
(1975) reported that increase in mean yield of potato was due
to various levels of FYM over zero levela, The soil organic
matter affected the tuber production mostly through its
Influence on N, P and K avallabllity and the relationship(linear
and quadratic) of organic matter with the yield was found to
explain 36 per cent variation due to quadratic model and 32 per

cent variation in yield due to linear model (Sharms et al.,1941).

In a two years fleld atudy conducted by Grewal and
Trehan {1984) on the efficlency of FYM on potato Ln an acid sofl
of Shimla, it was obsarved that significant increase in the

production of large tubers ( > 7% g) was obtained with 30 ¢t
FYM/ha,
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2.4,1.3 Combined effect of nitrogen and grganic manure,

Being a tuber crop, potato requires comparatively
organic matter rich soils with high contents of nitrogen,
phosphorus and potassium (Singh, 1975) and for better
tuberization and high ylields addition of FYM in combination
with nitrogen has been reported by different workers(Dimitrov,
19643 Below, 19683 Shloma, 1968 and Singh and Singh,1971).
Singh et al.(1968) who conducted two years field experiment
at Patna to study the influence of manurial factors on the
yield of potato observed that organic manure increased the
yleld, but it did not interact with other factors except
nitrogen and vari{ety. The response of farm yard manure decreesed
as the level of nitrogen increased, Singh {197%) reported that
the best combination of FYM and N for obtaining maximum yield
of potato tubers was that of 100 kg nitrogen and 1000 quintalas
FYM, The increase in yleld by this treatment over control
was more than the total increase by 100 kg nitrogen or 1000 quint:
FYM alone, Similar type of results were alsoc observed by
Wickens (1963), Dimitrov (1964), Below (1968), Shloma (1968)
and Singh and Bingh (1971)., Grewal and Sharma (1978) obaerved
to increase the response of potato to nitrogen applicmntion in
the presence of FYM in solls having low organic carbon content.
Sharma et al.(1978) reported that FYM improved the N responsesa
in acid hill solls of Shimla and there was positive interaction
between FYM and nitrogen., The responses were significantly
marked upto 80 kg N/ha in the absence of FYM and upto 120 kg N/hi
in the presence of 20 and 40 t FYM/ha, The yield potentiasl was

higher in the presence of 40 t FYM/he than 20 t FYM/ha.Vanha
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(1978), however, obtained highest tuber yield of 350 q/ha

by the spplication of 25 t FYM « 120 kg N/ha with adequate
phosphate and potassium, Sharma gt al. (1980) reported

from pot culture studieas that CAN + FYM gave 2,67 times high.r
tuber yleld than CAN alone. The increased afficiency of N

by 20-25 % and incressed reaponses of potatqﬁg\with the
application of FYM has bsen reported by Ionas (1980).Similar
results have also been reported by Timm gt 81.(1963); Sharma
and Rao (1972); Rykbost and Catas (1977)) Rem gt al. (1979)
Grewal and Sharma (1981)3 and many other workers, The combined
application of FYM and nitrogenous fertilizer to seed crop
of potato leads to the production of higher tuber ylalding
potential than the combined application of N,P and K (Sharma
and Sharma, 1981) and besides the length of crop duration,
organic manures affected the response to nitrogen ind the
treatment that received FYM remained superior even at high
rates of nitrogen (Singh and Sharma,l1983). The increased
efficiency of nitrogen and increase in yield of potato by the
application of FYM in combination with N fertilizers has
also been reported by Sahote and Grewal (1984) in acid soils
(pH 4.7 - 5.4) of Meghalaya. They further observed that FYM
application at the rate of 20 t/ha reduced P needs of crop
from 37 to 28 kg P205/ha. In a three years field study on an
acld soil of Shillong, Sahota et al.(1984) reporggd that
there was highly -significant response of potato/40 t/ha FYM +
120 kg N/ha + 25 kg P/ha,

In a study conducted by Mondal et 21.(1985) on sandy
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loam s0il of West Bengal, it was observed that organic scurces

of nitrogen were found to be as effective as inorganic sources
and among organic sources oil cake was found to be more effective
than FYM. Highest ylelds were recorded by supplying one fourth

N through oil cakes and three fourth nitrogen through urea in
both years., Widjajanto and Widodo (1986) reported that

maximum marketable tuber yleld was achieved with the application
of 20 t FYM in combination with 180 kg N/ha,

Application of 120 and 80 kg N/ha along with 30 t FYM/
ha improved the yleld of large grade tubers (Sharmas, 1986),

2.4,2 Effect of nitrogen and irrigzstion on tuber yield and
tuber size of potato,

Among the factors influencing potato production, water

and nitrogen supply have an important place (Singh and Grewal,
1983), Singh and Swaminathan {1957) reported that thare was

a strong positive interaction between irrigation and nitroges.
Nitrogen afficlency increased with the improvement in the
moisture status of the s0i{l, Frequent irrigations almo enhancgs
the response to nitrogen., Similar results have also been
reported by Chakravart{ (1958). In a similar typs of s tudy

significant Interaction between irrigation and nitrogen was foun
{

by Singh and Grewal (1983). It has been reported by Sood and
Sharma (1985) that the crop invariably under moisture stress
rol

germination to stolonization asdversely Affected the tuber yie]
Yield,

Contrary to the above statement, Gates(1955) reported that g
elay

in irrigation at early vegatative atag: (Stolon formation)
on) d4iq

not affect the yield adversely, Singh & 21. (1968) report
— orted

from an experiment conducted in loamy 201l of low fertility

at I,A.R.I. that even though there was sonsiderable
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'variations in the yleld levels of potato from yeasr to year,
but there was response to irrigetion in all the years. The top
30 cm so0il layer contributed 67-73 per cent of the total weter
use by the potato. Moisture depletion decreased with soil depth,
The peak rates coincided with the tuberization phase and were
4,7, 3.5 and 2.9 mm per day in wet, moist and dry regimes,
respectively.It was observed that frequent irrigations at low
s0il moisture tension (0,20-0,30 atmoaphere) increassed the
tuber yield in all the years.,lt was also reported from the pooled
analysis that wet regime raised the yleld by 43 q/ha as compared
to dry regime. It was further noted that delayed irrigations
reduced the yields, even though the moisture percentage befora
tuber initiation was well above the willting point, Similar
findings have also been reported by other workers {Taylor,1352;
Jones end Johnson, 19583 Myhre, 19583 Bhattacharjee, 1960} who
studied the response of potatoes to irrigation at varying soil
moisture regimea, Hukkeri et 81.(1970) observed that in Kufri
Sindhuri the moisture stress (0.5 atm.) did not reduce the yi:ld
significantly during first 20 days after planting but there waa
significant reduction in yleld when the moisture atresa was given
during 20 to 40 days after planting.lt was alsc noted that mild
as well as severe moisture stresa in the third stapge of crop
development(slow bulking to maturity) did not affect the yield at
all,

Yadav and Tripathi (1972) reported that soll moisture
regimes had a well marked effect on the yield of potato tubers.
An average yield of 263,7 q/ha was recorded under treatment of

avallable moisture, which was increased by 13,8 and 33.8 per cent
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under soil molsture regimes of 50 and 75 per cent avallable
moisture, respectively, The effect of different {rriration
frequencles at different growth stages was studied by Jorgersen
(1979) in potato and the highest tuber yields were obtained
with short or normal irrigation intervals during tuber form:tion
and tuber growth stage, In the same type of experiment, Imam
et al.(1975) studied the effect of irrigation and organic
manuring on tuber yield and they observed that the tuber yields
were significantly increased at higher molature levels and
the application of two rates of FYM did not significantly
increase tuber yleld but the highest yield was obtalned with the
highest rate of both water snd manure, Henninger et al.(1977)
observed that irrigation increased the tuber yield on both
mulched and unmulched plots, While studying the soil moisture
stress at different crop stages on tuber yield, Singh and Grewal
(1979} from their two years field astudy on alluvial sandy loam
soils of Babugarh and Modipuram (U,P,) reported that mild
moisture stress (0,5 atm.) during first stage of crop growth
i.e, before tuber initiation did not cuuse any reduction in
yield but imposition of severe moisture stress (0.7 atm.) at
this stage had adverse effect on yleld, The moisture siress
during second stage of crop growth i.s. tuber setting and
enlargement had harmful effect on tuber yield., The s0il muisture
stress during third stage of crop l,e. slow bulking to meturity
did not affect the tuber yield,

In a study to see the relation of water supply and
yield of potatoes in relation to fertilizers and irriuntiion,

potatoes were grown with or without irrigation and 1t was observed
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by Alekseeva (1979) that the tuber yields were the highest with
deep ploughing, fertilizers end {rrigation,It was also noticed
that the water consumption per unit yleld was reduced 2-fold
with FYM and HPK, Singh and Grewal (1983) observed in the

field experiments on sandy loam alluvial soil (pH 7.3) of

Paina that the highest potato responses to 60, 120 and 1BO kg
N/ha were recorded at 1% mm CPE, The nitrogen responses decrvased
when irrigation was delayed to 20,25 and 30 mm CPE, It was
further noted that at 60 kg N, irrigation may be delayed upto
25 mm CPE without significant decrease in tuber yield, The
optinum nitrogen dose varied with the water supply.Ilt increased
with the increase in irrigation level, The response to optimum
nitrogen doses also decreased with the decrease in irrigation
frequency. Singh et sl. (1968), Bhan and Shankar (1975) and
Singh and Paliwal (1978) also reported similar results,

As in case of nitrogen, various workers have reported
significant effect of irrigation on the size of potato tubers,
Higher ylelds of medium aizad tubers were obtained by Singh
and Grewal (1983) with irrigetion at 1% or 20 mm CPh, ‘e studies
on the interaction effect of irrigation and fertilizers made
by Blanko (1982) revealed that with the increase in the soil
moisture content there was increase in the number of large
tubers but decrease in thelr specific gravity,.Singh gt al.(1968)
and Singh and Paliwal (1978) also reported similar resulta,

A8 in cgse of nitrogen, various workers have reported
significant effect of irrigation on the size of potato tuhersn,

Higher ylelds of medium sized tubers were obtained by Singh ond
Grewal (1983) with irrigation at 19 or 20 mm CPE, The studlen on
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the interaction effect of irrigation and fertilizers made
by Blanko (1582) reveeled that with the inecrease in the soll
molsture content there was inorease in the num'er of large
tubers but decrease in their apecific gravity.3ingh et al.
(1968) and Singh and Paliwal (1978) almc reported similar

results,

2.5 Effect of nitrogea and Iirrigation on quallty of tubers.

The chemical compoaition of tubars is afiected by
factors like rate of fertilizer application, the proporti:n
of N, P and K in the fertilizers, manures, seascnal conditi ns
and type of rotation ete. (Chucka gt ml.,1943) and the gualiy
of tubers is alsc affected by amount of watar avellahle to
the crop during its active growth phase{Struchtemeyer,1961).
That the amount and kind of ferti{lizer applied to potate can
also have a significant effect on quality of potatc has been
reported by Prince et al.(1940), Smith (1940) and Terman
(1950)., They hnave further reported that liberal use of complets
fertilizer may increase ylald, but at the same time reduce
starch content,

Black and Calrns (1958) reported that there was a
highly silznificant reduction of starch content of potato
due to increase in the levels of nitrogen and K while no
significant efiect of P applicetion was recorded, The reduction
was in the order of 0,64 par cent for low veraus high level
of nitrogen. An average reduction in starch of only 0,03
per cent followed the application of manure, Similer results

were also reported by Anonymous (1960) and Sinha et al.(1967).
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Reddy snd Rao (1968) observed that the starch percentage
recorded at 0, 56 and 112 kg N/ha levels was 46.8, 44,7 and
44,1, respectively. They observed that application of N

decreased starch content whereas P and K application increased |

i
I

{t.Similar results were obtained by Hukkeri (1968).Yadav and
Tripathi (13972) also reported that higher levels of nitrogen
reduced the starch content but increased the pr-tein content
significantly at each lavel of nltrogen.,However, Kamal et al.
(1974) observed an increase in starch content of potatoes due

to increase i{n the levels of nitrogen, P and K,

Majur and Gawlick (1977) elso observed that increase in
nitrogen application resulted in decrease in starch ccntent of
potato tubers and reduction in the content of reducing sugars
from 1,40 per cent at 120 kg N/ha to 1,22 per cent at 240 kg N/ha
application, Other workers like Baraukov (1982) also found a
decrease in starch content of potato tubers due to application
of N and FYM, No significant effeot of nitrogen application on |
starch content of tubers was, however, found by Vender and ]
Cremaschi (1980).

Prince and Blood (1962) reported that irrigation tended
to lower specific gravity either directly by increasing yield
or indirectly by lowering starch formation or by increasing
moisture content of the tubers or both. Supersperg(l967) also
reported reduction in the starch content of potato tubers with
more frequent irri{getions, Yadav and Tripathi (1972) revortad
that higher levels of 301l mulsture reduced starch content :nd

showed slight increases in the protein content of tubers,
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In order to achieve the objective of the title,
"Response of potato to nitrogen as influenced by irrigation
and organic matter", a fleld experiment was conducted st tha
research farm of the Department of 30il Sciences and Water
Man:gement, Himachal Pradesh Krishi Vishva Vidyalaya,Palamp:r
during Spring 1984 and 1985,

The research farm 13 situated at 32,6°N latitude and
76.3CE longitude at an asltitude of 1290 meters above mean
sea level, The s0il of the experimental field falls in the
order 'Alfisol' and has been classified aa "Typic Hapludalf”
at the sub-group level (Verma, 1979). The soll owes its origin
from parent materiala like slates, phyllifca, quartzites,

schists and gnelsses,

Fel Climate of the experimental area

The experimental area falls under the wet temperate
zona in the outer Himalayas. The meen annual rainfall recorced
at the Meteorologlical Observatory,Palampur showr a range
between 2500-3000 mm out of which a major portion(more than
75%) is received during the monsoon meason {.,e. from June tc
September, From the crop sowing to harvest 211,9 mm and 212,2
mm rainfall was received during 1984 and 198%,respectively,
The mean minimum temperasture during 1984 ranged from 4.2°C n
February to 20.2°C in June and maximum temperature from 1%.L4°C
in February to 33,10%C in May, whereas, during 1985 mean
minimum temperature ranged from 4.4°C tn January to 18.8°C in

May and maximum temperature ranged from 14,2°C in January to



31,0°C in May. The average of minimum and maximum temperatures
varied from 9,8°C to 26.6°C in 1984 and 9,2°C to 24.9°C in
1985, The maximum and minimum relative humidity values during
the two seasons varied from 29 per cent in May to 66 per cent
in June during 1984 and from 46 per cent in May to 72 per cent
in February during 1985.

Tne mean monthly meteorological data pertaining to the
period of experimentation, as recorded at the Meteorologicel
Observatory of the Himachal Pradeah Krishi Vishva Vidyalays,

Palampur are presented in Table 3,1,

Table 3,1 Meteorological data for crop seasons of 1984
and 1985 as recorded at the Meteorologlcal
Observatory, HPKVV, Palampur

tenperature C

Months Mean monthly . Rclativzxgumidity Rainfall(mm) Rainy days

aximum ninum
158L 1585 1984 1585 1984 19585 1984 1985 1984 198%

January - 14,2 - b, 4 - 66 - 26,6 =~ 3
February 15.4 17.8 4.2 6.4 53 72 114.6 27.4 & 2
March 25,0 23.7 11.9 11,9 4% €9 35,9 26.4 3 3
April 26.0 25.9 14,6 14,7 39 %6 27,0 80,2 7 8
May 33.1 31.0 20,1 18,8 29 46 34,4 51.6 4 4
June 29.1 =  20.2 - 66 60 - - - -

During the crop season the total number of ruiny days was
18 and 20 in the years 1984 and 198%, respectively. The total
ralnfall before germination but after planting of the crop
was much nigher in 1984 in comparison to 1985 and was 127.% mm
and 27 mm, respectively.Thus, the rainfall during crop period

after germination was 84,5 mm and 185.0 mm during 1984 and 1985,
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respectively, although the totel rainfall from the date of

planting to harvest during both the years was almost the

same i.e, 211,9 mm and 212,2 mm in 1984 and 1985, respectively.

The details of the materials used and experimental

procedures adopted in the study are given below:

3.2

Design with three replications,

3'2.1

Experimental detalls:

The experiment was conducted in a Randomized Blocks

Treatnents

The performesnce of the following trectments was

investigated during both the years of experimentation.

a)

b)

c)

Irrigation levels:
(L) 1 -

o]
(11) 14

where, 1. W =
C.P.E, =

Organic matter levels:

(L) LN -
(i1) My -
(111) M, =

Nitrogen levelst

(1) Nl -
(11) N2 =
(111) N3 -

iwo
Rainfed

I!"!‘igat.d (%.W.E- 1)

depth of irrigation water.
Cumulative pan evaporation.

Three

No incorporstion of orgasnic
matter,

Incorporation of freshly
chopped tens camara ® 10
t ha‘i on Ery welght basis,

Inoirporation of FYM € 10 ¢
ha™* on dry welght basis.

Three

40 xg N/ha
80 kg N/ha
120 kg N/nmea

The total treatment combinations were eighteen.
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3.2,2 Total number of plots = 54
Gross plot size = 3 x 4 = 12 m?
Net plot size = 2x3= 6 nz
Spacing.
Inter row spacing “ 50 em
Intra row spacing - 25 cm

Each plot contained six rows and 16 number of potato
tubers were sown in each row, Thus a total number of 96 tuters
was sown in each plot,

Varietys Kufri Jyoti
3.3 Preparation of the field

The experimental field waas prepared with the help of
tractor driven disc plough and harrow, The lay out of individual
plots was carried out by manual labour. Since the experiment
included irrigation treatments also, the bunds between the
treatments were kept 60 cm wide,

The treatments were randomised using random numbers,The
lay out of the experiment remained the same in both the years.
To avoid residual effect, black gram was sown on 30th July,
1984 and harvested on 19th October,1984 without application of
fertilizers and manures. The lay out plan of the experiment
is given in Fig. 3.1.

Irrigations of 6 cm depth were applied at 1,00 I.W./
C.P.W. ratio, Half of the nitrogen, 80 kg on5 and 60 kg K0 per
hectare were applied at the time of cowing and the remaining
nitrogen was applied at the time of carthing up. The N,P ani K
were applied through urea, single superphosphate and muriate
of potash, respectively,The fertilizers and organic manures

were applied in 3-4" deep furrows and tubers were planted above
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the fertilizers, followed Ly covering up with earth taken from
each side,

Cultural Practices followed:

The schedule of cultural operittivns followed during the

period of experimentation is given in Table 3.2.

Table 3.2 3chedule of Cultural Operations
S. Operations 1984 1985
No,
1. Date of sowing 10.2.84 17.1.85
2. Weeding 15.4,84 17.3,85
Je Top dressing of N 1.5.84 T 6.4,85
4, Barthing up 1 and 2,5.84 18 and 19.4.85
5. Irrigations , 2,13 and 9 and 21.3.85
25.4,84
2,10,19 und 4,17 und
25.4.,84 25.5.85
6. Plant protection .
measures against:
1) Cut worms 14,5,.84 20.4.85
(5% aldrin dust) (5% aldrin dust)
ii) Late blight 25,4, 84
(0.2% Fytalon)
7 Date of Harvesting L,C. 84 1.6.85
3.5 Ohservations recorded:

3.%.1 OGrowth studies:

a) Cermination:

Number of plants germinated in esch plot were counted from
the start of the germination for almost a month at regular interval
of four days. '

b) Plant height:

Flve plants were selected rindomly from central rows of
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the plots and heizht of these plants was measured from ground

level upto the tip of the plant and the nverage height of five

plants was taken =s the mean height,

c) Number of branchest

Number of branches from above ground level to the
apex of the plant were counted from the five plants selected
for plant height and the average of the five plints was
calculated,
d) Number of leaflets:

The number of leaflets were counted from the same {ive

plants and the averages were calculated,

3.6 Studies at harvest:

a) Dry weight of the shooti

Fresh weight of shoots wes recorded from each plot -t
the time of harvest and representative shoot sumples were driec
in the even at 65°C till the weight became constant.From
this the dry weight of shoots per plot was calculated .nd
expressed in q/ha.
b) Tuber yleld:

Tuber vield from each plot was recorded :tnd express-=d

in q/ha,

c) Gradings
Potato tubers were categorised in three grades l.e,.a:
(more than 50 gm), medium (between 25 and %0 gm} and small
(less tnan 25 gm)., The graded potato tubers from each plot
were weighed separately and the weight of each category expre

T

0\q/ha which was ultimately expressed in percentaye of the t

\



3.7 Soil studies:

3.7.1 Soil temperaturet
Daily soil temperaturs was recorded with the help ol
ordinary thermometer from a depth of 6 cm at 6.30 A.M, and Z,30

P.M. from the date of sowing till the hervest of the crop.

3.7.2 Molsture study:

Soll samples after every seven days from the date of
sowing till the harvest were collected with the help of tube
augar from a depth of 0~-20 cm from each plot and moisture content
was determined by drying the samples in an electric oven at

105°C for 24 hours ti1ll it reached a constant weight.

3.7.3 Bulk density:

Bulk density at 0=15 cm soll depth was determined in
the field before sowing of the 1984 and 1985 crops, This was
done with a metallic core having 10,5 om internal diameter and
14,2 cm height. The core had a sharp edge at one end to
facilitate easy penetration into the seoll, following hammerig
by a centre weight concentrated hammer., The freah welpght of soil

was racorded and the moisture content in the s0ll was determined

by gravimetric means.

3.7.4 Infiltration rate:

The infiltration rate of the solls of study area was
determined after harvest of each crop uaing double ring
infiltrometers. The infiltrometera were filled with water anj
intake was measured as s function of time until a steady state

was reached (Haise et al.,1956),
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3.8 Laboratory studies:

The soil samples collected from 0-20 cm depth were
subjected to physical and chemical analysis in the laboratocy

for the determination of the following parameters{Table 3.3).

a) Particle size was determined by the Internstional
Pipette method {Piper, 1966} while the water holding capacity

was determined by the Keen box method (Piper, 1966),

b) pH of the soil was determined in 132.5 aoil: water
suspension by using glass electrode pH meter (Jnckson,1973).

e) Organic carbon was determined by the wet digestion metho
(Walkley and Black,1934),

a) Cation exchangeable capacity was determined by
extraction with neutral normal ammonium acetate (Chapman,l1955),
e) Avallable nitrogen was determined by alkaline
permanganate method (Subblah and Asija, 1956).

1) Available P,0y was estimated by Olsen's method{Olsen
et al., 1954).

g) Available K,0 wes determined by ammonium acetate,pl
7.0 method (Marwin and Peech, 19%1).

h) Nitrate-N and Ammonium-Ni

Nitrate-N and ammonium-N contents in the wet soil vere
determined at every 20 days interval from the date of sowiny till
the harvest by colorimetric method of Onkan and Sunderman(1c77).
Twenty gm fresh soil sample was used for the extraction of
nitrate-N and ammonium-N by 1 N sodium sulphate solution,The

values of nitrate~N and ammonium-N were sxpressed on oven dry

welight bagls of the soil,
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Physico=-chemical properties of the surface soils

of study area before conducting the experiments

Soil parameter

Content in soil

Method employed

A. Mechanical Composition

Sand (%) 32,07
Silt (%) 37.08
Clay (%) 29,26
Textural class

B. Chemical Composition

PH 5.70

~ Organic Carbon (€).) 0.72

Available nitrogen 357,0
{(kg/nha)

Available 21.0
phosphorus(kg/ha)
Available potash 263,0
(kg/ha)

C.E.C.(m.e./100 11.48
gmn)

Water holding

capacity (%) 36,62

Clay loam

32,07

37.08
29,26

5.76

0.85

367.0

22,0

266,0

11,48

3720

International Pigettr
method (Piper,1966).

In 112,5 soll water
suapenaion with glass
electrode pH meter
(Jackson,1973)

walkley and Black(194)
wet digestion method,

Alkaline permanganate
method(Sybbiah and
Asija, 1956),

Olsen's method(Olsen
et gl.,1954).

Flamephotometric method
(Marwin and Peech,1951)

(Chapman, 1965),

(Piper,1966)
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Nitrate=N:

Nitrate~N was determined quantitatively in 3 ml sodium
sulphate extract by adding 7 ml chromotropic acid (0,01%).
The colour intensity was measured spectrophotometrically at
430 nm using blue filter, Standard curve was prepared by
developing colour as mentioned above from known concentrations
of samples prepared from potassium nitrate, A blank test was

also followed so as to adjust the readings,
Ammonium=-Nt

To an aliquot of sodium sulphate extract 1 ml sodium
potassium tartrate was added and solution brought to a
temperature of 25°C. The colour was developed by mdding 2 ml
Nessler's Reagent. The colour intenaity was measured at 435 nm
spectrophotometrically., Standard curve was prepared by develnping
colour as mentioned above f{rom known concantrations of samplas
prepared from ammonium sulphate. A blank test was followed a0

as to adjust the readings,

h) Quality analysis of Tubers:
1) Starch contents

Starch content was determined by ¢olorimetric method
(Mc Cready et 8l.,1950)., Starch was first made free from sugars
by treating the samples with BO per cent athanol,It was then
extracted with 52 per cent perchloric acid by constant stirring.

The colour was developed in the extract by adding anthrone
reagent and the intensity of the colour developed waz measurad
spectrophotometrically at 625 nm using blank as standard,

Standard curve was prepared by using glucose aa standard,Stacech
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content was calculated by multiplying the equivalent by
0,90,

i4) Estimation of reducing Sugarsi

Reducing sugars in potato tubers were determined
spectrophotometrically (Lindsay, 1973). One ml of water anc
2 ml of dinitrosgalicylic acid reagent ware added to the sarple
and heated in bolling water bath for 10 minutes. A blank sclutlo
without sample was also prepared in the similar manner.It vas
then cooled and the colour developed was read on spactirophc tomet
at 570 nm, Standard curve was preparsd from glucose versus

per cent transmittance at 570 nm,

1{1) Estimation of non-reducing Sugars:

Total sugar content was first determined after acld
hydrolysis (ACAC, 1955%) as reducing sugars, The value for
non-reducing sugars was obtained by multiplying the differences

between total suger and reducing sugars by 0,95 (Verms et sl.,

1973).

3.9 Statistical. analysist

Observaticng recorded during the course of saxperiment
vere subjected to the statistical analysis as described by
Cochran and Cox (1963), The level of significance was testeil

at 5 per cent.



EXPERIMENTAL RESULTS



02
L, EXPERIMENTAL RESULTS

To see the response of potato to nitrogen,irrigaticn
end organic matter studies were conducted with regard te soil
avallable N status during the crop growth,soil physical
characteristics, growth and development of potsto, tuber yleld
and different quality parameters, The findings are given In
the following sectlons,

4ol Soil characteristics as affected by different treatment,

L P § N03-N and NHA—N in soils

The NOB-N and NHQ-N content in 0=-20 cm depth deterwined
at regular intervals of 20 days after planting 1is given in
figs. 4,1 - 4,3, The treatment effecta, main effectas and
analysis of variance are given in appendices I to XII and

XXI to XXIV, In general, the content of N03-N in the year
1984 was higher during the periocd of 40-60 and 100 days after
planting {Fig.l), The content of NH,=N also, in general, durin
1984 was nigher during the period of 4LO=60 and 100 days after
planting. The content of both NOB-N nnd NHb-N after 80 days
of planting, when second dose of nitrogen was applied,increasa
rapidly upto 100 days after planting to maximum values and
thereafter began to decrease,

In general, the availability of NO,-N during 20 days
after planting in the year 1984 was low, which strikingly rose
up during the pericd of next 20 days.However, the same tre.d
wag not noticesble for NHa—N during the same period,

During the subsequent year, i.,e, 3985 the content of

NOB-N, in general, increased with time upto 60 days after the
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basal dressing. The trend later on upto the time of second
dressing could not be known as the next sampling dose fell
after the second nitrogen dressing. The content of NO3-N
declined with time after the second dressing made after 79 days
of sowing. During the same year the content of NH&-N was the
highest after 20 days of first application at planting. The
content then declined upto 40 days and again increased upto

the date of second dressing 1.,e. 79 days after planting .

However, after second dressing the content showed a decreasing

trend.

4,1,1.1 Effect of nitrogen application on avallability of
N03-N and NH,-N

It is evident from the dats given in tables 4.1 ind
4,2 that the increase in NOB-N at different dntes of sampl .ng
during both the years was significant with increasing leve.s
of nitrogen except on 1-3-1984 with 80 kg nitrogen level over
40 kg/ha (Table 4.1). However, the increase Ln NH,-N with
increasing levels of N was not significant in some of the dates
of sampling (Table 4.3 and 4,4), During both the years the
content of both NOB-N and NH“-N increased with increasing rates
of fertilizer nitrogen (Tables 4.1 - 4.,4). During the year 1984,
the increase in NOB-N content due to nitrogen levels of 80 and
120 kg/ha was comparatively more compared to the dose of 40 kg
N/ha, during 40~60 days and at 100 days of crop growth(Fig.4,1).
However, there was relatlvely greater increase in the NOB-N
content during 1325 with 120 kg N/ha applicati n both after

first and second dressing over the lower two doses (Fig.4.l).
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The per cent increases due to 80 kg N/ha over 40 kg N/ha
during 1984 and 1985 at the time intervels of 20, 40,60,

80, 100 and 120 days were 8,44, 13,5%; 15,60, 13,113 16,28,
12.17; 30.81, 8,20; 27.76, 21,74 and 12,54, 28,.18,respectively
(Table 4.1 and 4.2)., Likewise the per cent increases due to
120 kg N/he over 80 kg N/ha during the same period were of the
order of 15.63, 13.21; 7.36, 19,57; 7.76, 15.36} 21.9,14.73}
15,45, 35.57 and 13.62 and 18,35, respectively.

So far as NH,-N content is concerned, it was
comparatively more with higher rate of nitrogen application
during 1984, but during 1985 both the higher application
rates (Ng, end N;,,) had higher NH,-N content in the soil
compared to lower rate of application(Fig.4,.,1). The per cent
{ncreases due to 80 kg/ha N application over 40 kg N/ha during
1984 and 1985 at the time intervals of 20, 40, 60, 80, 100 and
120 days after sowing were 8,96, 20,571 36,54, 36,421 36.%,20.07%
31,91, 14,593 43,98, 19.42 and 9.77, 11l.31, respectively
(Tables 4.3 and 4,4). Likewlse the per cent increases due to
120 kg ﬁitrogen over 80 kg N/ha for the same time intervals
during 1984 and 1985 were of the order of 10,26, 15.41; 32,86,

15,433 32,74, 14,387 41.47, 4.903 39,44, 13,02 and 32,48,1€.35,
respectively (Tables 4.3 and 4.4).

4,1,1.2 Effect of organic matter incorporation:

The data pertaining to the effect of organic matter
incorporation on NOB—N and NH,=N in soils for both the years
are presented graphically (Fig, 4.,2). As Been from the f! ure,

the application of farm yard manure at the rate of 10 tons/ha
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before planting resulted in the higher contents of both N05-N
and NHh-N throughout the growth perlod, compared to no
incorporation of organic matter, The lncrease was significant
for NOS-N on 10.4,1984, 30,4,1984 and 20.5.1984 during first
year and on 26.2,1985, 27.4.1985 and 17,5,1985 during second y=2ar
as seen from the interaction between NxM (Tables 4.1.a and
4,2.a)., Further, it was interesting to note from the interaction
between nitrogen and organic matter that the content of NOB-N

in soil with the applicetion of 40 and B0 kg N/ha along with

FYM was either higher or at nar with the aontenta under thelir
respective higher levels without FYM, Therefore, a net saving

of 40 kg of N/ha could be effected with the application of FYM ¢
10 t/ha if the soll content of N03-N was eny index of growth

and yield of potato. The effact was more pronounced specially

~ for NOz-N at 40,60 and 100 days after planting in 1984 while

in 1985 the effect was more at 40,60 and B0 days after plunting
(Fig.4.2)., The comparative increeses in NOy=N and NH,-N conten:s
during 1985 over no incorporation were more after second dress . ng
at 79 days efter planting. 1he per cent increases in tne contents
of N03-N due to application of farm yard manure over no
incorporation during 1984 and 198% at 20,40,60,80,100 and 120
days after planting were 40,04, 25,783 26,4%, 21.08; 29.%2,
24.83%; 33,86, 26,55; 40.37, 36.35 and 37.40, 21.68,respectively
(Table 4,1 and 4,2), Likewise the per cent increases in the
concentrations of NHQ-N due to application of farm yard manure
over no incorporation during the same period in 1984 and 1985
were of the order of 8,03, 12,01 40,80,16,17,26,62, 25.56}
23.35, 22,00; 51,91, 28,64 and 13,68, 6,98, respectively,
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Table 4.1 NOB-N (kg/ha) in soil am influenced by different
levels of nitrogen, irrigation and organic matter

(1984)
Treatments Dates of samplin
NZ 36,08 95.28 91.85 35,62 117.70 51.1%
N3 41,72 102,30 98.98 43,17 135.89 58.12
SE m+ 1.17 1,49 1.19 1.08 1.50 1,34

C.D. at 5% 337 4,29 .44 3.2 L,32 3.38

16 37.08 92,84 92,54 39,35 127,28 59,29
L 26,97 93,83  B7.34L 31,32 103.19 43,36
SE m:_ 0095 1.21 0-97 0099 1.22 1.1.0
C.D. at 5% NS NS 2.8 2,03 3.5 3.16
Mo 34,09 87.57 B4,68 32.485 106.96 LB, 42
Ml 29,25 81,69 75,46 30,13 BB8,.61 29,76
M, 47,74 110,74 109.68 43,44 150.14  66.53
SE m+ 1.17 1,49 1,19 1,08 1.50 1, 34
C-D. at 5% 3037 4.29 50% 5.12 Lh32 3.38
c.V. 13,43 6.78 5,65 13,05 5,53 11,09

NS = Non-significant,
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Table 4,2 NO;~N (kg/ha) {n so0il as influenced by different

levels of nltrogen, irrigation and organic matter
(1985}

Treatments Dates of sampling

6.2, 85 26,2.85 18.3.85 7.4,85 27.4.,85 17.5.8%

N, 40.28  b4,53  57.48  134,3%  82.83  68.76
X, 45.73 50,37  64L.48 145,38 100.84  88.14
N 51.73 60.23  74.39  166.89 136.71  104.32
SE m# 1,70 1.87 1.79 3,69 3,69 2.50
C.D. at 5% 4,90 9,40 5.19 10,63 10.62 7.20
I, | 46.37  52.01  71.15 166,04 118.18  97.55%
I, 45,66  S1.41  59.75  131.71  95.40  76.60

SE ms 1.39 1.83 1.46 3,01 3,01 2,04
C.D, At 5% NS NS 4,21 a.68 8.67 5.88
M, 43.16  50.65  63.61  145.26 103.63  89.49
My 8029 43,15  5%,32 117.%4  T5.45  62.32
M, 54.29  61.3%  79.41  183.83 141.30 108.30
SE ma 1.70 1.87 1.79 3,69 3,69 2.50
C.D. at 5%  4.90 5,40 5.15 10.65  10.62 7.20
C.V. 15,74 15.41  11.62 10.%3  14.67  12.20

NS = Non-significant.
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Table 4.3 NHb-N (kg/ha) in s0il as influenced by different

levels of nitrogen, irrigation and orgenic matter
(1984)

Treatments Dates of sampling

1.3.8"‘ 21.3.8& 10.’-&.84 30.“.8"‘ 20.5.8"4 hn6.81‘

Nl 18.86 11.52 19,03 10,08 26,78 21,48
N, 20.55 15.73 24,74 13.31 38.56 23.58
N3 22.66 20,90 32.84 18,83 53.77 3)1.24
SE m+ 0.74 0.70 1,00 0.56 0.85 0.92
C.D. at 5% 2.14 6.51 2.89 1,61 2.46 2.66
Io 20,28 16.48 27.94 15,36 L%,61 29.20
SE m# 0.60 0.57 0,82 0.4% 0.69 0.75
C.D, at 5% NS NS 2,36 1.31 2.01 2.16
M 20,79 15,00 24,53 13,23  36.25  25.64
Ml 18.82 12,02 21.03 12.69 27.79 21.51
SE m+ 0.74 0,70 1,00 0.56 0.85 0.92
C.D. at 5% 2.1& 6.51 2.89 1.61 2.% 2.66
C.V. 15,28 18,55 16,71 16.89 9.14 15,40

NS = Non-gsipgnificant.
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Table 4,4 NH, ~N (kg/ha) in soil as influenced by different
levels of nitrogen, irrigation and organic matter
(1985)

Treatments Dates of sampling

6,2,85 26,2.85 18,3.85 7.4.85 27.4.85 17.5.85

N, 66.56 29.74 43,06 59.3%  45.36 39.75
N3 76.82 34,33 48,22 62,26 51.27 46,25
SE m+ 1.70  1.21 1,61 1.63  1.35 1,16

C.D. at 5% 4.91 3.’48 l;_65 L|Q69 [‘047 3.35

1, 65.63 22,66 L%,68 59.80 47.82 b, 42
I 66.76 29,58 39.08 5%.80 41,90 36.72
SE me 1.39  0.99 1.32 1.33  1.26 0.95
C.D. at 5% NS NS 3.80 3.82 3.65 2.73
Mo 65.81 27,70 41.30 53.97 42,97 41,08
Ml 59.06 25.98 33.98 50.02 36,34 36,68
M, 73.72 32.18 51.86 67.80 55.28 43.95
SE m_'t 1.70 1.21 1.61 1.63 1.55 1-16

C.D. &t 5% 4,91 3.48 4,65 L.69 L.47 3.35

C.V. 10.95 17.95 16,20 11.95 14.69 12.19

NS =  Non-signlificant,



It was quite interesting to nota (Fig. 4.2) that the

application of Lantana camara resulted in the repression of

both NO-N and NH,-N throughout the experimental period(iab.e
4,1- 4,4}, During 1984 the contents of both NOB-N and NH,-N
were slightly lower than the econtents under the treatment w th
no incorporation,However, in the year 198%, the differences in
N03-N ware more during the later part of growth period(Tabla
4,2). The per cent decreases in the content of NUB-N due to

appllcation of Lantana camara at the rate of 10 tons per

hectare compared to no incorporation at 20,40,60,80, 100 and
120 days during 1984 and 1985 were of the order of 14,19, 6.64;
6.71; 14,803 10,88, 16,17, 7.41, 19,08; 17.1%, 27.19 and 17.88,
29,80, respectively{Tables 4,) and 4,2), Similarly the per

cent decrease in NHA-H content due to application of Lantana
camara compared to no incorporation at the same time inter-als
during 1984 and 1985 were 9,47, 10,253 19,86, 6.203 14,26,17.72;
4.08, 9.98; 23,33, 15.42 and 16,10, 10,71 (Tables 4, 3~4.4),

The perusal of interaction NxM also revealed that the application
of lantana, generally, resulted in the reduction of NOB-N and
NHh-N content in soil. The reductions in NO,-N were significant

in most of the cases (Tables 4,1,a, &.2.a and Appendix XI,X:I1).

4,1,1.3 Effect of Irrigations

The data pertaining to the effect of irrigation on the
NH,-N and NOB-N contents of soll for both the years are given
in Fig.4.3.As seen from the figure, during the entire growtl
period theéontent of NOJ-N and NH,~N, in general, was higher

under rainfed treatment compared to irrigated one.The differences



Table 4.1.2 NO5=N (kg/ha) 4n so0il as influencad by NxM
(1984)
Treatments 10,4,84 30,4,84 20,5,84
LN MM, M MM, M, My M,
Nl 77.43 67.36 92,20 27,96 22.12 31.61 85,02 #9,.54 1:7.80
NZ 86.08 74,96 114,51 31,12 32,97 42,78 108,35 93,51 151,26
N3 90,52 84,07 122.35 38,27 35,31 55.97 123.52 112,77 171.38
SE m¢ = 2,07 SEm+ =1.88 SE m¢+ = 2.60
C.Deat = 5,97 CeDe at = 5,4 CiDe At = 7,49
5% 5% 5%
Table 4,2.8 NOB-N (kg/ha) in soil as influenced by NxM
(19851
Treatments 26,2,85 2744485 17.5,85
Mo LT S oM M, ¥ M,
Ny 38.09 41,28 54,23 84,97 48,57 104,9% 71.1% 50.6% 84,50
N2 52.34 43,20 55,55 103,80 74,62 124,10 96.42 57,81 110,18
N3 61,51 44,97 74,22 122.12 93,17 194,84 100,91 80,00 132,04
SE m¢ = 3,25 SE mt = 6,39 SEmy = 4,33
C.D. a't- 9.36 c.Dl nh‘ 18.“0 C.D. at- 12-“‘7
5% 5% 5%
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between rainfed and irrigated treatments were more pronounced
during the later part of crop growth, eapeclally after second
dressing. The per cent increases in NOB-N under rainfed
conditions over irrigated ones after 60, 80, 100 and 120 days
of sowing, where differences were large due to trentments,

were 5,95, 19.07; 25.63, 26,063 23.%4, 23,87 and 35.18, 27.34
during 1984 and 1985, respectively (Tables 4,1 and 4.2),
Likewise, the per cent increases in NHy=N concentration

under rainfed conditions over irrigated ones during the same
time intervals were 20,79, 16,883 20,00, 7.16; 34.94, 14,12 and

34,81, 20,96 during 1984 and 1985, respectively (Tablee 4.3
and 4,4),

4,1.2 Physical characteristics of soils

_4.1.2.1 So0il Water Content:

The soil water content was determined 1n the surface 20 cm
of soll before germination and during crop growth st reguler
interval of seven days (Tables 4,5 and 4,6), The Literactlons
and analysis of variaence are given in appendix XITJT=XVI end
XXV-XXVI, As glven in the tables 4,5 and 4.6, there was no
significant differences in the moisture content due to nitrogen
levels in both the years except on march 16th and 23rd during
1984 and on Mgy 4th and 18th during 1985. The effect of )
irrigation on so0l1l moisture content was observed to be significant '
after March 30th (49 days after planting) and March 2nd(42 days
after nlanting) after first irrigation was apnlied during 1984
and 1985, respectively. There was marked influence on so0il water

content due to incorporation of FYM end lantana from planting

111l harvest during 1984 and after first irrigati n during 1985,



Table 4,5 Soll moisture content expressed as percentage on mass basis
(0=20 cm) during crop growth under different treatments(1984)

Treat  February March April May
ments

17th 24th 2nd 9th 16th 23rd 30th 6th 1l4th 21st 28th 5th 12th 19th 26th
Ny 20.87 25.44 23.14 23,18 17,86 19,54 21,04 22,54 19.32 17.30 16,46 16,41 15.26 14,61 12,86
N, 21.20 25,71 23,88 23,47 19.90 20,73 21.75 22,92 19,75 17.96 17.35 16,82 14,63 14,73 12.92
N3 20.77 25.53 23,83 23,45 19,91 21,08 21,73 22.40 20,22 18.27 16.54 16,835 14,50 14,62 12,69
SE m¢ 0,51 0,45 0,45 0,51 0,41 0,3 0,43 0,35 0,39 0.36 0.38 0.35 0.31 0,28 0.27
C.D. NS NS NS NS 1,19 1,95 1,05 NS NS NS NS NS NS NS NS
at 5%
Io 20,93 25.69 23,70 23,18 18.96 20,21 21.26 21.27 18,02 15,86 14,00 13,80 11,86 14,04 11,67
I1 20.96 25,43 23,53 23,56 19.49 20,69 21.75 23,97 21,51 19.82 19.57 19,57 L17.74 15.27 13.98
SEme¢ 0,41 0,37 0,37 0,41 0,33 0.29 0.35 0,29 0,32 0.29 0.31 0.29 0,25 0,23 0,22
c.n.‘ NS NS NS NS NS NS NS 0.83 0.92 0.86 0,91 0.84 0,74 0.67 0,65
at 5%
M 19.40 24,25 21.86 21.54 15,73 17.07 19,05 22.6] 18,66 16.72 15.74 15.83 13.84 13,94 11,96

M 21,39 25.69 2%.95 23,85 20,51 21.80 22,17 22.47 20.66 18.39 16.63 17,05 15.06 14,88 13,02
K, 22,05 26,74 25,04 24,72 21,43 22,49 23.29 22,78 19,96 18.42 17.97 17.18 15.49 15.14 13,49
SE

m 0.51 0.45 0.45 0,51 0,58 0,36 C.&3 C.3 0,39 92,3% 0.38 0,35 0.31 c.28 0.27
c.., 1,47 1.30 1.32 1,47 1,68 1,05 1.25 NS 1,13 1,05 1,11 1.03 0.91 0,82 0.80

C.V. 10,36 67.53 8.24 9.30 9.14 7.59 5.83 6,70 8.49 8.72 3.84 9,12 9,08 8,33 9,22




Table 4.6

Soil moisture content expregsed as
during crop growth under different

percentage on mags basis (0=20 cm)

treatments (1985)

March

April

Moy

Treat
aents

February
2nd__ 3th 16th

23rd

2nd 9th  16th 23rd

30th

&th

13th

20th 27th 4th 1llth 18th 25th

24,89 25,74 24,35
25,78 25.66 24,25

25,00 25,27 24,24

Ny
N;
N3

0.34 0,37 0,36
NS NS NS

SEm+

c. D.
at 5%

I 24494 25.46 24,76
25,50 25.65 23,80

L
SBms+ 0.28 0,30 0,29

C.D, 18 HS 1,05

at 5%

24,88 25.46 23.83
25,59 25.51 24,40
25,20 25.69 2461

HO
!
%

0.3 0.37 0.%
NS

SEm+
NS X5

23.49
23.74

23.55

0.32
NS

23.75
23,44

0.26
NS

23.14
23.685
23.99

23.07 23.36 21.08 21,70
23,22 23,65 21.37 21.80

22.86 24,19 21,58 22.07

0.33 0,58 0.34 0.53

RS N3 NS NS

23.13 22,17 20,62 21,49
22497 25-29 22;0? 220&

0.27 0.47 0.27 0.43
NS 1.66 0.79 KS

Z1.94 22,32 20.46 21,00
23,32 24,49 21.8% 26.00
23.88 24.38 21.72 20.57

0.33 0.58 0,34 0.53

6.15 10.37 5,76 10.29

21,84
23.27

21.91

0.80
NS

21.43
23.26

0.6%
NS

20,99
zh.m
21.22

0.8¢
2-30

15,20

21-51
21.91

21.76

0.57
NS

25.75 21.21 17.97 21.47 17.78 16.46 15.12
25.83 21.3% 17.81 23.12 17.89 16.89 14,68

25.50 21.09 17,04 21.21 17.48 15.5% 14,71

0.28 0,36 0,46 0.37 0,450 0.29 0,32
1.08 NS

NS N3 NS

0.8% NS

19.74 25,13 21,11 16.93 16,50 14.40 14,10 12,35
26,32 21,30 18,28 27.37 21.03 18.50 17,33

23.71

0.46
1.34

20.6h
22.43

0.57
NS

11.19

.23 0.29 0,37 0.30 0.32 0.23 0,26

0.66 KBS

1.08 0.88 0.94 0.88 0,77

25.14 20,33 16.69 20,70 17.24 15.80 14,99
26,34 22,82 16.6k 21.93 18,53 16.70 14,52
22.10 25,61 20,48 19,4 23.17 17.38 16.41 15,01

0,28 0.3 0.4 0.37 0.40 0.29 0,32

0.81 1.0% 1.33 1.08 1,15 NS

4,65 7,31 1l.13

7.31

3.63

NS

7.39 3.42

I
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In comparison to rainfed conditions, there was an increese Lo
the soil water content with the application of irrigation tn tne
tune of 12,69, 19,36, 24,96, 39.78, 4l.81, 49,57, 8,76, and
15,79 per cent from 6,4.84 to 26.5.,84, respectively and 14,07,
7.03, 3.39, B.53, 20.11, 4.73, 7.97, 65.87, 46,04, 31,20 and
40,32 per cent from 9.3.85 to 13,4,8% and 27,4.85 to 25.5.85,
respectively. Among the organic matertials the eiffect of lantana
on the soll moisture content was more vronounced than the FYM
during the year 1985 although during 1984 both were equally
effective. The slgnificant interaction effects on soll water

content are given in Appendix XIV « XVI,

4,1.2.2 Infiltration studiess

The infiltration studies were made after the harvest of the
crop during both the years and the data are given on tables 4,7
" and 4.8, Both the infiltration rate and the cumulative
infiltretion increased with tha incorporati.n of organic matter
compared to no incorporation. The average rates of infiltration
were 10,46, 9,36; 8,51, 8,26 and 6,18, 6,25 em/hr with the
application of FYM, lantana and no incorporation during 198L and
1985, respectively.,lLikewise the cumulative infiltrution rates
for three hours were 36,59, 45.12} 33.16, 40,20 and 23,94,
32,39 cm/3 hr with the application of FYM, lantana and no
incorporation during 1984 and 1985, respectively. 'he Increasing
rates of nitrogen also increased the rate of infiltration, The
average infiltration rates for 40,80 and 120 kg N/ha doses were
8.51, 6.93, 8.4, 8,06, end 8,60, 8,88 cm/hr during 1984 ang
1985, respectively. Similarly, the cumulative retes for 3 hours

w{th the application of 40,80 and 120 kg N/ha were 29.46,34,94;
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31.15, 38.94 and 33,07, 43.82 cm during 1984 and 1983,
respectively., Irrigation resulted in reduction in the
infiltration. The average values for infiltration rates

during 1984 under irrigated and rainfed conditions were

792, 8.85 and during 1985 were 7.58, 8,33, respectively,

In the same way the average values for cumulative infiltration/
3 hr for irrigated and rainfed conditiona during 1984 were
29,46, 33,67 and in 1985 were 36,99, 42,08 cm,, respectivelv,

h.1o2.3 Bulk DBnSity:

The bulk density of O0-1% om soil layer, determined
after the harvest of the crop during both the years (Tables
4,7 end 4,8) was low with the incorporation of organic metter,
especially FYM (1.14 and 1,0% g/ec during 1984 and 1985,
respectively). The bulk density values were also low with the

increasing levels of nitrogen during both the years of study,.

4.1.2.4 Organic Carbon Contenty

The organic carbon content of the soil under different
treatments was determined at the time of planéing and at a
regular interval of twenty days till the harveat of the crop
(data not reported here), It was observed that neither thae
different doses of nitrogen nor irrigation had any effect on

the organic content of the soll.However, Lgntana cgmara and

FYM applications brought out significant {ncreases in the

organic carhbon content of the soil,



Table 4.7 Average values for infiltration rate, cumulative
infiltration and bulk density as affected by
different treatments (1984)

Treatments Infiltration Cumulative Bulk density
rate(cm/hr) Infiltratson (gm/cc)
{cm/3 hrs
Ny 8.51 29,46 1.23
NZ 8.41 31.1% 1.20
Ny 8,60 33,07 1.19
Io 8,85 33.67 1.21
I, 7.92 29,46 1,20
MO 6,18 23.94 1.27
M 8.51 33,16 .22

M, 10,46 36,59 1.14
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Table 4,8 Average values for infiltration rate, cumulative
infiltration and bulk denaity as sffected by
different treatments {1985)

Treatments Infiltration Cunulative Bulk density
rate infiltration (gm/ce)
{cm/hr) (em/3 hrs)

N 6,93 34,94 1l.12

N2 8,06 38,94 1,10

33 8.88 43,82 1.09

Ib 8.33 42,08 1,11

1, 7.58 36.39 1.09

M, 5,25 32,39 1.14

Hl B,26 40,20 1,11

M3 9.36 45,12 1.05
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h,2 Growth and development of Potato as affected by
dlfferent treatmentsy

The various plant growth parameters like germination
count, height, number of branches and leaflets at different
stages were similar during both years of experimentation.The
data are reported in tables 4,9 = 4,22 a. The analysis
of varliance and some of the interactions are given in appendices

XXVII - XXV and XVII - XVIII,
4,2.1 Germination Countt

Germination count during the years 1984 end 1985 after

326 and 37 days of sowing at a regular interval of four days for
almost a month is given in tables 4,9 and 4,10, There was

general increase In the germination with increasing levels of
nitrogen, but the increase was non-significant in majority ot
Ithe cases, Irrigation also increased the germination almost on
all dates but the significant increase was noticed only during
1985, The application of FYM generally increased the germination
of potato and the increase was significant on 17.3.84, 21.3,34,
29,3%.84 and 5,4,1985, The incorporation of lantana strikingly
reduced the geraination of potato on all the obasarved dates,

The per cent reduction in germinatlion during 1984 with application
cf lantana compared to no incorporation was of the order of 55.69,
44,24, 19,80, 17.71, 12,08, 8,05 and 5.77 per cent on 21,3,84
through 14.4,84, respectively, and 57.7, 60.%, %2.1, 36.3%, 31.9,
17.7y 9.9, 6.6 gnd 2.4 on 1,3,1985 through 5.4,1985,respectirely.
Irrigation increased the germination percentage as compared <o

rainfed conditions during 1984 and 1985 but the significant -ffect
was observed only during 1985,



Table 1409

Gy

Germination percentage of potato ag influanced hy
different levels of nitrogen, irrigation and
organic matter during 198

Treat 17.3.84 21,.35.84 25.,3.84 29,3,84 2,4,84 6,4,84 10,4,84 14,4,84
ments
Nl 3,86 6.7 9,02 9,41
(1 58) (1a 89) (45, 15) (6h 00) (70 56) (77 79)(81 36) (£8.%4)
N 1.25 4,03 6.6 8.38 8.7 9,08 9,27  9.28
2 (1.56) (16.24) (44.35) (70.22) (75.86) (B2.44)(B5.93) (86.11)
RB 1.22 4,03 2
(1.48) (16.64) (49 56) (69 55) (78 32) (8 08)(87 79) (88 73)
SE m#t 0.02 0.26 0,22 0.22 0,20 0,11 0.10 0.09
CQD. at NS NS NS NS NS NS NS NS
5
I 1.25 4,02 6,76 8,18 8.64 8,91 9.14  9.33
° (1.56) (16.16) (45.69) (66.91) (74,64) (79,78)(83.53) (87.04)
I, 1,23 3,96 6,90 8,30 8,66 9,14 9,31 9.8
SE m+ 0,02 .21 0.19 0,18 0.16 0,09 0.08 0,07
C.D. at NS NS NS NS NS NS NS NS
5%
M 1.0C 7.91 8,33 9,09  9.35 3.52
(1.00) (zz sa) (62.56) (63.38) (82,62) (37 hz)(es.gzl (93,63)
" (1180 (2188) (914A) (48I63) (55:98) (67:56)(75.36) (8514
. ™ » L] . ./ 5-16) (8001*6)
1.37 9.56 3.62
"2 (1.87) (30 82) (65 51) (eu.su) (87.98) (90 25)(91 39) (92 54)
SE m+ 0,02  0.26 0,22 0.22 0,20 0.11 0,10 0.09
ng' at 0,07 0.75 0.65 0.63 0,%8 0,32 0,30 0,27
C.V. 9.4k 27,82 14,12 11,4% 9,99 5,31 4,935 4,19

The values glven in parenthesis are theoriginal values,

Data esnalysed by using

/ x transformation,
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Table 4,10 Germination percentage of potato as influencec
by different levels of nitrogen, irrigation ar
organic matter during 1985

Treat 1.3.85 5.3,85 9.3.85 13.3.85 17.3.85 21.3,85 25,3,85% 29.3.85 5.4.8°

ments
N 2,67  L.ih 5,33 6,15 7,3k B,43 8,95 9,34 9,49
1 (70123(19.71)(28.140)(37.82) (53.87) (71.08) (80.10) (87.23) (30.06)
N2 2.70 4,70

N

9,0
(7.29)(22, 09)(30 80)(h3 56) (56 70) (72 25) (el. oo) (Bs 19) (39 87)

2,85 4,81 9,42
2 (8 12)(23 13)(31 13)(@5 15) (61 93) (72 59) (78 1&) (88,73) (91 58)

SE m+ O.lh 0.15 0.12 Ooll‘ 0.07 0007 0.13 0.05 0.02

C.D,

at 5% NS NS 0,642 0.20 NS NS C.l4 0.07
IO 2.82 4,146 g.48

(7 .95)(19. 89)(29 26)(43 56) (56 25) (69 38) (77 96) (aa sa) (w9 a7)
I1 2.66 L BY 9.56 6,38

7.70 8,64 9,03 9,46 9.5
(7.07)(23.62)(91.39)(40.70) (59.29) (74.64) (B1,%4) (BI.49) (91.28)

SE m+ 0,11 0,12 0,09 0,11 0.05 0,06 0.11 0.04 0.02

C.D. NS 0.36 0.28 NS 0.16 0,18 NS 0.12 0,0%
at 5%
M 342 5.67 727 8,56 G52 9.56

. 8.94 2.21
(10. 301(32 lh)(&a 51)(52 85) (73.27) (79.92) (84.82) (90.63) (91.39)

My L.A49 2,24 312 4,63 .33

(2.22)( 5 01)( 9.73)(21. A3) (31 02) (5A 16) (68 89) (79 03) (53 03)
3,5 6.04 9.57 9.79

M
2 (12, 39)(36 h8)(h6 37)(57 45) (7# 99) (33 72) (86 11) (91 58) (S5.84)

SE m+ 0,14 0,15 0.12 0,14 0.07 0,07 0.13 0.05 0,02

C.D. 0,41 0.45 0.34 0.42 0.20 0.22 0.40 0.14 0.07

a

C

t 5%
Ve 22,49 14,32 9,32 9,55 3.93 3.84 6,65 2,24 1.08

The values given in parenthesis are the original values,
Data analysed by using / x trangformation,
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L,2.2 Height of Potato:

The data on height (tables 4,11 - 4,14) are given only
from 5,4.84 to 5.5.84 and 13.3,85 to 22.4.85 at a regular
interval of ten days because no differences in height beyond
these dates were observed and same have not been recorded here,
There were significant dlfferences in height due to varlous
treatments all through the observed period, The maximum height
was recorded with the treatment having incorporation of FYM and
recelving 120 kg N/ha under irrigated conditions during both the
years (Tables 4.11 and 4,12), It wes closely followed by the
treatment recelving €0 kg N/ha along with FYM under irrigated
conditicns, The heisht was significantly higher under this
treetment on 13,.3.85 compared to other treatments end also sc
during rest of the period upto 22,4,1985 except under tregtment
feceiving FYM along with 80 kg N/ha under irrigated conditions,
The lowest heiszht was recorded with the application of lantana
under rainfed conditions with the application of 40 kg N/ha during
both the years of experimentation.

There was a significant effect of the levels of nitrogen
on the height of plents all thrcugh the observed growth period
during 1984 and 1985(Tables 4,13 and 4,14), For instance, the
application of 80 kg N resulted in an increase of height by
16,32, 16,76, 16,62, and 7.52% over 40 kg N/ha on 5.4.84,15.4.84,
25.4,84 and 5.5.84, respectively, and 16.%8, 13,63, 18.86,20.14
and 12.25 per cent over 40 kg N/ha on 13,3.85, 23.3.85, 2.4,85,
12,4,85 and 22,4,85,respectively.Likewise, the application of 120
kg N/ha resulted in an increase of height by 8,61, 10.1%, 8.03 and
8.22 per cent over 80 kg N/ha on 5.4.84 through 5.5.84 and 30.55
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Table 4,11 Average helght (cm) of potato as affected by
different treatments during 1384

Treatments S.4.84 15,4,84 25,4,84 5.5.84
Nl Mo Io 8,00 15.33 20,33 25.00
Il 9.00 21,00 28,00 32.00

My Io 7433 14,00 18,00 24,00

Il 8,00 20,00 25,00 30,00

M2 IO 9.00 17.00 24,00 29.00

Il 12,00 24,00 33.00 37.00

NZ MO IO 9.00 18.00 24,00 26,00
Il 11,00 24,00 32.00 34,00

Ml Io 8,00 16,00 21,00 25.33

Iy 10,00 23,00 29,00 34,00

M2 IO 11.00 21.00 29,00 33.00

I1 13,00 28,00 38,00 38.00

Na Mo Io 16,00 20.00 26,00 29.00
I 11,33 26,00 3%.00 37.00

Ml IO 9.00 17.00 23,00 28,00

Il 11,00 25,00 31,00 36,00

M2 Io 12,00 24,16 31.33 32,00

Il 14,00 31,00 41,00 44,00

SE ms 0.57 1,05 1.34 2,04
C.D. at 5% 1.66 3.03 3.87 5.87
CaV, 9.87 8.55 8.27 11,18
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Table 4,12 Average height (cm) of potato as affected by
different treatments during 1985

Treatments 13.3.85 23,3.85 2.4,85 12.4,B5 22,4.3%
Nl Mo Io 7.00 13.00 17.00 20,00 23.66
Il 8,00 19,00 24,00 28.00 31,16

My I, 6,00 12,33 14,66 19,00 22,50

Il 8.50 17.00 23,00 27.00 30,00

M, I, 7.50 15.00 21,00 26,00 32.33

I, 9.50 24,00 29.50 34,00 41.00

N, Mo Io 8,00 15.00 21,00 25,00 26,00
I 9.50 21,00 29.00 34,00 35.00

M I 7.50 13,00 18,00 24,00 25,83

I, 9.00 18,00 23.00 33,00 34,00

M, I, 8,50 18,00 24,50 28,00 37,00

Il 11.50 29,00 36.00 41,00 45,00

“3‘ M, I, 10,00 18,00 24,50 27.00 30,00
Iy 12,50 23,00 32,00 39.00 40,00

M I, 9.50 15,00 20,00 28,00 30,33

I 12,00 20,00 31.66 36.00 38,00

M, Io 11.50 21.00 25,00 33,00 40,00

Il 15,00 31,00 39.00 4%,00 46,83

SE m# 0.59 1.19 1,36 1.57 1.58
C.D. at 5% 1.71 3.h2 3.93 4.53 2.21
C.V. 10.88 10.54 9.38 8.99 8.03




Table 4.13 Average height (cm) of potato as influenced by

different levels of nitrogen,irrigation and
organic matter during 198&

Trea'tmen'ts 5-“.84 15.“.8“ 25."’.84 5-5-81‘
Nl 8.88 18.55 24,72 29,50
Nz 10,33 21,66 28,83 31.72
N3 11,22 23.86 31,16 34,33
SE m+ 0.23 0.43 0,55 0.69
C.Ds at 5% 0.67 1023 1‘58 2.39
I° 9.25 18,05 24,03 27.92
Il 11,03 24,66 32,44 35.33
C.Ds at 5% 0.55 1,01 1.29 1.95
Mo 9.72 20,72 27.55 30.50
Ml 8,88 19.16 2“050 29,55
M2 11,83 24.19 32,66 34,83
SE D]i 0.23 00""3 0-55 0069
C.D, at 5% 0.67 1023 1-58 2039

C.V. 9.87 8.55 8,27 11,18




Table 4,14 Average height (cm) of potato plant as influenced
by different levels of nitrogen, irrigation and
organic matter during 1985

Treatments 13-3.85 23.3.85 2.“.8‘4 12014.85 22.14.85
Ny 7.72 16,72 21,52  25.66  30.11
Nz 9.00 19.00 25,58 30.83 33.80
NB 11.75 21.33 28,69 34,66 37.52
SE m+ 0.2k 0.48  0.55  0.64  0.64
C.D. at 5% 0,70 1.39 1.60 1.85 1.85
Io 8.38 15.59 20,62 25.55 29.74
I, 10,62 22,6k 29,90  35.22  37.88
SE m_+_ 0.19 0039 0-h5 0052 0.27
C.D. at 5% 0.57 1,14 1,31 1,52 1.51
Ho 9,16 18.16 24,58 28,83 30,97
M, B.75 15,88 22,09 27.83 30.11
Hz 10.58 23,00 29,16 34,50 40,36
SE ms+ 0.24 0,48  0.55  0.64  0.64
C.D. at 5% 0.70 1.39 1.60 1.85 1.85

Clvo 10.88 10.5“ 9.38 8.99 8-09
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Table 4,14 a Average height (cm) of potato as influenced by
IxM (1985)
Treatments 2313085
I I
5 1
Mo 15.33 21,00
My 13.44 18,33
MZ 18,00 28,00
SE m+ - 0.68

CCD' at 5% bt 1.97



12,26, 12,15, 12,42 and 11,00 per cent on 13,.3.85 through 22.4.85,
respectively. The effect of irrigation wes quite notnble in
increasing the height of plants significantly during both the
years, The increase in height due to irrigntion was 19,24,36,€2,
34.59 and 26.54 per cent over rainfed conditions on 5.4.84,
15,.4,84, 25,4,84 and 5.5.84, respectively and 26,73, 43,93,45.00,
37.84 and 27.37 per cent over ralnfed conditions on 13%,.3.85,
23.3.85, 2.4.85, 12,4.85 and 22,4.,B5,respectively,The application
of FYM significantly Increased the helirht of wvlants st all stages
hut reverse was true with the application of lantana,The
siznificant negative influence of application of lantana was
observed on 5,4,84, 15.4,84 and 25,4,84, and 23.3,85 and 2.4,.85.
The per cent increases in the helght due to application of FYM
were 21.70, 16,74, 13.54 and 14,19 compared to no incorporation
on 5.4,84, 15,4,84, 25,4,84 and %,5,.84, respectively, and 15.50,
26.65, 18.63, 19,66 and 30,31% compared to no incurporation
on 13,3,85, 23,3,85, 2.4.85, 12,4,85 and 22,4,85,respectively,

The interaction between irrigation and organic matter
incorporation (table 4,14 a) was only significant on 23.3,85,F0th
under rainfed and irripgsted conditions FYM 0 10 t/ha (M2) produced
slgnificantly more height than lantana application and no
incorporation (M1 and Mo) but the differences between M, and M,
were not significent under rainfed conditions.However, the
differences between each vair of treatments during the year 198%
were significant under irrigated conditiovns, the mean helght

being minimum under Ml and maximum under Mz.

4,2.3 Number of branches per plant:

As seen from the dota given in table 4,15, the effect of
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the highest level of N along with the incorporation of FYM
under irrigated conditions on the development of branchlies
was not of higher order as seen for other growth parameters,
The number of brenches under this treatment generally did

not differ significantly from other treatments receiving
lower levels of nitrogen during 1984 and 1985, 'he effect
of nitrogen application (tables 4,17 and 4,18) on the
development of branches was significoant only upte 80 kg N/ka
during 1984 and 1985 beyond which the incresse wes non-
significont except on 22.4,85%., The application of irripaticn
significantly increased the number of branches compared to
rainfed conditions during both the years of experimentatior,
The per ccnt Iincreeses in the number of branches due to’
irrization were 15.45, 12.36, 11,77, 9.40 and 10,22 on 13.3.85,
23.3.85, 2.4.85, 12.4,85 and 22,4,85, respsctively, The
aprlication of FYM resulted in significant lncrense in the

" number of branches over no incorporation except on 5.4,34
and 12.4.85 when the increase was non-aigniflcant. The per
cent increases due to application of FYM over no incorporetion
were 8.95, 11,41, 10,77 and 11,11 on dates 5.4.84, 15.4,84,
25,4,84 and 5.5.,84, respectively, and 7.83, 10.83, 8,.,83,11,90
and 9,95 per cent on dates 13.3,.85%, 23.3.8%, 2.4,85, 12.,L.ES
and 22,4.85, respectively. The application of lantana brought
about A decrease ln the number of branches compared to no
incorporation and the decrease was significant only on 13.3.85
and 23.3.85. The per cent decreases on these dates were 18,58

and 10.31, respectively. During 1984, the per cent decreases
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Table 4,15 Average number of branches per plent of potato
as affected by different treatments during 1984

Treatments 5.4.84  15,4,84  25.4,84  5.5.84
T T 9.00 12,00 14,00 14,33
I, 12,00 14,33 14,66 14,66

Mo I 9.66 11.33 12,66 13.00

I, 10.66 13.66 14,66 14,86

My, I, 11.33 14,00 15.33 15,50

I, 12,00 15,00 16,00 16,33

N, My I, 12.00 13,66 14,00 14,60
L 12,33 15,C0o 16,00 16,00

m I 11.33 14,20 14,33 14,66

I, 12.00 14,33 15,00 15.33

My I 12,33 15.00 16,66 17,00

I, 14,00 16,66 17,00 17.66

Ny M, I, 12,00 14,00 14,33 14.50
I, 13.00 15.66 17,00 17.29

MoI 12,00 13.66 14,33 14,66

I, 12.66 13.00 15,66 16.06

M, I 13.33 15.33 16,00 16,35

I, 13.66 18,00 18,33 18.60

SE ms 1.07 1.05 0.88 0.7%
C.D. at 5% NS 3.04 2,55 2,16

CeVe 15.56 13.35 10.03 8.33




Table 4.16  Average number of branches per plant of potsto
as affected by different treatments durlng 1985

Treatments 13,3,85 23,3.85 2.4,8% 12,4,85 22.4.85
Ny M Io 10,00 12,00 13,00 13,66 14,60
I1 12,00 12,00 15,00 15,33 16,33

Ml Io 8,00 11,00 13,00 14,66 15,00

I 9.00 12,00 15,00 17.00 17.33

Mz Io 10,00 13,00 14,33 16,00 16,66

I, 11.00 14,00 16.66 18,33  19.00

N2 Mo IO 11.00 12,00 14,33 16,00 16.66
Il 13,00 15,66 17,00 17.00 18.00

Ml Io 9433 11,00 13.00 14,33 14.66

I1 11,00 13,00 15.66 16.33 16,66

M, I, 13,00 16,00 16.33 17,33  17.66

Il 15.00 16,00 17.00 18,00 18.66

N3 Mo Il 12,00 13,33 16,00 16.33 17.66
I1 13,00 15,33 15,00 17.00 18.00

My Io 10.00 11,00 15,00 17.00 18.00

I, 11,33 14,00 15,00 15,33 16,00

M, I, 13.33 14,33  15.00 18,00 18.66

I, 15,33 15,66 19.00 19,00  20.00

SE m+ 0,74 0.67 0,67 0.56 0. 46
C.D, at 5% 2.13 1.95 1.94 1,62 1.33

C.V. 11.12 8.78 7.65 5.92 4,67




Table 4,17 Average number of branches per plant of potato
as influenced by different levels of nitrogen,
irrigation and organic matter

Treatments 5.4q8h 15.“.84 25.“.85 505.8h
N, 10,77 13.44 14,50 14,75
Nz 12,38 14,77 13,50 15,87
“3 12.77 14,88 15,94 16,23
SE m#+ 0.43 0.45 0.36 0.30
C.D. at 5% 0,67 NS 1,04 0,88
Io 11.48 13,62 14,62 14,95
SE m+ 0.35 0.36 0.29 0.2%
-C.D., 8t 5% NS 1,06 0.85 0.72
Mo 11.72 14,11 14,94 15.21
Mi 11,44 13.27 14,44 14,75
M, 12.77 15,72 16,55  16.90
SE m# 0,43 0.45 0.36 0.30
C.D. at 5% NS 1.30 1.04 0.88

C.V. 15.56 13.35 10,03 8433




Table 4,18

Aversze number of brarnches ¥cr plant of potnto
as influenced by dlfferent levels of nitropen,
irrigation and organic matter during 1985

Treatments

13.3.85 23.3.85 2.4.8%5 12,4.8B5 22,4.85

N

N,

Ny

SE m#

C.D, at 5%

SE m+
C.b. at 5%
Clv.

10,00 12,33 14,50 15.83 16,50
12,22 13.94 15.55 16.50 17.95
12,50 13,94 15,83 17,11 17.34

0.30 0,27 0.33 0.23 0.18
0.87 0.79 0.95 0'66 0.51‘

10.74 12,62 b, 15.74 16,33

0.24 0.22 Q.26 0,18 0,15
0,71 0.65 0.77 0.54 0,44

12,00 13,38 15,05 15.88 16,77
9.77 12,00 14,44 15.77 16,27
12,94 14,83 16,38 17.77 18. 44

0.30 0.27 0.33 0.23 0.18
11.12 8.78 7.65 5.92 4,67




Table 4.18 a

Average number of branches per plant of
potato as influenced by NxM (1985)

Treatments 12.4,85 22,4,8%
Mo H1 “2. Mo M1 MZ
Nl 14,50 15,83 17,16 15,50 16.16 17.83
Nz 16,50 15.33 17.66 17.33 15.66 18.16
N3 16,66 16,16 18,50 17,50 17.00 19.33
SE m¢ = 0.39 SE ms - 0.22
c.,D, at = l.14 CeD, at = 0.44
5% 5%
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due to lantana application compared to no incorporation
were 2,38, 5,95, 3.34 and 3,02 on dates 5,4,84, 15.4,84,
25.4,84 and 5.,5.84, respectively but the differences were
not significant,

The favourable effect of the application of FYM along
with nitrogen is also evident from the interactisn between
nitrogen levels and organic matter incorporation (Table 4,13 a)
as the number of branches in general was significantly
higher with the application of FYM at all nitrogen levels

compared to no incorporetion,
4244 Number of leaflets per planti

The highest number of leaflets per plant were observed
under treatment having incorporation ¢f FYM and recetiving 120
- kg W/he under irrizzted conditions throughout tiite ohserved
growth period during 1984 and 1985(Tudbles 4,19 and 4.20).This
treatment was followed closely by treatment having incorporstion
of FYM and receiving 80 kg N/ha under i{rrigated conditions =nd
treatment receiving 120 kg N/ha along with FYM under reinfed
conditions during both years of experimentation.

There was an increase in the number of leaflets per
plant with the increasing levels of nitrogen (Tables 4.21 ard
4,22) and significant increases wera observed on 5,.4,84,
15.4.8L, 25.4,84, 5.5.84 and 2.4.85, 12.4,84 and 22.4,85 due
to application of 80 kg N/ha compared to 40 kg N/ha and all
through the observed growth period with the aprlication of 120
kg N/ha ccmpared to 80 kg N/ha during 1984 and 1985,respectively.
The per cent increases due to application of 80 kg N/hae
compared to 40 kg N/ha on 5.4.84, 15,%.84, 25,4.84 and 5.5.84
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were 13,12, 15.18, 17.79 and 18,33 and on datea 13,5.85,23,.5.85
2,4,85, 12,4,85 and 22.4,85 were 4,33, 6.96, 11,20, 13,81 aud
17.62, respectively., The per cent increasas due to applicat.on
of 120 kg N/ha over 80 kg N/ha were 9.04, 12,66, 16,57 and
18.28 on 5.4.84, 15.4.84, 2%5,4.84 and 5.%.84, respectively.

The per cent increases due to applicatiun of 120 xg N/ha over
80 kg N/ha were 5,76, 12.39, 15,38, 17.58 and 13,47 on 13,3.85,
2%3.3,85, 2.4.85, 12,4,85 and 22,4,85, reaspectivelv, Irrizat:.on
resulted in significant increase in the number of leaflets jer
plant throughout the observed growth period during 1984 and 1985,
The per cent increases on 5,4484, 15.4,.,84, 25,4.,84 and 5,5,84
were 10.75, 17.10, 21,.€2 and 21,25, respectively, and on
13,3.85, 23.3.85, 2.4,85, 12,4,85 and 22,4,8% were 10,75, 1,69,
20.92, 23,06 and 23,42, respectively,The application of

" FYM made a signifiernt increase in the number of lecflats per
plant compared to no lncorporation on all the dates. The
increases on 5.4,84, 15,4.84, 25,4.84 and 5.%,84 were 17.30,
19,49, 19,27 and 21,21 and on 13,3,85, 23,3,88, 2.4.85, 12.4.85
and 22,4,85 were 23,01, 24,70, 24,71, 27.36 and 26,10 per cent,
respectively. The aprlication of lantana resulted in significant
decrease In the number of leaflats per plant on all the dates
during 1984 but during 1985 the differences between Mo and ¥y
were non=significant,

The favourable effect of application of FYM alongwith
increasing levels of nitrogen on number of leaflets is
strikingly evident from the interaction between nitrogen levels
and organic matter incorporation during 1983(Table 4,22 a), as

the application of FYM along with nitrogen resulted in significant
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Table 4,19 Average number of leaflaets per plant of potato
as affected by different treatments during 1984

Treatments 5.4,84 15.4,84 25.4,84 5.5.8L
Nl Mo Io 74,00 91,66 113.00 114,0
Iy 84,00 109,00 142,33 143,0C

M Io 69,33 The33 91.00 97.0C

I, 81,66 103,00 129,00 134,00

M, I, 89.00 112,00 136,00 141,00

I, 97.00 127.00 165,66 169.0C

NZ Mo I}) 89.00 106.33 133,66 137.00
Iq 95,00 120,00 159.00 163.00

M I, 77.00 96.00 119,00 121,33

Il 83.00 113.00 149.66 158.00

M, I, 99.00 124,33 157.00 163.00

1, 117.00 151,00 197.00 202,00

N3 Mo IO 99.00 123,66 163,66 166.00
I 98,66 135.00 179,00 187.00

M I, 85,00 113.00 148,66 159.00

I, 97.00 124,00  169.00 177.00

M, I, 109,00 139,00 183,00 194,00

I, 122,66  165.00 223,66 234,00

SE m+ 4,93 4,81 5.87 5.55
C.D. at 5% 14,19 13.86 16,91 15.97

C.V. 9.23 7.06 6.64 6.05




Table 4,20 Average number of leaflets per plant of
potato as affected by different treatments

during 1985
Treatments 13.3.85 23-3.85 2.“.85 12.“.55 ?2.&.85
Ny M, I, 80.33 98,00 119,00 134,00 135.00
“1 Io T4.33 89.66 109,33 122.66 126,00
I, 87.00 108,66 135,33 154,66 162.00
Il 103,66 133,00 172,66 203,00 206,00
K, My I 86,66 107,00 132,335 1%2,00 160,00
11 85.00 112,00 151,00 178.66 190,00
Mo, 79.66 100,33 126,66 147.00. 155,00
I, 87.66 114,00 151,33 177.00 136.00

M, I, 103.00 126,00  159.00 184.66 133.00
I, 113.00 147,00 196,00 232,00  244.00

Ny M I, 82,33 106,33 139.66 163.00 170.00
I, 97.00 132.33 178,33 211,00 216,00

M I, 81,33 109,00 146,00 172,00 173.00

I 97.66 134,00 183,00 217,00 218,00

M, 5 111,66 145,00 192.3% 229.86 232,00
I 117,00 164,00 218,00 267.00 271,00

C.D. at 5% 10,69 19.47 23.18 14,01 12.79
c.vV. + 6492 9.75 8,98 4,64 4.11




Teble 4,21 Average number of leaflets per Ylant of potate
as influenced by differsnt levels of nitrogen,
irrigation and organiec matter during 1984

Treatments 5.“.8& 15.4.8‘4 25.4.8“ 5-508“
Ny 82,50 102,83  129.%0 133.00
N, 93,33 118,44 152,58 157.38
Ny 101,77 133,44 177.8% 186.16
SE m# 2,01 1,96 2,40 2,26
C.D, at 5% 5079 5.65 6.90 6,51
I, 87.81 108,92 138.33 143.59
I, 97.25 127.55 168,25 174,11
SE m+ - 1,64 1,60 1,95 1.8%
C.D., at 5% 4,73 “:-62 5.63 5e32
M, 89,94 114,27 148,44 151,66
M, 82,16 . 103,88 134,38 141,05

M, 105,50 136,55  177.0% 183.83
SE m+ 2,01 1,96 2.40 2.26
C.D, at 5% 5.79 5465 6.90 6.51

CuVa 3.23 13.86 25.91 6.05
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Table 4.22  Average number of leaflets per plant of potato
as Influenced by different levels of nitrogen,
irrigation and organic matter during 1985
Treatments 13.3.85 23'3.85 2.’4085 12.“.85 22.“-85
N, 92,50 117.83 1%2,72 178.%5 188,00
N3 97.33 132.44 176,22 209,94 213.33
SE m+ 1.51 2.74 3.29 1,98 1,81
CeD, at 5% l*ljs 7.94 9.46 5.71 8.22
I, 88.25 111.40 140,70 163.00 167.44
I; 97.74 128.88 170,14 200,59 206,66
SE m3 1,23 2,22 2,68 1.62 1.48
C.D, at 5% 3.56 6.49 7.72 L.67 4,26
Ho 87.16 111,77 144,33 167.27 173.00
My B84.61 109,27 141,94 165.05 170.00
M, 107.22 139.38 180,00 213.05 218,16
SE ln:_ 1051 2.74 3029 1.98 1-81
C.D. at 5% 4,36 7.94 9,46 5.71 5.22
C.V. 6.92 9.75 8,98 4.64 4.1




Table 4.22 a Averapge number of leaflets per plant of
poteto as Influenced by MxN (1985)
Treatments 12,4,85 22,4,85
H.o Ml M2 Mo Ml M2

N, 149,50 138,66 182,50 151.00 144,00 184,50
N, 165,33 162,00 208,33 173,00 170,50 218,50
N3 187.00 194,50 248,33 193,00 195,50 251,50

SE m# = 3,44 SE m# - 3.14

Cildy B8t = 9.90 CeDe At = 9.014

5% 5%
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increase in number of leaflets compared to the same when
nitrogen was applied alone. The applicstion of lantana along
with nitrogen generelly decreased the number of leaflets

conmpared to application of nitropgen alone,

4e2.5 Tuber size:

The pooled data for the years 1984 and 1985 on small,
medium and large grades of potato, expressed as percentage of
total yield in & particular treatment are given in Taebles 4,23
and 4,24, The data given in table 4.23 revealad that the highest
percentage (34,15) of small grade potato wag in the treatment
which received 120 kg N/ha along with lantana under irrigsated
conditions, It was closely followed (2B,42%) by the treatmant
receiving 40 kg N/ha together with lsntana under rainfed cbnditions.
The lowest percentage (10.64) oA small grade potato was observed
in the treatment receiving 120 kg k/ha together witvh FYM under
irrigated conditions,

Similarly, the highest percentage (47,03) of medium size
tubers resultad in the trestment which received 40 kg N/ha in
compinetion with lantana under ralnfed conditions ciosely
followed by (46,98%) the treatment receiving 120 kg [I/ha with
lantana under rainfed conditions, the loweut percentage (30,50)
of medium size tubers was obtained in the treatment which received
120 kg N with FYM under {irrigated conditions, However, difterent
treatment combinations under medium grade potuto was rfound to be
non~gignificant ona,

Likewise, in 120 kg N/ha with FYM treatmenti under
irrigated conditions recorded the nighest percentage (58,82%)

of large grade potntc tubers followgd by the ireatment recelving



B0 kg N/ha along with FYM under irrigated conditions, The
lowest percentage (21.79) of large grade tubers was iu the
treatment which received 120 kg N/ha in combination with
lantana under irrigated conditicns. The perusal of data
indicated that the increasing levels of nitrogen did not hava
any significant effect on the small and medium grade potatoes
but the effect was significant on the production of large
grade potatoes upto 80 kg N/ha(Tebla 4,24), The proportion
of large grade potato with the appliceation of 120 kg nitrogen
was at par with that of 40 kg li/ha. The irrigation also
influenced significantly the proportion of small snd large
grade potatoes, With the application of irrigation the proportion
of small grade potatoes was significantly low and that of
large grade potatoes significantly high ocompared to rainfed
“treatment. With the incorporation of FY¥, agsin, the proportion
of smwall grade potato wes significeantly low and thst of large
grade potatoes significantly higher compared tc no incorporation,
The FYM application also decreased the proportion of medium
size potatoes but the decrease was not saignificant. The
incorporation of lantana significaatly inereased the proportion
of small grade poigtoes and decreased signifioently that of
large grade potato, compared to no incorporation,

The 1xM interections of small and large grade potutoes
(Teble 4.24 2 and 4.24 b) revealed that with the application of
FYM, there was reduction in the proportion of amall grade
potatoes and increase in large prade potatoes over no incorporation

both under rainfed snd irrigated conditions but the significunt
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Table 4,23 Per cent tuber size distribution as affected

by different treatments (povled yleld for
1984 and 1985)

Treatments Small Medium Larpge
Nl Mo Io 25.10 42,59 32.31
Il 16,07 39.11 44,82

Ml Io 28,42 47.0% 24,55

11 26,05 4%,29 28,66

H2 I° 18.93 41,21 39,86

Il 12,52 41.19 46,29

Nz Ho I° 20.99 h2,.29 36.72
Il 19.33 36.38 44,29

MI I° 23.31 3..20 45 .49

11 25,92 39.09 34,99

Hz Io 14,33 40,97 44,70

11 14,3% 32.62 53.03

n3 M, I 20.83 40,06 39.11
Il 13.39 39.33 47.28

Hl Io 25,06 46,98 27.96

Iy 34,15 4,06 21,79

H2 Io 24,82 37.40 37.76

11 10,64 30.54 58,82

C.D, at 5% 6.27 NS 10.80

C.V. 18.18 17.11 16,53
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Teble 4.24 Tuber size distribution as affactdd by di{ferent
levels of nitrogen, irrigation und organic mattar

(the velues are percentages of pooled yield for
1984 and 1985)

Treatments Small Medium lLarge
Nl 21.18 42,73 36,08
SE m_-f_ 0089 1.60 1053
CeDs at 5% NS NS holl
Io 22,42 41,08 36,49
I, 19.16 38,62 42,21
SE ms 0472 1,31 1.25
C.D. at 5% 2.09 NS 3,60
M, 19,28 39,96 40,75
Ml 27.15 42.27 30,57
Hz 15,93 37.32 46,74
SE m# 0.89 1,60 1.53
CeDa at 5% 2.56 NS heltd

C.V, 18,18 17.11 16.53




Table 4,24 a Small grade of potato as influenced by IxM
(the values are percentages of pooled
yield for 1984 and 1385

Treatments Io Il
Ho 22,31 16,26
Hi 25,59 28,71
Mz 19,36 12.50
SE ﬂl_'t - 1026
CeDe 8t 5%~ 3.62

Table 4,24 b Large grade of potato as influenced by 1xM
: interaction(the values are percentages of pooled
yield for 1984 and 198%)

Trestments I I
L+ L
M, 36,04 48,46
M1 32,66 28,48
M2 40,78 52.71
SE m+ = 2,16

C.Ds 8t 5% 6.24
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effect for the same was found only under irrigated conditions.
The incorporation of lantana, unlike FYM, caused increases

and decreases in the proportions of small and large grade
potatoes, respectively, over no incorporation of organic matter
both under rainfed and irrigated conditions but the significant
effect for the same was found only under irrigated conditions.

4.3 Tuber and haulm yield ms affected by different
treatments

4,31 Tuber yield:

The data given in table 4.25 reveal that the highest
tuber yields of 196,46 and 253.31 q/ha were obtained in the
treatment receiving irrigation and 120 kg of nitrogen along
with FYM @ 10 t/ha during 1984 and 1985, respectively.This was
followed by the treatment receiving irrigation and 80 kg N/ra
" along with FIM, The lowest yleld was recorded under rainfed
conditions in the treastment receiving 40 kg of nitrogen along
with application of lantana 0 10 t/ha, In general, treatments
recelving irrigation, FYM and higher dosea of nitrogen were
having nigher yield. The analyses of v:iriance and some

interactions are given in appendlices XXVI « XXAVII,

4,3.,1.1 Effect of nitrogent

The increasing rates of nitrogen upto 120 kg/ha resulted
in significant increase in tuber yield during 1985 (Table 4.26),
However, the increase in tuber yield beyond 80 kg N/ha was not
significant during 1984, The per cent inoreases in tuber yleld
due tc application of 80 kg N/ha over 40 kg N and 120 kg N/ha

over B0 kg N were 15.81 and 22,93 during 1985, respectively
(Table 4.26).
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Table 4.25 s:;:to tuber yield (q/hainas affected
arent treatments during 1984 and 1985
Treatments 1984 1985 Pooled
Ny M, I, 37.19 49.70 43,44
MM Ty 93.32 95.12 94,22
NyMyI, 38,24 39.84 39,04
§M, I, 79.58 82,16 80,87
NyM, I, 52.63 T1.54 62.09
NM Iy 125,69 154,21 139.95
NoM I, 45,60 59.91 52.76
N M Iy 140,27 104, 40 122,33
NM I 53.88 43,34 48,61
NoMy Iy 107,77 92.97 100,36
WM I, 73.58 102.4% 88,01
NpM,Ig 174,80 167.37 171,08
NaMoI, 52,38 81,15 66,76
N}"oIl 145,38 109.31 127,34
N4, T, 57.44 44,85 51,14
N3H111 122,50 97.24 109.87
N3HZI° 76,11 115,36 95.73
NgMyIy 196,46 253.31 224,89
SE m# 10,57 4,23 7:26
C.D, at 5% 30,42 12.19 20,90
CoVe 19.71 T.49 13.25
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Table 4.26 Potato tuber yield (q/ha) as influenced by
different levels of nitrogen. irrigation and
organic matter during 1984 and 1985
Treatments 1984 1985 Pooled
yield
Nz 99.32 95.07 97.13
N3 108,38 116.87 112,62
SE m# 4,31 1.73 2.72
C.D. at 5% 12,41 4,97 7.84
I° 54,12 67.57 60,84
I 131,75 128,45 130,10
SE m+ .52 1.4 2.22
+ CaDe at 5% 10,14 4,06 6.40
M& 85,69 83.26 84,47
My 76.57 66,73 71,65
H2 116,54 144,04 130,29
SE m# he31 1.7 2,72
C.D. at 5% 12,41 4,97 7.84
C.V, 19,71 7.49 12,11
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4.3,1.2 Effect of irrigations

Irrigation slgnificantly increased the tuber yield
compared with rainfed conditions. The yield in the former was
almost double than the latter (Table 4.26), Thus, the effect
of irrigation on increase in the tuber yleld was more conapicuous

compared to application of either nitrogen or FYM.
4,3.1.3 ©Effect of organic matters

The effect of FYM on tuber yield was significant
during both the years (Table 4,26), The per cent incremses due
to application of FYM over no incorporation was 36,00 and 73,00
during 1984 and 1985, respectively., Unlike FYM, the application
of lantana resulted in significant redustion in tuber yleld
during 1985, The reduction was, however, not significant
during 1984, However, the application of lantana under irrigated
conditions resulted in depreasion of the tuber yield comparad
to no incorporation in both the years and the differences ware
generally high, The per cent reductions in yleld due to
application of lantana compared to no incorpeoration was 10,64 and

19.85 during 1984 and 1985, respectively,

4,3,lo4 Effect of different interactions between nitrogen
levels, irrigation and organic matter on potato tuber
yields

As we gsee from the interaction table 4,26 a, the
increasing rates of nitrogen helped in increasing the tuber
ylelds both under rainfed and irrigated conditions and the
increase due to nitrogen levels wea significant upto 120 kg

N/ha during 1985, The interaction between nitrogen and irrigetion



levgls indicated that during 1985, the yleld of potato
increased significantly with increasing levels of nitrogen bhoth
under rainfed and irrigated conditions (Table 4,26 a), During
1984, the significant increase was not conaistent but 120 kg
N/ha was significantly superior to 40 kg N/ha both under
irrigated and rainfed conditionsa, However, the ylelds during
both the years under irrigated conditions ware almost double
at all the levels of nitrogen application compared to rainfed
situations,

The interaction between organic matter and irrigation
levels during 1984 and 1985 (Table 4,26 b) showed that there
was a gsignificant effect of application of FYM over no
incorporation on the yield of potato both under rainfed and
irrigated conditions. The inorease in tuber yleld was almoat
- double with the irrigation compared to rainfed conditions when
FYM was applied in both the years of experimentation {.e, 1984
and 1985. Tha per cent increases in yvield over no incorporation
was of the order of 33,18 and 23,24 in 1984 and 34.06 and 26,18
in 1985 under rainfed and irrigated conditions,respectively.
The Iinteraction between organic matter and irrigation further
revealed that the application of lantana brought about reduction
in the tuber yield both under rainfed and irrigated conditions
compared to no incorporation, The signifieant reduction due to
lantana over no ilncorporation wasz found under irrigated conditions
during 1984 and 1985, but under rainfed oconditions there was
significant reduction during 1985 and the yleld was at par
during 1984, Also, es we zee the interaction between nitrogen !
levels and organic matter during 1985(Table 4.26 c¢) the dose of /
40 kg nitrogen along with FYM was significantly better than
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Table 4,26 a Potato tuber yileld (q/ha) as influenced by
NxI interaction

Treatments 1984 1989 Pooled
T; Ii. -To o | o 1

N, 57.69 140.95 68,57 121,58 63.13 131,26
Ny 61.97 154.78 80.45 153,29 71.21 154,03

SE m+ = 6,10 SE m+ = 1,74 SE ms = 3.85

C.D, at -17.56 C-D. at = 5.01 c.D, at '11.09
5% 5% 5%

Table 4,26 b Potato tuber yield (q/ha) as influenced by
1xM interaction .

Treatments 1984 1985 Pooled
!; Ti~ o 1 o 1

45,06 126,32 63,59 102.94 54,32 114,63

M
Lo}
My 49,85 103,28 42,67 90,79 46,76 97.03
M, 674k 165,65 96.45 191,63 81,94 178,64

SE m4 = 6,10 SE m# = 1,74 SE m¢ = 3.85

CQD. at -17.56 c.D. .t - 5.01 C-D- at -11-09
5% 5% 5%




Table 4,26 ¢ Potato tuber yleld (q/ha) as influenced by
NxM interaction
Treatments 1985 Pooled
Mo % M %o " My
Nl T2.41 61,00 112.88 68,83 59.95 101,02
N, | 82,15 68,1% 134,91 B7.54 74,49 129,53
Ny 95.23  71.04 184,34 97,05 80,50 160,31
SE m# - 2.13 SKE m# - 4.72
C.D. at 5% - 6.1" CQD; a.t 5“ = 13.58
'I‘able. 4,26 4 Potato tuber yield (q/ha) as influenced by
NxIxM interaction (19853

Treatments 1985 Pooled

¥ b ¥2 " M "

Ny 49,70 39,84 71,54 95.12 82,16 154.21
N, 59.91 43,34 102,45 104,40 92,97 167,37
SE m+ - 4.23

C.D. at 5% = 12,19
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120 kg N/ha alone, This showed the application of FYM @

10 t/ha could substitute considerable amount of inorganic
nitrogen, The effect of FYM application in effecting the
inorganic N saving was alsc alike during 1984 (Appendix XIX)
but the interaction between nitrogen levels and organic matter
was not significant, The treatment recelving lantana along
with 40,80 and 120 kg N/ha showed significant reduction in
tuber yield over 40,80 and 120 kg N/ha alone, The per cent
reductions due to lantana along with 40,80 and 120 kg N/ha
over the respective N doses alone were of the order of 15.75,

17,04 and 25,40, respectively, during 1985,

The interaction, NxIxM was not significant during 1984
(Appendix ¥X). However, on the basis of significant interaction
for one year i.e. 1985 (Table 4.26 d), it was observed thgt the
vield under rainfed conditions with the application of 80 kg
N/ha along with FYM was significantly higher than with the
application of 120 kg N alone, This apparently showed that with
the application of FYMunder rainfed conditions there was substitu-
tion of inorganic N equivalent to 40 kg N/ha. The substitution

under irrigated conditions was also of the same megnitude.

4,3,2  Haulm yleld:

The haulm yield expressed on dry weight basia{Table 4,27)
was observed to be the maximum with the treatment receiving
120 kg N/ha along with FYM @ 10 t/ha under irrigated conditions.
The lowest yield was with the application of 40 kg N/ha along
with lantana under rainfed condition, The analysis of variance

is given in appendix XXXVII,



4,3,2.1 Effect of Ni

The haulm vield increased significantly withthe
increasing levels of nitrogen as seen from the individusl
years data (Table 4.,28). The haulm yield inereased by 5.01,
4,91 and 5.30 per cent with the application of BO kg N/ha over
40 kg N during 1984, 1985 and on pooled basis, Similarly the
yield increase was of the order of 12.3%, 18,33 and 14,98 per
cent with the application of 120 kg N/ha over 80 kg N/ha,

4,3.2,2 Effect of irrigationt

Irrigation also brought about e aignificunt increase
in the producticn of dry matter compared to rainfed treastment
{Table 4.28) during both the years of experimentation.As seen
from 1984, 1985 and pocled yield data, the incresse in haulm
yield with irrigation werse 8,65, B4s95 and 9,01 per cent over

rainfed treatment, respectively.
L,3.2.3 Effect of organic mattert

The application of FYM incressed significantly the
haulm yleld compared to no incorporation during both years of
experimentation (Table 4,28), The per cent increase in haulm
yield due to application of FYM @ 10 t/ha over no incorporation
wag of the order of 10,88, 14,73 end 12.81 in the year 1984,1985
and pooled yield data, respectively. The application of lantana
@ 10 t/ha, however, unlike FYM caused a significunt reduction in
the haulm yield during 1984, The per cent reduction due to
lantana @ 10 t/ha over no incorporation during 1984, 1985 and

pooled yleld data was of the order of 6,85, 3.78 and 5.00,
respectively,



Table 4 . 27 t

Dry matter weight {q/ha) of haulms as affected
by different treatments during 1984 and 1985

Treatments

1984 1985 Pooled
MR L 15.38 15.63 15.50
I, 16.10 16.29 16.19

Moo, 14.96 14,51 14.73

I, 16,02 15.82 15.92

M, I, 16.93 17.47 17.20

I, 18,68 1918 18.91

N, M I, 15.29 15.21 15.25
I, 18,40 18,12 18.26

M1 15.71 15.68 15,70

I, 16,01 16,10 16.38

Nz Io 18,54 18,31 18,42

I, 19,04 20,31 19.67

Ny M I 16.18 19.12 18,64
Il 20,82 20,26 20, 54

R 16,21 18,76 17,48

I, 18,12 19.62 18.97

M, I, 20,59 21,04 20.81

I, 21.74 23.79 22.76

SE m# 0,56 0,61 0.42
C.D. at 5K 1.62 1,78 1.23
C.V. 557 5.93 4,16

.




Table 4,28:

—

Dry matter weight (q/ha) of haulm of potato
as influenced by different levels of nitrogen,
irrigation and organic matter during 1984 gnd 198%

Treatments

1984 198% Pooled
Ny 16.34 16,48 16,41
N, 17.16 17.29 17,28
N3 19,28 20,46 19,87
SE mit 0.23 0,.2% 0,17
C.D. at 5% 0.66 0,72 0.50
Io 16,86 17.30 17.08
I 18,32 18.85% 18,62
SE ms 0.18 0.20 0.14
€.D. at 5% 0.54 0.99 0.4l
¥, 17.36 17.44 17.40
Ml 16.17 16,78 16.5%3
H2 19.2% 20,01 19.63
SE m# 0.23 0.2% 0.17
C.D. at 5% 0,66 0,72 0.50
Covn 5057 5093 h-ls
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4,3.3 Response of potato to N application (Response Curve):

The maximum response of potate in terms of tuber and
haulm yield was obtained with the application of 120 kg N/ha
along with FYM@ 10 t/ha under irrigated conditions. The
regponse curve was drawn by fitting tuber yleld data on to

quadratic type of equatlion, The derived regression equation

was as under!

Y = 131,40813 - 0,694993 x + 0,00706905 x°

where,
Y = Potato yleld (q/ha)

X = Fertilizer nitrogen rate (kg/ha)

The quadratic equation§~signif1es that with the
application of increasing rates of nitrogen, the yield of potato
Increased at increasing rate., As such, there was & linear
response of potato to N upto a level of 120 kg N/ha. The 1
optimum dose could be worked out by trying still higher rates :

of nitrogen, than tried in the present investiyation.

4,4,1 Starch content {n Potato tubar:

The data pertalning to atarch eontent of potatc tubers
for 1984 and 1985 are given in tables 4,29 and 4,30 and the
analysis of variance is given in appendix XXXVIII., During the
year 1984 the highest starch content of 7B.57 per cent wes found
in the treatment under rainfed condition receiving 40 kg of
nitrogen/ha having no incorporation of organic matter, closely
followed by treatment with 40 kg N/ha application with lentana
under rainfed conditions (Tanhle 4.29).

The least starch content of 61,42 per cent was obtained
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with the treatment under irrigated conditions receiving 120
kg N/ha along with 10 t FYM/ha, In the second year i.e, 1985,
the starch content in potato due to different treatments also
followed almost the same trend as in 1984, The maximum starch
content (88.42%) was found under the treatment with no
incorporation of organic matter under rainfed conditions with
the N dose of 40 kg/ha followed by the treatment with lantana
incorporation under rainfed conditions with the same dose of
N (78.97%). In general, there was & decrease in the starch
content with the increasing doses of N and the minimum atarch
content of 53,19 per cent was noted in the treatment with
120 kg M/ha application and with the incorporations of FYM 0
10 t/ha under irrigated conditions,

There was a decrease in starch content with the
increasing rates of nitrogen during both the years. The applica
of 120 kg N/ha significantly reduced the starch content compars
to 40 and 80 kg N application rates during 1984. But during 198

the reduction was significant with each inorement in N dose
(Tabla 44.30).

As seen from table 4,30, the irrigation treatment
significantly lowered stareh content compared to the ingt
rainfed

situation during voth the
yYears. The incorporatio
n of FYM diq

not bring out any significant difference in the starch
tontent

du
ring 1984 but during 1985, there was n significant p d
eduction

in the same, ' k!

4e4,2 Reducing sugarsi
The data concerning reducing sugars

4
the years are given in tables 4, «N potato for hoth

29 and 4,30, The enalysis of
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variznce is given in appendix XXXVIII. The highest contents

of reducing sugar {.,e. 1,76 and 1,78 per cent (Table 4,29)
were recorded with the treatment under rainfed condition
receiving 40 kg N/ha with no incorporation of organic matter
during 1984 and 1985, respectively., This treatment was followed
closely by the treatment under 1irrigated condition receiving
40 kg N/he and no incorporation of orgenic matter and the
treatment under rainfed conditions receiving 40 kg N/ha and
having application of lantana during 1984 and 1985,respectively.
The minimum reducing sugar content was recorded with the
treatment under irrigated conditions receiving 120 kg N/ha
along with application of farm yard manure during 1984 and
with lantana during 1984 and 1985, respectively.However, the
contents of reducing sugar dus to different trestmenta did

not differ significantly during the year 1984 although the
differences were significant during 1985.

The increasing rates of nitrogen affected a decrease in
the content of reducing sugar (Table 4,30). The application of
120 kg N/ha caused a significant reduction in the reducing sugar
content compared to lower rates of application of 40 and 80
kg N/ha during 1984, During 1985 the application of 80 and
120 kg N/ha brought out significant reduction in the reducing
sugar content compared to the 40 kg N/ha. The application
rates of 80 and 120 kg N/ha did not have any significant
dlfference in the reducing sugar content.

The perusal of the data for the main effects(table 4,30)
showed no significant differences due to the treatment of

irrigation during 1984 although the irrigation significantly
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reduced the reducing auger content compared to rainfed one
during the yvear 1985, The incorporation of organic matter did
not have any significant difference in the reducing sugar
content during elther of the years although both the organic
materials brought about a decrease in the reducing supar

content as compared to control,
4,4,3 Non-reducing sugari

The data on the non-reducing sugaer content in potato are
given in tables 4,29 and 4,30, The anelyais of veurisnce is given
in appendix XXXVIII, The content of non-reducing sugars due
to different treatments differed significantly in 1984 as well
as 1985, The highest non-reducing sugar content of 2,41 and 2.31
per cent was observed wlth the treatment under rainfed conditione
receiving 40 kg N/ha and having no incorporation of organic
matter during 1984 and 1985, respectively. Thle treatment wves
followad closely by the treatment under also rainfed conditions
having no incorporation of organic matter and recelvling 80 kg
N/ha during 1984 and the treatment under irrigation receiving
40 kg N/ha and no incorporation of orgenic matter during 1985,
The least non~reducing sugar content was obtained under irrigated
treatment receiving 80 kg N/ha end having application of ferm
vard manure,

A look at the main effects (Table 4,30) revealed that the
increasing rates of nltrogen also caused reduction in the
non-reducing sugar content in potato. The reduction wae significani
with 120 kg N/ha compared to 40 kg N/ha during 1984,whereas
during 1985 the significant reduction was noticed even at the
80 kg N/ha compared to 40 kg N/ha. A significent reduction in the

non-reducing sugar content due to irrigation was observed
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during both the years, The application of organic matter
also affected significant reduction in the non-reducing

sugar content,
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Table 4,29 Per cent starch, reducing and non-reducing sugar

content in potato as affected by different
treatments during 1984 and 1985

Treatments Starcéﬁ;sntent Reducing asugar Non=reducing suger
1984 1985 1984 1985 1984 1985
Ny M, I 78.57 88,42 1.76 1,78 2.41 2.3
I 68,31 72,22 1.66 1,62 2.11 2.13
M I 76.27 78,97 1,62 1,71 2.18 2,05
I Tha79  T7.75 1.54 1.65 1.99 2,04
M, I 75.33 75.11 1.50 1.66 2,00 2,01
I 72.62 68,98 1.4 1.33 1.69 1.89
Ny, M Io 76.14 70,19 1,65 1.64 2,23 2,00
I 67.90 67.16 1.53 1.9 2,07 1,81
M I 71.00  73.71 1.50 1.60 2,10 1.95
I 70.19 72.22 1.39 1.1 1.87 1.30
M, I, 73.03 69,11 l.42 1.58 2.11 1.59
I 67.49 67,90 1,31 1.26 1.36 1.25
Ny M I 67.96 58,25  1l.43 1,51 2.16 1.90
I, 65.20 65,06 1.29 1,29 1.92 1.57
M, I, 66.68 62,77 1,39 1,45 1.87 1.73
I, 63.85 60,21 1.5 1.20 1.59 1.48
My, I 66.48 56,29 1.33 1.38 1.91 1.79
14 6l.42 53.19 1.2% 1,24 1.87 1.28
SE m#+ 3,46 3.04 0.12 0,12 0,11 0.19
CeDe at 5% 5.96 8.7k N3 0,35 0.21 0.54

CaV. 8.55 7.65 13,41 14,34 9,62 18.25
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Table 4,30 Per cent starch,reducling sugsr and noneraducing
sugar content in potato as influenced by nitrogen,
1rrigztion and organic matter during 1984 and 1985

Treatments Starch content Reduciniisugur Non~reducinyg sugar

(%)
1984 1985 1984 1985 1984 1985

Ny 74,31 76.91 1,59 1.62 2,06 2,07
X, 70.96 70.05 1,47 1,46 1.95 1,7%
N3 £65.26 59.29 1,33 1.34 1.88 1,62
SE n+ 1.41 1,24 0,05 0,0% 0,04 0,07
C.D., at 5% 4,06 3,57 0.4 O.14 0.12 0,22
Io ' 72.38 70.31 1,5} 1.%9 2.10 1,92
I, 67.97 67.19 1,4} 1.36 1,83 1,70
SE s 1.15  1.01 0,04  0.04  0.03  C.06
C.D. at 5% . 3.32 2,91 NS 0.11 0,10 c.18
MO 70.“6 70.22 1055 1'53 2.15 1095
Ml 69.39 70.94 .46 1,49 1.93 1.86
M, 70,68 65,10 1.38 1,40 1.82 1.63
SE m# 1.41 1.24 0,05 0.05 0,04 0.07
C.D. at 5% NS 3,57 NS NS 0.12 0.22

C.V. 8,72 7.65 14,82 14,34 9,62 18.25
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Se DISCUSSION

Potato responds quite favourably to nitrogenous
fertilizers in acid soils of the wet temperate zone of
Himachal Pradesh where the s0ils are generally low to medium
in nitrogen status. The incorporation of organic matter in
the soils would enhance nutrient and water use efficlency
and improve the physical environment of soll, There 1s
growing interest among the researchers to explore tha
possibility for substitution of existing sources of organic

matter with obnoxious weeds like Lantana cagmara, The results

pertaining to the effect of nitrogen levels, type of arganic
matter and irrigation on physico-chemiocal characteristica of
soils, growth, development, yleld and quality of potato are

‘discussed as undery

5.1 Seoil characteristics as affected by different tr.:tments.

5.1.1 N03-N and NH&-N content.

5.1.1.1 NOB-N and NH,-N content as affected by N-fertilization:

e content of NOB-N in solls increased slowly after
nitrogen application at planting upto 40 days during 1984 and
20-60 days after planting in 1985, Therceafter there wes a
gignificant rise in the NO3 content till BO days after planting.
The NH,~N content remained almost constant till LO days and
increased slowly thereafter t111 60 days during 1984 but in

1985 a constant increase in NHh-N from 40 to B0 days after

) _\l-—

planting was observed (Fig. 4.1), during 1985, The NO5-N

content of the soil hes been reported to increese gradually {



with incubation time with the application of Urea-N by

Broadbent et al.(1958). Acevedo and Pereira (1964), Sattar
(1975) and Singh and Grewal (1983),

Gibson (1930), Broadbent et al.(1958), Court et al.
{1962), Soulides and Clark (1958) and Volgzziszi??l955) have
shown that time necessary for complete hyd}olysia of Urea
varied from less than one day to three weeks or more depending
upon the conditions under which it took place, According to
Sinhe and Prasad (1967) most of the transformations of Urea-N
to NHA-N and NOB-N in acid soil occurred in 3rd or 4th week
at all levels of application, The comparatively low NOE-N
contents during the initial period after application in this
study could be ascribed largely to the prevailing low soil
temperatures and wet season when the microbiel activity is
supposed to be quite low. It is only after the Urease activity
that the applied Urea-N would get transformed to ammonia.Tha
low soll temperatures have been reported to affect adversely
the hydrolysis of urea and the smmonification/nitrification
capaclty of the soils (Casser, 1964j Simpson and Melsted,1963;
Broadbent et al., 1958; Couturi:;g i‘fﬁﬁs: Fisher and
Parks , 19583 Littauer, 1925 and Thiagalingam and Kanihira
(1973). The slowing down of the conversion of added nitrogen
to nitrates may also be due to the development of soil
environment becoming too acid for the nitrifying bacteria to
function actively. The concentration of N03-N and NHA-N also
increased after second dressaing for sometime and thereafter

declined with time.



The concentrations of both NOg-N and NH,-N (Tables 4.1 -
4.4) increased with increasing rates of fertilizer nitrogen.
The increase during both the years was generally significant
with increasing levels of nitrogen., The N03-N sontent of the
Soil has been reported to increase gradually with ingreasing
rates of nitrogen application by Broadbent gt gl.(1958),
Acevedo and Pereira (1964), Sattar (197%) and Singh and
Grewal (1983%), Similarly, the NH,=N {8 reported to increase
with time upto one or two weeks after application {Court
et al,, 1962 and Sattar, 1975). The comparatively more v
concentrati-ns of NOB'N and NHh-N during certain periods of
crop growth dus to 80 and 120 kg N/ha compared to 40 kg N/ha
were vrobably due to higher amcunts of Urea-N getting
hydrolysed at higher rates during thaese periods, The higher
amounts of Urea-N would obviously result into higher
concentrations of NH,~N and NOB-N as suggested by Laidler
~nd Hoare (1955) that the ammonification rate of Urea increased
linearly with concentration, Sinha and Prased {(1967) also
reported that, generally, higher rates of urea application
increased both hydrolysis end nitrification which was in
close agreement)with the findings of Fisher and Parks(1958).
The varying concentrations of Nﬂh—N and NO,-N with time,
however, were probably due to various comple& phenomena

operating in solls in response to varied soil and climatic

factors (Xrantz et nl., 1943),

5¢1e1.2 N?B—N and NH,-N concentration as affected by orgsnic
matter incorporation

The apnlication of FYM @ )0 tons/ha before sowing resulted
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in higher concentration of both NOB-N and NHA-N compared to

no incorporation throughout the growth period (Table 4.1 =
4,4), The increase was especially more pronounced, with
significant effect for N03-N, with the advancement of crop
growth. The higher concentrations of NOB-N and NH,-N in soils
with the application of farm yard manure are quite obvious

as the applied nitrogen would be Initislly complexed by variocus
organic compounds in FYM and would be released eventually
with time. The application of FYM would also considerably
reduce the leaching losses of mobile nitrates from the surface
depths. Sommers gt 81,(1979) have highlighted the importance
of organic compounds in cutting down the leaching losses of
nitrogen as essentlally no nitrate leaching occurred in soils
receiving sewage sludge. The release of the immobilized
nitrogen by organic comnounds, eventuslly, would depend upon

a numbher of s0il and climatic factors,

The higher N utilization by potatoes with the comhined |
application of FYM and nitrogen source compared to nitrogen
source alone has been reported by Sharma et 81.(1980) on acid
hill solls of Shimla, In another study with potato on the
same soil, Sharma {1986) reported improvement in NOy status
of the soil with the application of FYM for three years,

Zameck (1966) reported that the formetion of NOB-N was 13
per cent higher in the plots receiving manure than in plots
which received mineral fertilizers, Zameok (1967) alsc found

that the application of 40 tons FYM/ha every two yesrs plus

basal NPK increased the NO3-N in comparison with plots receiving
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NPK only. Lepnev (1967) observed the greatest NO3 accumulation
in s0ils when dung plus NPK was applied., Giddens and Rao
(1975) indicated that incorporation of manure in the soil
greatly increased the amount of N05-N in soll, KXumar and
Singh {1984) reported that with the epplication of FYM along
with fertilizer nitrogen a saving of 40 kg N/ha could be
effected in the mnize-wheat cropping sequence, FYM increased
the nitrogen use efficiency of both the crops. In our study,
i1t looks that the application of FYM would aid releasa of
comparatively more nitrogen in our soils with the elapse

of few weeks after sowlng when the soil temperatures ;o up.
The persistent higher concentrations of nitrates with
application of  FYM, eapecially, during the notive growth
period of crop would result into enhancement of N-use
"efficiency by the crop. Besides, the faster mineralization of
organic nitrogen in FYM with the rise in soll temperature
would also contribute to the higher nitrate contents in soils
compared to no incorporation, The faster mineralization of
organic nitrogen with the risa in soil tempersture from
5-40°C has alsc been raported by Thisgalingam and Kanehiro
(1973) in a fleld atudy.

Further, 1t was intercsting to note that the
concentration of N03'N in soll during the active period of
crop growth with the application of 40 and 80 kg N/he along
with FYM was 2ither statistically at par or higher than the
concentratlions obtalned with thelr respective high levels

without FYM (Tables &4,1e and 4.2a). Tharafbre, a net seving
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of 40 kg N/ha could be effected with the application of
FYM @ 10 tons/ha to ensure the nitrogen supply in soil
equivalent to that obtained with the application of nitrogen

fertilizer alone,

The application of Lantana camara resulted in the

repression of both ND3-N and NHA-N throughout the experimental
pericd, The reductions in N03-N were significant in most
of the cases. The Lantana camara contains toxic substances like
lantadene~-A, tri-terpenoid, lantadene-B, lancamarone,quinine
like alkaloid i.e. lantanine, and phenolic compounds (Joshi
and Magar, 19523 Barton et al., 1954; Nigam et al., 1957;
Sharma et al., 1980 ; Wadwanli and Bhardwaj, 19813 Liebl and
Worsham, 1983; Sharma, 1984; Rice, 1984; Acchireddy and
Singh, 1984; Achhireddy et al., 1985 and Sinha and Saxena,1987),
'which might have inhibited the microbial activity and applied-N
transformations to NHh-N and NOB-N. Besides the enzymatic

inhibitory role, the undecomposed plant parts of lantana camara

would result into considerable immobilization of soil available
nitrogen as a result of wider CiN ratio, The immobilization of
substantial amounts ofhdded nitrogen as a result of application
of straw in soil has been reported by Bhardwa] and Novak(197:3).
Similarly, the application of residues reduced both NHA-N and
N03~N concentrations in the surface soll depth in the atraw
treated plots than those in untreated plots at difterent
"levels of nitrogen application upto 160 kg N/ha (Rajput et al.,

1984),

Selele3 Noj-N and NH,-N as affected by irrigation.

During the entire growth period the concentrations of
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N03—N and NH -N, in general, were higher under rainfed
treatment compared to irrigated one and the differences were
pronounced during the later part of the growth period
(Tables 4.1 to 4.4), It appeara that there wss a dilution
and displycement of soil available nitropgen to the deeper

soll layers with the irrigation water,

5.1.2 Physical characteristies of Soil,

5ele2s1l Soil molsture:

The soll water content determined in the asurface 0-20
cm af soll, increased both with incorporation of organic
, qatter and trrigation {Tables 4,5 and 4,6). The effect wias more
with the anpplication of lantana, The organic materials when
added to the soll are supposed to incresse the water holding
capacity of the soil. The effect of nitrogen apnlication on
soll water content was not significant during both the years
i.e, 1984 and 1985,
5.1.2.2 Infiltration:

The infiltration rate as well as the cumulative
infiltration, determined after the haervest of the crop during
voth the years of experimentatlon, were observed to he higher
with the incorporation of FYM and lantana cowmpared to no
incoryoration, the values belng comparatively higher in the
former than the latter (Tables 4,7 and 4.8), The pddition of
organic materials improves the structure of the soll which
would offer more opportunity for water to enter into the soil,
Accordingly, the sull water relastions looked to be comparatively

better with the 1ncorporation of organic matertfals in the soil.



The high infiltratisn with soils having high orgsanic matter
levels has been reported by Khybri (1965) and Grin (1972).

The increasing rates of nitrogen also incrcased the infiltration
characteristics. The higher infiltraticn with higher rates of
nitrogen avplication could be linked to the more loosening

of the surface soil as a result of more tuberization/bulking

as well as digging at harvest, The reduction in the inflltration
due to irrigation is quite obvious as with flooding there

would be lot of movement of clay particles into the transmission

pores and channels carrying the infiltering water,

5.1.2,3 Bulk D_gnSity:

The bulk density of 0-1% cm 801l layer, also detorminad
~fter harvest of the crop during 1984 and 198% was low with
the incorporation of organic matter, especislly FYM (Table
4,7 and 4.,8), The organic residues in comparison to mineral
fracti-n have low bulk density values and their incorporation
is supposer to reduce the bulk density of soll, The bulk
density values were also low with the inreasing levels of
nitrogen. The low values of bulk density with higher levels of
nitrogen application were alsoc apparently due to the more

loosening of soll under these treatments having more bulking of

tubers.,

5.2 Growth and development of potato_as affected by different

treatments,

5.2.1 Germination:

The germination count after 36 and 37 days of planting
at regular interval of four days for almost a month revealed

that there wis a marked reduction in the emergence of potato
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with the application of Lantana camara (Table 4.9 and 4,10),
The injurious effect of alkaloidas i{n lantana was right

from the germination of potato, The application ot FYM,
however, in general, encouraged the germination poasibly

through better soil, air and water relationships.

5.2.2 Height, number of branches and lenflets per plant.

5e2s2.) Effect of N:

The increasing levels of nitrogen, generslly, increased
the height of plants, number of branchea and number of leaflets
per plant. There was quite conspicuous effegt of nitrogen
application on the height of the plant, aas the lncreasing rates
of nitrogen increased the height significantly all through
the observed growth periods (Tables &4.13 and 4.14), The
‘number of leaflets alsc significantly increased with the
application of 120 kg N/ha compared to BO kg, all through the
growth period (Tables 4,21 and 4,22), However, the Lncrease
was not significant for the 80 kg N over 40 kg N, The effect
of nitrogen application on the development of branches was
significant only upto 80 kg N/ha beyond which the increase was
not significant except on one date (Tables 4,17 and 4.18).It
appeared that the increasing levels of nitrogen well maintained
the nitrogen requirement by potato during the active phase of
erop growth compared to low level. Singh (1975) reported an
increase in plant helght recorded at 45, 60, 75 and 90 days
after planting with fhe application of 200 kg N/ha compared to
50 and 100 kg N/ha in the soils of Tarail region. The dry matter
proguction also in their study was aignificantly influenced by

nitrogen levels, It was significantly lower under control and



' 114

50 kg nitrogen level at all stages of plant growth as

compared to 100 and 200 kg /halevels., The maximum dry matter
production at 75 days after planting waes with the highest
level of 200 kg N/ha. Khurana et al.(1977) reported the height
of plants to be maximum with the epplication of 120 kg N/ha
when the solls were adequately supplied with P and K. The
shortest plants were noted in unfertilized controlled plots.
The number of stems per hill was also significantly higher
over control with the application of 60 kg N/ha with 50 kg each
of P,0g and K,0. The results of GQupta (1969) were also similer
who found an increase in the growth of potato with higher
levels of nitrogen in combination with optimum levels of P

and X. Hooda and Pandita (1980), similarly, reported an .
increase in the height of main ghoot, numher of stems per hill
" and number of tubers per hill with the application of 120 kg

of Urea=- N/ha compared to the lower levels during two years

of study on the s0ils of Hisaar,

5.2.2.2 Effact of organic mattept

The application of FYM @ 10 tons/ha, generally,
significantly increased the height of plants, number of
branches per plant and number of leaflets per plant compared
to no incorporation, Therefore, it appeared that the
incorporation of FYN better effected the growth and developmant
of potato during the active phase of orop growth, possibly,
through its positive effect on the moisture and nutrient
supply. The application of FYM at 500 and 1000 quintal/ha
has been reported by Singh (1975) to enhance plant growth.
There was an increase in the production of dry matter due to

the application of 250, 500 and 1000 quintals/ ha of FYM upto
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75 days of plenting, the greatest increase being observed upto
45 days of planting, The highest level of FYM i{.e, 1000 ¢/ha
caused the greatest dry matter production,

The application of lantana @ 10 tons/ha, however, unlike
FYM, brought about a reduction in the growth and development
of plant, the reduction being significant on soma of the

parameters on certain dates., The injurious effect of the
alkaloilds liberated in soll during the course of its

decomposition might have affected the general growth and
davelopment of plant.

5e2elel Effect of irrigations

The irrigation significantly influenced the growth and
development of potato in terms of plant height, number of
branches per plant, number of leaflets per plant and tuber size
compared to rainfed conditions, The better growth and development
of potato under irrigated conditions is Quite obvious in as
much as the crop produces large foliage and stomata of potato
plants are almost continuously open (loftfield, 1921). Moreover,
the potato plant has sparse and shallow-root system and there
is very little contribution in water supply from the deeper
layers, Therefore, frequent irrligations, replenishing the water
status in the surface depths, ought to increase the growth and

development of plants compared to rainfed conditions,

542¢3 Tuber size,

52031 Effect of nitrogent

The increase in levels of nitrogen did not have any
significant effect on the proportion of small and medium grade
potato tubers but the proportion of large size tubers was

significantly higher with the application of 80 kg nitrogen
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over 40 kg level (Table 4,24)., Reddy and Rao{L968) obeerved

that applic-tion of nitrogen increased the welght of large

sized tubers. Also Grewzl et 81.(1979) reported that nitrogen
application increased the amount of large sized tubers
siznificantly but had little effect on small size tubers,The
vield of large size of tubers in their study increased with the
increase in the levels of nitroxen and a siznificant increase
was observed at 80 kg N/ha. Singh (1952), Hukkeri (1968),
Herlidy and Cerroll (1969) and Gupta and Saxena (19¥6,a) nlso
reported that nitrogzen apnlication incr-ased the silze of tubers,
This could te due to better early vegetstive growth and longer
period for tuber development. Moreover, the higher levels of
nitrogen would have increased the weights of individual tubers
as nitrogen is an integral constituent of Chlorophyll, necessary
for the synthesizatlon of food. It {s also conastituent of aminc-

acids and proteins and takes part in cell division and expansicn.

5e2e342 Effect of organic mattert

The incorporation of FYM significantly increased and
decreased the proportions of large end small grade potatoes,
respectively, compared to no incorporation (Table 4,24)., The
FYM enhanced water and nutrient supply in the aoils during the
growth and development of notato which resulted also in increessing
the size of tubers. It also made s0ll more pulverized, a
necessary condition for the enlergement snd bulking of tubors,
Grewal and Trehan (1984) concluded from e two years field study
on acldic brown hill soils of Shimla that significant i{ncrease
in the production of large aize tubers { > 75 gm) was obtained
with 30 t FYM/ha., Sharma (1986) also from two years study
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at Shimla reported tnat at 120 and 180 kg N/ha, the yield

of large grade tubers was slpnificantly high with FYM

(30 t/ba). Similar effect of FIM application on the increase
In the large grade of potato has been reported by Sahota

et al,(1984), The poor growth and development of potato

with the application of lantana also decreased the proportion

of large size tubers, and increased that of smaller grade.

5¢2e3.3 Iffect of irrirpation:

Irrigation influenced the grades of potato hy significantly
decreasing the proportion of small grade potato and increasing
significantly that of larpge grade (Table 4.24), The continued
moisture sunpply at lqwrtensions is quite esaential for the 7
normal urowth and development of potato plant., The better
* growth as a result of proper moisture and nutrient supnly

would ensure increased tuberization and bulking of potatoes,

5.3 Tuber vield as affected by different trentments:

5¢3.1 Effect of N.

There was a large effect of the nitrogen application
on the vield of potato (Table 4.26). The tuber yleld increased
significantly with the increasing levels of nitrogen upto
120 kg N/ha during 1985. During 1984 also there was an inorease
in yield Aue to increasing levels of nitrogen but the
slgnificsnt effect was noticed only upto 80 kg N/ha, The haulm
yield alsc increased sisnificantly with the inoreasing levels
of nitrogen (Table 4.7B). The effect is quite obvicua as the
nitrogen removal by the potuto crop is quite high(Sharme et al.

1978; Singh and Grewal, 1979). A good crop of potato has bhewn
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reported to remove ahbout 120 kg N/ha in the ascidic brown
nill soils (Sharma et al., 1978), The peak period of nitrogen
uptake is 60-80 days in the hills (Grewal and Sharma,1980)
and in this study also the avallable nitrogen In the form

of NOB-N and NHA-N was higher during thils periocd with the
application of higher levels of nitrogen. lhe concentration
of NO3-N during this period was signifiecantly higher with
higher levels of nitrogen and, therefore, the nitrogen supply
was more favourable in as much as the potato preferred the
uptake of nitrozen in the form of N03-N compared to other
forms (Roberts and Cheng, 1984), Nitrogen is necessary to
the plant from the time of germination to maturity for
increased growth in terms of bearing more stems per hill,
nunber of leaflets, height, number of bresnches, tuber number
and tuber size., In this study also the increased levels of
nitrogen increased the emergence of aprouts, height, number
of branches per hill and number of leaflets per hill, The
fuber size was also influenced by the levela of nitrogen
aprlication as the proportion of large grade tubers was
significantly higher with the application of B0 kg N/ha
compared to 40 kg N/ha., A substantial increase in the yield
of potato tubers with incressa in nitrogen epplication i=s
mainly due to increase in the weight of individual tubers
(Hanley et al., 1965). This effect of increased plant growth
during the active ppase of growth and increased tuber size
was evident as well on the final yleld of potato tuber,
Significant potato responses to nitrogen application have Leen
reported in different agro-clinatic conditions of India and

abroad and the response and optimum dose have been found
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to differ with the solls (Ramenujam and Singh, 19564, Dallyn,

1958; Black and Cairns, 13583 Kanwar, 1962;2§§?§;E§TET$§h;
Benepal, 19673 Reddy and Rao, 196®; Singh gi al., 1968
Hukkeri, 1968; Yadav and Tripathi, 1972} Khurana et al.,1977;
Grewal and Sharma, 1978; Crewal et al., 19793 Grewal and
Sharma, 1980; Hooda and Pandita, 1980 Grewal and Sharma,
198l1; Singh and Grewal, 1983 and Sahota and Govindakrishnan,
1984), However, in the hill soils of Himachal Fradesh, Assan,
Meghalaya and Jamnu and Kashmir, where the organic matter
and nitrogen content is high, the response was upto 92 kg/he
(Grewal and Sharma, 1980), The more recent atudy for three
vears, conducted on the acid hill soils of Shimle by Sharme
(1986) revealed a highly significent potato response to
nitrogen in the presence of 80 kg P205 + 160 kg K20/ ha and

" in the presence of FYM® 30 t/ha, The dose of nitrogen for
maximum tuber yileld (39.9 t/ha) with P and K was 194 kg/ha,

whereas, for maximum yield with FYM (33.2 t/ha) it was 128 kg/
ha.

5.3.2 Effect of orgenic matter:

The yleld of potato Iincreased giguifioantly with
the application of FYM @ 10 tona/ha Gompared to no incorporation
during both the years of experimentation (Tatle 4.26).The
per cent Iincreases in yleld with the application of FYM over
no incorporation were 36,0 and 73.0 during 1984 and 1985,
respectively., The application of FYM would enhance N use
efficiency by crop by effacting slow relsase of applied,
native as well as the N-contained in the FYM {tself into the

50ils. The various organic compounds in FYM would complex



nitrogen and make 1t clowly available to plants during tihe 4
course of their decomposition, The application of nitrogen

in the absence of organic fertilizers would result into
considerable loss of nitrogen from the active root zone with
the percolating water as well as due to volatilization, There
18 evidence to show that the incorporation of FYM increased

the efficlency of fertilizer by 20-35 per cent and increased
response of potatoes to nltrogen (Ionagiéﬁéso). Besides
enhancing the nitrogen supply from the fertilizer and native
sources, the nitrogen‘Eontained in FYM itself[ approximately

50 kg/10 tons of FYM) would be an additional source of nitro.ren
in the c¢rop. The P snd K supply would also be augmented
comparntively with the application of FYM (20 and 50 kg of

P05 and K,0 per 10 tons of FYM, respectively), The application
of FYM @ 30 t/ha has been reported to adequately supply the

P agg.K needs of potato in the absence of spplication of P and
K fertilizers under the acid hill soils of Shimla (Sharma et al.,
1980), ‘‘he FYM is also a source of many micrn-nﬁg}ients and
other biotic substances which have direct bearing on the growth
performance of the potato., These micronutrients are reported

to become limiting in the potato growth,especially,at higher
levels of nitrogen application, but the FYM would provide these
nutrients in the required amount (Black and White,1973).The

FYM is also known to be as an amendment for {mproving upon the
various physical processes directly related to the yleld of
potato,Its addition would make the solls more pulverized and
aerafed, the ideal conditions for more tuberization(Sommerfeldt

and Knutson, 1968,a} Bhatia and Shukla, 1982), There would also
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be an improvement in the watef retention and tra:smission
characteristics of the soil with the addition of FYM

(Gattani et gl., 1976). In our study also we noticed a
decrease in the bulk density, increase in the molsture content
and infilltration characteristics of the aclils, The higher

soil nitrogen supply and the improvement in physical
characteristics with the application of FYM positively
influenced the rrowth of potato during the active phase of

crop growth and this eifect persisted through the harvest by

increasing tuber size and yleld,

The incorporation of lantana resulted in reduction in
tuber yleld compared to no incorporation and the reduction
was slgnificant during one of the years, Also there was a
~decrease in the haulm yield with application of lantana
compared to no incorporation {Table 4.2B}. It appeared that
the deleterious effect of application of lantana continued
upto harvest starting right from sprouting and active growth

phase, The Lantana camara contains toxie substancea like

lantadene-4, tri-terpinoid, lantadene-B, langamarone and
quinine like alkalolds i{.e, lantenine EE&E:#: 1952; Barton
et al., 1954; , Wadwaﬁi and Bhardwaj,l1981;
Sharma, 1984; Rice, 1984jAcchireddy et al, 1985 and Sinha

and Saxena, 1987), the release of which during the ccurse of
1ts decomposition will have inhibited/delayed the sprouting,
growth and development of potato, It also adversely affected
the nitrogen supply in solls by inhibiting the microbial
activity., The contents of NOB-N were alrnifioantly lower with
the application of lantana,
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5.3.3 Effect of irrigationt

Irrigation significantly increased the tuber yleld
compared to rainfed conditions (Table 4,26), The yleld in the
former was almost double than the latter, The haulm yield
was also significantly higher under irrigated than the raiafed
conditions. The effect of irrigation was quite noteworthy
right from the germination and early crop growth, The freqient
irrigations for the maintenance of optimum moisture regime
are quite important for ensuring high ylelds of potato
(Taylor, 1952; Jones and Johnson, 19583 Myhre, 19%8;
Bhattacharjee, 1960; Prince and Blood, 19623 Yadav and
Tripathi, 1972; Bhattacharjee et al,, 1979 and Singh and
Grewal, 1983), Various reasons have been advanced in support
of the need of potato for moisture availability at very low
moisture tensions, First, the potato i{s a mhort duration
crop which produces large fullage and bulka up rapidlyy
ready avallability of moisture is, therefore, essential for
maintaining the leaves }n turgld conditions and for tuher
enlargement. Secondlf;/the stomata of the potato are almost
continuously open (Loftfield, 1921), resulting in more
transpiration. Tﬁf;dly. the potato plant has sparse and
shallow rcot system in as much as nearly 70% of the water is
depleted from the approximate 30 cm soil layer (Singh_et_al.,
1968). Deeper layers did not contribute materislly to the
water supply of the crop.

Bed. bt Tuber yield as affected by {nterasctions between N
levels, irrization snd organic matter incorporation:

The interaction between irrigation and nitrogen levels
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indicated that during 1985, the yleld of potato increased
gignificantly with increasing levels of nitrogen both under
rainfed and irrigsted conditicns. During 1984, the significant
increase was not consistent. However, the yielda during both
the years under irrigated conditions were almoat double at
all the levels of nitrogen application compared to rainfed
situations (Table 4,25 a), An increasing reoponse of potato to
nitrogen application with the more favourable water regime
has been reported by Singh et 81.(1968). A strong positive
interaction between irrigation and nitroxen was reported by
Singh and Swaminathan (1957) in their experiments carried out
at Patna. Also, a positive interaction between irrigation erd
nitrogen levels for potato productlion haa been shown by Singh
and Grewal (1983) on alluvial soils of Patna during three years
.of study. The optimum nitrogen levels increased with the increa:e

in irrigation level.

The Interaction between organlc matter and irrigation
levels showed that there waa a significant effect of apnlication
of FYM on tuber yleld both under rainfed and i{rrigated conditions
(Table 4,25 b), The increase in tuber yield was almost double
with irrigation compared to rainfed conditions when FYM was
applied in both the cases, It eppearas that under rainfed
conditions the water needs of the crop were not fully met with
and irrigation was quite esseniial for realising the optimum
yvields of craops. The interaction between orgenic matter and
irrigation further revealed that the application of lantana
brought gbout a significant reduction in ylelds under irrigsted

conditions compared to the no incorporation, but under rainfed
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conditions there was significant reduction during one year
and vield was at par during the year 1984, The comparatively
more reduction in tuber yleld under irrigated conditions mighrt

be due to more decompeosition and liberation of toxic subatances

conditioned by better moisture ragimes,

Tne interactions between nitrogen levela and organic
matter incorporation for the year 1985 (Table 4,2B c) as well
as for pooled data revealed that the yilelds obtained with the
application of 40 kg N/ha along with FYM @ 10 t/he were signi-
ficantly higher than the ylelds obtained with the highest N
dose without FYM, As such with the application of FYM @ 10
t/ha there could be a considersble saving of inorganic
nitrogen. Addition of nitrogen in combination with FYM has
been reported to increase the response of potato to nitrogen
By different workers (Dimitrov, 19643 Below, 1968; Shloma,
19683 Singh, 19753 Singh and Sharma, 198%§ Sahota and
Govindakrishnan , 1984 and Sharma, 1384), The increased
efficiency of nitrogen (20-25%) and increased yield of potato
by the application of FYM has also baen reported by Vanha(l978),
Ram et al.(1979), Grewal and Sharma (1981) and Sahota and
Grewal (1984}, The treatment receiving FYM remained superior
even at high rates of nitrogen (Singh and Sharma, 1983).Sharms
et 81.(1980) reported that CAN plus FYM gave 2,67 times higher
tuber yield then CAN alone, This was due to higher parcentage
of photosynthates translocated from tops to tuber and
improvement in N utilization by potato, Sharma (1986) observed

t
that the response of potatolbftrqgen application continued to
increase upto 250 kg N/ha in the preaence of FYM,
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The interaction (MxN) indicated significantly lower yleld
with the application of lantana compared to the yields at
corresponding levels of nitrogen without incorporation of
organic manure. The tuber yield with the application of 120 xg
nitrogen plus lantana was at per with the ylield with application
of 40 kg nitrogen alone, From the above observations it becomes
aptly clear that there mre absclutely no possibilities of
lantana as such belng recommenced as a source of orgenic matter
to potato crop, However, its value as organio manure could be
raised after well decomposing it before adding to the soil.

The application of lantana in the raw form st planting would do

more harm than good in terms of improving the microbialechemical

enviromment of soil,

As revealed by the interaction between nitrogen levels,
organic matter incorporation and irrigation during 1985, the
maximum response of potato was obtained with the applicetion of
120 kg M/ha along with FYM @ 10 t/ha under irrigated conditions
(Table 4.25 d). The yield under thls treatment (253.31 q¢/ha)
was slgnificantly higher than rest of the treatments,

It 1s difficult to say as to how much oould be the
substitution of inorganic nitrogen by the application of FYM,
separately under irrigated and rainfed conditions as the
interaction betwean nitrogen levels, irrigations and organioc
matter incorporation was not significant during 1984 asz well
as for pooled data., However, on the basis of significant i{ntera-
ction for one year, it wes observed that the yields under

rainfed conditions with the application of 80 kg N/ha along with
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FYM were significantly higher than with the application of
120 kg N alone, This apparently showed that with the
application of FYM under rainfed conditions there was
substitution of inorganic nitrogen equivalent to 40 kg/ha.
The substitution under irrigated conditlons looked to be the
even higher. Seelng the effect of FYM application on N-
substitution from the NxM interactlion as well as from NxMx]
interaction for one year, we can say that at least 40 kg N/ha
could be substituted with the application of FYM @ 10 t/ha
to potato both under rainfed and irrigated conditions. The
farmers could thils way very well economise on their nitrogen
needs at the farm,

For finding out the response and optimum dose of
nitrogen for potato under irrigated conditiona along with
application of FYM, the data on yield were fitted on to
quadratic type of equation, There was linear response of
potatozgge application of nitrogen of ths type Y = a-bx+cx?
upto 120 kg N/ha which signified that with the application of
increasing levels of nitrogen, the yleld of potato increased
linearly, As such, potato would respond to still higher rates

of nitrogen than tried in the present investigation,

5.4 Starch, reducing and non-reducing sugars as affected by
different treatmenis,

5.4,1 Starch content:

The inereasing rates of nitrogen and irrigation and
application of FYM brought about reduction in the sterch content
of tubers (Table 4.30)., The recduction with the iﬁcreaalng

rates of nitrogen was significant during one year.In the °'7®T
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year also the significant reduction was obaerved with the
application of 120 kg nitrogen. The effect of irrigation on
reduction of starch compared to rainfed conditions was
significant during both the years, The significant effect of
application of FYM on the reduction compared to no incorporation
was evident only during one year, The increase in the levels J
r

i

of nitrogen increases protein content and brings a concomitent
decrease in starch content of potato (Sinha gt al., 1967). {
The 1nverse relationship between protein and starch content

with increasing levels of N are well explained on the basis

of the function of N in protein synthesis and onrbohydrat§
utilization (Yadav and Tripathi, 1972). Similn}ly, the increased
moisture availability and applicatiop of FYM effecting an
Increase in the nitrogen aveilability nr;-;éficipated to bring
about a decrease in the starch content of tubers. Supersperg
(1967) reported reductions in the starch content of potato
tubers with increased moisture supply which may be attributed

to higher use of carbohydrate for inecreased crop growth,
resulting in higher yleldas. The increased levels of nitrogen
have been reported to decrease starch content of potato(Princa
et al., 19403 Smith, 19403 Terman, 1950} Black and Cairns,

1958; Reddy and Rao, 1968; Hukkeri, 196;23g2;fick. 1977 and
Barsukov, 1982). Barsukov (1982) also reported that higher

soil moisture and application of FYM had sdverse effect on the

starch content of tubers, respectively.

5.4.2 Reducing and non~reducing sugars:

There was a reduction in the sontent of both in reducing
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and non-reducing sugars with the inocreasing levels of nitrogen
tut the increase was not aignificant in most of the coses
{Table 4,30), Irrigation alsoc decreased the reducing and
non-reducing sugars compared to rainfed treatment and the
reduction was simnificunt for non-reduaing sugars during both
the years, The incorporation of organic matter in the form

of both FYM and lantana also caused reduction in the contents
of both reducing and nen-reducing sugars, the reduction heing
more with FYM than with lantara, The reduction in non-reducing
sugars was significant with the application of FYM during bhoth
the years, whereas, with lantena it was during one year, It has
been reported by Mazur and Gawli{ek (1977) that the application
of nitrogen affected the reducing sugar signifioantly and
reduced the content in tubers from 1,4 per cent at 120 kg N/ha
to 1,22 per cent at 240 N/ha, The increasing levels of nitrogen
hiave been reported to decrease the total sugar conteants of
Kinnow (Sharma, 1982). The FY!! might have indirectly influenced
the reduction in the total supar content of potato through

1ts effect on the enhanced nitrogen availability and moisture
supply.
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SUMMARY

The fleld experiments were conducted during 1984 and
1985 on the experimental farm of Himachal Pradesh Krlshl Vianva
Vidyalaya to study the, "™ Respcnse of potatqjgitrogen as
influenced by irrigation and organic matter®. The texture of
the soill was clay loam and the soiles are clessifled
as typic hapludalf. The solls are acidie in nature, the pH

being 5,7. The results of the experiments are summarized

belows

1) The soll concentrations of NOy~N and NH,~N increased
with the application of incressing levels of nitirogen, the
increase in NO3wN being significant, The conocentration of Noj-N
and NHa-N increased with time after application at sowing}

" the maximum generally being after 40-60 days of application.
The concentrations also increased after second dressing for

some time and declined thereafter,

2) The application of irriretion, generally, decreased
the soll concentrations of both N03—N and NHb-N.

3) The incorporation of FYM @ 10 t/ha before sowing resulted
in higher concentrations of both NOB-N and NH“-N in soil
throughout the growth period compared to no {ncorporation,Tha

increase was especially more pronounced, with asignificant

effect, for NOB-N with the advencement of crop growth,

4) Unlike the effect of FYV, the incorporation of Lantena
camara resulted in the repression of both NO,-N and NHh—N in
soll throughout the crop growth.
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5) The Incorporation of orgenic matter {n the form of
FYM as well as lapntana camars increased the soil moisture
content, decreased bulk density and increased the rate of

infiltration in soils, The ifmprovement in physical characteristic:

was comparatively more with FYM,

6) The increasing levels of nitrogen, generally,increased
the heiaght of plants, number of branches and number of leaflets
per plant. The effect of nitrogen application was quite
consplcuous on the helight of the plant as the increasing rates

of nitrogen increased the height significantly all through the

observed growth period.

s The incorporation of FYM @ 10 t/ha, generally, increased
the height of the plants, number of branches per plant and
number of leaflets per plant significantly compared to no

incorperation,

8) The application of lantana @ 10 t/ha, however, unlike
the effect of FYM brought about reduction in emergence, growth

and development of plant. Also, ltsapplication delayed the

emergence of potatoes.

9) Irrigation significantly increassed the growth and
development of plant in terms of plant helght, number of branches
and number of leaflets per plant compared to rainfed conditions,
10) There was a large effect of nitrogen application on the
yleld of potato, The yield ilncrrased significantly with the
increase of nitrogen upto 120 kg N/ha during one year.During
second vear also there was an increase (n yleld due to increasing

levels of nitrogen but the significant effect wam upto 80 kg N/ha,



11) The yield of potato increansed significantly with the
application of FYM @ 10 t/ha compared to no incorporation.
The yleld increase was significant both under rainfed and
irrigated conditisns with 4ts application. Application of

FYM © 10 t/ha could substitute at least 40 kg inorganic
N/ha to potato crop.

12) Unlike the effect of FYM, the inoorporation of lantana,
irrespective of irrigation, resulted in significant reduction
in tuber yleld compared to no incorporetion. The reductlon

in vield with its application was singnificwnt under irripgated
conditions, whereas, it was not significant under rainfed
conditions. As such, there was no posalbility of ita

substituting FYM as a source of organic matter for potato.

13) Irrigation significantly incrcased the tuber yleld
compared to rainfed conditions, The yleld in the former was

almost double than the latter,

14) The maxirnum tuber yield wes obtained with the
applicatisn of 120 kg N/ha along with FYM @ 10 t/ha under
irrigated conditioms. The response to nitrogen with the
application of FYM and irrigation was linear upto 120 kg N
which suggested that potato would respond tc still higher levels
of nitrogen.,

15) The tuber size distribution wes also influenced by
nitrogen application, irrigetion and orgenic matter
incorporaticn. The applicétion of nitrogen @ 80 kg/ha
glgnificantly increased the proportion of lérge grade potato

( > 50 gm)compared to the level of 40 kg N/ha, The increasing
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levels of nitropen did not influence significsntly the proportion

of small (<25 gm) and medium (25-50 gm) grade potatoes.,

16) The irrigation significuntly increased the proportion.of
large grade potato but decreussed the proportion of small grade
potato,

17) The incorporation of FYM also significontly increased the
proportion of large grade potatoes and decreased significantly
that of small grade. However, reverse was the case with the
applicution of lantana. |

18) The increasing.rates of nitrogen, irrigation and FYM
incobporation, generally, brought reduction in the contents of
starch, reducing and non-reducing sugors.

Conclusions

From the forepgoing discussion, it could be concluded that
for realising higher tuber yields and better quality of the
proéuce in the Palam Valley of Himachal Pradesh, the potato crop
should be raised under irrigated conditions with application of
120 kg N/ha along with FYM @ 10 t/ha, The obnoxious weed, Lantana
camara, as such in raw form, by no means could substitute FYM
a3 & source of organic matter to potuto ‘as its deleteriocus effect‘
on gfowth and development of potato was observed right from the

gernination stage., The harmful effect of Lantana cumara appears

to be due to very high dose as it was applied on air dry basis,
There is need to try lower levels of ap)lication on fresh weight

basis after partial decownosition of the materisl in the soil.,
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APPENDICES



Appendix-I NOz=N (kg/ha) in soil ms affeoted by different
treatments (1984)

Treatments 1.3.8’4 21.308“ 10.“.81‘ 30¢h|84 20.5.8“ !}.6.8[4

Ny M, T 31.25 76.05 81.45 30.99 935.03 48,00
I 31.22 76.82 T73.42 24,92 85.00 35.77

My I, 24,75 68,10 71.90 25.137 68,04 38.10

I 27.80 67,75 62,82 18,87 51,05 25,62

M, I, 42,90 103.45 95.40 41,82 141,55 Ty.27

I 41.75 100,45 89.00 21,40 141,0% 51.95

o M I, 3330 BLLO 67,45  35.60 117,38 46,10
I, 33.33 97.35  B4,72  26.65  99.32 34,02

My I,  27.45 BL75 76,67  33.27 103.85  45.10

I,  31.25 89.20 73,25 32.67 8317 34,02

My I, 46,95 110,75 119.47 50,80 164,15  73.87
I, 4425 108,27 109,58 3477 138,37  57.92

3 My Io 39.50 96,65 92,45 36,69 133,42 67.97
I, 35,97 92,15 88.60  39.88 113.62 43,80

My I, 31,20 92,42 82,%% 35,80 128,49 53,30
Iy 33.07 90,25 85,60 34,82 97.05 39.45

My, I 56.50 122,17 12%,60 63,87 195.6% 80,07
Iy 54,10 18%.47 119,10 48,00 147,12 64,12

SE m:- 2.87 3.65 2.93 2.66 3.68 3.50
C.D., at 5” 8.26 10. 52 8, l‘5 Te 66 10,89 9.50
cC.V, 13,43 6,78 5.65 13,09 5.53 11.09




Appendix-II NO4~N (kg/ha) in soll as affectsd by different
treatments(1985)

Treatments 6.2.85 26.2.85 18.3.85 70“.85 27.“085 17.5-35

Ny M, I, 49,97 36,11 63,19 138,31 99.30 80,46
I; 31,51 40,08 49,56 111,60 70,65 61,84
4 Lo 29.66 38,75 51.55 115,46 67.40  53.35
I, 32,54 43.81 41,48 102.60 49,75  47.95
, I,  45.69 59,13 78,50 196,43 114,50  91.85
1 52,28 49.33 60,59 121,71 95.40  77.15

Ny, M, I 39.62 44,21 71,73 154,79 115,40  107.88
I, 45,67 60,48 54,69 128,18 92,20 84,97

M I 45.81 40,08 59,02  109.70 89.14 59.93

I, 42,60 46,33 46,92 89,90 60,09 55.69

M, I 55.58 58,87 84,92 209,65 133,06 124,41
1, 45,62 52,23 69,59 184,11 115.13 95.96

N3 M, I 42,31 66,40  TO0.27 179.69 130,00 122,13
I, 49.89 56,62 72,23 143,00 114,2% 79.70

Mo I 51.15 44,04 63,68 149,67 105.25 B87.95

I, 40,46 45,90 57,27 141,917 81.10 72.05

M2 Io 58,05 80,51 97.50 224,70 209.60 130,00

I, 68.55 67.92 85,38 166,41 180,09 114,08

SEm¢ 4,17 4,60 4,39 9.0% 9,04 6,13
C.D, at 5% 12,00 13,23 12,63 26,05 26,02 17 .64
CoV. 15,74 15.41 11,62 10,53 14,67 12,20




Appendix~III NOB-N(kg/ha) in soil as influenced by
1xN interaction (1984)

freatment 10.2.8’4 2005.8"
Io Il Io Il
Nl 28,47 27,28 100,88 B83.36
N3 23.41 30,30 182,%2 119.26
SEmt = 1,76 SEmy =  2.12
coD- at 5% = 5-02 C.Do at 5“ - 6011
Appendix-1V NO,-N (kg/ha) in soil as influenced by

1xM interaction (1984)

Treatment 30.4,84 20.5.84
Lo L ) I
My 31,48 28,79 115,17 99.31
M 52.16 36,72 101,02 77.09
M, 34,43 30.47 167.11 133.18
SEms = 1.53 SEmt = 2,12

C.D, at 5% = 4,42 CoDsat 5% = 6.11




Aopendix=V NO3-N (kg/ha) 1in roll as influanced by 1xN
interaction (1985)
Treatments 17 ,5.85
Io I1
Ny 75.55 62,31
N2 97.40 78.87
N3 120,02 88,61
SE m# - 3,54
C.D. at 5% « 10,18
Appendix-VI NOz-N (kg/ha) in soil as influenced by 1xM
: {nteraction (1985)
Treatments 2612L82 Ltl:ila:
IO Il IO 11
M 48,91 52,39 103,49 75.50
¥, 40,96 45,36 67.07 58,56
MZ 66,17 56.50 122,08 95.73
SE m# - 2,65 SE m#+ w 3.54

C.D, at 5% = 10,18




Appendix-vTI NH N {(kg/ha) in 301l as affected by different
treatments (1984)

Treatments 1.3.84 21.3,84 10,4,B4 30,4,84 20,5.84 4.6,84
Ny Mg I 18,80 14,47 23,57  10.80 27.05  27.07
1, 19.47  B.80 20,22 5.77 18.65 17,42

My I 15.60  9.70 14,80  13.90 20.35  21.95

I, 18.82 8,34 12,00 8,90 15.92 15,52

M, I 20.95  12.60 26,20 11,90 43.70 26,15

i 19.55  15.20  17.42 9,32 35.05 22,77

Ny M I 20.85  11.55 26,40 15,85 39,17 28,30
Iy 21,76 10,70 22.1%  12.3% 33,02 15.45

Mmoo, 17.42 10,35 25,25  11.45 30.35 20,00

I, 18,77  15.22 18,77 10,70 20,80  17.50

My I 22.82  25.60 29,65 17,20 63,40  31.00

I, 21,72 20.97  26.25  12.35 LL,62  25.25

Ny M) I, 21.00  17.50 29,55  17.20 5B.45 36,30
I, 22,87  27.01 25,30  17.42 41,20  25.30

MmoI, 19.47 16,70 30,22  16.50 51,65  28.92

I, 22,87  11.81 25,15 14,70 26,67  25.15

My I 25.60  29.85  45.90  23.50 76.40  45.12

I 26,15 22,52 L0.95 23,70 67.30  26.62

SE ms 1.82 .71 2.46 1,37 2,09 2.26
C.D. at 5% NS 494 7,08 3.9% 6,03 6,50

cov. 15-28 18- 55 16.71 ]6'89 9.1‘-& lS-JFO




Appendix- VIII NH, N (kz/ha) n soil am affected by
different treatments(198%)

Treatments 6.2.85 2602085 1803085 7-“085 27-“.85 17-5985

Ny M) T 59.96 18.62 38,62 $3.93  29.31  38.94
Iy 52.70 16.62 36,33 55,41 32,85  36.51

M1, 35,06 17.70  27.66 47,32 35.30  37.35

1y 55.26 20,00 21,75 42,48  27.84  30.78

M, I, 59.44 26,74 49.00  57.16  62.14  37.92

I, 68,82 33,12 41,83 SL,44 4034 32.87

N, M I 64,14 25,37  42.66 50,46 49,73  6L4.83
I, 60.87 21.99  39.37 48,95 34,92  37.32

My I, 75.21  33.84  37.41 55,39 40,18 32,70
I, 63,61 38,75 36433 40,74 38.37  34.69

My T, 61,73 28,37 58,30 82.34 47,79  46.97
I 73.73 30.12 44,30 78,23 61,19  42.00

Ny M T 79.64 37.24 51,50 65,52  61.25  53.97
1, 77.56  46.37  39.34  59.20  49.77  35.02

M I, 64,39 22,74 43,58 50,47  37.93  47.82
I, 60,87 22.87  37.16 63.70  38.46  36.76

My I 91.12 40.30 62,41 73,60  66.80  59.36

I, 87.38 36,45  55.35 59.05  53.40 44,57

SE m+ 4,18 2.97 3.97  3.99 3,80 2,85
CeD. at 5% 12.08 8.54 11,40 11,48 10,95 8.21

C.V. 10.95 17.97 16.20 11,95 14,69 12.19




Appendix-IX NH,, =N (kg/ha) in so0il as influenced by
1xN interaction (1984)
Treatments 20,9,84
1:o I1
N, 30,36 23,20
N2 44,30 32.81
SEm &+ = 1.21
CeDe at 5% = 3.48
Appendix-X NH, -N (kg/ha) in 8011 as influenced by
1xN interaction (1985%)
Treatments 27.4,8% 17:5.89
Io I‘l xo I1
N1 42,24 33,68 38,03 33,39
N, 45,90 b4, 83 41,50 38,00
N3 55632 47,21 53.71 38,78
SEm+ 2.19 SEms 1.64
C.D. at 5% 5.32 CeD,at 5“ - 4,74



Appendix=XI NH,-N (kg/ha) in soil as influenced by NxM interaction (1984)
Treatments 21.3.84 10,4L.,84 30.4,.84 20.5.84
] % 4 y s ¥y L K ¥ "
N, 11.64 9,02 13,90 21.89 13,40 21.81 8,28 11.40 10.61 22.85 18,13 39.37
N, 11411 12,79 23.28 24,27 22.01 27.95 14.10 11.07 14,77 36.09 25,57 54.01
SEnt = 1,21 SEms = 1.74 SEms = 0,97 SEus = 1,48
CoDe at 5%= 3,49 C.Duat 5% = 5,01 C.Deat S¥m 2,79 C.D.at 5%= 4.26
Appendix-XII  NH,~N (kg/ha) in soil as influenced by NxM interaction (1985)
Treatmenta 642,85 Tehe8S 274485
Mo H1 "2 !o nl "2 no H‘l Hz
Ny 56,33 45,16 64,13 54,67 44,90 55.80 31,08 31,56 51,24
X, 62.50 69,41 67,78 49,70 48,06 80,29 42,32 39.27 54.49
N3 78,60 62,63 B9,25 62.36 57.08 67,33 55,51 38.19 60,10
SERT = 2.7 SEms = 7.82 SEE = .65
C.D, at 5% = 8.51 CeD, 2T 5% = 8,12 C.D. At 5% = 7.Th



Appendix~-XTII The so0il wmoisture contant expressed on pet1cent

mass basis under 1xN and NxM interaction ‘1984)
Treatment 16,3,84 €. he84
Io I1 Mo Hl M2
N1 16,69 19,03 22,80 2%.42 21,38
“2 20,81 18,98 22,61 21,91 24,24
33 19.37 20,45 21,99 23,00 22,20
SEm + = 0,58 SEm ¢ = 0.61
C.D. at 5% = 1,68 CeD. &t 5% = 1.78
Appendix-XIV The s0il moisture content (X) on mass baa%a
during crop growth under 1lxN interaction (1985)
Treatments 4,5,85
I, 4
Hﬁ 15.81 27 .14
N3 15.13 27.29
SEF LT o.53

C.D. at 5% - 1.53



Appendix~- XV  The soil moisture content(%) on mass basis during
crop growth under lxM interaction (1985)

Treatment 6.4,85 4,5,85 _25,5,85

I, I, I I, I, I,
Ml 17,86 23.43 18,46 27.30 11.88 18.11
Hz 21.91 22,96 16.56 27.89 12,08 16.95
M3 19.47 24,75 14,48 26,92 13,08 16.93

SEm¢ =0,81 SEmg = 0,53 SEmr = 0.57

CeD. at = 2,33  C.D., at = 1,55 C.D. at = 1.64
5% 5% 5%

Appendix- XVI  The soil moisture content(%) mass basis during crop
growth under NxM interaction (1985)

Treatment 4,5.,85 11 8
LS Hi 3
0

2 o 1 Hﬁ

By 22,29 21,70 20,43 17.58 17.36 18,39
N, 25,75 23.07 20,54 17,58 18,%0 17,%9
NB 20,59 21,90 21.13 16.57 19.72 16,15
SE m+ = 0.65 SE ms - 0.69
COD. at = _ 1.88 c.D. at - 2.00

5% 5%




Appendix- XVII Pooled yleld(%) of small grade potatoes

as influenced by 1xN internction (pooled
yield of 1984 and 1985)

Treatments I, I

Ny 24,15 18,21
N, 19,54 19,87
Ns 23.57 19,39

SE m: = 1:26

C.D. at b 3.62
5% '

Appendix~ XVIIX Pooled yield (%) of large grmde potatoes

as influenced by NxM interaction(poocled
vield of 1984 and 1985)

Treatments MO H1 Hz
Nl 38,56 26,60 43,07
N, 40,50 40,24 his .86
i\l3 43,19 24,87 h 330
SEmt+ = = 2,63
C.D, At = 7.64

5%




Appendix- XIX Potato tuber yield of potatoes {(q/ha) as
influenced by HxM interaction (1984)

Treatments Mo M1 M2
Ni 65.25% 58,91 89,16
Nz : 92.94 80,83 24,19
H3 98,88 89,98 136,28

SE m#+ = 7.47

CeDe at = NS

5%

Appendix- XX Fotato tuber vield (q/ha) as influenced by
NxIxM intcraction (198&3

Trea#ments EQ 11

Ml MZ M3 M1 MZ M3
N 38,28 52,63 37.19 79.%8 125.69 93.32
N, 53.88 T73.58 45,60 107,77 174,80 140,27
N3 5T.44 T76.11 52.38 122,50 196,46 145,38

SE m# « 10,57

CeDe At 5% = NS



Appendix.-. XXI

Analysis of variance of NQB-N (kg/ha) in soil

after planting during 1984

at 20 days interval

Sources of

Mean sum oI sgquares

variations 4. 20 DAP 40 DAP 50 DAP 80 DAP 100 DAFP 120 DAF
Replication 2 104, 01" 20.28 41.19 31,41 11.53 72.54
Treatment 17 245.38"*  751.60™  gs0.22°F 363,07 3725.88 683,607
I 1 0.18 12.82 366.18" " 870. ™" 7835.63 3214.30 "
N 2 332,95" " 1830.30° "  1B46.15 1164.70° 8703.04 24, 47"
M 2 1654.33 " w2u6.32""  s643.90" 909.88"" 17966.01" °  3358.77°
i1xH 2 5.21 92.76 32,91 47.61 301,36 22.22
1xM 2 31.80 49.30 22.76 300.67" 394,335 36.66
Mx N 4 28.95 52.82 154,00 " 104.64"" 151.65" 7.26
1xMxK A 1.72 28,98 20.04 19.47 42,08 23.43

DAP = Deys after planting.



Appendix- XXIXY

Analysis of varliance of NO-N (kg/ha) in soil at 20 days interval
after nplanting during 1985

Mean sum of sguares

Sources of

variation d.f. 55 DAD 5 DA Z6 DA B0 AT 100 TAD 50 DAD
Replication 2 35,10 239,15 358,55 242.68 157.42 303, 47
Treatment 17 281.95""  u&sn.a™t 656,33 4499, 31%  arer.a7tT 2347.24"
1 1 11.23 4,86 1758.82""  15914.18"%  7003.02""F  s9z6.02""
N 2 591.15"°  1133.29° "  1299.35 4930.19""%  13542.63%  5703.65
| 2 985.37" " 1502.64""  3109.57 ¢  19955.27 ° 19645.20%  9637.82"" |
1xN 2 39,18 166.08 118.00 432.80 3,27 405.00%
1xM 2 50, €1 278,75 46.48 1632.07 2.53 525,33"
¥ x N 4 103.31 236_20" 33,06 1284.16 188883 " 322,33
1xMxK 4 264,00 54,87 30,68 384,23 B4 .84 36.06
Error 34 52,27 63,54 57 .90 246,14 245,53 112.91

DAP = Days after planting.



Appendix~ XXIII Analysis of variance of NH
after planting during 1984

h-N(kg/ha) in soil at 20 days interval

Mean sum of aquares

Sources of —

variations d.T, 20 DAP 40 DAP 80 DAF I00 DAP 120 DAY
Treatment 17 18,37 130,26™"  205.20"" 66,99 953,96 " 154,10""
1 1 9.29 .99 312.86 88,78 1882,69" ¢ 767.87
N 2 65.08 " 397.19 866.66 351,52 3296.26" §75.28""
M 2 59.69"" sg7.60™  nee.u2™ 69.32"%  3s11.47"" 263.03
1 xN 2 0.89 1.83 0.05 16.49 104,37 42,93

1 xM 2 13,11 19.61 3.48 0.15 5,18 38.45

M xR 4 3,01 65.38 nrz.a" .08 . 075" 11.33

1 xMxN 4 0,85 82.20"" 8,48 5.69 75,27 .77
Error 34 10.00 8.86 18.21 5.66 13.19 " 15.35

DAP Days after planting,



Appendix- XXIV Analyses of variance of NH,-N {(kg/ha) in soil at 20 days interval
aiter planting during 1985

Sources of Mean sum of squares

variations d.f. 20 DAF LT DAP B0 DAP 80 DAF 100 DAP 120 DAP
Replication 2 21,91 38.79 22.53 29.05 71,42 79.57"
Trestment 17 sob.45"%  231.93% 309.71"" wou,91"" s 177.62"
I 1 17.03 50.20 587.53" "  215.84"  472.65 798.41""
N 2 2105.20""  723.57"%  693.49™"  525.53""  800.29"" 508,55
M 2 968.26""  184.32""  1454.89""  1450.55 1661.83 261.17""
1xN 2 140,08 3,70 13.90 27.29 679.70" " 178.43 "
1x% 2 115,54 1.69 28.99 48,60 30.77 22.78
RxN 4 366.36" 456,76 40,27 429.37""  a61.20™" 57.91
1xMxN " 193,76 65.77 33.49 191.56" 2.02 21.92
Error 17 52,61 26,47 47.16 47.85 43,48 24,46

DAP = Daya after planting.



Appendix XXV. Analyses of variance of moisture content (%) in soil {0=20 cm) at 7 days interval after
planting during 1984

iource d.f, Mean sum of aguaresg
£ va- _February 1} Narch April - May
‘iations 17th 24th 2nd ~_ 9th 16th 23rd 30th b6th {4th 21t 28th 5th 12th 19th 26%th

* ¥

leplication 2 2.18 1.66 2.12 9.06 1.06 0.06 2.18 1.87 15.37 16.64 5.97 5.16 3.72 3.66 5.82
‘reatment 17 6.11 4.33 8.83 9.28 28.88 22.37 12.8% 8.18 13.72 17.18 28.88 29.72 30.72 2.47 5.33
1 0.01 0.94 0.38 1.88 3.79 3.15 3.27 98.30 164.50 211,34 418.85 4.4 467.4¢ 20.37 72.12
2 0.91 0.34 3.02 0.46 25.01 11.70 2.94 1.33 3.70 4.37 4.42 1.02 2.98 0.08 0.24
2 34.28 28.18 46.53 48.73 1688515659 86.83 0.42 18.58 17.95 22.80 10.18 13.78  7.27 11.78
2 2.5 0,59 4.83 3,04 20,60 7.10 8.90 0.21 1.79 .85 0.30 5.50 1.41 0.05 0.08
2 0.08 0.84 0.32 1.92 3.47 2.09 0.82 0,43 C.57 0.67 6.43 6.81 2,08 1,79 t1.21
4 6.60 1.61 5.32 5.90 4.43 3.7 1.53 8.21 473 3.83 0.15 1.84 1.18 0.61 0.70
4 3.79 1.63 4.50 5.65 4.92 2.23 3.61 0.76 0.27 1.86 0.95 0.23 2.73 0.25 0.15
34 471 3.70 3.79 4.73 3.08 2.40 3.44 2.30 2.81 2.42 2.72 2,31 1.80 1.49 1.39

jEEwe " C




Appandix XXVI. Analyses of variance o! moisture coutent (%) in asoil (0=20 cm} at T days interval after
planting during 1985
Sources d.f. M.onn sum of pguareg

of var— Fob, - March April Huy

ations n th 16th nd _Qth _ 16tn 23tn 30th  6%h igtﬁ 20th 27h __4%n 11%h  18th  25%n
Bop. 2 21.8% 9.17 11.17 1.24 11.74 10.56 4.79 25.55 2.30 39.54 10.32 7.27 20.82 3.63 4.92 1.31 8.75
Treat= 47 3.19 0.98 2.34 3.95 2.7113.0f 588 9.78 2033 21,82 .37 s5.62 11.8 109.78 40.23 18,58 22.83
1 I 4.20 0.46 12.58 1.30 0,33 131.%223.83 7.17 45.30 212,87 21.75 0.46 24.68 1594.35 593.83 261. % 33450
2.24 0.2 2.91 0.30 0.60 26.84 10,65 ¢2.78 .43 16.35 6.58 0.26 4.44 19.57 0.80 8.33 1.05
4.25 1,11 0.06 3.24 17.94 3.19 1.12 0.63 11,64 0.73 0.53 %.38 47.89 27,88 8.9 3.79 1.39
5.89 0.92 2.17 2.14 0.10 3.33 5.48 0.64 16.53 28,79 4.25 0,02 3.47 11.18  1.11 0,69 2.64
6,02 2.27 0.88 0.22 0,43 3.09 1.98 2.34 10,25 10,03 0,25 0,02 6.9 10.25 2.833 0,83 6.45
5.00 0.88 0.40 1.31 1.07 3.14 2.88 3.30 7.46 7.82 0.91 3.59 T.24 18.00 17.41 o0.40 2.0t
0.5¢ .87 3.57 10.54 0.80 1.15 5.29 5.17 T.91  2.95 2.05 1.50 2.28 13.38 7.7 5.3 .95
2.19 2,57 2.41 1.85 2.01 6.06 2.08 5.04 11.53 5.91 1.42 2,41 3.85 2.5T 2.90 1.53 1.95

|
3
IxA
Ixn
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Appendix~ XXVII Analysis of variance of germination (percentage) of potato at
different dates during 1984

Sources d.f. Mean sum of squares
of
o iations 17.%.84 21.3.84  25.3.86  29.3.84 2.4.84 6.4.84 10.4.84 144,84
Replication 2 0,059 14.719°%  4,.sa8" 3.851" 0.152  3.37°°  1.182° %  0.624"
Treatment 17 o.1200 % 10,364 g.447™"  4.203*" 2.s65"" 1.22*%  0.630""  0.7308
1 0.003 0.039 0.435 0.715 0.010 0.711  0.3935 0.0740
2 0,009 0.234 0,760 0.779  0.956  0.587  0.576 0.102
2 0,825 77.285 7 77.664 "  33.270"* 19.021™ &.863"" 4.109""  2.218™"
1xN 2 0.0327 3,167 0.068 0.478 0.481  0.028  0.010 0.009
1 x4 2 5.059°" 2.796 0.346 0.165 0.101  0.173  0.103 0.022
MxN 4  0.0167 L.775 0.218 0.082 0.290 0.186 0.171 0.030
15MxN &  0.0%26 0.636 0.402 0.389 0.323 0,018  0.0l1l 0,092
Error 34 G.013 1.232 0.924 0.890 0.747 0,230 0,207 0.154

DAP - Days after planting.




Appendix- XXVIII Analysis of varlance of germination percentage of potato at
different dates during 1985

Sources of d.f. Mean sum of squares

variation 1.3.85 5.3.,85  9.3,85 13.3,85 17.3.85 21.3.85 25.3,85 29.3.85 5,4,85
Replication 2 5.218" 0  0.484 0.520 ©.270 ©$.002 0,031 0,k85 0.011 0,014
Tr-atment 17 2.9307 9,756 9.153 " 5.988" 6.764° " 2,379 L.469"" 0.580" o0.075"
I 1 0.37 2.033"  0.302 0.673  0.550 1,309 0.564 0.938" o0,072"
¥ 2 0.180 0.656 0.329 1.618° 1.281"" o.040 0.130 o0.158 o0.,041"
M 2 2.5 79.257"" 75.863"" 47.:8™" 55.58" 17.380™ o, 580" 2.613"" 0.493"
1x N 2 0.239 0.076 0.235  0.141 0,021 0,001 0,392 0.186 0,001
1xM > 0.149 0.386  0.434  0.129  0.006  2.177"% 2.727™" 1.125™" o.ou7"
MxN 4 0.353 0.499 0.145  0.413  0.Ch4k  0.068 0.146 0.066 0,009
1XMxN 4 0.950 0.269 0.257  2.755 " 0.03%  0.035 0.262 0.125" 0.00b

Error 34 0.379 0.443 0.261 0.384 G088 0,106 0,352 0.043 0.010




Appendlx~ XXIX Analysis of variance of average helght(cm)
of potato on different dates during 1984

Sources of d.f. Mean sum of square
variations 5.4.84 15.4.84 25.4.84 5.5.84
% % %

Replication 2 3.62 23.84 1.59 35.28

Treatment 17 10.67° 7  65.08"  1s.71"" 71.28""
1 42.66°F 590,04 "  gs4,24™" 760,74

N 2 24,96""  127,93""  191.62"" 78,247
2 B1.66°" 119,260 306,46 162,57

1xN 2 0.22 0.59 1.41 1.24

1xM 2 1,05 1.76 %, 24 0.57

MxN 4 0.07 3,02 1.71 3,15

1xMxcN 4 0.70 0.48 0.15 3,32

Error 34 1,00 3,34 5.45 12,50




Appendix-

XXX  Analysis of verience of average height (cm)
of potato on different dates during 1985

Sourcesa of d.f, Mean sum of squares
variation 13,2.85 233.85 2.4.85 12.4,85 22.4,85
Replicaticn 2 3,55 10,16 19.64"  17.16 11,61
Treatment 17 153" 82.13" 128,00 147.93%" 151,42
1 1 66.66"" 633.79""1162,04"" 1261,50"" &96.29™"
2 75.27"" o9s.68™" 232,89""  367,16"* 2u7.53%"
M 2 16.62"" 237.35™" 233.89""  232.66"" se1.86""
IxN 2 1,29 1.5 11,%% 9.50 0.28
IxM 2 156 36,13"" 16,79 8,00 1.59
Mo 4 068 6,00 3,48 0,66 2.04
LxMxN 4 0.48  0.23 4,43 3.99 1.78
Error 3h 1.07 4,26 5.61 7.46 7.49




AppendixeXXXI

Anzlysis of variasnce of number of branches per

plant at different dates during 1984,

Sources of d.f. Megn gum of aquares
variation Selt o Bl 15.4484 25.0,84 545484
Replication 2 0.9C 1.68 2e24 1.77
Treatment 17 L6t 7.h0:* 5.82:' 5.95::
I 1 13,50 29,62"" 25,35 26,13

N 2 20,26"% 11,62 9.35:' 1077
M 2 8.90 279" 2150 23,10""
IxN’ 2 1.05 0.97 1.85% 2.20
Tt 2 0472 1,69 0,35 0,06
MxN 4 0.04 1.52 0,07 0,14
IxMxN 4 1.36 1,51 1,35 1,08
Error T4 3«07 3.36 2-55 1.69




B

Appendix-XXXII Analysis of variance of number of branches
per plant at different dates during 1985

Sources of d.f, Mean sum of squares
variation 13.3.85 23.3.85 2,4,85 12,4.8% 22.4.B5
Replication 2 9.18"" 16.12""  9.40"" 479"  s5.38""
Treatment 17 12.73"  9.62""  7.28" 6.20"™ .75
1 1 37,50 32,660  39,18"" 29.62""  37.50""
N 2 33,78 15,57 ¢ 8.,90""  7.35""  g.55""
M 2 47,577 36,127 17.79"" 22.74 23,16
N 2 1.05 2.72 1.68 1.35 0.66
IxM 2 0.50 2,06 1.46 0.96 0.72

. » #*
MN 4 2.7k 2.24 0.71 2,57 2,13
IxMxN 4 0455 2.27 5,55 " 0,18 0.13

Error 34 1.65 1.38 1.36 0.95 0.64




Appendix - X111 Analysis of varisnce of number of leaflets

per plant at different dates during 1984

Sources of d.f, Mesn sum of squares

variation 5,4,84 15.4,84  25,4,84 5.5.84
Replication 2 110,79 313,01 167,57 132.24
Treatment 17  598.55 —  1398.97"  3012,15""  3346.83 "
T 1 1004,16 "  4685.35 12090,07"" 12573.63""
N 2 1680,90" T  4217.24°" 10%19.,90"" 12749.01™"
M 2 2560.74""  sot4,01""  B%09.79""  8931.68""
TN 2 5,05 17.79 67.90 66,46
IxM 2 69,55 86.90 | 203.57 120,12
MxN b 48,57 12,79 35.88 46,01
IsMxN 4 46,11 93.52 92,66 100,96
Error 34 73.01 69.68 103.69 92,47




Appendix - XXXIV Analysis of variance of number of leaflats
per plant at different dates during 1985

Sources of d.f, _ Mesn sum of squures
variation 13‘ 3.85 23.3'85 2.“.85 12.‘4’.85 22.’4‘85
Replication 2 4,22 121.35 217,79 109,79 126,38

Treatment 17 474,15" 1164,58" 2538.28"  4304.63"  4376.98"

I 1 1213.68"  4125.63" 14704.18%  19078.28"  20768.12"
N 2 381.58"  2305.68" 6oo4,2k" 12808 78"  12892.1%"
M 2 2760.08"  5025.98"  8178.13"  13213.68%  13107.1%
I 2 56.69 91.13 64,50 115.57 57.16
IxM 2 27.46 11,91 11,08 62.51 90.16
MxN 4 53.97  133.2k 180,32 318,51 242,68

I xMxN 4 L4, 94 67.57 102,30 106.5%2 94,16

Error 34 41,43 137,46 194,91 71,16 53,38




Appendix- XXXV

Analysis of veriance of tuber size
distribution (the values are percentages

of pooled yield of 1984 and 1985)

Sources of d.f, Mean sup of squares

variations Small grade Medium grade Large grade
Renlication 2 99.52" 174,07" 276.51""
Treatment 17 121,28"" 70,82 290.75" "
1 1 143,66"" 81.54 u41,87""
X 2 16.28 143,60 232,59
M 2 596,98 110.56 1203, 42""
1xN 2 46,93" 3,85 51,89
1M 2 137.83"" 45,43 338,43
MxN 4 30,03 84,59 142,99"
1xMxN 4 50,47 bl , 28 69.06
Error 24 14,29 46,50 42,36




Appendix- XXXVI Analysis of variance of potato tuber yield
(g/ha)during 1584, 1985 and pooled yleld.

Sources of d.f, Mean sum of squares

variations 1984 1985 Pooled
Replication 2  4380.47"" 281,44 1629.72"
Troatwent 17  T024.97"" 8264, 48 746,790
2 1 s1369,82"" 50041,53" 64756, 71"
n 2  6800,10"" 5558465 5878,86
M 2 7899.96"" 29831,51" " 17107,38"
1xN 2 1s61,72" 498,05 764.65"
1M 2 2300.89"" 4055,86" 2643,06"
Mo 5 127.14 1.8 651,85
1 xMxN s 105,18 929.82"" 335,84
Error 34 335,52 53,92 133.86




Appandix~ XXXVII Analysis of virtence of dry matter(q/ha)
of haulm of potato during 1984 and 1985

Sources of d. £f. Mern sum of squures

variations 1984 1985 Pooled
Replication 2 3,29" 12.53°" 664"
Treatment 17 12,76 " 18,01 14,61
1 1 28,77 32,32"" 32.06™"
N 2 41,248 79.78" " 58,26 "
M 2 43,48 " s2,40% " 16,02
IXN 2 006‘8 Oa 38 0042
1xM 2 1,64 1.66 0,66
MxN 4 1,88 0,11 0,38

Error 34 0,96 1,15 0.55




| ‘

Appendix~ XXXVIII : Analysis of variance of Starch content, reducing and non-reducing
sugar in tubers during 1984 and 1985

Sources of d. f. Mean sum of sguares
variations Starch content Beducing suzax Non-reducing suzar
1984 1985 1984 1985 1984 1985
Replication 2 71.49 72.14 0.04 0.02 0,02 0.11
Treatment 17  72.49" 226.90"" 0.06 0.09" 0.18"" c.24"
I 1 262,59 131.94" G.13 0.67 103" 0.66"
N 2 376.54"" 1418,95"" 0.28 0.35 " 0.14" 0.95""
M 2 8.50 182,53 .13 0.07 0.49" 0.47"
1N 2 2.47 81.23 0.001 0,01 0.04 0.08
;‘\ 1xM 2 32,54 6.82 0.001 0,005 0.02 0.05
| Mo & 7.09 30,68 0.01 0.013 0.08 0.09
e & 25,06 64.39 0.0005 0.01 0,08 0.007
Error 34 36.02 27.73 0.046 C.0L4 0,03 0.199

o0



