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INTRODUCTION 

Potato is a potential crop for solving World's food 

problem. It was Introduced in India by the beginning of 17th 

century- It is one of the most important cash orops of Hlmachal 

Pradesh, occupying an area of 12.6 thousand hectares. lhe average 

yield of potato in the Pradesh is only 32 q/ha as against the 

national average of 131.13 quintal/ha (Anonymous,19ti2).The 

reasons ascribed for low yields could be low nni\ lmhulnnced 

use of chemical fertilizers and lack of Irrigation Facilities 

to which potato is reported to respond very high in different 

regions of the country (Singh et ajU» 1961| Orewal and Sharma, 

1978; Sharma and Grewal, 1978> Bhattachar^ee eĵ  fcl., 19791 

Sharma et. al. , 1980; Grewal and Sharma, 1980 J Orewal e£ £l.,1981; 

Singh and Sharma, 19831 Singh and Grewal, 1983I Trehan and 

Grewal, 1984). 

Among the major nutrients, nitrogen is the first 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 deficiency, lower leaves of the 

plant become yellow and later the whole of the plant gives 

yellowish appearance and the growth of the plant is stunted. 

Nitrogen application increases the plant growth and leaf area. 

It Increases the tuber number as well as the tuber size.Potato 

grown on the acid soils of Hlmachal Pradesh responds to nitrogen 

heavily (Sharraa et al., 1975| Grewal et a^. ,19791 Sharma, 1986) 
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as most of the soils 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 orop for obtaining optimum yields. 

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, alao gives formers low 

returns (Sharma et_ al^, 1984). Hence, the judicious use of 

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

The high cost and low agronomic effeotiveneaa of nltrogenoui 

fertilizers call for alternative sources of nitrogen and measure 

that could enhance the fertilizer recovery. The incorporation 

of organic manures along with fertilizer nitrogen enhances the 

fertilizer nitrogen use efficiency by releasing it slowly in 

the soil, besides serving itself as a souroe of nitrogen to 

plants (Sharma et al., 1980| Sahota sl.^% 1984). The positive 

association of organic manure and nitrogen has been reported 

by Diraitrov (1964), Below (1968), Shloma (1968) and Singh(1973). 

The addition of organic manures also Improves the physical 

environment of soil, which is so important for the proper 

proliferation of roots and tuberization. The incorporation of 

organic manure also improves the water use efficiency of the 

crop. 

One of the readily available sources of organic matter 

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



J 

scarce and farmers have to look for other sources ol organic 

matter (Biswas, 1982). There is a growing concern of researcher* 

planners and social reformers about tha spread of obnoxious 

weed viz. Lantana camera, which la posing a great threat to 

out agricultural sector by replacing grasses and other desirei>le 

vegetation from pastures, forests and waatalands.It would be 

quite heartening to know if it could ba racyclad in the form 

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

plants. 

There are still apprehensions as to the beneficial effects 

of the addition of Lantana camera to aoila as it contains 

alkaloids (Joshi and Magar, 1952$ Barton at al»,195*»l Nigaro 

ejt al., 1957; Sharma et al,f 1980j Wadhwanl and BhardwaJ,1981; 

Sharma, 1984; Acchireddy and Singh,1984| Aoohireddy et ul., 

1985 and Sinfhc^nd Saxena, 1987) which could prove toxic to 

plants. However, these alkaloids could act as nitrification 

inhibitors and enhance nitrogen usa efficiency. 

The amount of water available to the potato plant is quite 

critical during its active growth phase which can effect the 

size and number of tubers as well as their <juallty (Prince P* 

Blood, 1962). Potato being a short duration crop bulks up 

rapidly and due to its sparse and shallow root system nearly 

70 per cent of the total water supply cornea from the uppor 50 

cm layer. Therefore, the deeper layer8 do not contribute 

materially to the water supply of tha orop (Singh e^ nl..1968). 

Irrigation and N application are the moat important factors 

contributing to the growth and yield of potato(Sin«h and c.rewa}, 

1983). But the potato crop grown for seed at higher altitudes 
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. v 1600 m. above mean sea level in Himachal Pradesh is 

rainfed. However, under mid and low hill conditions potato 

grown for table purpose is mostly irrlKated.lt would,ther fore, 

be worthwhile to see the effect of irrigation alone as well as 

in combination with N and organic materials on the vegetative 

growth, tuber size and yield of potato in the mid hills of the 

State, 

Therefore, considering the significance of the above 

problems, a research study entitled, " Response of Potato to 

nitrogen as influenced by Irrigation and organic matter", was 

envisaged with the following objectives* 

(l) To find out a suitable nitrogen dose for potato under 

mid hill conditions of Himachal Pradesh. 

(ii) To find out the effect of FYM application in combination 

with N on soil properties as well HI growth and yield of 

potato and to see the feasibility of its substitution 

by plant material like Lantana camera* 

(ill) To see the effect of optimum irrigation on potato growth 

and development aa compared to rainfed conditions. 

(iv) To study tho effect of N, FYM, Lantana cnmara and 

irrigation on the quality of potato. 

http://irrlKated.lt
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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 fertilizer nitrogen plays an important role in enhancing 

fertilizer use efficiency# besides favourably affecting the 

physical environment of the soil (Biswas and Oza, 1978).The 

optimum soil physical conditions will enhance water use, root 

proliferation, nutrient uptake9 tuberlzation and other metabolic 

processes associated with good physical environment, A fairly 

good amount of fertilizer nitrogen could be substituted by 

organic manures when applied in conjunction with fertilizer 

nitrogen (Meelu and Singh, 1978). The pertinent 1 i.t*-rature 

concerning all these aspects has been reviewed under the following 

heads and sub-headsi 

2.1 Effect of organic manure and nitrogen on forma of 

nitrogen in the soil. 

2.1.1 Effect of organic manure and nitrogen on NO,-N. 

2.1.2 Effect of organic manure and nitrogen on NH^-N. 

2.2 Effect of organic manure and nitrogen on organic 

carbon. 

2.3 Effect of nitrogen and organic matter on vegetative 

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 >x\ tuber yield 
and tuber size of potato. 

2.4.1.1 Effect of nitrogen 

2.4.1.2 Effect of organic manure, 
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2.4.1,3 Combined effect of nitrogen and organic manure. 

2,4.2 Effect of nitrogen and irrigation on tuber yield 

and tuber size of potato, 

2.5 Effect of nitrogen and irrigation on quality of 

potato tubers. 

2.1 Effect of organic manure and nllrofton on forma of 
nitrogen in the soli. 

Nitrogen in soila la preaent In different forms 

which are continuously undergoing transformation. Larger fraction 

of nitrogen is, however, preaent in organic form which is not 

readily available to plants. Depending on aoil environment this 

form gets transformed to the inorganic form to be nvnliable to 

plants. Plants differ in their capacity for uptake and assimilation 

of NH^-N and NO^-N (Barker and Mills, 1980) and pot*tots 

preferentially take up N0,-N over NHV-N (Roberts and Cheng,1984). 

Results of various studies on the use of organic matter nnd 

inorganic fertilizers have been reviewed as followsi 

2.1.1 Effect of organic manure and nitrogen on N0,-N. 

Gawronska-Kulesza (1966) observed that the effect 

of manure on N0,-N was small and was dependent on the decomposition 

rate of manure. Zameck (I966) reported that in a sandy loam soil 

the formation of N0..-N was 13 per cent higher in the year of 

manuring than in plots which received mineral fertilizers,with 

average increases of 32 and 14 per cent after one and two ye;.rs, 

respectively, after the last application of dung. Zameck (1967) 

found that application of 40 t/ha manure every two years along with 
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basal Nf P and K Increased the NO**N in comparison with plots 

receiving Nf P and K only, Lepnev (1967) observed that NO^-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 J0°C, 01a«n $.£ £i. (1970) 

observed that production of NQ»»N was directly related to the 

rate of manuring9 period of incubation, soil pH and presenoe 

of anaerobic conditions. It has been reported that addition of 

cow-dung, molasses or water hyacinth compost to two soils 

from delta flood plains of the Brahmaputra and Gaugetic alluvial 

plains applied together with urea inoreased ammonlfloation and 

tended to decrease nitrate accumulation (Khan and Raahid,1971). 

Sonoilenko (1973) found that N application Inoreased N0,-N 

content by 30-50 per cent but had less effect on NH.-N. The 

NCU-N of a clay loam soil, having reoelved oattle manure over 

3 successive years at the rate upto 224 t/ha, increased with 

Increasing levels of manure and in the top of soil it was 

maintained at about 100 kg/ha by annual application of 224 t/ha 

manure, Giddens and&ao (1975) indicsted that incorporation of 

manure into the soil greatly Inoreased the amount of nitrogen 

oxidized to nitrate form, Sattar (1975) reported that the N0--N 

content of the soil increased gradually with incubation time 

and also with the increasing rates of Urea-N application.Similar 

results were obtained by Broadbent et al,(1958) and Acevedo and 

Pereira (1964), Hahne et al,(1977) noted an appreciable 

accumulation of N0,-N in the soils under continuous cropping 

when the optimum rate of 140 kg N/ha was exoeeded tc 168 kg N/ha. 

Westerman and Tucker (1978) claimed that immobilization of 
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15 
NO,-N in soils with organic carbon amendment* was increased 

3 

markedly with increased temperatura and time, but initial 

moisture content had littit affect. It was obtarvad by 

Shankhyan and Shukla (1978) that NO*-N concentrations were 

generally higher in urea treated than in non-treated soil, 

higher in light textured than in htnvy textured soils, and 

higher in non-saline than in saline soils.They further 

observed that the change in NCL-N concentration with increasing 

incubation period was less in non-treated than in treated soil, 

and less in heavy textured than in light textured soils. 

Vandani et al.(1979) noted an increased NO--N 

accumulation particularly in the deeper soil layers when repeated 

applications of liquid cattle manure ware applied at rates 

varying between 75 and 300 nr/ha. Gaur and Mukherjee (1979) 

observed that ammonical and N0*-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, respectively, after seven daya« In the Incubation 

studies More and Varade (1982) noticed that there was a rise 

in N0,-N concentration with Incubation time, A rapid Increase 

In N0,-N formation took place with increasing moisture from 

-25 to -33 bars water potential. The lowaat N0-.-N content 

was found at -25 bars potential. Similar werethe results 

reported by Justice and Smith (1962). 

Singh and Grewal (1983) reported that N0--N content of 

the soil increased significantly with the increasing Levels of 

nitrogen. The distribution of N0*-N in soils also varied with 

nitrogen doses. In control and 60 kg N/ha plots, it was more in 
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the surface layers while in 120 and 180 kg N/ha plots, It 

was more in the sub-soil. The total and NQ--N status of the 

soil was found to be improved after three ye.ns treatments 

of FYM as studied by Sharma (1986). Joahi et ul.. (1986) reported 

that time taken for appearance of N0«-N was 8.̂ 1 days for 

urea. 

2.1.2 Effect of organic manure and nltroRen on NHj4-N 

Mineralization of organic nitrogen from FYM is 

generally too slow to provide appreciable nitrogen for crops 

with a short growing season (Jensen,1952).Among different 

organic materials FYM was found to have a low rate of 

amraonification and nitrification whereas groundnut cake had the 

highest rate (Sinha and Sharma, 1961). 

Laidler and Hoare (1955) found that the amraonification 

rate of urea increased linearly with concentration. The 

aramonification rate of applied urea-N was found to be rapid In 

neutral soil (Temple, 191A) and lower In aold soil (Ostromecka, 

1963). Jalyebo and Bouldln (1967) reported that non-exchange nble 

NH.-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 Incubation time. 

Sowden (1968) observed that percentages of total N represented 

by acid soluble N, amino acid-N, NH<-N and amino su^ar-N w«r» 

similar in both clay and sandy soils, and were only slightly 

affected by additions of organic materials. Khan nnd Rashld(1971J 

observed in laboratory experiments that loss of gasclous 

nitrogen from urea added to two soils from flood plains was 
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markedly increased by addition of cow dungt molasaes or hyacinth 

compost. They further observed that these organic materi.--.ls were 

responsible for increased ammonification. That the nitrogen 

fertilizers tended to increase ammonia volatilization has been 

reported by Chai et el.(1974). 

Pang £t al.(1975) noticed that with the application of 

100 kg N/ha, little or no oxidation of NH.-N took pl.ice during 

the 1st week of incubation. They found after 2 weeks of incub-ition 

that nitrate present amounted to 36, 27 and 24 per cent of the 

banded urea, NHi-OH and (NhVK SO., respectively9 and the 

remainder was found as NhV-N. Setter (1975) observed an appreciable 

increase of NH,-N upto 2 weeks after the application of urea-N 

and thereafter it decreased gradually with time. It was further 

noticed that increased rate of Urea-N resulted in increased 

concentration of NhV-N. 

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

a light sandy loam and a heavy silty clay loam soil revealed 

that, irrespective of whether soil was limed or unllmed, NH^-N 

was neither nitrified nor lost during winter, but In summer 

much of the NH.-N was nitrified when either the sandy loam or 

silty clay loam soil was limed. Ihe production of Nh\-N was 

increased with the increasing levels of urea-N but the process 

of nitrification was depressed when urea-N was Increased from 11I) 

to 236 ug/g soil, as observed by Sarigumba e_t al*(1978).Kowalenko 

(1978) observed that nitrification of fertilizer nitrogen was very 

rapid with extractable NH.-N approximating background level within 

the first 43 days of 15 N-labelled ammonium sulphate application 

to clay loam soil. 

http://materi.--.ls
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According to Puranik et al.(1978) NH^-N was the highest 

In green manuring + fcYM treatment followed by N, P and K and 

FYM treatments. Contrary to the above observations, Sharma 

(1979) reported that fertilizer treatment* did not show any 

significant effect on NH.-N and NOyN forma of nitrogen in an acJ 

soil after three years of cropping. He further observed that 

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

Sommers et al.(1979) reported that an Insignificant 

amount i.e. 1 % of NH.-N applied was lost through NH-

volatilization from soils treated with sewage, sludges and 

antibiotic processing wastes. In a field study utilizing h 

on Manotic sand, Kowalenko (i960) observed that leaching, 

denitrification, clay fixation of NH^-N, mineralization and 

immobilization all played a significant role in the transport 

and transformation of fertilizer NH^-N. 

It was observed by More and Varnde (1982) that there was 

little effect of moisture regime on the formation of NH^-N in 

soil. In general, there waa an initial increase In NH.-N 

concentration attaining a peak and subsequently, it decreased 

gradually with time. 

2.2 Effect of organic manure and nitrogen on organic carbon, 

Considerable increase in the content of organic carbon 

•was noted by Brage e_t al. (1952) in soils applied with 20 t/ha 

of manure over 30 years but 10 and 5 tons applications were 

found less effective in achieving the corresponding increases. 

Acharya and Rajgopalnn (1956) observed 20 to 40 per cent 

increase over the unmanured check plot in the carbon content of 

the soil applied continuously with FYM at varying doses over a 
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period of 25-^5 years. 

Prat et al. (1957) reported that application of 

ammonium sulphate and calcium nitrate for 28 years increased 

the carbon content of the soil. Similar reaulta were obtained 

by Sundra Rao and Krishna (1963) and Sahu and Nayak (1971). 

Kanwar and Prlhar (1962) reported that the appllcMtion of organic 

manure and inorganic fertilizer! maintained the organic 

carbon in a surface soil under wheat-fallow-whent rotation. 

Chaudhry and Vachhanl (1963) found no change In carbon content 

of soil even after continuous application of ammonium sulphate 

for 10 years. Similar were the results reported by Bandyopadhya 

et al. (1969). 

Singh and Roysharma (1968) indioated that the organic 

carbon content did not increase considerably in a long term 

experiment by the application of FYMt whereas increased carbon 

content in the soil applied with FYM was observed by Singh 

and Mahant (1968) in an acid red clay loam soil. Chater 

and Gasser (1970) found that in a long terra 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 Bhumbla (1970) noted significant increase in 

organic carbon content du« to application ot FYM. Increased 

level of organic carbon content in soils due to application 

of FYM alone or in combination with P and K was observed by 

Prasad et al. (1971). Sandhu and Meelu (1974) reported the 

continuous application of FYM to increase the organic carbon 
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content in soil. Similar results were also observed by Mishra 

et al.(1974). Naphade and Bhoyar (1973) found increased level 

of organic carbon in the soil incorporated with FYM whereas 

the fertilizers were found llttla effective. 

Ruasel (1977) was of the view that using normal farm 

dressings of FYM might Increase the soil organic carbon content 

by Just over 0.1 per cent. On the othor h*4nd# no significant 

increase in organic carbon In plots* whloh reoeived chemical 

fertilizers, was observed by Acharya and Rajgopalan (1956). 

Significant increase in the organic oarbon content of the soil 

as compared to the control was reoorded by Ruhal and Shukla 

(1979) with the increasing doses of FYM. 

Grewal and Trehan (1979) while studying the effects of 

organic and inorganic sources on potato in acid brown hill soil 

of Shimla reported that organio oarbon oontent of the soil 

increased only by th6 continuous application of FYM0 30 t/ha. 

It was reported by Shnrma £t gl,. (1980) from the long term 

raanurial experiment on potatoes on acid brown hill noils of 

Shimla that FYM increased organio carbon and nitrogen contents 

of the soil substantially. Significant increase in pH and organic 

carbon due to continuous application of FYM was also observed by 

Grewal e_t al. (1981) while conducting a pot experiment. 

Minnas and Bora (1982) observed highly significant 

positive correlations between the various formabf soil nitrogen 

including available nitrogen and the organio carbon content and 

so among the forms of nitrogen themselves. 

In a long term rotatlonal-cum-manurial field experiment 

in an alkaline sandy loam soil (pH 7.92) of Jalandhar, Singh and 
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Sharma (1983) reported that green manure was leaa eXfectlve 

than FYM In raising organic carbon status of the soil. Sharma 

(1986) from 3 years field study reported that FTM C 30 t/ha 

Improved organic carbon status of the soil* 

2.3 Effect of nltroften end organic matter on vegetative >',rowl 
of potato. 

It is generally assumed that vigour in haulm reflects 

the tuber yield but excessive vegetation la ufton at the 

expense of the storage reserves in the tubers(Pushkamath,1967). 

A good vegetative growth is necessary for obtaining maximum 

yield (Bradley and Prattf 1955) and there are reports by 

Sommerfeldt and Knutson (1968a) from their green house 

experiment that the top weight increased with nitrogen and 

the number of tubers per plant and their weight tended to 

decrease, especially at the higher rates* It was also observed 

that the root weight increased at the intermediate rates, that 

is, 60 to 120 lb N /acre • 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 plant 

development. 

Singh (1975) reported that plant height did not differ 

significantly due to 250, 500 and 1000 q/ha K/M levels, but 

these had significant effect in increasing the plant height ov*»r 

control. The shoot height also increased oi the rate of nitrogen 

increased at all stages of plant growth.It was 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,In the same type of study 

Khurana et al, (1977) observed maximum height of potato in the 
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treatment receiving 120 kg N/ha In combination with 100 kg each 

of P20- and K^O/ha followed by 180 kg N in combination with the 

same levels of Pp^c al*d K^O, ^ e ahorteat plants were noted in 

plots receiving no fertilizers. The results were similar to the 

findings of Gupta (1969). Abdtl-Maksoud ejfc aJL. (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 levels 

in young plants but it was Increased with nitrogen levels In 

older plants, A significant increase In number of stems per hill 

and increase in the height of main shoot with the increasing 

levels of nitrogen has also been reported by Hooda and Pandita 

(1980). 

Sharma et̂  al. (1980) reported that the yield of tops 

(pooled over all the three crops) showed a positive response of 

nitrogen upto 200 mg/kg soil when CAN was applied either alone 

or in combination with FYM. In the field study at Ludhlana,Snhota 

(1983) observed a progressive increase 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 increased the plant height or shoot 

number per plant over no nitrogen treatment.They also noticed 

that the haulm yield increased with the lnorease in nitrogen 

levels and delay In tuber initiation oocured especially when 

applied at the time of planting, 

Sahota and Sharma (1985) reported that higher levels of 
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nitrogen (80 and 120 kg N/ha) delayed the emergence and developmi 

of underground parts. Including tubers, but accelerated the 

tuber formation Inter. Sharma (1986) from the experiment 

conducted in an acid sandy loam hill soil 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 of N on haulm yield was in line with its 

effect on tuber yield. 

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.A Effect of different treatments on tuber Yield and tuber 
size of potato, 

2.4,1 Effect of nitrogen and organic matter on tuber yield and 
•tuber size of potato, " 

2.4.1.1 Effect of nitrogen. 

Judicious application of essential nutrients la a sure 

means of augmenting the yield of potato (Reddy and Rao,1968). 

Nitrogen is the most important single nutrient for determining 

the yield of potato (Sharma, 1986) and the effeot of nitrogen and 

organic matter plays an important role on the tuber yield and 

tuber size. Chucka et al.(1943) while studying the effect of 

rate of fertilizers on the yield and chemioal composition of 

tubers in potato crop observed an appreciable increase in yield 

and change in composition of tubers. Russel and Garner (1941) 

on a similar study observed an increase in yield of potato by 
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application of N,P and K fertilizers. It has, generally, been 

reported that nitrogen application gives higher response In 

comparison to phosphate and potash (Ramanujam and Singh,1956; 

Hawkins et al., 1948). Singh and Singh (1953) obtained optimum 

yield of potato by application of nitrogen 0 90 kg/ha in study 

conducted on sandy soils. Studies oonducted at Cornell Univ<?rsit 

New York have shown that nitrogen eppllcation even upto 157 

kg/ha increased potato yields (Sawyer and Dallyn, 1956). 

Anonymous (1962) observed N response even upto 252.3 kg N/hn. 

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 (43, 90 and 135 lbs/acre) on 

the yield of potato. The analysis of the linear and quadratic 

effects of nitrogen revealed that the trend of N element in 

terms of increased yield was linear with no evidence of quadrati< 

effect. The combined application of 112.1 kg N, 112.1 kg PpO-

and 224.2 kg KpO/ha resulted in a significant yield increase 

of potato on the experiments oonducted on the cultivators' 

field in Punjab (Kanwar, 1962). Reddy and Rao (1968) conducted 

farm experiment on sandy loam soil (pH 7.6) during November-

March,1962 and 1963 and reported that with the increase In 

levels of nitrogen the yield increased 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 was 

more than 112 kg N/ha. Hukkerl (1968) while conducting a field 

experiment in lateritic Hijll sandy clay loam soil (pH 5»*0 

at Kharagpur (West Bengal) in winter under Irrigated conditl n« 

reported that 90 and 135 kg N/ha significantly increased the 

yield of potatoes over 45 kg N/ha* In the farm experiment 

conducted at the Indian Agricultural Research Institute in 

alluvial sandy loam soil of medium fertility, Singh ej£ al. (1968) 

reported that the increase in the level of nitrogen application 

from 56 kg N/ha to 112 kg N/ha tended to increase the yield 

significantly in two of the three yearn of study. Application 

of the highest dressing of 168 kg N/ha whioh did not improve 

upon the response to 112 kg N/hat proved a luxury dose.Sahu 

(1973) reported from his experiment oonduoted on alluvial and 

sandy loam soils of Orissa that the yield of potato was the 

highest with 80 kg N/ha and decreased linearly due to application 

of higher doses, Singh (1975) and Henninger £$ al.(1977) observed 

an increase in mean tuber yield of potato by application of 

different levels of nitrogen over zero levels. ''Khurana et al. 

(1977) reported that nitrogen gave linear response upto 180 kg/ 

ha. The highest average yield of 369.5 q/ba was obtained under 

the combined treatment of 180 kg N, 50 kg PjO- and 50 kg K20/ha. 

Sadaria (1978) in a study on the effect of nitrogen on potato 

crop conducted at Palampur under aid hill conditions obtained 

highest yield of application of 120 kg N/ha applied in 2-3 splits. 

Sharma et al.(1978) found that the tubers oontinued to accumulate 

the nutrients till 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 regarded as the 

critical stage for absorption of primary end secondary nutrient 

The findings hold good for Kufri Jyotl which la the main 

variety of the hills. Grewal e£ alt(1979) while working in 

field experiments conducted in aoidio brown hill soils of 

Shimla found that the tuber yield increased with an increase 

in the level of nitrogen upto highest level, but the 

differences between 80 and 120 kg N/ha were not significant. 

De and Singh (1959) also observed significant Increnae in potnt. 

tubers by application of nitrogen upto 75 kg/ha, Slkka and 

Singh (1969) and Grewal e£ £1.(1976) observed that the split 

application of N was better than full application In furrows in 

alluvial soils of Jallandhar. Glroux (1982) obtained higher 

yield of potato with increasing levels of N (130-210 kg N/ha). 

However, Sante.liz and Ewlng (1981) obtained a reduction in tubei 

yield and delayed maturity by the application of Increasing 

rates of N (0-268 kg N/ha). Koening e^ al«(1981) grew potatoes 

on an irrigated loamy sand to compare different nitrogenous 

fertilizers and found that NK\-N source tended to produce 

higher yield than N0,-N source but urea and ammonium sulphate 

showed considerable differences. Clutterbuck and 3impson(l978) 

reported a significant response of tuber yield 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. Ihe 

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. Singh and Grewal 
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(1983) reported that the tuber yield lnoreaaed linearly with 

the increase in nitrogen levels upto 180 kg N/ha but the 

response per kg nitrogen decreased with inoreased nitrogen 

doses. The earlier studies by Pushkarnath and Sardana (1964), 

Pushkamath et al.(1971), Grewal and Sharma (1978)f 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 potato tubers and N 

concentration of tubers with the inoreaalng levels of N.Jaglrdar 

et al.(1984) found significant effect on yield of potato with 

increasing levels of nitrogen upto 187 kg N/ha over 132 and 110 

kg N/ha, respectively. Grewal jet aĵ . (1984) on the basis of 

field experiments conducted at four looatlona of Central 'cotnto 

Research Institute, reported that at Jallandhar and Patna,potato 

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 

soil in two split dressings at planting and earthing up followed 

by 120 kg N applied at planting. Similar reaults were observed 

by Grewal and Sharma (1980) and Sahota et al.(1984). Satyanarayai 

and Arora (1984) reported that tuber yields of potato increased 

by increasing the N rates upto 150 kg/ha. Oovlndakrishnan and 

Sahota (1984) conducted an experiment at Shlllong and Shlmla 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) reported that application of 100 kg 

N + 20 kg P205 • 40 kg I^O/ha (5lli2) significantly increased 

the tuber yield from 126.6 to 291.1 q/ha. 

The increasing doses of nitrogen have been reported to 

increase the size of potato (Mass, 19631 Hanlay et al.,1965). 

The observations of Sommerfeldt and Knutson (1968,b) revealed 

that the increase in the size of different grades of potato was 

possible only under field conditions and not under pot culture. 

Nitrogen levels at 56 and 112 kg N/ha gave 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 accordanoe with the findings 

of Russel and Garner (1941), Singh (1952) and Anonymous(I960), 

An increase in the yield of ware sized tubers by the appllcatlo 

of different doses of nitrogen has been reported by Hukkeri 

(1968). Herlihy and Carroll (1969) reported that size 

distribution of tubers was influenced by nitrogen which 

increased the proportion of large tubers and decreased thtt 

of other grades. 

The experimental results of two years field study node 

by Sahota and Govindakrishnan (1984) also confirmed that the 

application of nitrogen in combination with phoBphorua and 

potash results in the increase in the yield of tubers of 

different grades. Similarly, Sharma (1986) concluded from his 

study at Shimla that the increasing rate of nitrogen is 

responsible for the increase in the yield of large grade tuber* 

(100 gm) and that this effect is more conspicuous when nitrogen 
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Is applied along with P and K. Increase In the yield of medium 

grade potato (50-100 gm) due to N application alao took place 

but the magnitude of inorease was leas 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 Pallwal (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. 

2.4.1.2 Effect of organic manure; 

The effect of organic manures in conjunction with 

inorganic sourcea of nutrienta could lead to the Increased 

efficiency of the latter and fairly a good amount of it could 

be substituted by the former (Ruaael and Garner, 1941).Singh 

(1975) reported that increase in mean yield of potato was due 

to various levels of FYM over zero levels. The soil organic 

matter affected the tuber production mostly through its 

influence on N, P and K availability and the relationshlp(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 (Sharma «_t al. .19m) 

In a two years field study conduoted by Grewal and 

Trehan (1984) on the efficiency of FYM on potato In an acid soil 

of Shimla, it was observed that significant Increase In the 

production of large tubers ( > 75 g) waa obtained with 30 t 

FYM/ha. 



u 
2.4.1.3 Combined effect of nitrogen and organic manure. 

Being a tuber crop, potato requires comparatively 

organic matter rich soils with high content! of nitrogen, 

phosphorus and potassium (Singh, 1975) and for better 

tuberization and high yields addition of FYM in combination 

with nitrogen has been reported by different workers(Dimitrov, 

1964; Below, 1968; Shloma, 1968 and Singh and Singh,1971). 

Singh e_t al. (1968) who conducted two years field experiment 

at Patna to study the Influence of manurlal factors on the 

yield of potato observed that organic manure increased the 

yield, but it did not interact with other faetors except 

nitrogen and variety. The response of farm yard manure decreased 

as the level of nitrogen increased. Singh (1975) reported that 

the best combination of FYM and N for obtaining maximum yield 

of potato tubers was that of 100 kg nitrogen and 1000 quintals 

FYM. The increase in yield by this treatment over control 

was more than the total increase by 100 kg nitrogen or 1000 qn ni 

FYM alone. Similar type of results were also observed by 

Wickens (1963), Dimitrov (1964), Below (1968), Shloma (1968) 

and Singh and Singh (1971). Grewal and Sharma (1978) observed 

to increase the response of potato to nitrogen application in 

the presence of FYM in soils having low organic carbon content. 

Sharma et al,(l978) reported that FYM improved the N renponaes 

in acid hill soils 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 potential was 

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

by the application of 23 t FYM • 120 kg N/ha with adequate 

phosphate and potassium. Sharma eĵ  a^. (I960) reported 

from pot culture studies that CAN • FYM gave 2.67 times higher 

tuber yield than CAN alone. The increased efficiency of N 
to 

by 20-25 # and Increased responses of potato/.N with the 

application of FYM has been reported by lonas (1980).Similar 

results have also been reported by Tlmm ££5^.(1963)1 Sharma 

and Rao (1972); Rykbost and Catas (1977)| Ram eĵ  &. (1979)l 

Grewal and Sharma (1981)J and many other workers. The combined 

application of FYM and nitrogenous fertiliser to seed crop 

of potato leads to the production of higher tuber yielding 

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 and the 

treatment that received FYM remained superior even at high 

rates of nitrogen (Singh and Sharma,1983). 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 Sahota and Orewal (1984) in acid soils 

(pH 4.7 - 5.4) of Meghalaya. They further observed that FYK 

application at the rate of 20 t/ha reduced P needs of crop 

from 37 to 28 kg P20«/ha. In a three years field study on an 

acid soil of Shillong, Sahota et al.(l984) reported that 
to 

there was highly significant response of potatoZ40 t/ha FYM • 

120 kg N/ha • 25 kg P/ha. 

In a study conducted by Mondal r£ aĵ . (1985) on sandy 
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loam soil of West Bengalf it was observed that organic sources 

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 yields were recorded by supplying one fourth 

N through oil cakes and three fourth nitrogen through urea in 

both years, tfidjajanto and Widodo (1986) reported that 

maximum marketable tuber yield 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 yield of large grade tubers (Sharma, 1986). 

2.4.2 Effect of nitrogen and Irrigation 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 there was 

a strong positive interaction between irrigation end nitrogen. 

Nitrogen efficiency increased with the improvement in the 

moisture status of the soil. Frequent irrigations also enhanct 

the response to nitrogen. Similar result* have also been 

reported by Chakravartl (1958), In e similar typt of etudy 

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 atres 

germination to stolonization adversely tffeoted the tube 

Contrary to the above statement. Oates(l955) reported that de 

in irrigation at early vegetative ltag, (stolon tor^x^ ^ 

not affect the yield adversely. Singh ej al. (1968) reporte(J 

from an experiment conducted in loamy aoll of low fertility 

at I.A.R.I, that even though there was oonslderable 
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variations in the yield levels of potato from year to year, 

but there was response to irrigation In all the years. The top 

30 cm soil layer contributed 67-73 per cent of the total water 

use by the potato. Moisture depletion decreased with soil depth. 

The peak rates coincided with the tubarlzation phase and were 

U.7, 3.5 and 2.9 mm per day in wet, moist and dry regimes, 

respectlvely.lt was observed that frequent irrigations at low 

soil moisture tension (0.20-0.30 atmosphere) increased the 

tuber yield in all the years,It was also reported from the pooled 

analysis that wet regime raised the yield by ^3 q/ha as compared 

to dry regime. It was further noted that delayed Irrigations 

reduced the yields, even though the moisture percentage before 

tuber initiation was well above the wilting point. Similar 

findings have also been reported by other workers (Taylor,1932j 

Jones and Johnson, 1958 j Myhre, 1958f Bhattacharjee, I960) who 

studied the response of potatoes to irrigation et varying soli 

moisture regimes. Hukkeri e^ al.(1970) observed that in Kufri 

Sindhuri the moisture stress (0.5 atm.) did not reduce the yield 

significantly during first 20 days after planting but there was 

significant reduction In yield when the moiature stress was given 

during 20 to UO days after planting.lt was also noted that mild 

as well as severe moisture stress in the third sta^e of crop 

development(slow bulking to maturity) did not affect the yield at 

all. 

Yadav and Tripathi (1972) reported that soil 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 

available moisture, which was incraasad by 13.8 and 33.8 per cent 

http://respectlvely.lt
http://planting.lt
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under soil moisture regimes of 50 and 75 par cent available 

moisture, respectively. The effect of different Irrigation 

frequencies at different growth stages was studied by Jorgensen 

(1979) in potato and the highest tuber yields were obtained 

with short or normal irrigation intervals during tuber formation 

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 moisture levels and 

the application of two rates of 5YM did not significantly 

increase tuber yield but the highest yield was obtained with the 

highest rate of both water and manure* Hennlnger et al»(197?) 

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 yieldf Singh and Grewal 

(1979) from their two years field study on alluvial sandy loam 

soils of Babugarh and Modipurara (U#P#) reported that mild 

moisture stress (0,5 atm,) during first stage of crop growth 

i.e. before tuber initiation did not cause any reduction in 

yield but imposition of severe moisture stress (0.7 atm.) at 

this stage had adverse affect on yield. The moisture stress 

during second stage of crop growth i,e, tuber setting and 

enlargement had harmful effect on tuber yield. The soil moisture 

stress during third stage of crop i,e. slow bulking to maturity 

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 Irrigation, 

potatoes were grown with or without irrigation and it was observed 
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by Alekseeva (1979) that the tuber yields were the highest with 

deep ploughing, fertilizers and lrrlgstion.lt was also noticed 

that the water consumption per unit yield was reduced 2-fold 

with FYM and NPK. Singh and Grewal (1903) observed in the 

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

Patna that the highest potato responaee to 60, 120 and 180 kg 

N/ha were recorded at 15 mm CPE. The nitrogen responses decreased 

when irrigation was delayed to 20t25 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 

optimum nitrogen dose varied with the water supply,It increased 

with the increase in irrigation level. The response to optimum 

nitrogen doses also decreased with the decrease in irrigation 

frequency. Singh et al. (1968), Bhan and Shankar (1975) and 

Singh and Paliwal (1978) also reported similar results. 

As In case of nitrogen, various workers hove reported 

significant effect of irrigation on the size of potato tubers, 

Higher yields of medium sized tubers were obtained by Singh 

and Grewal (1983) with Irrigation at 15 or 20 mm CPK. The 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 their specific gravity.Singh o_t al.(l968) 

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 yields of medium sized tubers were obtained by Singh nn(\ 

Grewal (1983) with irrigation at 15 or 20 mm CPE. The studlea on 

http://lrrlgstion.lt
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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 their apeoifio gravity•Singh et al. 

(1968) and Singh and Paliwal (197B) alao imported similar 

results. 

2.5 Effect of nitrogen and Irrigation on quality of tubers. 

The chemical composition of tubers ia afiacted by 

factors like rate of fertilizer application the proportion 

of N, P and K in the fertilizers9 manures, seasonal conditl ns 

and type of rotation etc. (Chucka jj£ fil, ,19**3) and the quality 

of tubers is also affected by amount of water available to 

the crop during its active growth phase(Struchtemeyer,1961). 

That the amount and kind of fertilizer applied to potato can 

also have a significant effect on quality of potato has been 

reported by Prince et al.(1940). Smith (19^0) and Terman 

(1950). They have further reported that liberal use of complete 

fertilizer may increase yield, but at the same time reduce 

starch content. 

Black and Cairns (1958) reported that there was a 

highly significant reduction of starch content of potato 

due to increase in the levels of nitrogen and K while no 

significant effect of P application was recorded. The reduction 

was in the order of 0.6^ per cent for low versus high level 

of nitrogen. An average reduction in starch of only 0.03 

per cent followed the application of manure. Similar results 

were also reported by Anonymous (I960) and Slnha et el.(1967), 
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Reddy and 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 

it.Similar results were obtained by Hukkerl (1968).Yadav and 

Tripathi (1972) also reported that higher levels of nitrogen 

reduced the starch content but increased the pr -tain content 

significantly at each level of nitrogen.However, Kamal ej; ĵ l, 

(197*0 observed an increase in starch content of potatoes due 

to increase in the levels of nitrogen, P and K. 

Majur and Gawllck (1977) alao observed that Increase in 

nitrogen application resulted in decrease in starch content 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 kn 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 effect 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. 3upersperg(1967) al.30 

reported reduction in the starch content of potato tubers with 

more frequent irrigations. Yadav and Tripathi (1972) reported 

that higher levels of soil moisture reduced starch content ind 

showed slight increases in the protein content of tubers. 
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3. MATERIALS AND METHODS 

In order to achieve the objective of the title, 

"Response of potato to nitrogen aa influenced by irrigation 

and organic matter"t a field experiment waa conducted at th* 

research farm of the Department of Soil Soiences and Water 

Management, Hiraachal Pradesh Kriahi Vishva Vidyalaya,Palarapur 

during Spring 1984 and 1985. 

The research farm i3 situated at 32.6°N latitude and 

76.3°E longitude at an altitude of 1290 meters above mean 

sea level. The soil of the experimental field falls in the 

order •Alfisol' and has been classified aa "Typic Hapludalf" 

at the sub-group level (Verma, 1979)* The aoil owes its origin 

from parent materials like slatea, phylliteat quartziteB, 

schists and gneisses. 

3.1 Climate of the experimental area 

The experimental area falla under tha wet temperate 

zone in the outer Himalayas. The mean annual rainfall recorred 

at the Meteorological Observatory9Palampur ahowa a range 

between 2500-3000 mm out of which a major portion(more than 

75/0 is received during the monaoon aaaaou i.e. from June tc 

September. From the crop sowing to harvest 211.9 mm and 212.2 

mm rainfall was received during 1964 and 1985trespectively. 

The mean minimum temperature during 1984 ranged from 4.2°C in 

February to 20.2°C in June and maximum temperature from 15.^°C 

in February to 33«10°C in May» whereas, during 1985 mean 

minimum temperature ranged from 4.4 C in January to 10.8°C In 

May and maximum temperature ranged from 14.2°C in January tc 
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31.0°C in May. The average of minimum and maximum temperatures 

varied from 9.3°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. 

The mean monthly meteorologioal data pertaining to the 

period of experimentation! as recorded at the Meteorologicel 

Observatory of the Hiraachal Pradesh Krishi Viahva Vldyalay*, 

Palarapur are presented in Table 3.1. 

Table 3.1 Meteorologi< 
and 1985 as 
Observatory, 

Months 

January 

February 

March 

April 

May 

June 

:al data for crop seasons of 1984 
recorded at the Meteorological 
, HPKVV, Palampur 

Mean monthly Relative Humidity 
temperature ( C) [%) 
iMaxiraum Minimum 

1$&U 15&5 15S4 1985 1984 1985 

14.2 - 4.4 

15.4 17.8 4,2 6.4 

25.0 23.7 11.9 11.9 

26.0 25.9 14.6 14.7 

33.1 31.0 20.1 18.8 

29.1 - 20.2 -

-

53 

45 

39 

29 

66 

66 

72 

69 

56 

46 

60 

Rainfall(ram) 

1984 

-

114.6 

35.9 

27.0 

34.4 

-

1985 

26.6 

27.4 

26.4 

80.2 

51.6 

-

Rainy 

1984 

-

u 
3 

7 

4 

-

days 

1985 

3 

2 

3 

8 

k 

-

During the crop season the total number of ruiny days was 

18 and 20 in the years 1984 and 1985, respectively. The total 

rainfall before germination but after planting of the crop 

was much higher in 1984 in comparison to 1985 and was 127.4 ram 

and 27 mm, respectively.2hust 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 total rainfall from the date of 

planting to harvest during both the years waa 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 belowi 

3.2 Experimental details: 

The experiment was conducted in a Randomized Blocks 

Design with three replications. 

3.2.1 Treatments 

The performance of the following tr^fctments waa 

investigated during both the years of experimentation. 

a ) 

b) 

c) 

Irrigation levels: 

(i) I0 

(iD IX 

where, I. W -

C.P.E. -

Organic matter levels I 

(1) MQ 

(ii) M1 

(ill) M2 

Nitrogen levels! 

(i) NX 

(ii) N2 

(iii) N, 

Xwo 

Rainfed 

Irrigated ( fcfc*^ 
depth of irrigation water. 

Cumulative pan evaporation. 

Three 

No incorporation of organic 
matter. 

Incorporation of freshly 
chopped Lantana camera d> 10 
t ha-1 on dry weight basis. 

Incorporation of FYM 0 10 t 
ha""1 on dry weight basis. 

Three 

40 kg N/ha 

80 kg N/ha 

120 kg N/ha 

The total treatment combinations were eighteen. 
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3.2,2 Total number of plots. • $k 

Gross plot size • 3 x 4 - 12 m 
2 

Net plot size - 2 x 3 • 6 » 

Spacing. 

Inter row spacing » 30 cm 

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 tubers 

was sown in each plot. 

Variety! Kufri Jyotl 

3.3 Preparation of th<» field 

Itae experimental field was 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 wera 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 0ctober,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, 60 kg PjO. and 60 kg K20 per 

hectare were applied at the time of cowing and the remaining 

nitrogen was applied at the timt of earthing up. The NtP anl 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 by covering up with earth taken from 

each side. 

Cultural Practices followed; 

The schedule of cultural operations followed during the 

period of experimentation is given in Table 3.2. 

ie 3.2 Schedule of Cultural Operations 

3. 
No. 

Operations 1984 1985 

1. 

2. 

3. 

4. 

5« 

6. 

7. 

Date of sowing 

Weeding 

Top dressing of N 

Earthing up 

Irrigations 

rjt protection 
measures against: 

i) Cut worms 

it) Late blight 

Date of Harvesting 

10.2.84 

15.4.84 

1.5.84 

ad 2.5.84 

2,13 and 
25.4.84 

3,10,19 and 
25.4.84 

17.1.85 

17.3.85 

6.4.85 

18 and 19.4.85 

9 and 21.3.85 

4,17 and 
25.5.85 

14.5.84 20.4.85 
(5% aldrin dust) (5/« aldrin dust) 

.4.64 
(0.2Vo Fy talon) 

4.6.84 1.6.85 

3.5 Observ.111ons recorded: 

3.5.1 Growth studies: 

a) Germination: 

Number of plants germinated in each plot were counted from 

the start of the germination for almost a month at regular interval 

of four days. 

b) Plant height: 

Five plants were selected randomly from central rows of 
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the plots and height of these plants was measured from ground 

level upto the tip of the plant and the average height of live 

plants was taken as the mean height. 

c) Number of branches: 

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 plants was 

calculated. 

d) Number of leaflets! 

The number of leaflets were counted from the same five 

plants and the averages were calculated. 

3.6 Studies at harvest! 

a) Dry weight of the shooti 

Fresh weight of shoots was recorded from each plot 

the time of harvest and representative shoot samples were driet 

In the even at 65°C till the weight beoame constant.From 

this the dry weight of shoots per plot was calculated and 

expressed in q/ha. 

b) Tuber yield: 

Tuber yield from each plot was recorded and expressed 

in q/ha. 

c) Grading: 

Potato tubers were categorised in three grades I.e. at 

(more than 50 gm), medium (between 25 and 50 gin) and small 

(less than 25 gm). The graded potato tubers from each plot 

were weighed separately and the weight of each category expre 

q/ha which was ultimately expressed in percentage of the t 

V 
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3.7 Soil s tudies: 

3.7.1 Soil temperature* 

Daily soil temperature was recorded with the help oi 

ordinary thermometer from a depth of 6 cm at 6.30 A.M. and 2.30 

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

3.7.2 Moisture study: 

Soil 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 sarapleo in an electric oven at 

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

3.7.3 Bulk density: 

Bulk density at 0-15 cm soil depth was determined in 

the field before sowing of the 1984 and 1985 crops. This was 

done with a metallic core having 10.5 cm internal diameter and 

14.2 cm height. The core had a sharp edge at one end to 

facilitate easy penetration into the soil! following hammeriog 

by a centre weight concentrated hammer. The fresh weight of soil 

was recorded and the moisture content in the soil WHS determined 

by gravimetric means. 

3.7.4 Infiltration rate: 

The infiltration rate of the soils of study area was 

determined after harvest of each crop using double ring 

infiltrometers. The infiltrometers were filled with water ani 

Intake was measured as a function of time until a steady state 

was reached (Halse et al.a1956\ 
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3.8 Laboratory studlea: 

The soil samples collected from 0-20 cm depth were 

subjected to physical and chemical analysis in the laboratory 

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

a) Particle size was determined by the International 

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 li2.5 soil: water 

suspension by using glass electrode pH meter (Jnckson,1973)• 

c) Organic carbon was determined by the wet digestion metho 

(Walkley and Black.1934). 

d) Cation exchangeable capacity was determined by 

extraction with neutral normal ammonium acetate (Chapman,19^5). 

e) Available nitrogen was determined by alkaline 

permanganate method (Subbiah and Asijat 1956). 

f) Available P?°5 w a s estimated by Olson1 s method(01s.-n 

et al.f 1954). 

g) Available K^O was determined by ammonium acetate,pit 

7.0 method (Marwin and Peech, 1931). 

h) Nitrate-N and Ammonium-Ni 

Nitrate-N and ammonlum-N contents in the wet soil vere 

determined at every 20 days interval from the date of sowing till 

the harvest by colorimetric method of Onkan and Sunderman(K77). 

Twenty gra fresh soil sample was used for the extraction of 

nltrate-N and aromonium-N by 1 N sodium BUlphate solution.The 

values of nltrate-N and amraonlum-N were expressed on oven di y 

weight basis of the soil. 
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Table 3.3 Physico-chemical properties of the surface soils 
of study area before conducting the experiments 

Soil parameter Content In s o i l 
T5OT I5S5~ 

Method employed 

A. Mechanical Composition 

Sand (#) 32.07 32.07 

Silt (%) 

Clay (%) 

Textural class 

37.08 37.08 

29.26 29.26 

Clay loam 

B. Chemical Composition 

pH 5.70 

Organic Carbon(99 0.72 

Available nitrogen 357.0 
(kg/ha) 

Available 21.0 
phosphorus(kg/ha) 

Available potash 263.0 
(kg/ha) 

C.E.C.(m.e./lOO 
gm) 

Water holding 
capacity (%) 

11.48 

36.62 

5.76 

0.85 

367.0 

22.0 

266.0 

11.48 

37.20 

International Pipett* 
method(Piper,1966). 

In 112.5 soil water 
suspension with glaae 
electrode pH meter 
(Jackson,1973) 

Walkley and Black (19 ''•) 
wet digestion method. 

Alkaline permanganate 
method(Subbiah and 
Aalja, 1956). 

01sen*a method(01sen 
ejt f l . , 1 9 5 4 ) . 

Flamtphotometrie method 
(Marwin and Peech,195l) 

(Chapman, 19 65). 

(Pipertl966) 
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Nitrate-N: 

Nitrate-N was determined quantitatively In 3 ml sodium 

sulphate extract by adding 7 ml chromotroplc acid (0.0196). 

The colour Intensity was measured spectrophotometrlcally 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-N: 

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 adding 2 ml 

Nesslerfs Reagent. The colour intensity was measured at 435 nm 

spectrophotometrlcally. Standard curve was prepared by developing 

colour as mentioned above from known concentrations of samples 

prepared from ammonium sulphate, A blank test was followed so 

as to adjust the readings, 

h) Quality analysis of Tubersi 

i) Starch contenti 

Starch content was determined by oolorlmetrio method 

(Mc Cready ejt al. #1950), Starch was first made free from sugars 

by treating the samples with 80 per oent ethanol.lt was then 

extracted with 52 per cent perohloric sold by constant stirring. 

The colour was developed in the extract by adding enthrone 

reagent and the intensity of the colour developed was measured 

spectrophotometrlcally at 625 nm using blank as standard. 

Standard curve was prepared by using glucose as standard.Starch 

http://ethanol.lt


content was calculated by multiplying the equivalent by 

0.90. 

ii) Estimation of reducing Sugarai 

Reducing sugars in potato tubera were determined 

spectrophotometrically (Lindsay, 1973). One ml of water am 

2 ml of dinitrosalicylic acid reagent were added to the sar. pie 

and heated in boiling water bath for 10 minutes. A blank sclutlo 

without sample was also prepared in the similar manner.It vai 

then cooled and the colour developed waa read on speotrophc tom«t 

at 570 nm. Standard curve was prepared from glucose versus 

per cent transmittance at 570 nm. 

ill) Estimation of non-reducing Sugarsi 

Total sugar content was first determined after acid 

hydrolysis (A0AC, 1955) as reducing sugars. The value for 

non-reducing sugars was obtained by multiplying the differences 

between total sugar and reducing sugars by 0,95 (Verma e.t el,., 

1973). 

3.9 Statistical analysist 

Observations recorded during the course of experiment 

were subjected to the statistical analysis as described by 

Cochran and Cox (1963)* The level of significance was teste! 

at 5 per cent. 
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4. EXPERIMENTAL RESULTS 

To see the responat of potato to nitrogen,irrigation 

and organic matter studies were conducted with regard to roll 

available N status during the crop growth,soil physical 

characteristics, growth and development of potato, tuber yield 

and different quality parameters. The findings are given in 

the following sections. 

4.1 Soil characteristics as affected by different treatment. 

4.1.1 NO--N and NH^-N In soil! 

The NO--N and NH.-N content in 0*20 cm depth determined 

at regular Intervals of 20 days after planting is given lr< 

figs. 4.1 - 4.3. The treatment effects, main effects and 

analysis of variance are given In appendices I to XII and 

XXI to XXIV. In general, the content of NO^-N in the year 

1984 was higher during the period of 40-60 and lOO day© nftor 

planting (Fig.l). The content of NH.-N also, in general, d'-irin 

1984 was higher during the period of 40-60 and 100 days after 

planting. The content of both N0--N and NH^-N after 80 days 

of planting, when second dose of nitrogen was applied,Increase 

rapidly upto 100 days after planting to maximum values and 

thereafter began to decrease. 

In general, the availability of N0--N during 20 days 

after planting in the year 1984 was low, which strikingly roan 

up during the period of next 20 days.However, the same trt ,d 

was not noticeable for NH.-N during the same period. 

During the subsequent year. I.e. 1983 the content of 

N0,-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 N0,-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 i.e. 79 days after planting . 

However, after second dressing the content showed a decreasing 

trend. 

4.1.1.1 Effect of nitrogen application on availability of 
N0,-N and NH^-N 

It is evident from the data given in tables 4.1 and 

4.2 that the increase in N0,-N at different dates of sampling 

during both the years was significant with Increasing levels 

of nitrogen except on 1-3-1984 with 80 kg nitrogen level o^er 

40 kg/ha (Table 4.1). However, the increase In NH^-N with 

increasing levels of N was not significant In some of the <iate.«? 

of sampling (Table 4.3 and 4.4). EXjring both the years the 

content of both N0,-N and NH.-N increased with increasing rates 

of fertilizer nitrogen (Tables 4.1 - 4.4). During the year 1984, 

the increase in N0,-N content due to nitrogen levels of 80 and 

120 kg/ha was comparatively more compared to the dose of 4u kg 

N/ha, during 40-60 days and at 100 days of crop growth(Fig.4.1). 

However, there was relatively greater increase in the N0,-N 

content during 1985 with 120 kg N/ha application both after 

first and second dressing over the lower two doses (Fig.4.1). 
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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 intervals of 20, 40,60, 

80, 100 and 120 days were 8.44, 13.53; 15.60, 13.111 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 ths per cent Increases due to 

120 kg N/ha 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; 21.9,14.79; 

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 (NQ0 and N ^ Q ) had higher NH,-N content in the soil 

compared to lower rate of application(Fig.4.1). The per cent 

increases 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, 20.57; 36.54, 36.42; 36.M,20.07; 

31.91, 14.59; 43.98, 19.42 and 9.77, 11.31, respectively 

(Tables 4.3 and 4.4). Likewise the per cent increases due to 

120 kg nitrogen over 80 kg N/ha for the same time Intervals 

during 1984 and 1985 were of the order of 10.26t 15.41j 32.86, 

15.43; 32.74, 14.38; 41,47, 4.90; 39.44, 13.02 and 32.48,16.35, 

respectively (Tables 4.3 end 4.4), 

4.1.1.2 Effect of organic matter incorporation: 

The data pertaining to the effsct of organic matter 

incorporation on N0,-N and NH/-N in soils for both the years 

are presented graphically (Fig. 4.2). As seen from the fi ur», 

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 NO*-N 

and NHi-N throughout the growth period, compared to no 

incorporation of organic matter. The increase was significant 

for N03-N on 10.4.1904, 30.4.1984 and 20.3.1984 during first 

year and on 26.2.1985, 27.4.1985 and 17.5.1985 during second year 

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 N0..-N 

in soil with the application of 40 and 80 kg N/ha along with 

FYM was either higher or at par with the content* under their 

respective higher levels without FYM. Therefore, a net saving 

of 40 kg of N/ha could be effected with the application of FYM 0 

10 t/ha if the soil content of N0,-N was any index of growth 

and yield of potato. The effect was more pronounced specially 

for N0,-N at 40,60 and 100 days after planting in 1984 while 

in 1985 the effect was more at 40,60 and 00 days after planting 

(Fig.4.2). The comparative increases in N0,-N and NH\-N contents 

during 1985 over no Incorporation were more after second dress ng 

at 79 days after planting. The per cent Increases in the contents 

of N0»-N due to application of farm yard manure over no 

incorporation during 1984 and 1985 at 20,40,60,80,100 and 120 

days after planting were 40.04, 25.78| 26.45, 21.08; 29.52, 

24.83; 33.86, 26.55; 40.37, 36.35 and 37.4o, 21.68,respectively 

(Table 4.1 and 4.2). Likewise the per cent Increases in the 

concentrations of NH.-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. 



46 

Table 4.1 NO,-N (kg/ha) In soil as influenced by different 

levels of nitrogen, irrigation nnd organic matter 
(1984) 

Treatra 

N i 
N2 

N3 

SE m^ 

CD. a 

Jo 

h 
SE m+ 

CD. f 

M 
0 

M i 

M2 

SE m+ 

CD. i 

CV. 

ents 

t 5# 

it 5% 

at 5% 

1.3.84 

33.27 

36.08 

41.72 

1.17 

3.37 

37.08 

36.97 

0.95 

NS 

34.09 

29.25 

47.74 

1.17 

3.37 

13.43 

Dates of 
21.3.84 

82.42 

95.28 

102.30 

1.49 

4.29 

92.84 

93.83 

1.21 

NS 

87.57 

81.69 

110.74 

1.49 

4.29 

6.78 

sampling 
10.4.84 30.4.84 20.5.84 

78.99 

91.85 

98.98 

1.19 

3.44 

92.54 

87.34 

0.97 

2.81 

84.68 

75.46 

109.68 

1.19 

3.44 

5.65 

27.23 

35.62 

43.17 

1.08 

3.12 

39.35 

31.32 

0.99 

2.03 

32.45 

30.13 

43.^4 

1.08 

3.12 

13.05 

92.12 

117.70 

135.89 

1.50 

4.32 

127.28 

103.19 

1.22 

3.53 

106.96 

88.61 

150.14 

1.50 

4.32 

5.53 

4.6.84 

^5.45 

51.15 

58.12 

1.34 

3.38 

59.29 

43.36 

1.10 

3.16 

48.42 

39.76 

66.53 

1.54 

3.38 

11.09 

NS - Non-significant. 
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Table 4.2 N0,-N (kg/ha) in soil as influenced by different 

levels of nitrogen, irrigation and organic matter 
(1985) 

Treatmen 

N i 

«2 

N 3 

SE m^ 

C D . a t 

Xo 

h 

SE m+ 

C D . a t 

\ 

M i 

M2 

SE rn+ 

C D . a t 

C.V. 

its 

5% 

5% 

5% 

6 . 2 . 85 

4 0 . 2 8 

4 5 . 7 3 

5 1 . 7 3 

1 .70 

4 . 9 0 

4 6 . 3 7 

4 5 . 4 6 

1 .39 

NS 

4 3 . 1 6 

40*29 

5 4 . 2 9 

1 .70 

4 . 9 0 

1 5 . 7 4 

Da tes o 

2 6 . 2 . 8 5 

4 4 . 5 3 

5 0 . 3 7 

6 0 . 2 3 

1.87 

5 .40 

5 2 . 0 1 

5 1 . 4 1 

1 . 5 3 

NS 

5 0 . 6 5 

4 3 . 1 5 

6 1 . 3 3 

1.87 

^ , 4 0 

1 5 . 4 1 

f sampling 

1 8 . 3 . 8 5 

5 7 . 4 8 

6 4 . 4 8 

7 4 . 3 9 

1 .79 

5 . 1 5 

7 1 . 1 5 

5 9 . 7 5 

1 . 4 6 

4 . 2 1 

6 3 . 6 1 

5 3 . 3 2 

7 9 . 4 1 

1 . 7 9 

5 . 1 5 

1 1 . 6 2 

7 . 4 , 8 5 

1 3 4 . 3 5 

1 4 5 . 3 8 

1 6 6 . 8 9 

3 . 6 9 

1 0 . 6 3 

1 6 6 . 0 4 

1 3 1 . 7 1 

3 . 0 1 

8 . 6 8 

1 4 5 . 2 6 

1 1 7 . 5 4 

1 8 3 . 8 3 

3 . 6 9 

1 0 . 6 3 

1 0 . 5 3 

2 7 . 4 . 8 5 

8 2 . 8 3 

1 0 0 . 8 4 

1 3 6 . 7 1 

3 .69 

1 0 . 6 2 

1 1 8 . 1 8 

9 5 . 4 0 

3 . 0 1 

8 . 6 7 

1 0 3 . 6 3 

7 5 . 4 5 

1 4 1 . 3 0 

3 . 6 9 

1 0 . 6 2 

1 4 . 6 7 

1 7 . 5 . 8 5 

6 8 . 7 6 

8 8 . 1 4 

104 .32 

2 . 5 0 

7 . 2 0 

97.<35 

7 6 . 6 0 

2 .04 

5 .38 

8 9 . 4 9 

6 2 . 3 2 

108 .90 

2 . 5 0 

7 . 2 0 

1 2 . 2 0 

NS • Non-significant. 
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Table 4*3 NH.-N (kg/ha) in soil aa influenced by different 

levels of nitrogen, irrigation and organic matter 
(1984) 

Treatmen 

N i 

N2 

N3 

SE m+ 

C D . a t 

I 
0 

h 
SE mi 

t s 

5% 

C*D. a t 5% 

Mo 

M l 

M2 

SE m^ 

C D . a t 

c.v. 
5% 

1.3.84 

18.86 

20.55 

22.66 

0.74 

2.14 

20.28 

21.10 

0.60 

NS 

20.79 

18.82 

22.46 

0.74 

2.14 

15.28 

Dates 
21.3.84 

11.52 

15.73 

20.90 

0.70 

6.51 

16.48 

15.62 

0.57 

NS 

15.00 

12.02 

21.12 

0.70 

6.51 

18.55 

of sampling 
10.4.84 

19.03 

24.74 

32.84 

1.00 

2.89 

27.94 

23.13 

0.82 

2.36 

24.53 

21.03 

31.06 

1.00 

2.89 

16.71 

30.4.84 

10.09 

13.31 

18.83 

0.56 

1.61 

15.36 

12.80 

0.45 

1.31 

13.23 

12.69 

16.32 

0.56 

1.61 

16.89 

20.5.84 

26.78 

38.56 

53.77 

0.85 

2.46 

45.61 

33.80 

0.69 

2.01 

36.25 

27.79 

35.07 

0.85 

2.46 

9.14 

4.6.84 

21.48 

23.58 

31.24 

0.92 

2.66 

29.20 

21.66 

0.75 

2.16 

25.64 

21.51 

29.15 

0.92 

2.66 

15.40 

NS « Non-significant. 



49 

Table 

Treatm 

N i 

N2 

N3 

SE rajf 

C D . a 

lo 

h 
SE m^ 

C.D. e 

M 
0 

\ 

"2 

SE m^ 

4 .4 

e n t s 

t 5% 

it 5% 

C.D. a t 5% 

NH -̂N (kg /ha ) in s o i l a s in f luenced by d i f f e r e n t 

l e v e l s of n i t r o g e n , i r r i g a t i o n 
(1985) 

6 .2 .85 

55.20 

66.56 

76.82 

1.70 

4 .91 

65 .63 

66.76 

1.39 

NS 

65.81 

59.06 

73.72 

1.70 

4 .91 

Dates of san 

26 .2 .85 

21.80 

29.74 

34.33 

1.21 

3.48 

22.66 

29.58 

0.99 

NS 

27.70 

25.98 

32.18 

1.21 

3.48 

18 .3 .83 

35.86 

43.06 

48.22 

1,61 

4 .65 

45 .68 

39 .08 

1.32 

3.80 

41.30 

33 .98 

51.86 

1.61 

4 .65 

ipl in* 

i 7 . 4 . 8 5 

51.79 

59.35 

62.26 

1.63 

4.69 

59.80 

55.80 

1.33 

3.82 

55.57 

50.02 

67.80 

1.63 

4.69 

and organ ic mat te r 

27 .4 .85 

37.96 

45.36 

51.27 

1.55 

4.47 

47.82 

41.90 

1.26 

3.65 

42.97 

36.34 

55.28 

1.55 

4.47 

17 .5 .35 

35.71 

39.75 

46.25 

1.16 

3.35 

44.42 

36.72 

0.95 

2.73 

41.08 

36.68 

43.95 

1.16 

3.35 

c.v. 10.95 17.95 16.20 11.95 14.69 12.19 

NS » N o n - s i g n i f i c a n t . 
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I t was qui te i n t e re s t ing to nota (Fig. 4.2) tha t the 

appl ica t ion of Lantana camara resu l ted in the repression of 

both NO,-N and NH,-K throughout the experimental period (Tab :.e 

4 . 1 - 4 . 4 ) . During 1984 the contents of both NO,-N and NH -̂N 

were s l i gh t l y lower than the contents under the treatment w th 

no incorporation.However, in the y ta r 1985, the differonces in 

NO -̂N were more during the l a t e r p a r t of growth perlod(Tabl.» 

4 .2 ) . The per cent decreases in the content of NU,-N due to 

appl icat ion of Lantana camara a t the r a t e of 10 tons per 

hectare compared to no incorporation a t 20 t 40 t 6o,80, 100 an.I 

120 days during 1984 and 1985 were of the order of 14.19, 6.64; 

6.71? 14.801 10.88, 16.17, 7 . 4 1 , 19.08) 17.15, 27.19 and 17.88, 

29.80, respect ively(Tables 4 .1 and 4 . 2 ) . Similarly the per 

cent decrease in NhV-N content due to appl ica t ion of Lantana 

camara compared to no incorporation a t the same time in te rna ls 

during 1984 and 1985 were 9.47, 10.25$ 19.86, 6.20; 14.26,1".72; 

4.08, 9.98* 23.33, 15.42 and 16.10, 10.71 (Tables 4 .3 -4 .4 ) . 

The perusal of in te rac t ion NxM also revealed tha t the applicat ion 

of lantana, genera l ly , resu l ted in the reduction of N0.--N and 

NH*-N content in s o i l . The reductions in N0..-N were s igni f icant 

in most of the cases (Tables 4 .1 . a , 4.2.a and Appendix XI,XII). 

4.1.1.3 Effect of Irrigationi 

The data pertaining to the effect of irrigation on th»-

NH^-N and N0,-N contents of soil for both the years are given 

in Fig.4.3.As seen from the figure, during the entire growth 

period tha-content of N0--N and NhV-N, in general, was higher 

under rainfed treatment compared to irrigated one.The differences 
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Table 4.1.a N0,-M (kg/ha) In soil (\s influenced by NxM 

(1984) 

Treatments 

N l 

N2 

N3 

10, 

Mo 

77.43 

86.08 

90.52 

SE tivf 
C D . a t 
5* 

. 4 .84 ? 0 . 

M l M2 Mo 

67.36 92.20 27.96 

74.96 114.51 31.12 

84.07 122.35 38.27 

- 2 .07 SE mjf 

4 .84 

" l M2 

22.12 31 .61 

32.97 42.78 

35.31 55.93 

- 1.88 

- 5.97 C D . a t - 5.41 
5* 

20 .5 .84 

M0 Mx M? 

85.02 59.54 127.80 

108.35 93.51 151.26 

123.52 112.77 171.38 

S E M - 2.60 

C D . a t - 7.^9 
5* 

Table 4.2.a N0*-N (kg/ha) In soil as influenced by NxM 

(1985) 

Treatments 

N l 

N2 

*3 

26 .2 .85 
Mo 

38.09 

52.34 

61 .51 

SE m^ 

M l 

41 .28 

43.20 

44.97 

m 

C D . a t -
5% 

2 7 . 4 . 8 5 1 7 . 5 . 8 5 

*2 Mo *l *2 Mo " l 

54.23 84 .97 58.57 104.95 71 .15 50.65 

55.55 103.80 74.62 124.10 96.42 57.81 

7^.22 122.12 93 .17 194.84 100 .91 80.00 

3.25 SE m± » 6.39 SE OK -
9 .36 C D . a t » 18 .40 C D . a t -

5% 5* 

M2 

8^.50 

110.18 

132.04 

4.33 
12.47 
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between rainfed and irrigated treatments were more pronounced 

during the later part of crop growth, especially after second 

dressing. The per cent increases in NO^-N under rainfed 

conditions over irrigated ones after 60, 80, 100 and 120 days 

of sowing, where differences were large due to treatments, 

were 5.95, 19.07; 25.63, 26.06; 23.5*v, 23.87 and 35.18, 27.34 

during 1984 and 1985, respectively (Tables 4.1 and 4.2). 

Like\vise, the per cent increases in NH^-N concentration 

under rainfed conditions over irrigated ones during the same 

time intervals were 20.79, 16.88| 20.00, 7.16; 34.94, 14.12 an<i 

34.81f 20.96 during 1984 and 1985, respectively (Tables 4.3 

and 4,4). 

4.1.2 Physical characteristics of soill 

4.1.2.1 Soil Water Content! 

The soil water content was determined in the surface 20 cm 

of soil before germination and during crop growth fit regular 

interval of seven days (Tables 4.5 and 4,6). The interactions 

and analysis of variance are given in appendix XIJJ-XVI and 

XXV-XXVI. As given 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 M ay 4th and 18th during 1985. Ihe effect of 

irrigation on soil moisture content was observed to be significant 

after March 30th (49 days after planting) and March 2nd(42 days 

after planting) after tirst irrigation W B B apnlied during 1984 

and 1985, respectively. There was marked influence on soil water 

content due to incorporation of FYM and lantana from planting 

till harvest during 1984 and after first lrri^ati n during 1985. 



Table 4 .5 S o i l m o i s t u r e c o n t e n t expressed a 
(0-20 cm) d u r i n g crop growth unde 

Trea t February March Apr i l 
ments •— •—• 

17th 24th 2nd 9th 16th 23rd 30th 6th 14th 21st 

Nx 20.87 25.44 23.14 23.18 17.86 19.54 21.04 22.54 19.32 17.30 

N2 21.20 25.71 23.88 23.47 19.90 20.73 21.75 22.92 19.75 17.96 

N3 20.77 25.53 23.83 23.45 19.91 21.08 21.73 22.40 20.22 18.27 

SE m+ 0.51 0.45 0.45 0.51 0.41 0.36 0.43 0.35 0.39 0.36 

C D . NS NS NS NS 1 . 1 9 1 . 0 5 1 . 0 5 NS NS NS 
a t 5% 

I 20.93 25 .69 23*70 23.18 18 .96 20 .21 21 .26 21.27 18.02 15 .86 
o 

Ix 20.96 25 .43 23 .53 23.56 19.49 20.69 2 1 . 7 5 23.97 2 1 . 5 1 19 .82 

SE n+ 0 .41 0 .37 0 .37 0 .41 0 .33 0.29 0 . 3 5 0.29 0 .32 0 .29 

C D . NS NS HS NS NS NS NS 0 .83 0 .92 0 . 8 6 
a t 5% 

M0 19 .40 24 .25 21 .86 21 .54 15 .73 17 .07 1 9 . 0 5 22 .61 1 8 . 6 6 16 .72 

^ 21.39 25.69 23.95 23.85 20 .51 21.80 2 2 . 1 7 22.47 20 .66 18 .39 

1^ 22.05 26 .74 25.04 24.72 21.43 22.49 23 .29 22.78 19 .96 18 .42 

SE m+ 0.51 0.45 0.45 0 .51 0 .58 0 .36 0 . 4 3 0.35 0 .39 0 .36 

C D . 1.4? 1.30 1.32 1.47 1.68 1.05 1.25 NS 1.13 1.05 
a t 5* 
C V . 10.36 67 .53 8.24 9 .30 9 .14 7.59 6 . 6 3 6.70 8.49 8.72 



Table 4.6 Soil moisture content expressed as percent 
during crop growth under different treatme 

Treat February _ March A 
nents -}*•** 

2nd 9th 16th ° r q 2nd 9th l6th._ 23rd 30th 6th 13th 

N-ĵ  24.89 25.74 24.35 23.49 23.07 23.36 21.08 21.70 21.84 21.51 25.75 2 
N2 25.78 25.66 24.25 23.74 23.22 23.65 21.37 21.80 23.27 21.91 25.83 2 

N̂  25.00 25.27 24.24 23.55 22.86 24.19 21.58 22.07 21.91 21.76 25.50 2 

SEa+ 0.54 0.37 0.36 0.32 0.33 0.58 0.34 0.53 0.80 0.57 0.28 

CD. NS NS NS NS NS NS NS NS NS NS NS M 
a t 5% 

I 0 24 .94 25AS 24 .76 23.75 23 .13 22 .17 20.62 2 1 . 4 9 21 .43 1 9 . 7 4 25 .13 2 

I j 2 5 . 5 0 2 5 . 6 5 23 .80 23 .44 22 .97 25 .29 2 2 . 0 7 2 2 . 2 2 2 3 . 2 6 2 3 . 7 1 2 6 . 3 2 2 

SEm*. 0 . 28 0 . 3 0 0 .29 0 .26 0 .27 0 .47 0 .27 0 .43 O.65 0 .46 0 . 2 3 

C D . «S NS 1.05 NS NS 1.66 0 .79 NS NS 1 .34 0 .66 N 
a t 5% 

HQ 2 4 . 8 8 2 5 . 4 6 23 .83 23 .14 2 1 . 9 4 22.32 20 .46 2 1 . 0 0 2 0 . 9 9 2 0 . 6 4 2 5 0 4 20 

Kj 25 .59 2 5 . 5 1 24 .40 23.65 23 .32 24 .49 21 .85 2 4 . 0 0 2 4 . 8 1 22 .43 2 6 . 3 4 22 

*2 25 .20 2 5 . 6 9 24.61 23.99 23 .88 24 .38 21 .72 20 .57 2 1 . 2 2 22 .10 25 .61 20 

+ 0 . 3 4 0 .37 0 .36 0.32 0 .33 O.58 0 .34 0 .53 0 .80 0 .57 0 .28 0 

C D , NS NS NS NS NS 1.67 0 .97 1 .52 2 .30 NS 0,81 1 
at 5* 
CV, 3.87 '1.27 6.oc 5.76 6.15 10.37 S.76 10.29 15.20 11.19 <*.65 7 
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In comparison to rainfed conditions, there was an increase in 

the soil water content with the application of irrigation to the 

tune of 12.69, 19.36, 24.96, 39.76, 41.81, 49.57, 8.76, and 

19.79 per cent from 6.4.84 to 26.9.84, respectively and 14.07, 

7.03, 3.39, 8.53, 20.11, 4.73, 7.97, 65.87, 46.04, 31.20 and 

40.32 per cent from 9.3.85 to 13.4.85 and 27.4.85 to 25.5.85, 

respectively. Among the organic materials the effect of lantana 

on the soil moisture content was more oronounced than the FYM 

during the year 1985 although during 1984 both were equally 

effective. The significant interaction effects on soil water 

content are given in Appendix XIV - XVI. 

4.1.2.2 Infiltration studies! 

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 

infiltration increased with the incorporation 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 cm/hr with the 

application of FYM, lantana and no incorporation during 198^ and 

1985, respectively,Likewise the cumulative infiltration 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. Ihe 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, 8.41, 8.06, end 8,60, 8.88 cm/hr during 1984 and 

1985, respectively. Similarly, the cumulative rates for 3 hours 

with the application of 40,80 and 120 kg N/ha were 29.46,34.94; 
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3l.l5f 38.94 and 33.07, 43.82 cm during 1984 and 1985, 

respectively. Irrigation resulted in reduction In the 

infiltration. Ihe average values for infiltration rates 

during 1984 under irrigated and rainfed conditions were 

7.92, 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 conditions during 1984 were 

29,46, 33.67 and in 1985 were 36.99, 42.08 cm.t respectively 

4.1.2.3 Bulk Density: 

The bulk density of 0-15 era soil layer, determined 

after the harvest of the crop during both the years (Tables 

4.7 and 4.8) was low with the incorporation of organic metxer, 

especially FYM (1.14 and 1.03 g/cc during 1984 and 1985, 

respectively). The bujk density values were also low with tne 

increasing levels of nitrogen during both the years of study. 

4.1.2.4 Organic Carbon ContentI 

The organic carbon content of the soil under different 

treatments was determined at the time of planting and at a 

regular interval of twenty days till the harvest of the crop 

(data not reported here). It was observed that neither the 

different doses of nitrogen nor irrigation had any effect on 

the organic content of the soil.However, kantana camara and 

FYM applications brought out significant increases in the 

organic carbon content of the soil. 
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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) Infiltration (gm/cc) 

(cm/3 hrs) 

N1 8.51 29.46 1.23 

N2 8.41 31.15 1.20 

N3 8.60 33.07 1.19 

I0 8.85 33.67 1.21 

Ix 7.92 29.46 1.20 

Mrt 6.18 23.94 1.27 
o 

M x 8.51 33.16 1.21 

M 2 10.46 36,59 1.14 



58 

Table 4.8 Average values for Infiltration rate, cumulative 
infiltration and bulk density as affected by 
different treatments (1985) 

Treatments Infiltration Cumulative Bulk density 
rate Infiltration (gm/cc) 
(cm/hr) (cm/5 hrs) 

Nx 6.93 34.94 1.12 

N2 8.06 38.94 1.10 

N3 8.88 43.82 1.09 

I r t 8.33 42.08 1.11 
o 

Ix 7.58 36.39 1.09 

MQ 5.25 32#39 1.14 

^ 8.26 40.20 1.11 

M3 9,36 45.12 1.05 
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4.2 Growth and development of Potato aa affected by 
different treatments! 

The various plant growth parameters like germination 

count, height, number of branches and leaflets at different 

stages were similar during both years of experimentation,Th? 

data are reported in tables 4.9 - 4.22 a« The analysis 

of variance and some of the interactions are given in appendices 

XXVII - XXXV and XVII - XVIII. 

4.2.1 Germination CountI 

Germination count during the years 1984 and 1985 after 

36 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-signifleant in majority of 

the 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 germination of potato on all the observed dates. 

The per cent reduction in germination during 1984 with application 

of lantana compared to no incorporation was of the order of 65.69, 

44.24, 19.80, 17.71, 12.08, 8.05 and 5.77 per cent on 21.3.8* 

through 14.4.84, respectively, and 57.7, 60.5, 52.1, 36.3# 3'*.9, 

17.7, 9.9, 6.6 Bnd 2.4 on 1.3.1985 through 5.4.1985»r«spectlvely. 

Irrigation increased the germination percentage as compared to 

rainfed conditions during 1984 and 1985 but the significant effect 

was observed only during 1985, 
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Table 

Trea t 
merits 
N i 

N2 

N 3 

SE m+, 

C D . a t 
5* 
lo 

h 
SE nw 

C D . 6 t 
5 * 

Mo 

«1 

«2 

SE mjh 

C D . a t 
5# 
cv. 

4.9 Germination pe rcen tage of po t a to aa Inf luenced oy 
d i f f e r e n t l e v e l s of n i t r o g e n , i r r i g a t i o n and 
organic ma t t e r dur ing 1984 

17 .3 .84 2 1 . 3 . 8 4 25 .3 .84 2 9 . 3 . 8 4 2 . 4 . 8 4 6 .4 .84 10 .4 .84 14,4 .84 

1.26 3.86 6.72 8.00 8.40 8.82 9.02 9 .41 
(1 .58) (14 .89) (45 .15) (64 .00) (70 .56) (77 .79) (81 .36) (88.54) 

1.25 4 .03 6 .66 8 .38 8 .71 9 .08 9 .27 9 .28 
(1 .56) (16 .24) (44 .35) (70 .22) (75 .86) (82 .44) (85 .93) (66.11) 

1.22 4 .03 7 .04 8 .34 8 .85 9.17 9.37 9.42 
(1 .48 ) (16 .64) (49 .56) (69 .55) (78 .32) (84 .08) (87 .79) (88.73) 

0 .02 0 .26 0.22 0.22 0.20 0 .11 0.10 0.09 

NS NS NS NS NS NS NS NS 

1.25 4.02 6 .76 v a 8 .18 8 .64 8.91 9.14 9.33 
(1 .56) (16 .16) (45 .69) (66 .91) (74 .64) (79 .38) (83 .53) (87.04) 

1.23 3.96 6 .90 8.30 8 .66 9.14 9 .31 9.41 

0.02 0 .21 0.19 0 .18 0.16 0.09 0 .08 0.07 

NS NS NS NS NS NS NS NS 

l.OC 4.78 7 .91 8.33 9.09 9.35 9 .43 9.52 
(1 .00 ) (22 .84) (62 .56) (69 .38) (82 .62) (87 .42 ) (88 .92 ) (90 .63) 

1.36 1.64 4 .41 6.68 7 .48 8.22 8.67 8.97 
(1 .84 ) ( 2 .68 ) (19 .44) (44 .62) (55 .95) (67 .56 ) (75 .16 ) (80.46) 

1.37v 5 .55 , 8 .10 v 9 .20 9 .38 9.50 9 .56 9.62 
(1 .87) (30 .82) (65 .61) (84 .64) (87 .98) (90 .25K91 .39 ) (92.54) 

0 .02 0.26 0.22 0 .22 0 .20 0 .11 0.10 0.09 

0.07 0 .75 0 .65 0 .63 0 ,58 0 .32 0.30 0.27 

9 ,44 27.82 14.12 11 .45 9 .99 5 .31 4.93 4.19 

The va lues given in p a r e n t h e s i s a r e t h e o r i g i n a l v a l u e s . 

Data analysed by us ing / x t r a n s f o r m a t i o n . 
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Table 4.10 Germination percentage of potato as lnfluencec 
by d i f fe ren t l eve l s of n i t rogen, i r r i g a t i o n ar 
organic matter during 1°;85 

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 5.4.8C 

ments 

N, 2.67 4.44 5.33 , 6.15 7.34 8.43 8.95 9*34 9.49 
(7.12)(19.71)(28.40)(37.82) (53.87) (71.06) (B0.10) (87.23) (90.06) 

N9 2.70 4.70 5.55 6.60 7.53 8.50 9.00 9.23 9.48 
* (7.29)(22.09)(30.80)(43.56) (56.70) (72.23) (81.00) (85.19) (39.87) 

N, 2.85 4.81 5.58 6.72 7.87 8.52 8.84 9.42 9.57 
(8.12)(23.13)(31.13)(45.15) (61.93) (72.59) (78.14) (88.73) (91.58) 

SE m+. 0.14 0.15 0.12 0.14 0.07 0.07 0.13 0.05 0.02 

atD5# NS NS NS °*42 0 # 2° NS NS °* U °'07 

I 2.82 4.46 5.41 6.60 7.50 8.33 8.83 9.20 9.48 
(7.95)(19.89)(29.26)(43.56) (56.25) (69.38) (77.96) (84.64) (09.87) 

IT 2.66 4.84 9.56 6.38 7.70 8.64 9.03 9.46 9.55 
1 (7.07)(23.42)(91.39)(40.70) (59.29) (74.64) (81.54) (89.49) (91.20) 

SE mi 0.11 0.12 0.09 0.11 

CD. NS 0.36 0.28 NS 
a t 5% 

Mo , 3 ' 2 l w 5.67 w
 6 * 5 2 w 7 * 2 7 , . 8 - 5 6 , , 8 - 9 * ? - 2 1 5.52 9.56 

0 (10.30)(32.14)(42.5D(52.85) (73.27) (79.92) (84.82) (90.63) (91.39) 
M-, 1.49 , 2.24 3.12 g 4.63 5.57 7.36 8.30 8.89 9.33 

(2.22)( 5.01)( 9.73)(21.43) (31.02) (54.16) (68.89) (79.03) (87.03) 

Mp 3.52 6.04 6.81 7.58 8.66 9.15 9.28 9.57 9.79 
d (12.39)(36.48)(46.37)(57.45) (74.99) (83.72) (86.11) (91.58) (95.84) 

SE mi 0.14 0.15 0.12 0.14 0.07 0.07 0.13 0.05 0.02 

CD. 0.41 0.45 0.34 0.42 0.20 0.22 0.40 0.14 0.07 
a t 5% 

C.V. 22.49 14.32 9.32 9.55 3.93 3.84 6.65 2.24 1.08 

0.05 

0.16 

0.06 

0.18 

0.11 

NS 

0.04 

0.12 

0.02 

0.05 

The values given in parenthes is are the o r ig ina l valuea. 
Data analysed by using / x ' t ransformation. 
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4.2*2 Height of Potato: 

The data on height (tables A.11 - 4.14) are given only 

from 5*4.84 to 5.5.84 and 13.3.83 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 differences in height due to various 

treatments all through the observed period. The maximum height 

was recorded with the treatment having incorporation of FYM and 

receiving 120 kg N/ha under irrigated conditions during both the 

years (Tables 4.11 and 4.12). It was closely followed by the 

treatment receiving eO kg N/ha along with FYM under irrigated 

conditions. The height was significantly higher under this 

treetraent on 13.3.85 compared to other treatments and also so 

during rest of the period upto 22.4,1989 except under treatment 

receiving FYM along with 80 kg N/ha under irrigated conditions. 

The lowest heinht was recorded with the application of Iantana 

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 plants all through 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.**.84 and 5.5.84, respectively, and 16.58, 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, 10.15, 8.08 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 height (cm) of potato as affected by 
different treatments during 1984 

Treatments 5,4.84 15,4.84 25.4.84 5^5.84 

15.33 20.33 25.00 

21.00 28.00 32.00 

14 .00 18.00 24.00 

20.00 25.00 30.00 

17.00 24.00 29.00 

24.00 33.00 37.00 

18.00 24.00 26.00 

24.00 32.00 34.00 

16 .00 21.00 25.33 

23.00 29.00 34.00 

21.00 29.00 53.00 

28.00 38.00 38.00 

20.00 26.00 29.00 

26.00 33.00 37.00 

17.00 23 .00 28.00 

25.00 31.00 36.00 

24.16 31.33 32.00 

31.00 41.00 44.00 

1.05 1.34 2.04 

3.03 3.87 5.87 

8 .55 8 .27 11.18 

N l 

M2 

N2 

M o 

M l 

M2 

M o 

" l 

M2 

»o 

" l 

"2 

SE m+, 

C D . 

C.V, 

, a t 

i 

Jo 
X l 
I 

0 

h 

h 

h 

h 

h 

h 

h 

5% 

8 . 

9 . 

7 . 

8, 

9 . 

12. 

9. 

11 , 

8, 

10, 

11 , 

13, 

10, 

00 

00 

33 

00 

,00 

,00 

,00 

,00 

,00 

,00 

,00 

,00 

,00 

11 .33 

9< 

11 

12, 

.00 

• 00 

• 00 

14.00 

0 

1 

9 

.57 

.66 

.87 
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Table 

Treatments 

N i 

N2 

. 

N3 

Mo 

Hl 

M2 

Mo 

"l 

«2 

Mo 

Ml 

"2 

SE m^ 

CD, 

C.V 

4.12 

Jo 

h 
h 
h 
h 
h 
lo 

h 
h 
h 
lo 

h 

h 
h 
Jo 

h 
Xo 

h 

. at 5% 

» 

Average height (cm) of potato as affected by 
different treatments during 1985 

13.3.85 

7.00 

8.00 

6.00 

8.50 

7.50 

9.50 

8.00 

9.50 

7.50 

9.00 

8.50 

11.50 

10.00 

12.50 

9.50 

12.00 

11.50 

15.00 

0.59 

1.71 

10.88 

23.3.85 

13.00 

19.00 

12.33 

17.00 

15.00 

24.00 

15.00 

21.00 

13.00 

18.00 

18.00 

29.00 

18.00 

23.00 

15.00 

20.00 

21.00 

31.00 

1.19 

3.42 

10.54 

2.4.85 

17.00 

24.00 

14.66 

23.00 

21.00 

29.30 

21.00 

29.00 

18.00 

23.00 

24.50 

36.00 

24.30 

32.00 

20.00 

31.66 

25.00 

39.00 

. 1.36 

3.93 

9.38 

12.4.85 

20.00 

28.00 

19.00 

27.00 

26.00 

34.00 

25.00 

34.00 

24.00 

33.00 

28.00 

41.00 

27.00 

39.00 

28.00 

36.00 

33.00 

45.00 

1.57 

4.53 

8.99 

22,4.35 

23.66 

31.16 

22.50 

30.00 

32.33 

41.00 

26.00 

35.00 

25.83 

34.00 

37.00 

45.00 

30.00 

40.00 

30.33 

38.00 

40.00 

46.83 

1.58 

2.21 

a.09 
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Table 4.13 

Treatments 

Average height (cm) of potato as influenced by 
different levels of nitrogen,irrigation and 
organic matter during 1984 

5.4.84 15.^.84 25.4.84 5.5.84 

Nl 

N2 

N3 

SE m± 

CD. at 5% 

SE m+ 

CD. at 5% 

Mo 
Ml 

SE m# 

CD. at 5% 

CV. 

8.88 

10.33 

11.22 

0.23 

0.67 

9.25 

11.03 

0.19 

0.55 

9.72 

8.88 

11.83 

0.23 

0.67 

9.87 

18.55 24.72 

21.66 28.83 

23.86 31.16 

0.43 0.55 

1.23 1.58 

18.05 24.03 

24.66 32.44 

0.35 0.44 

1.01 1.29 

20.72 27.55 

19.16 24.50 

24.19 32.66 

0.43 

1.23 

0.55 

1.58 

8.55 8.27 

29.50 

31.72 

34.33 

0.69 

2.39 

27.92 

35.33 

0.68 

1.95 

30.50 

29.55 

34.83 

0.69 

2.39 

11.18 
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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 2.4.84 12.4.85 22.4.85 

Nl 

N2 

N3 

SE DTf 

CD. at 5% 

SE rn+ 

CD. at 5% 

M 
o 

H 
«2 

SE m*. 

CD. at 5% 

C.V. 

7.72 

9.00 

11.75 

0.24 

0.70 

8.38 

10.62 

0.19 

0.57 

9.16 

8.75 

10.58 

0.24 

0.70 

10.88 

16.72 

19.00 

21.33 

0.48 

1.39 

15.59 

22.44 

0.39 

1.14 

18.16 

15.88 

23.00 

0.48 

1.39 

10.54 

21.52 

25.58 

28.69 

0.53 

1.60 

20.62 

29.90 

0.45 

1.31 

24.58 

22.05 

29.16 

0.55 

1.60 

9.38 

25.66 

30.83 

34.66 

0.64 

1.85 

25.55 

35.22 

0.52 

1.52 

28.83 

27.83 

34.50 

0.64 

1.85 

8.99 

30.11 

33.80 

37.52 

0.64 

1.85 

29.74 

37.88 

0.27 

1.51 

30.97 

30.11 

40.36 

0.64 

1.85 

8.09 
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Table 4.14 a Average height (cm) of potato as Influenced by 
IxM (1985) 

Treatments 23.3*85 

I 
o 1 

M 15.33 21,00 o 

Mx 13.44 18.33 

Mg 18.00 28.00 

SE m+ • 0.68 

CD. at 5% 1.97 
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12.26, 12.15, 12.42 and 11.00 per cent on 13.3*85 through 22,/*.85, 

respectively. The effect of irrigation was quite notable In 

Increasing the height of plants significantly during botn the 

years. The increase in height due to irrigation was 19.24,36,62, 

34.99 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 rainfed conditions on 13.3.85, 

23.3.85, 2.4.85, 12.4.85 and 22.4.85,respectively.The application 

of FYM significantly Increased th*i height of plants f«t all stages 

but reverse was true with the application of lantana.The 

significant 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 height due to application of FYM 

were 21.70, 16.74, 13.54 and 14.19 compared to no incorporation 

oh 5.4.84, 15.4.84, 25.4.84 and 5.5.84, respectively, and 15.50, 

26.65, 18.63, 19.66 and 30.31# compared to no incorporation 

on 13.3.85, 23.3.85, 2.4.85, 12.4.85 and 22.4.B5,respectively. 

The interaction between irrigation and organic matter 

incorporation (table 4.14 a) was only significant on 23.3.85.Both 

under rainfed and irrigated conditions FYM O 10 t/ha (fO produced 

significantly more height than lantana application and no 

incorporation (M- and M ) but the differences between M and M-, 

were not significant under rainfed conditions.However, the 

differences between each pair of treatments during the year 1985 

were significant under irrigated conditions, the mean height 

being minimum under W, and maximum under M2. 

4,2.3 Number of branches per plant: 

As seen from the data 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 branches 

was not of higher order as seen for other growth parameters. 

The number of branches under this treatment generally did 

not differ significantly from other treatments receiving 

lower levels of nitrogen during 198*+ and 1985. Ibe effect 

of nitrogen application (tables 4.17 and A.18) on the 

development of branches was significant only unto 80 kg N/r.a 

during 1984 and 1985 beyond which the increase w?.s non­

significant except on 22,4.85. The application of irrigation 

significantly increased the number of branches compared to 

rainfed conditions during both the years of experimentation* 

The per cent increases in the number of branches due to 

Irrigation were 15.45, 12.36, 11.77, 9.40 nnd 10.22 on 13.3.85, 

23.3.85, 2.4.85, 12.4.85 and 22.4.85, respectively. The 

application of FYM resulted in significant increase in the 

number of branches over no incorporation except on 5.4,34 

and 12.4.85 when the increase was non-significant. The per­

cent increases due to application of FYM over no incorporation 

were 8.95, 11.41, 10.77 and 11.11 on dates 5.4.84, 15.4.84f 

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, 23.3.85, 2.4.85, 12.4.65 

and 22.4.85, respectively. The application of lantana brought 

about a decrease in 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 thesa dates were 18.58 

and 10.31, respectively. IXaring 1984, the per cent decreases 
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Table 4 ,15 Average number of branches par p l a n t of po ta to 
as a f f ec t ed by d i f f e r e n t treatments dur ing 1984 

Treatments 

% 

N2 

N3 

Mo 

«1 

M2 

Mo 

M l 

M2 

M 0 

M l 

M2 

SE m+ 

C D . 

C.V. 

at 5* 

lo 

h 
lo 

h 
lc 

h 
lo 

h 
I 

0 

h 
I 

0 

h 
xo 

h 
I 
o 

h 
I 

0 

h 

5.4.84 

9.00 

12.00 

9.66 

10.66 

11.33 

12.00 

12.00 

12.33 

11.33 

12.00 

12.33 

14.00 

12.00 

13.00 

12.00 

12.66 

13.33 

13.66 

1.07 

NS 

15.56 

15.4.84 

12.00 

14.33 

11.33 

13.66 

14.00 

15.00 

13.66 

15.00 

14.20 

14.33 

15.00 

16.66 

14.00 

15.66 

13.66 

13.00 

15.33 

18.00 

1.05 

3.04 

13.35 

25.4.84 

14.00 

14.66 

12.66 

14.66 

15.33 

16.00 

14.00 

16.00 

14.33 

15.00 

16.66 

17.00 

14.33 

17.00 

14.33 

15.66 

16.00 

18.33 

0.88 

2.55 

10.03 

5.5.84 

14.33 

14.66 

13.00 

14.86 

15.50 

16.33 

14.60 

16.00 

14.66 

15.33 

17.00 

17.66 

14.50 

17.29 

14.66 

16.06 

16.35 

18.60 

0.75 

2.16 

8.33 
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Table 4.16 Average number of branches per p lan t of poteto 
as affected by d i f fe ren t treatraonta during 1985 

Treatments 

N i 

N2 

N 3 

Mo 

M l 

«2 

Mo 

M l 

M2 

M 
0 

M l 

M2 

SE in+ 

C D , 

C.V, 

J o 

h 
h 
H 
h 
h 
Xo 

x l 

h 
h 
h 
h 
h 
h 
i 

0 
x l 

h 
h 

. a t 5?< 

i 

13.3.85 

10.00 

12.00 

8.00 

9.00 

10.00 

11.00 

11.00 

13.00 

9.33 

11.00 

13.00 

15.00 

12.00 

13.00 

10.00 

11.33 

13.33 

15.33 

0.74 

2.13 

11.12 

23.3.85 

12.00 

12,00 

11.00 

12.00 

13.00 

14.00 

12.00 

15.66 

11.00 

13.00 

16.00 

16.00 

13.33 

15.33 

11.00 

14.00 

14.33 

15.66 

0.67 

1.95 

8,78 

2.4.85 

13.00 

15.00 

13.00 

15.00 

14.33 

16.66 

14.33 

17.00 

13.00 

15.66 

16.33 

17.00 

16.00 

13.00 

15.00 

15.00 

15.00 

19.00 

0.67 

1.94 

7.65 

12.4.85 

13.66 

15.33 

14.66 

17.00 

16.00 

IB. 33 

16.00 

17.00 

14.33 

16.33 

17.33 

18.00 

16.33 

17.00 

17.00 

15.33 

18.00 

19.00 

0.56 

1.62 

5.92 

22.4.85 

1/4.60 

16.33 

15.00 

17.33 

16.66 

19.00 

16.66 

18.00 

14.66 

16.66 

17.66 

18.66 

17.66 

18.00 

18.00 

16.00 

18.66 

20.00 

0.46 

1.33 

4.67 
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Table 4.17 Average number of branches per plant of potato 
as influenced by different levels of nitrogen, 
irrigation and organic matter 

Treatments 

% 

N2 

N3 

SE m^ 

CD. at 5% 

Xo 

h 
SE m^ 

CD. at 

M 
0 

Mi 

«2 

SE m*. 

CD. at 

CV. 

5% 

5% 

5.4.84 

10.77 

12.38 

12.77 

0.43 

0.67 

11.48 

12.48 

0.35 

NS 

11.72 

11.44 

12.77 

0.43 

NS 

15.56 

15.4.84 

13.44 

14.77 

14.88 

0.45 

NS 

13.62 

15.11 

0.36 

1.06 

14.11 

13.27 

15.72 

0.45 

1.30 

13.35 

25.4.84 

14.50 

15.50 

15.94 

0.36 

1.04 

14.62 

16.00 

0.29 

0.85 

14.94 

14.44 

16.55 

0.36 

1.04 

10.03 

5.5.84 

14.75 

15.87 

16.23 

0.30 

0.88 

14.95 

16.29 

0.25 

0.72 

15.21 

14.75 

16.90 

0.30 

0.88 

8.33 



Table 4.18 Average number of branches per plant of potnto 
as influenced by different ltvela of nitrop.en, 
irrigation and organic matter during 1985 

Treatments 

N i 

N2 

N 3 

SE m̂ f 

C D . a t 

h 
h 
SE m± 

CD. at 

Mo 

M l 

M2 

SE m± 

CD. a t 

C V . 

5% 

5% 

5% 

13 .3 .05 

10 .00 

12.22 

12.50 

0.30 

0 .87 

10 .74 

12.40 

0 .24 

0.71 

12.00 

9 .77 

12 .94 

0.30 

0.87 

11.12 

23 .3 .85 

12 .33 

13.94 

13.94 

0 .27 

0.79 

12.62 

14 .18 

0.22 

0.65 

13.38 

12.00 

14 .83 

0.27 

0.79 

8 .78 

2 . 4 . 8 5 

14.50 

15.55 

15.83 

0 .33 

0 .93 

14 .44 

16.14 

0.26 

0.77 

15.05 

14.44 

16.38 

0 .33 

0.95 

7.65 

12 .4 .85 

15 .83 

16.50 

17.11 

0.23 

0 .66 

15.74 

17.22 

0 .18 

0 .54 

15 .88 

15.77 

17.77 

0.23 

NS 

5.92 

22.4 .85 

16.50 

17.05 

17.94 

0.18 

0.54 

16.33 

18.00 

0.15 

0.44 

16.77 

16.27 

18.44 

0.18 

0.54 

4.67 
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Table 4.18 a Average number of branches per plant of 
potato as Influenced by NxM (1985) 

Treatments 12.4,85 22,4,85 

MQ Mx Mg Mo Mj M2 

Nx 14.50 15.83 17.16 15.50 16.16 17.83 

N2 16.50 15.33 17.66 17.33 15.66 18.16 

N, 16.66 16.16 18.50 17.50 17.00 19.33 

SE m± - 0.39 SE n+ - 0 .J2 
CD. a t - 1.14 CD. a t - 0.94 
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 5.5.84t respectively but the differences were 

not significant. 

The favourable effect of the application of FYM along 

with nitrogen is also evident from the interaction 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 incorporation. 

4.2.4 Number of leaflets per plantt 

The highest number of leaflets per plant were observe 1 

under treatment having Incorporation cf FYM and receiving 120 

kg N/ha under irrigated conditions throughout the obaervsd 

growth period during 1984 and 1985(Tables 4.19 and 4.20).This 

treatment was followed closely by treatment having incorporation 

of FYM and receiving 80 kg N/ha under irrigated conditions and 

treatment receiving 120 kg N/ha along with KYM under r&infer. 

conditions during both years of experimentation. 

There was an increase in the number of leaflets per 

plant with the increasing level* of nitrogen (Tables 4.21 and 

4.22) and significant increases were observed on 5.4.84, 

15.4.84, 25.4.84, 5.5.84 and 2.4.85, 12.4.89 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 application 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/ha 

compared to 40 kg N/ha on 5.4,84, 15.4,84, 25.4.84 and 5.5.84 
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were 13.12, 15.18, 17.79 and 18.33 and on dates 13.5.85,23. >.85 

2,4,85, 12.4.85 and 22.4.85 were 4.33, 6.96, 11.20, 13.81 and 

17.62, respectively. The per cent increases due to application 

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, 25.4.84 and 5.5.84, respectively. 

Ibe per cent increases due to application of 120 kg N/ha ov-r 

80 kg N/ha were 5.76, 12.39, 15.38, 17.58 and 13.47 on 13.3.85, 

23.3.85, 2.4.85, 12.4.85 and 22.4.85, respectively. Irrigation 

resulted in significant increase in the number of leaflets per 

plant throughout the observed growth period during 1984 and 1985. 

The per cent increases on 5.4.84, 15.4.84, 25.4.84 and 5.5.B4 

were 10.75, 17.10, 21.62 and 21.23, respectively, and on 

13.3.85, 23.3.85, 2.4.85, 12.4.85 and 22.4.85 were 10.75, 15.69, 

20.92t 23.06 and 23.42, respectively.The application of 

FYM made a significant increase in the number of leaflets p* r 

plant compared to no incorporation on all the dates. The 

increases on 5.4.84, 15.4.84, 25.4.84 and 5.5.84 were 17.30, 

19.49, 19.27 and 21.21 and on 13,3.85, 23.3*85, 2.4.85, 12.4.65 

and 22.4.85 were 23*01, 24.70, 24.71, 27.36 and 26.10 per cent, 

respectively. The application of lantana resulted in significant 

decrease in the number of leaflets per plant on all the dates 

during 1984 but during 1985 the differences between MQ and K^ 

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 1985(Table 4.22 a), as 

the application of FYM along with nitrogen resulted in significant 
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Table 4. 

Treatments 

h 

N2 

R3 

Mo 

Ml 

M2 

M 
0 

"l 

*2 

M 
0 

«x 

*2 

SE m* 

CD, 

C.V, 

19 

I 
0 

h 
lo 

h 
Xo 

h 
I. 

I I 

Jo 

*i 

Xo 
x l 

Jo 

h 
I 
0 

xl 
Xo 

h 

. at 59* 

• 

Average number 
as affected by 

5.4.84 

74.00 

84.00 

69.33 

8I066 

89.00 

97.00 

89.00 

95.00 

77.00 

83.00 

99.00 

117.00 

99.00 

98.66 

85.00 

97.00 

109.00 

122.66 

4.93 

14.19 

9.23 

of leafle' 
different 

15.4.84 

91.66 

109.00 

74.33 

103.00 

112.00 

127.00 

106.33 

120.00 

96.00 

113.00 

124.33 

151.00 

123.66 

133.00 

113.00 

124.00 

139.00 

165,00 

4.81 

13.86 

7.06 

ts per plant 
treatments 

25.4.84 

113.00 

142.33 

91.00 

129.00 

136.00 

165.66 

133.66 

159.00 

119.00 

149.66 

157.00 

197.00 

163.66 

179.00 

148.66 

169.00 

183.00 

223.66 

5.87 

16.91 

6.64 

; of potato 
during 1984 

5.5.8^ 

114.0 

143.00 

97.0C 

134.0C 

141.00 

169.0C 

137.00 

163.00 

121.33 

158.00 

163.00 

202.00 

166.00 

187.00 

159.00 

177.00 

194.00 

234.00 

5.55 

15.97 

6.05 
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Table 4.20 Average number of leaflets per plant of 
potato as affected by different treatments 
during 1985 

Treatments 13.3.85 23.3.83 2.4,85 12.4.85 22.4.85 

N l 

H2 

N3 

Mo 

* l 

«2 

Mo 

Ml 

M2 

Mo 

\ 

*2 

SE m+ 

CD. 

C.V. 

h 
h 
\ 

h 
Zo 

h 
Xo 

h 
Xo 

h 
h 
h 
h 
h 
h 
h 
*o 

h 

at 5% 

80.33 

91.66 

74.33 

87.00 

95.00 

103.66 

86.66 

85.00 

79.66 

87.66 

103.00 

113.00 

82.33 

97.00 

81.33 

97.66 

111.66 

117.00 

3.78 

10.69 

6.92 

98.00 

115.00 

89.66 

108.66 

116.66 

133.00 

107.00 

112.00 

100.33 

114.00 

126.00 

147.00 

106.33 

132.33 

109.00 

134.00 

149.00 

164.00 

6.76 

19.47 

9.75 

119.00 

145.66 

109.33 

135.33 

142.00 

172.66 

132.33 

151.00 

126.66 

151.33 

159.00 

196.00 

139.66 

178.33 

146.00 

183.00 

192.33 

218.00 

8.06 

23.18 

8.98 

134.00 

165.00 

122.66 

154.66 

162.00 

203.00 

152.00 

178.66 

147.00 

177.00 

184.66 

232.00 

163.00 

211.00 

172.00 

217.00 

229.86 

267.00 

4.87 

14.01 

4.64 

135.00 

167.00 

126.00 

162.00 

163.00 

206.00 

160.00 

190.00 

155.00 

136.00 

193.00 

244.00 

170.00 

216.00 

173.00 

218.00 

232.00 

271.00 

4.45 

12.79 

4.11 
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Table 4,21 Average number of leaflets per plant of potato 
as Influenced by different levels of nitrogen, 
irrigation and organlo matter during 1984 

Treatments 5.4.84 15.4.84 25.4.84 5.5.84 

Nx 82.50 102.83 129.50 133.00 

N2 93.33 118.44 152.53 157.38 

H, 101.77 133.44 177.83 186.16 

SE m*. 

CD. at 5# 

h 
h 
SE nH 

CD, at 5% 

Mo 

«1 

«2 

SE m£ 

C D . at 5% 

C.V, 

2.01 

5.79 

87.81 

97.25 

1.64 

4.73 

89.94 

82.16 

105.50 

2.01 

5.79 

9.23 

1.96 

5.65 

108.92 

127.53 

1.60 

4.62 

114.27 

103.88 

136.33 

1.96 

5.63 

13.86 

2.40 

6.90 

138.33 

168.25 

1.95 

5.63 

148.44 

134.38 

177.03 

2.40 

6.90 

25.91 

2.26 

6.51 

143.59 

174.11 

1.85 

5.32 

151.66 

141.05 

183.83 

2.26 

6.51 

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 2.4.85 12.4.85 22.4.85 

N l 

N2 

*3 

SE m^ 

CD. at 5% 

88.66 110.16 137.33 156.88 159.83 

92.50 117.83 152.72 178.55 188.00 

97.33 132.44 176.22 209.94 213.33 

1.51 

4.36 

2.74 

7.94 

3.29 

9.46 

1.98 

5.71 

1.81 

3.22 

88.25 111.40 140.70 163.00 167.44 

x l 

SE m± 

CD. at 5% 

y/mft 

1.23 

3.56 

JL<-t->. 1 O 

2.22 

6.49 

A / V | A H 

2.68 

7.72 

£.\J\Jmjy 

1.62 

4.67 

CVSVJ u KJU 

1.48 

4.26 

M l 

M2 

SE m£ 

CD. at 5% 

c.v. 

87.16 111.77 144.33 167.27 173.00 

84.61 109.27 141.94 165.05 170.00 

107.22 139.38 180.00 213.03 218.16 

1.51 

4.36 

6.92 

2.74 

7.94 

9.75 

3.29 

9.46 

8.98 

1.98 

3.71 

4.64 

1.81 

5.22 

4.11 
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Table 4.22 a Average number of l e a f l e t s per p l a n t of 
p o t a t o as Influenced by MxN (1985) 

Treatments 12 .4 .85 22 .4 ,65 
Mo ^ M2 MQ M l M 2 

Nx 149.50 138.66 182.50 151.00 144.00 184.50 

N2 165.33 162.00 208,33 173.00 170.50 218.50 

N^ 187.00 194.50 248.33 193.00 195.50 251.50 

SE m* - 3»44 3E m*. - 3.14 

CD, at - 9.90 CD. at - 9.04 
5# 5S 
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increase in number of leaflets compared to the same when 

nitrogen was applied alone. The application of lantana along 

with nitrogen generally decreased the number of leaflets 

compared to application of nitrogen alone, 

4.2.5 Tuber size: 

The pooled data for the years 19B4 and 19B5 on small, 

medium and large grades of potato, expressed as percentage of 

total yield in a particular treatment are given in Tobies 4.23 

and 4.24. The data given in table 4.23 revealed that the highest 

percentage (34.15) of small grade potato was in the treatment 

which received 120 kg N/ha along with lantana under irrigated 

conditions. It was closely followed (28,42$) by the treatmant 

receiving 40 kg N/ha together with lantana under rainfed conditions. 

The lowest percentage (10.64) o& small grade potato was observed 

in the treatment receiving 120 kg K/ha together with FYM under 

irrigated conditions. 

Similarly, the highest percentage (47.03) of medium size 

tubers resulted in the treatment which received 40 kg N/ha in 

combination with lantana under rainfed conditions ciosely 

followed by (46.98%) the treatment receiving 120 kg u/na with 

lantana under rainfed conditions. The loweut percentage (30.5/ ) 

of medium size tubers was obtained in the treatment which received 

120 kg N with FYM under irrigated conditions. However, different 

treatment combinations under medium grade potato was found to be 

non-significant one. 

Likewise, in 120 kg N/ha with FYM treatment under 

irrigated conditions recorded the nighest percentage (58.82#) 

of large grade potato tubera followed by the treatment receiving 
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GO kg N/ha along with FYM under irrigated conditions. The 

lowest percentage (21.79) of large grade tubers was in the 

treatment which received 120 kg N/ha in combination with 

lantana under irrigated conditions* Tho perusal of data 

indicated that the increasing levels of nitrogen did not have 

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(Table 4.24). The proportion 

of large grade potato with the application of 120 kg nitrogen 

was at par with that of 40 kg H/ha« The irrigation also 

influenced significantly the proportion of small end large 

grade potatoes. With the application of irrigation the proportion 

of small grade potatoes v/as significantly low and that of 

large grade potatoes significantly high compared to rainfed 

treatment. With the incorporation of FYM, again, the proportion 

of small grade potato was significantly low and thst of large 

grade potatoes significantly higher compared to no incorporation, 

The FYM application also decreased the proportion of medium 

size potatoes but the decrease was not significant. The 

incorporation of lantana significantly increased the proportj on 

of small grade potatoes and decẑ eased significantly that of 

large grade potato, compared to no incorporation. 

The lxM interactions of small and large grade potatoes 

(Table 4.24 a and 4.24 b) revealed that with the application of 

FYMf there was reduction in the proportion of smell grade 

potatoes and increase in large grade potatoes over no Incorporntlon 

both under rainfed and irrigated conditions but the signified/it 
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Table 4 . 

Trea 

N i 

N2 

N 3 

SE l 

CD 

c.v 

23 

tments 

Mo 

«1 

«2 

Mo 

" l 

M2 

M 0 

«1 

«2 

n± 

X . 

h 
lo 

h 
\ 

h 
zo 

h 
*0 

h 
h 
h 
h 
h 
I 

0 

h. 
lo 

h 

• a t 5% 

• 

Per cent tuber s i z e d i s t r i b u t i o n as af fected 
by d i f f e r e n t treatments (pooled y i e l d for 
1984 and 1985) 

Small 

25.10 

16.07 

28.42 

26.05 

18.93 

12.52 

20.99 

19.33 

23 .31 

25.92 

14.33 

14.35 

20.83 

13.39 

25.06 

34.15 

24.82 

10.64 

2 .18 

6.27 

18.18 

Medium 

42.59 

39.11 

47.03 

43.29 

41.21 

41.19 

42.29 

36.38 

31.20 

39.09 

40.97 

32.62 

40.06 

39.33 

46.98 

44.06 

37.40 

30 .54 

3 .93 

NS 

17.11 

Large 

32.31 

44.82 

24.35 

28.66 

39.86 

46.29 

36.72 

44.29 

45.49 

34.99 

44.70 

53.03 

39.11 

47.28 

27.96 

21.79 

37.76 

58.82 

3 .75 

10.80 

16.53 
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Table 4.24 Tuber size distribution us affected by different 
levels of nitrogen, irrigation and organic mattar 
(the values are percentages of pooled yield for 
1984 and 1985) 

Treatments 

N i 

H2 

N3 

SE m+ 

CD. at 5% 

lo 

h 
SE m£ 

CD. at 596 

Ho 

«1 

«2 

SE mi 

CD. at 5# 

CV. 

Small 

21.18 

19.70 

21.48 

0.89 

NS 

22.42 

19.16 

0.72 

2.09 

19.28 

27.15 

15.93 

0.89 

2.56 

18.18 

Medium 

42.73 

37.09 

39.72 

1.60 

NS 

41.oa 

38.62 

1.31 

NS 

39.96 

42.27 

37.32 

1.60 

NS 

17.11 

Large 

36.08 

43.20 

38.79 

1.53 

4.41 

36.49 

42.21 

1.25 

3.60 

40.75 

30.57 

46.74 

1.53 

4.41 

16.53 
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Table 4.24 a Small grade of potato as Influenced by IxM 
(the values are percentages of pooled 
yield for 1984 and 1985 

Treatments 

*2 

22,31 

25.59 

19.36 

16,26 

28.71 

12.50 

SE m*. • 

CD. at 5#-

1.26 

3.62 

Table 4.24 b 

Treatments 

Large grade of potato as Influenced by IxM 
interaction(the values are percentages of pooled 
yield for 1984 and 1985) 

M. 

w, 

M, 

36.04 

32.66 

40.78 

43.46 

28.48 

52.71 

SE m+ -

CD. at 5#= 

2.16 

6.24 
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effect for the same was found only under irrigated conditions. 

The incorporation of Iantana, 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 as affected byi different 
treatments 

4.3.1 Tuber yield: 

The data given in table 4.25 reveal that the highest 

tuber yields of 196,46 and 255*31 q/ha were obtained in the 

treatment receiving irrigation and 120 kg of nitrogen along 

with FYM 0 10 t/ha during 1984 and 1985$ respectively.This was 

followed by the treatment receiving Irrigation and 80 kg N/ha 

along with FYM. The lowest yield was recorded under rainfed 

conditions in the treatment receiving 40 kg of nitrogen along 

with application of lantana 0 10 t/ha. In general, treatments 

receiving irrigation, FYM and higher doses of nitrogen ware 

having higher yield. The analyses of variance and some 

interactions are given In appendices XXXVI - XXXVII. 

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 increases in tuber yield 

due to application of 80 kg N/ha over 40 kg N and 120 kg N/ha 

over 80 kg N were 15.81 and 22.93 during 1985f respectively 

(Table 4.26). 
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Table 4.25 Potato tuber yield (q/ha) as affected by 
different treatment! during 1984 and 1985 

Treatments 

W o 
W i 
W . 
"A1! 
W o 
W i 

W o 
W l 
W o 
" M 
»2M2Io 

"A1! 

W o 
W i 
W o 
W i 
W o 
W i 
SE • £ 

CD. at 5# 
c.v. 

1984 

37.19 

93.32 

38.24 

79.58 

52.63 

125.69 

45.60 

140.27 

53.88 

107.77 

73.58 

174.80 

52.38 

145.38 

57.44 

122.50 

76.11 

196.46 

10.57 

30.42 
19.71 

1985 

49.70 

95.12 

39.84 

82.16 

71.54 

154.21 

59.91 

104.40 

43.34 

92.97 

102.45 

167.37 

81.15 

109.31 

44.85 

97.24 

113.36 

253.31 

4.23 

12.19 
7.49 

Pooled 

43.44 

94.22 

39.04 

80.87 

62.09 

139.95 

52.76 

122.33 

48.61 

100.36 

88.01 

171.08 

66.76 

127.34 

51.14 

109.87 

95.73 

224.89 

7.26 

20.90 
13.25 
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Table 4.26 Potato tuber yield (q/ha) at influenced by 
different levels of nitrogen, irrigation and 
organic matter during 1984 and 1985 

Treatments 

N i 
N2 

N3 

SE m^ 

CD. at 5% 

lo 

h 
SE m£ 

CD* at 5% 

Mo 

«1 
M2 

SE m± 

CD. at 5% 

C.V. 

1984 

71.11 

99.32 

108.38 

4.31 

12.41 

54.12 

131.75 

3.52 

10.14 

85.69 

76.57 

116.54 

4.31 

12.41 

19.71 

1985 

82.09 

95.07 

116.87 

1.73 

4.97 

67.57 

128.45 

1.41 

4.06 

83.26 

66,73 

144.04 

1.73 

4.97 

7.49 

Pooled 
yield 

76.60 

97.13 

112.62 

2.72 

7.84 

60.84 

130.10 

2.22 

6.40 

84.47 

71.65 

130.29 

2.72 

7.84 

12.11 
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4.3.1.2 Effect of irrigations 

Irrigation significantly 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 yield was more conspicuous 

compared to application of either nitrogen or FYM. 

4.3.1.3 Effect of organic mattert 

The effect of FYM on tuber yield was significant 

during both the years (Table 4,26). The per cent increases due 

to application of FYM over no incorporation was 36.00 and 73.00 

during 1984 and 1985, respectively. Unlike FYMf the application 

of lantana resulted in significant reduction in tuber yield 

during 1985. Ihe reduction wasf however* not significant 

during 1984. However, the application of lantana under irrigated 

conditions resulted in depression of the tuber yield compared 

to no incorporation in both the years and the differences were 

generally high. The per cent reductions in yield due to 

application of lantana compared to no incorporation was 10.64 and 

19.85 during 1984 and 1985» respectively. 

4.3.1.4 Effect of different interactions between nitrogen 
levels| irrigation and organic matter on potato tuber 
yieldi 

As we see from the interaction table 4.26 a, the 

increasing rates of nitrogen helped in increasing the tuber 

yields both under rainfed and irrigated conditions and the 

increase due to nitrogen levels was significant upto 120 kg 

N/ha during 1985. The interaction between nitrogen and irrigation 
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levels indicated that during 1985» the yield of potato 

Increased significantly with increasing levels of nitrogen both 

under rainfed and irrigated conditions (Table 4.26 a). During 

1984, the significant inorease was not consistent but 120 kg 

N/ha was significantly superior to 40 kg N/ha both under 

irrigated and rainfed conditions* However, tha yields 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 significant effect of application ot FYM over no 

incorporation on the yield of potato both under rainfed and 

irrigated conditions. The increase in tuber yield was almost 

double with the irrigation compared to rainfed conditions when 

FYM was applied in both the years of experimentation i.e. 1984 

and 1985. The per cent increases in yield 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 interaction 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. Tha significant reduction due to 

lantana over no incorporation was found under irrigated conditions 

during 1984 and 1985« but under rainfed conditions there was 

significant reduction during 1985 and the yield was at par 

during 1984. Also, as we see the interaction between nitrogen 

levels and organic matter during 1985(Table 4.26 c) the dose ot 

40 kg nitrogen along with FTM was significantly better than 
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Table 4.26 a Potato tuber yield (q/ha) as influenced by 
Nxl interaction 

Treatments 1984 1985 Pooled 

Nx 42.69 99.53 53.69 110.50 48.19 105.01 

N 2 57.69 140.95 68.57 121.58 63.13 131.26 

N3 61.97 154.78 80.45 153.29 71.21 154.03 

SE n̂f - 6.10 

CD . at -17.56 
5* 

SE B+ - 1.74 

CD . at - 5.01 
5* 

SE m+ 

CD. at 
5* 

- 3.85 

-11.09 

Table 4.26 b Potato tuber yield (q/ha) ae influenced b/ 
lxM interaction 

Treatments 1984 1985 Pooled 

M 
o 

\ 

*2 

V 
45. 

49. 

,06 

.85 

67. 44 

*1 

126.32 

103.28 

165.65 

*o 

63.39 

42.67 

96.43 

h 
102.94 

90.79 

191.63 

h 
54.32 

46.76 

81.94 

h 
114. 

97. 

178, 

63 

03 

64 

SE m+ - 6.10 SE m£ » 1.74 SE m^ - 3.85 

CD. at -17.56 C D . at - 5.01 CD. at -11.09 
5* 5* 5* 
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Table 4.26 c Potato tuber yield (q/ha) as Influenced by 
NxM interaction 

Treatments 1985 Pooled 

Mo **1 **2 Mo *1 K2 

N x 72.41 61.00 112.68 68.83 59.95 101.02 

H2 82.15 68.15 134.91 87.54 74.49 129.55 

N 3 95.23 71.04 184.34 97.05 80.50 160.31 

SE m+ - 2.13 SK m± - 4.72 
C D . a t 5% - 6.14 C D . a t 5# - 13.58 

Table 4.26 d Potato tuber y ie ld (q/ha) a« Influenced by 
NxIxM interaction (1983) 

Treatments 1985 Pooled 

\ " l »*2 M o " l M 2 

Nx 49.70 39.84 71.54 95.12 82.16 154.21 

N2 59.91 43.34 102.45 104.40 92.97 167.37 

N3 81.15 44.85 115.36 109.31 97.24 253.51 

SE m^ m 4.23 

CD. a t 5# - 12.19 
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120 kg N/ha alone. This showed the application of FYM 0 

10 t/ha could substitute considerable amount of inorganic 

nitrogen. The effect of FYM application in effecting the 

inorganic N saving was also alike during 1904 (Appendix XIX) 

but the interaction between nitrogen levels and organic matter 

was not significant. The treatment receiving 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 XX). However, on the basis of significant interaction 

for one year i.e. 1985 (Table 4.26 d), it was observed that the 

yield under ralnfed 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 FTMunder ralnfed conditions there was substitu­

tion of inorganic N equivalent to 40 kg N/ha. The substitution 

under irrigated conditions was also of the same magnitude. 

4.3.2 Haulm yield: 

The haulm yield expressed on dry weight basis(Table 4.27' 

was observed to be the maximum with the treatment receiving 

120 kg N/ha along with FYM 0 10 t/ha under irrigated conditions. 

The lowest yield was with the application of 40 kg N/ha along 

with lantana under ralnfed condition* Tlie analysis of variance 

is given in appendix XXXVII, 
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4.3.2.1 Effect of Nt 

The haulm yield Increased significantly witftthe 

Increasing levels of nitrogen as seen from the Individual 

years data (Table 4.28). The haulm yield Increased by 5.01, 

4.91 and 5.30 per cent with the application of 80 kg N/ha over 

40 kg N during 1984, 1985 and on pooled basis. Similarly the 

yield Increase was of the order of 12.35t 18.33 and 14,98 per 

cent with the application of 120 kg N/ha over 60 kg N/ha. 

4.3.2.2 Effect of irrigation! 

Irrigation also brought about a significant Increase 

in the production of dry matter compared to ralnfed treatment 

(Table 4.28) during both the years of experimentation.As seen 

from 1984, 1985 and pooled yield data, the increase in haulm 

yield with irrigation were 8.65t 8.95 and 9«01 per cent over 

ralnfed treatment, respectively. 

4.3.2.3 Effect of organic matterI 

The application of FYM increased significantly the 

haulm yield compared to no incorporation during both years of 

experimentation (Table 4.28), The per cent increase in haulm 

yield aue to application of FYM & 10 t/ha over no incorporation 

was of the order of 10.88, 14.73 and 12.81 in the year 1984,1985 

and pooled yield data, respectively. rlhe application of lantana 

O 10 t/ha, however, unlike FYM caused a significant reduction in 

the haulm yield during 1984. The per cent reduction due to 

lantana 0 10 t/ha over no incorporation during 1984, 1985 and 

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

respectively. 
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Table 4.27i Dry matter weight (q/ha) ot haulma aa affected 
by different treatments during 1984 and 1985 

Treatments 

N i 

N2 

N3 

Mo 

«1 

M2 

M o 

«L 

M2 

Mo 

" l 

M2 

SE IB+ 

C D . 

C.V. 

at 5# 

h 
h 
lo 

h 
*0 

h 
h 
h 
h 
h 
lc 

h 
i 

0 
h 
h 
h 
lo 

h 

1984 

15.38 
16.10 

14.96 

16.02 

16.93 

18.68 

15.29 

18.40 

15.71 

16.01 

18.54 

19*04 

18.18 

20.82 

16.21 

18.12 

20.59 

21.74 

0.56 

1.62 

5.57 

1985 

15.63 
16.29 

14.51 

15.82 

17.47 

19.15 

15.21 

16.12 

15.63 

16.10 

18.31 

20.31 

19.12 

20.26 

18.76 

19.82 

21.04 

23.79 

0.61 

1.78 

5.93 

Pooled 

15.50 

16.19 

14.73 

15.92 

17.20 

18.91 

15.25 

18.26 

15.70 

16.38 

18.42 

19.67 

18.64 

20.54 

17.48 

18.97 

20.81 

22.76 

0.42 

1.23 

4.16 
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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 Bnd 198$ 

Treatments 1984 1985 Pooled 

N l 

« 2 

N3 

SE m^ 

C D . at 5% 

h 
h 
SE m+. 

CD. at 5% 

Mo 

"l 

M2 

SE m£ 

CD, at 

C.V. 

5* 

16.34 

17.16 

19.28 

0.23 

0.66 

16.86 

18.32 

0.18 

0.54 

17.36 

16.17 

19.25 

0.23 

0.66 

5.57 

16.48 

17.29 

20.46 

0.25 

0.72 

17.30 

18.85 

0.20 

0.39 

17.44 

16.78 

20.01 

0.23 

0.72 

5.93 

16.41 

17.28 

19.87 

0.17 

0.50 

17.08 

18.62 

0.14 

0.41 

17.40 

16.53 

19.63 

0.17 

0.50 

4.16 
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4.3.3 Response of potato to N application (Response Curve): 

The maxim-am response of potato in terms of tuber and 

haulm yiald v/as obtained with the application of 120 kg N/ha 

along with FYM@ 10 t/ha under irrigated conditions. The 

response curve was drawn by fitting tuber yield data on to 

quadratic type of equation. The derived regression equation 

was as under: 

Y - 131.40813 - 0.694993 x • O.OO7O6905 x2 

where, 

Y • Potato yield (q/ha) 

X • Fertilizer nitrogen rate (kg/ha) 

The quadratic equations signifies that with the 

application of increasing rates of nitrogen, the yield of potato 

increased at Increasing rate# As such, there was a linear 

response of potato to N upto a level of 120 kg N/ha. The 

optimum dose could be worked out by trying still higher rates 

of nitrogen, than tried in the present investigation. 

4.4.1 Starch content in Potato tuber1 

The data pertaining to starch content of potato 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 78.57 per cent we.s 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 (Table 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. 1935, 

the starch content in potato due to different treatments also 

.followed almost the same trend as in 1984. The maximum starch 

content (88.4290 was found under the treatment with no 

Incorporation of organic matter under ralnfed conditions with 

the N dose of 40 kg/ha followed by the treatment with lantana 

incorporation under ralnfed conditions with the same dose of 

N (78.97#). In general, there was a decrees* in the starch 

content with the increasing doses of N and the minimum starch 

content of 53.19 per cent was noted in the treatment with 

120 kg N/ha application and with the incorporations of FYW 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 compare 

to 40 and 80 kg N application rates during 1984. But during 198 

the reduction was significant with each increment in N dose 

(Table 4,30). 

As seen from table 4.30, the irrigation treatment 

significantly lowered starch content compared to the ralnfed 

situation during both the years, ftt incorporation of m j ^ d 

not bring out any significant different in the starch cont 

during 1984 but during 1905. there was a significant reducVJ 

in the same. 

4.4.2 Reducing sugars 1 

it 

.on 

The data concerning reducing sugars in potato t o r b n t h 

the years are given in tables 4.29 and «.30. ft. analysis of 
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variance is given in appendix XXXVIII. The highest contents 

of reducing sugar i.e. 1.76 and 1,78 P«r c«nt (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 irrigated condition receiving 

40 kg N/ha and no Incorporation of organic 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 due to different treatments 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 

difference 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 sugar content compared to ralnfed one 

during the year 1985. The incorporation of organic matter did 

not have any significant difference in the reducing sugar 

content during either of the years although both the organic 

materials brought about a decrease in the reducing sugar 

content as compared to control« 

4.4.3 Non-reducing sugarI 

The data on the non-reducing sugar content in potato are 

given in tables 4.29 and 4.30, The analysis of variance is given 

in appendix XXXVIII, The content of non-reducing sugars due 

to different treatments differed significantly in 1994 as veil 

as 1985. The highest non-reducing sugar content of 2.41 and 2,31 

per cent was observed with the treatment under ralnfed condition.' 

receiving 40 kg N/ha and having no incorporation of organic 

matter during 1984 and 1985# respectively. This treatment was 

followed closely by the treatment under also ralnfed conditions 

having no incorporation of organic matter and receiving 80 kg 

N/ha during 1984 and the treatment under irrigation receiving 

40 kg N/ha and no incorporation of organic matter during 1985. 

The least non-reducing sugar content was obtained under irrigated 

treatment receiving 80 kg N/ha and having application of farm 

yard manure. 

A look at the main effects (Table 4.30) revealed that the 

increasing rates of nitrogen also caused reduction in the 

non-reducing sugar content in potato. The reduction was slgnificu-ii 

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 significant 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-reduoing sugar 
content in potato as affected by different 
treatments during 1984 and 1985 

Trea 

N i 

M2 

N3 

SE i 

C D 

c.v 

tments 

M 
0 

\ 

M2 

Mo 

M l 

M2 

M 
0 

M l 

«2 

n i 
• at 

• 

I 
0 

h 
Jo 

h 
I o 

h 
I 

0 

h 
Xo 

h 
lo 

h 
I 

0 

h 
xo 

h 
ro 

h 

5% 

Sta r ch c o n t e n t 

1984 

78.57 

68 .31 

76 .27 

74.79 

75.33 

72.62 

76 .14 

67.90 

71*00 

70.19 

73.03 

67.49 

67.96 

65.20 

66 .68 

63.85 

66.48 

61.42 

3 .46 

9 .96 

8.55 

1985 

88.42 

72.22 

78 .97 

77 .75 

75 .11 

68.98 

70 .19 

67.16 

73 .71 

72.22 

69 .11 

67.90 

58.25 

65.06 

62.77 

60 .21 

56.29 

53.19 

3.04 

8 .74 

7 .65 

Reducing sugar 

1984 

1.76 

1.66 

1.62 

1.54 

1.50 

1.44 

1.65 

1.53 

1.50 

1.39 

1.42 

1.31 

1.43 

1*29 

1.39 

1.31 

1.33 

1.25 

0.12 

NS 

13 .41 

1985 

1.78 

1.62 

1.71 

1.63 

1.66 

1.33 

1.64 

1.39 

1.60 

1.31 

1.58 

1.26 

1.51 

1.29 

1.45 

1.20 

1.38 

1.24 

0.12 

0 .35 

14.34 

Non-reducing sugar 

1984 

2 .41 

2 .11 

2 .18 

1.99 

2.00 

1.69 

2 .23 

2 .07 

2 .10 

1.87 

2 .11 

1.36 

2 .16 

1.92 

1.87 

1.59 

1.91 

1.87 

0 .11 

0 . 3 1 

9.62 

1985 

2.31 

2.13 

2.05 

2.04 

2.01 

1.89 

2.00 

1.81 

1.95 

1.90 

1.59 

1.25 

1.90 

1.57 

1.73 

1.48 

1.79 

1.28 

0.19 

0.54 

18.25 
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Table 4.30 Per cent starchy reducing sugar and non-reducing 
sugar content in potato as influenced by nitrogen, 
irrigstion and organic matter during 1984 and 1985 

Treatments Starch content Reducing augar Non-reducin// sugar 

N l 

«2 

N3 

SE mjh 

CD. at 5% 

h 
h 
SE m*. 

C..D. I 

M 
o 

M i 
M2 

SE m+ 

CD. 

C.V. 

it 5% 

at 3% 

1984 

74.31 

70.96 

65.26 

1.41 

4.06 

72.38 

67.97 

1.15 

3.32 

70.46 

69.39 

70.68 

1.41 

NS 

8.72 

1985 

76.91 

70.05 

59.29 

1.24 

3.57 

70.31 

67.19 

1.01 

2.91 

70.22 

70.94 

65.10 

1.24 

3.57 

7.65 

1984 

1.59 

1.47 

1.33 

0.05 

0.14 

1.51 

1.41 

0.04 

NS 

1.55 

1.46 

1.38 

0.05 

MS 

14.82 

1985 

1.62 

1.46 

1.34 

0.05 

0.14 

1.59 

1.36 

0.04 

0.11 

1.53 

1.49 

1.40 

0.05 

NS 

14.34 

1984 

2.06 

1.95 

1.88 

0.04 

0.12 

2.10 

1.83 

0.03 

0.10 

2.15 

1.93 

1.82 

0.04 

0.12 

9.62 

1985 

2.07 

1.75 

1.62 

0.07 

0.22 

1.92 

1.70 

0.06 

0.18 

1.95 

1.86 

1.63 

0.07 

0.22 

18.25 
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5. DISCUSSION 

Potato responds quite favourably to nitrogenous 

fertilizers in acid soils of the wet temperate zone of 

Hlmachal Pradesh where the soils are generally low to medluir 

in nitrogen status, Ihe incorporation of organic matter in 

the soils would enhance nutrient and water use efficiency 

and improve the physical environment of soil. There is 

growing interest among the researchers to explore the 

possibility for substitution of existing sources of organic 

matter with obnoxious weeds like Lantana camera. The results 

pertaining to the effect of nitrogen levels* type of organic 

matter and irrigation on physico-chemioal characteristioa of 

soils$ growth, development, yield and quality of potato are 

discussed as undert 

5.1 Soil characteristics as affected by different treatments. 

5.1.1 N03-N and NH^-N content. 

5.1.1.1 NO,-N and NH^-N content as affected by N-fertilization 

The content of NO^-N in soils increased slowly after 

nitrogen application at planting upto 40 days during 1984 and 

20-60 days after planting in 1989. Thereafter there was a 

significant rise in the NO* content till 80 days after planting. 

The NH/-N content remained almost constant till 40 days and 

increased slowly thereafter till 60 days during 1984 but in 

1985 a constant increase in NH*-N from 40 to 80 days after 

planting was observed (Fig. 4.1)t during 1985. The N0,-N 

content of the soil has been reported to increase gradually 



with incubation time with the application of Urea-N by 

Broadbent ejt al. (1958). Acevedo and Perelra (1964), Sattar 

(1975) and Singh and Grewal (1983). 

Gibson (1930), Eroadbent et £1.(1958), Court *t al. 

(1962), Soulides and Clark (1958) and Volk^j£ sj..(1955) have 

shown that time necessary for complete hydrolysis of Urea 

varied from less than one day to three weeks or more depending 

upon the conditions under which it took place. According to 

Sinha and Prasad (1967) most of the transformations of Urea-N 

to NHy-N and N0,-N in acid soil occurred in 3rd or 4th week 

at all levels of application. The comparatively low N0*-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 microbial activity is 

supposed to be quite low. It is only after the Urease activity 

that the applied Urea-N would get transformed to ammonia.lha 

low soil temperatures have been reported to affect adversely 

the hydrolysis of urea and the ammoniflcation/nitriflcation 

capacity of the soils (Gasser, 1964| Simpson and Melsted,1963» 

Broadbent et aJL., 1958j Couturier, tat a4..1923t Fisher and 

Parks f 1958; Littauer, 1925 and Ihiagalingam and Kanihlrc 

(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 N0,-N and NH^-N also 

increased after second dressing for sometime and thereafter 

declined with time. 



The concentrations of both NO,-N and NH^-N (Tables 4.1 -

4.4) Increased with increasing rates of fertilizer nitrogen. 

Die increase during both the years was generally significant 

with increasing levels of nitrogen. The NO,-N content of the 

soil has been reported to increase gradually with increasing 

rates of nitrogen application by Broadbent j£t al.(l958)« 

Acevedo and Pereira (1964), Sattar (1975) and Singh and 

Grewal (1983)• Similarly, the KH^-N is reported to increase 

with time upto one or two weeks after application (Court 

et aJL.f 1962 and Sattar, 1975). The comparatively more 

concentrations of NO,-N and NHV-N during oertain periods of 

crop growth due to 80 and 120 kg N/ha compared to 40 kg N/ha 

were probably due to higher amounts of Urea-N getting 

hydrolysed at higher rates during these periods. The higher 

amounts of Urea-N would obviously result into higher 

concentrations of NH^-N and N0»-N as suggested by Laidler 

^nd Hoare (1955) that the ammonification rate of Urea increased 

linearly with concentration. Sinha and Prasad (1967) also 

reported that, generally, higher rates of urea application 

Increased both hydrolysis end nitrification which was in 

close agreement with the findings of Planar and Parks(1958). 

The varying concentrations of NH^-N and N0,-N with time, 

however, were probably due to vorious oomplex phenomena 

operating in soils in response to varied soil and climatic 

factors (Krantz et al.. 1943). 

5.1.1.2 N0»-N and NH^-N concentration as affected by organic 

matter incorporation 

The application of FYM 0 10 tons/ha before sowing resulted 
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In higher concentration of both NO*-N and NH*-N compared to 

no incorporation throughout the growth period (Table 4.1 -

4.4). The increase was especially more pronounced, with 

significant effect for NO,-N, with the advancement of crop 

growth. The higher concentrations of NO..-N and NK/-N in soils 

with the application of farm yard manure are quite obvious 

as the applied nitrogen would be initially complexed by various 

organic compounds in FYM and would be released eventually 

with time. Ihe application of FYW would also considerably 

reduce the leaching losses of mobile nitrates from the surface 

depths. Sommers et al.(1979) have highlighted the importance 

of organic compounds in cutting down the leaching losses of 

nitrogen as essentially no nitrate leaching occurred in soils 

receiving sewage sludge. The release of the immobilized 

nitrogen by organic comv-.oundsf eventually» would depend upon 

a number of soil and climatic factors* 

The higher N utilization by potatoes with the combined 

application of FYM and nitrogen source compared to nitrogen 

source alone has been reported by Sharma êt al«(1960) on acid 

hill soils of Shimla* In another study with potato on the 

same soil, Sharma (1986) reported improvement in NO, status 

of the soil with the application of FYM for three years. 

Zaraeck (1966) reported that the formation of NO,-N was 13 

per cent higher in the plots receiving manure than in plots 

which received mineral fertilizers. Zameok (1967) also found 

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

basal NPK increased the N0,-N in comparison with plots receiving 
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NPK only, Lepnev (1967) observed the greatest NO* accumulation 

in soils when dung plus NPK was applied* Giddens and Rao 

(1975) Indicated that incorporation of manure in the soil 

greatly increased the amount of NO»-N in soil. Kumar and 

Singh (19B4) reported that with the application 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, 

it looks that the application of FYM would aid release of 

comparatively more nitrogen in our soils with the elapse 

of few weeks after sowing when the soil temperatures /$o up, 

The persistent higher concentrations of nitrates with 

application of FYM, especially, during the hotlve 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 soil temperature 

would also contribute to the higher nitrate contents in soils 

compared to no incorporation. The faster mineralization of 

organic nitrogen with the rise in soil temperature from 

5-40°C has also been reported by Thlagalingam and Kanehiro 

(1973) in a field study. 

Further, it was interesting to not* that the 

concentration of NCU-N in soil during the active period of 

crop growth with the application of 40 and 80 kg N/ha along 

with FYM was either statistically at par or higher than the 

concentrations obtained with their respective high levels 

without FYM (Tables 4,1a and 4,2a). therefore, a net saving 
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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 camera resulted in the 

repression of both NO^-N and NHA-N throughout the experimental 

period. The reductions in N0,-N were significant in most 

of the cases. The Lantana camera contains toxic substances like 

lantadene-A, tri-terpenoid, lantadene-B, lancamarone,quinine 

like alkaloid i.e. lsntanlnef and phenolic compounds (Joshl 

and Nagar, 1952; Barton et al., 195**; Nigam fit al., 1957; 

Sharraa et al.v 1980 • Wadwani and Bhardwaj, 1981; Liebl and 

Worsham, 1983; Sharma, 1984; Rice# 1984; Acchireddy and 

Singh, 1984; Achhireddy et a l M 1985 and Sinha and Saxena,l987), 

which might have inhibited the microbial activity and applled-N 

transformations to Nh\-N and N0,-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 CtN ratio. The immobilization of 

substantial amounts o^added nitrogen as a result of application 

of straw in soil has been reported by HhardwaJ and Novak(1973). 

Similarly, the application of residues reduced both NK^-N and 

N0,-N concentrations in the surface soil depth in the straw 

treated plots than those in untreated plots at different 

levels of nitrogen application upto 160 kg N/ha (Rajput e_t al. , 

1984). 

5.1.1.3 N0*-N and NH^-N as affected by Irrigation. 

During the entire growth period the concentrations of 
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NO,-N and NHV-N, in general, were higher under rninfed 

treatment compared to irrigated one and tht differences were 

pronounced during the later part of the growth period 

(Tables 4.1 to 4.4). It appears that there was a dilution 

and displacement of soil available nitrogen to the deeper 

soil layers with the irrigation water, 

5.1.2 Physical characteristics of Soil, 

5.1.2.1 Soil moisturei 

The soil water content determined in the surface 0-20 

cm of soil, increased both with incorporation of organic 

matter and irrigation (Tables 4.5 and 4.6). The effect was more 

with the application of lantana. The organic materials when 

added to the soil are supposed to increase the water holding 

capacity of the soil. The effect of nitrogen application on 

soil water content was not significant during both the years 

i.e. 1984 and 1985. 

5.1.2.2 Infiltration: 

The infiltratijn rate as well as the cumulative 

infiltration, determined after the harvest of the crop during 

both the years of experimentation, were observed to be higher 

with the incorporation of FYM and lantana compared to no 

incorporation, the values being comparatively higher in the 

former than the latter (Tables 4*7 and 4.8). The addition of 

organic materials improves the structuie of the aoll which 

would offer more opportunity lor water to enter into the soil. 

Accordingly, the soil water relationa looked to be comparatively 

better with the incorporation of organic materials in the soil. 



The high infiltration with soils having high organic matter 

levels has been reported by Khybri (1965) and Grin (1972). 

The increasing rates of nitrogen also increased the infiltration 

characteristics. The higher infiltration with higher rates of 

nitrogen application 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 infiltration 

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 Density: 

The bulk density of 0-15 cm soil layer, also det-iminsd 

after harvest of the crop during 1984 and 1985 was low with 

the incorporation of organic matter, especially FYM (Table 

4.7 snd 4.8). The organic residues in comparison to mineral 

fraction have low bulk density values and their incorporation 

is supposed to reduce the bulk density of soil. The bulk 

density values were also low with the lnreasing levels of 

nitrogen. The low values of bulk density with higher levels of 

nitrogen application were also apparently due to the more 

loosening of soil under these treatments having more bulking of 

tubers• 

5.2 Growth and development of potato as affected by different 
treatments r" 

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 was a marked reduction in the emergence of potato 
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with the application of Lantana camara (Tabic 4.9 and 4.10). 

The injurious effect of alkaloids In lantana was right 

from the germination of potato. The application of FYM, 

however, in general, encouraged the germination poaaibly 

through better soil, air and water relatlonahlps. 

5.2,2 Height, number of branches and leaflets per plant. 

5.2.2.1 Effect of N: 

The increasing levels of nitrogen, generally, increased 

the height of plants, number of branches and number of leaflets 

per plant. There was quite conspicuous effeot of nitrogen 

application on the height of the plant, as the Increasing rates 

of nitrogen increased the height significantly all through 

the observed growth periods (Tables 4.13 and 4.14). The 

number of leaflets also significantly increased with the 

application of 120 kg N/ha compared to 80 kg, all through the 

growth period (Tables 4.21 and 4.22). However, the increase 

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 

crop growth compared to low level. Singh (1975) reported an 

increase in plant height recorded at 45* 60, 75 and 90 days 

after planting with the application of 200 kg N/ha compared to 

50 and 100 kg N/ha in the soils of Tarai region. The dry matter 

production also in their study was significantly influenced by 

nitrogen levels. It was significantly lower under control and 
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50 kg nitrogen level at all stages of plant growth as 

compared to 100 and 200 kg /halsvels# The maximum dry matter 

production at 75 days after planting was with the highest 

level of 200 kg N/ha. Khurana ejfc al.(l977) reported the height 

of plants to be maximum with the application of 120 kg N/ha 

when the soils were adequately supplied with P and K. Ihe 

shortest plants were noted in unfertilized controlled plots. 

The number of stems per hill was also signifioantly higher 

over control with the application of 60 kg N/ha with 50 kg each 

of PpOc and JUO. The results of Qupta (1969) were also similar 

who found an increase in the growth of potato with higher 

levels of nitrogen in combination with optimum levels of P 

and K. Hooda and Pandita (1980), similarly, reported an 

increase in the height of main shoot, number of stems per hill 

" and number of tubers per hill with the application of 120 kg 

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

of study on the soils of Hissar. 

5.2,2.2 Effect of organic matters 

The application of FYM O 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 FYM better effeoted the growth and development 

of potato during the active phase of crop growth, possibly, 

through its positive effect on the moisture and nutrient 

supply. Ihe 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 250f 500 and 1000 quintals/ ha of FYM upto 
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75 days of planting, the greatest increase being observed upto 

45 days of planting. The highest level of FYM l.e, 1000 q/ha 

caused the greatest dry matter production* 

The application of lantana 0 10 tone/he, however, unlike 

FTM, brought about a reduction in the growth and development 

of plant, the reduction being significant on some of the 

parameters on certain dates. The injurious effect of the 

alkaloids liberated in soil during the course of its 

decomposition might have effected the general growth and 

development of plant. 

5*2.2.3 Effect of Irrigationi 

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 ralnfed conditions, !Ihe better growth and development 

of potato under Irrigated conditions la quite obvious in as 

much as the crop produces large foliage and stomata of potato 

plants are almost continuously open (^oftfield, 1921), Moreover, 

the potato plant has sparse and shallow root system and there 

is very little contribution in water supply fro« the deeper 

layers. Therefore, frequent Irrigations, replenishing the water 

status In the surface depths, ought to increase the growth and 

development of plants compared to rainfed conditions. 

5.2.3 Tuber size. 

5.2.3.1 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 ot 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) observed 

that application of nitrogen increased the weight of large 

sized tubers. Also Grewel et a_l. (1979) reported that nitrogen 

application increased the amount of large sized tubers 

significantly but had little effect on small size tubers.The 

yield of large size of tubers in their study increased with the 

increase in the levels of nitrogen and a significant increase 

was observed at 80 kg N/ha. Singh (1952), Hukkeri (1968), 

Herli&y and Carroll (1969) and Gupta and Saxena (I9f6,a) also 

reported that nitrogen apolication increased the size of tubers. 

This could be due to better early vegetative growth and longer 

period for tuber development. Moreoverf the higher levels of 

nitrogen would have increased the weights of individual tubers 

as nitrogen is an integral constituent of Chlorophyll, necessary 

for the synthesization of food. It is also constituent of amino-

acids and proteins and takes part In cell division and expansion. 

5.2.3.2 Effect of organic mattery 

The incorporation of FYM significantly increased and 

decreased the proportions of large 8nd small grade potatoes, 

respectively, compared to no incorporation (Table 4.24). The ^ 

FYM enhanced water and nutrient supply in the soils during the 

growth and development of potato which resulted also in Increasing 

the size of tubers. It also made soil more pulverized, a 

necessary condition for the enlargement and bulking of tubers. 

Orewal and Trehan (19S4) concluded from a two years field study 

on acidic brown hill soils of Shimla that significant increase 

in the production of large size tubers ( ̂> 75 gm) was obtained 

with 30 t FYM/ha. Sharma (1986) also from two years study 



at Shlmla reported that at 120 and 180 kg N/ha, the yield 

of large grade tubers was significantly high with FTM 

(30 t/ha), Similar effect of FYM application on the Increase 

in the large grade of potato has been reported by Sanota 

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. 

5.2.3.3 Effect of irrigation: 

Irrigation influenced the grades of potato by significantly 

decreasing the proportion of small grade potato and increasing 

signij ly that of larrre grade (Table 4.24). The continued 

moistu ! p̂ly ftt low tensions is quite essential for the 

normal growth 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 yield as affected by different treatments; 

5.3.1 Effect of N. 

There was a large effect of the nitrogen application 

on the yield of potato (Table 4.26). The tuber yield Increased 

significantly with the increasing levels of nitrogen upto 

120 kg N/na during 1985. During 1984 also there was an increase 

in yield due to increasing levels of nitrogen but the 

significant effect was noticed only Upto 80 kg N/hn. The haulrri 

yield also increased significantly with the increasing levels 

of nitrogen (Table 4.;?R). The effect Is quite obvious ns the 

nitrogen removal by the potato crop is quite high(Sharme e_t al. 

1978; Singh and Grewal, 1979). A good crop of potato has benn 
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reported to remove about 120 kg N/ha in the acidic brown 

hill soils (Sharma e_t al_. 1978). The peak period of nitrogen 

uptake is 60-80 days in the hills (Qrewal and Sharma,1980) 

and in this study also the available nitrogen in the form 

of NO^-N and NH^-N was higher during this period with the 

application of higher levels of nitrogen. Ihe concentration 

of N0-.-N during this period was significantly higher with 

higher levels of nitrogen and, therefore, the nitrogen supply 

was more favourable in as much as the potato preferred the 

uptake of nitrogen in the form of N0,-N compared to other 

forms (Roberts and Che.ng, 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, 

number of leaflets, height, number of branches, tuber number 

and tuber size. In this study also the increased levels of 

nitrogen increased the emergence of sproutst height, number 

of branches per hill and number of leaflets per hill. The 

tuber size was also Influenced by the levels of nitrogen 

application as the proportion of large grade tubers was 

significantly higher with the application of 80 kg N/ha 

compared to 40 kg N/ha, A substantial increase in the yield 

of potato tubers with increase in nitrogen application is 

mainly due to increase in the weight of individual tubers 

(Hanley ejt al,., I9fc). This effect of increased plant growth 

during the active phase of growth and increased tuber size 

was evident as well on the final yield of potato tuber, 

Significant potato responses to nitrogen application have been 

reported in different agro-clinatic conditions of India and 

abroad and the response and optimum dose have been found 



to differ with the soils (Ramanujam and Singhf 1956;^Dallyn, 

1958j Black and Cairns, 1958J Kanwar, 1962J Sardana, 1964; 

Benepal, 1967; Reddy and Rao, 196$; Singh e£ al., 1968; 

Hukkeri, 1968; Yadav and Tripathi, 1972| Khurana et al.,1977; 

Grewal and Sharma, 1978; Grewal els jjl.., 1979; Orewal and 

Sharma, 1980; Hooda and Pandita, 1980; Grewal and Sharma, 

1981; Singh and Grewal, 1983 and Sahota and Govindakrishnan, 

1984), However, in the hill soils of Himachal r̂ader.h, Assam, 

Meghalaya and Jaramu and Kashmir, where the organic matter 

and nitrogen content is high, the response waa upto 92 kg/he 

(Grewal and Sharma, 1980). The more recent study for three 

years, conducted on the ^cid hill soils of Shlmla by Sharma 

(1986) revealed a highly significant potato response to 

nitrogen in the presence of 80 kg PgOc • 160 kg IU0/ ha and 

in the presence of FYM® 30 t/ha» Tha dost of nitrogen for 

maximum tuber yield (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 organic matter: 

The yield of potato increased significantly with 

the amplication of FYM @ 10 tons/ha oompared to no incorporation 

during both the years of experimentation (Table 4.26).The 

per cent increases in yield 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 effecting slow releasa of applied, 

native as well as the N-contained in the FYM itself into the 

soils. The various organic compounds in FYM would complex 
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nitrogen and make it slowly available to plants during the 

course of their decomposition. Ihe 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 

is evidence to show that the incorporation of FYM increased 

the efficiency of fertilizer by 20-35 per cent and increased 

response of potatoes to nitrogen (Ionas^ 1980). Besides 

enhancing the nitrogen supply from the fertilizer and native 

sources, the nitrogen contained in FYM itself( approximately 

50 kg/10 tons of FYM) would be an additional source of nitro.-'en 

in the crop. The P and K supply would also be augmented 

comparatively with the application of FYM (20 and ^0 kg of 

PpOc and KpO per 10 tons of FYM, respectively). The application 

of FYM @ 30 t/ha has been reported to adequately supply the 

P and K needs of potato in the absence of application of P arid 

K fertilizers under the acid hill soils of Shimla (Sharma et al., 

1900). The FYM is also a source of many micro-nutrients 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 improving upon the 

various physical processes directly related to the yield of 

potato.Its addition would make the soils more pulverized and 

aerated, the ideal conditions for more tuberlzation(Sommerfeldt 

and Knutson, 1968,a; Bhatia and Shukla, 19B2). There would also 
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be an improvement in the water retention and transmission 

characteristics of the soil with the addition of FYM 

(Gattani et el,, 1976). In our study alao we noticed a 

decrease in the bulk density, increast in tha moisturu content 

and infiltration characteristics of the soils, 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 effect persisted through the harvest by 

increasing tuber size and yield. 

The incorporation of lantana resulted in reduction in 

tuber yield compared to no incorporation and the reduction 

was significant during one of the years. Also there was a 

decrease in the haulm yield with application of lantana 

compared to no incorporation (Table A.28). 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 toxlo substances like 

lantadene-A, tri-terpinoid, lantadene-Bf lanoaraarone and 

quinine like alkaloids i.e. lantanins (Magar, 1952; Barton 
A 

et al.« 1954; Wadwani and BhardwaJ,1981; 

Sharma, 1984; Rice, 1984;Acchlreddy et alf 1985 and Sinha 

and Saxena, 1987), the release of which during the course of 

its decomposition will have inhibited/dslaysd the sprouting, 

growth and development of potato. It alao adversely affected 

the nitrogen supply in soils by inhibiting the microbial 

activity. The contents of NO,-N were significantly lower with 

the application of lantana. 
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5,3.3 Effect of Irrigation; 

Irrigation significantly increased the tuber yield 

compared to rainfed conditions (Table 4.26). Th% yield in the 

former was almost double than the latter. The haulm yield 

was also significantly higher under irrigated than the rainfed 

conditions. The effect of irrigation was quite noteworthy 

right from the germination and early crop growth. The freqjent 

irrigations for the maintenance of optimum moisture regime 

are quite important for ensuring high yields of potato 

(Taylor, 1952; Jones and Johnson, 1958; Myhre, 1958; 

Bhattacharjee, I960; Prince and Blood, 1962; Yadav and 

Tripathi, 1972; Bhattacharjee e_t jil., 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 is a short duration 

crop which produces large foliage and bulks up rapidly J 

ready availability of moisture is, therefore, essential for 

maintaining the leaves in turgid conditions and for tuber 
/ 

enlargement. Secondly, the storaata of the potato are almost 

continuously open (Lof t f ie ld , 1921 ) 9 r e su l t i ng in more 

t r ansp i r a t i on . Thirdly, the potato plant has sparse and 

shallow root system in as much as nearly 70tf of the water i s 

depleted from the approximate 30 cm s o i l layer (Singh e t a l . . 

1968). Deeper layers did not cont r ibute mater ia l ly to the 

water supply of the crop. 

5 . 3 . ^ Tuber yield as affected by In te rac t ions between N 
l e v e l s , i r r i g a t i o n and orp;anlo matter Incorporation? 

Thf2 in t e rac t ion between i r r i g a t i o n and ni t rogen levels 
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indicated that during 1985, the yield of potato increased 

significantly with increasing levels of nitrogen both under 

rainfed and irrigated conditions. During 19B4f the significant 

increase was not consistent. However, the yields during bot} 

the years under irrigated conditions were almost 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 al»(1968)» A strong positive 

interaction between irrigation and nitrogen was reported by 

Singh and Swaminathan (1957) in their experiments carried out 

at Patna, Also, a positive interaction between irrigation er.d 

nitrogen levels for potato production has been shown by Singh 

and Grewal (1983) on alluvial soils of Patna during three years 

of study. The optimum nitrogen levels increased with the incre; 

in Irrigation level, 

The interaction between organic mutter and irrigation 

levels showed that there was a significant effect of apnllcatlon 

of FYM on tuber yield both under rainfed and Irrigated conditions 

(Table 4,25 b). The increase in tuber yield was almost double 

with irrigation compared to rainfed conditions when FTM was 

applied in both the cases. It appsars that under rainfed 

conditions the water needs of the crop were not fully met with 

and irrigation was quite essential for realising the optimum 

yields of crops. The Interaction between organic matter and 

irrigation further revealed that the application of lantana 

brought about a significant reduction in yields under irrigated 

conditions compared to the no incorporation, but under rainfed 
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conditions there was significant reduction during one year 

and yield -was at par during the year 198**. The comparatively 

more reduction in tuber yield under irrigated conditions might 

be due to more decomposition and liberation ot toxic substances 

conditioned by better moisture njgiraee. 

The interactions between nitrogen levels and organic 

matter incorporation for the year 1985 (Table 4,2$ c) as well 

as for pooled data revealed that the yields obtained with the 

application of 40 kg N/ha along with FYM 0 10 t/ha were signi­

ficantly higher than the yields obtained with the highest N 

dose without FYM. As such with the application of FYM 0 10 

t/ha there could be a considerable 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, 1964| Below, 1968| Shloma, 

1968; Singh, 19751 Singh and Sharma, 198J| Sahota and 

Govindakrishnan .t 1984 and Sharma, 1984). The increased 

efficiency of nitrogen (20-25#) and increased yield of potato 

by the application of FYM has also been reported by Vanha(1978)f 

Ram et al.(1979)t 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).Sharma 

et al«(l980) reported that CAN plus FYM gave 2.67 times higher 

tuber yield than CAN alone. This was due to higher percentage 

of photosynthates translocated from tops to tuber and 

improvement in N utilization by potato. Sharma (1986) observed 

that the response of potatoJjiitrogen application continued to 

increase upto 250 kg N/ha in the presence of FYM. 
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The interaction (MxN) indicated significantly lower yield 

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 *g 

nitrogen plus lantana was at par with the yield with application 

of 40 kg nitrogen alone. From the above observations it becomes 

aptly clear that there are absolutely no possibilities of 

lantana as such being recommended as a source of organic matter 

to potato crop. However, its value as organio manure could be 

raised after well decomposing it before adding to the soil, 

Ihe application of lantana in the raw form at planting would do 

more harm than good in terms of improving the microbial-chemical 

environment of soil, 

As revealed by the interaction between nitrogen levels, 

organic matter incorporation and irrigation during 1985» the 

maximura response of potato was obtained with the application of 

120 kg N/ha along with FYM 0 10 t/ha under irrigated conditions 

(Table 4.25 d). The yield under this treatment (253.31 q/ha) 

was significantly higher than rest of the treatments. 

It is difficult to say as to how much could be the 

substitution of inorganic nitrogen by the application of FYM, 

separately under irrigated and rainfed conditions as the 

interaction between nitrogen levels, irrigations and organic 

matter incorporation was not significant during 1984 as well 

as for pooled data. However, on the basis of significant intera­

ction for one year, it was 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 conditiona looked to be the 

even higher. Seeing the effect of FYM application on N-

substltution from the NxM interaction aa well as from NxMxl 

interaction for one yearf we can aay that at least 40 kg N/ha 

could be substituted with the application of FYM 0 10 t/ha 

to potato both under rainfed and irrigated conditions. The 

fanners could this way very well econoraiaa on their nitrogen 

needs at the farm, 

For finding out the response and optimum dose of 

nitrogen for potato under irrigated conditions along with 

application of FYM, the data on yield were fitted on to 

quadratic type of equation. There was linear response of 
to 2 

potato/the application of nitrogen of the type Y - a-bx+cx 

upto 120 kg N/ha which signified that with the application of 

Increasing levels of nitrogen, the yield of potato increased 

linearly. As such, potato would respond to atill higher rates 

of nitrogen than tried in the present investigation. 
5.4 Starch, reducing and non-reducing sugara as affected by 

different treatments. 

5.4.1 Starch content: 

The increasing rates of nitrogen and irrigation and 

application of FYM brought about reduction in the aterch content 

of tubers (Table 4.30). The reduction with the Increasing 

rates of nitrogen was significant during one year.In the er 
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year also the significant reduction was observed with the 

application of 120 kg nitrogen* The effeot 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, Tha increase in the levels 

of nitrogen increases protein content and brings a concomitant 

decrease in starch content of potato (Sinha ĵ t al., 1967). 

The inverse 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 carbohydrate 

utilization (Yadav and Tripathi, 1972). Similarly, the increased 

moisture availability and application of PTM affecting an 

increase in the nitrogen availability ara anticipated 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 increased crop growth, 

resulting in higher yields. The increased levals of nitrogen 

have been reported to decrease starch content of potato(Prino 

e± al., 19^0; Smith, 19^0; Tennan, 1950| Black and Cairns, 
Majur & 

1958; Reddy and Rao, 1968; Hukkeri, I968f/Gawllck, 1977 and 

Barsukov, 1982). Barsukov (1982) also reported that higher 

soil moisture and application of FYM had adverse effect on th*> 

starch content of tubers, respectively. 

5.^.2 Reducing and non-reducing sugarsi 

There was a reduction in the content of both in reducing 
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and non-reducing sugars with the increasing levels of nitrogen 

but the increase was not significant in most of the Quaes 

(Table 4,30). Irrigation also decreased the reducing and 

non-reducing sugars compared to rainfed treatment and the 

reduction was significant for non-reducing augers 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 non-reducing sugars» the reduction being 

more with FYM than with lantana. The reduction in non-reducing 

sugars was significant with the application of FYM during both 

the years, whereas, with lantana it was during one year* It has 

been reported by Mazur and Gawlick (1977) that the application 

of nitrogen affected the reducing sugar significantly and 

reduced the content in tubers from 1.4 per cent at 120 fcg N/ha 

to 1.22 per cent at 240 N/ha. Th« increasing levels of nitrogen 

have been reported to decrease the total sugar contents of 

Kinnow (Shnrma, 1982), Ihe FYM might have indirectly influenced 

the reduction in the total sugar content of potato through 

its effect on the enhanced nitrogen availability and moisture 

supply. 



SUMMARY & CONCLUSION 



SUMMARY 

The field experiments were conducted during 1984 end 

1985 on the experimental farm of Himachal Pradesh Krlahl Vlflnva 
to 

Vidyalaya to study the, w Response of potato_/hitrogen as 

influenced by irrigation and organic matter"* The texture of 

the soil was clay loam and the soils are classified 

as typic hapludalf. The soils are acidla in nature* the pH 

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

below: 

1) The soil concentrations of N0,~N and NH^-N increased 

with the application of increasing levels of nitrogen, the 

increase in N0*-N being significant. The concentration of N(),-N 

and NH^-N increased with time after application ot sowing} 

the maximum generally being after 40-60 day* of application. 

The concentrations also increased after eecond dressing for 

some time and declined thereafter* 

2) The application of irrigation, generally, decreased 

the soil concentrations of both N0-.-N and NH^-N. 

3) The incorporation of FYM 0 10 t/ha before sowing resulted 

in higher concentrations of both N0*-N and NH^-N in aoil 

throughout the growth period compared to no incorporation,Tha 

increase was especially more pronounced, with significant 

effect, for N0,-N with the advancement of crop growth. 

4) Unlike the effect of FYK, the incorporation of Lantana 

camara resulted in the repression of both N0*-N and NH.-N in 

soil throughout the crop growth* 



5) The incorporation of organic matter in the form of 

FYM as well as lentana camara increased tho soil moisture 

content, decreased bulk density and increased the rate of 

infiltration in soils* The improvement in physical characteristic* 

was comparatively more with FYM. 

6) The Increasing levels of nitrogen, generally,increased 

the height of plants, number of branches and number of leaflets 

per plant. The effect of nitrogen application was quite 

conspicuous on the height of the plant as the Increasing rates 

of nitrogen increased the height significantly all through Che 

observed growth period. 

7) The incorporation of FYM O 10 t/haf generally, lncrpased 

the height of the plants, number of branches per plant and 

number of leaflets per plant significantly compared to no 

incorporation, 

8) The application of lantana 0 10 t/ha, however, unlike 

the effect of FYM brought about reduction in emergence, growth 

and development of plant. Also, its application delayed the 

emergence of potatoes. 

9) Irrigation significantly increased the growth and 

development of plant in terms of plant height, number of branches 

and number of leaflets per plant compared to rainfed conditions. 

10) There was a large effect of nitrogen application on the 

yield of potato. The yield increased signifioantly with the 

increase of nitrogen upto 120 Kg N/ha during one year.During 

second year also there was an increase in yield due to increasing 

levels of nitrogen but the significant effect was upto 80 kg N/ha. 



11) The yield of potato increased significantly with the 

application of FYM © 10 t/ha compared to no Incorporation. 

The yield increase was significant both under rainfed and 

irrigated conditions with its application. Application of 

FYM 0 10 t/ha could substitute at least 40 kg inorganic 

N/ha to potato crop. 

12) Unlike the effect of FYM, the incorporation of lantona, 

irrespective of irrigation, resulted In significant reduction 

in tuber yield compared to no incorporation. The reduction 

in yield with its application was significant under irrigated 

conditions, whereas, it was not significant under rainfed 

conditions. As such, there was no possibility of its 

substituting FYM as a source of organic matter for potato. 

13) Irrigation significantly increased the tuber yield 

compared to rainfed conditions. The yield in the former was 

almost double than the latter. 

14) The maximum tuber yield was obtained with the 

application of 120 kg N/ha along with FYM 0 10 t/ha under 

irrigated conditions. The response to nitrogen with the 

application of FYM and irrigation was linoar upto 120 kg N 

which suggested that potato would reapond tc still higher levels 

of nitrogen. 

15) The tuber size distribution was also influenced by 

nitrogen application, irrigation and organic matter 

incorporation. The application of nitrogen O 80 kg/ha 

significantly increased the proportion of large grade potato 

( ) 50 gm)compared to the level of 40 kg N/ha. The increasing 



levels of nitrogen did not influence significantly the proportion 

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

16) The irrigation significantly increased the proportion of 

large grade potato but decreased the proportion of small grade 

potato. 

17) The incorporation of FYM also significantly increased the 

proportion of large grade potatoes and decreased significantly 

that of small grade. However, reverse was the case with the 

application of lantana. 

18) The increasing rates of nitrogen, irrigation and FYM 

incorporation, generally, brought reduction in the contents of 

starch, reducing and non-reducing sugars. 

Conclusion; 

From the foregoing discussion, it could be concluded that 

for realising higher tuber yields and better quality of the 

produce 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 

c;:in-tra, as such in raw form, by no means could substitute FYM 

as a source of organic matter to potato as its deleterious effect 

on growth and development of potato was observed right from the 

germination stage. The harmful effect of Lantana camara appears 

to be due to very high dose as it was applied on air dry basis. 

There is need to try lower levels of application on fresh weight 

basis after partial decomposition of the material in the soil. 
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IxN interaction (1984) 
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1 5 . 5 2 

2 4 . 1 5 

2 2 . 7 7 

2 8 . 3 0 

1 9 . 4 5 

2 0 . 0 0 

1 7 . 5 0 

31 .00 

2 5 . 2 5 

3 6 . 3 0 

2 5 . 3 0 

2 8 . 9 2 

2 5 . 1 5 

45 .12 

26 .62 

2 . 2 6 

6 .50 

1 5 . 4 0 



Appendix- VIII Nfl̂ -N (kfl/ha) In ao l l aa affactad by 

d i f ferent treatmanta(19B3) 

Treatments 6.2.85 26.2.85 18.3.85 7.4.85 27.4.85 17.5.85 

1 Mo Xo 

h 
M l X o 

h 
M2 lo 

h 
h \ \ 

h 
M l X o 

h 
M 2 * o 

h 

59.96 

52.70 

35.06 

55.26 

59.44 

68.82 

64.14 

60.87 

75.21 

63.61 

61.73 

73.73 

18.62 

16.62 

17.70 

20.00 

24.74 

33.12 

25.37 

21.99 

33.84 

38.75 

28.37 

30.12 

38.62 

36.33 

27.66 

21,75 

49.00 

41.83 

42.66 

39.37 

37.41 

36.33 

58,30 

44.30 

53*93 

55.41 

47.32 

42.48 

57.16 

54.44 

50.46 

48.95 

55.39 

40.74 

82.34 

78.23 

29.31 

32.85 

35.30 

27.84 

62.14 

40.34 

49.73 

34.92 

40.18 

38.37 

47.79 

61.19 

38.94 

36.51 

37.35 

30.78 

37.92 

32.87 

44.83 

37.32 

32.70 

34.69 

46.97 

42.00 

N 3 Mo r o 

h 
M l J o 

h 
«2*0 

h 
SE n£ 

CD. a t 5% 

C.V. 

79.64 

77.56 

64.39 

60.87 

91.12 

87.38 

4.18 

12.08 

10.95 

37.24 

46.37 

22.74 

22.87 

40.30 

36.45 

2.97 

8.54 

17.97 

51.50 

39.34 

43.58 

37.16 

62.41 

55.35 

3.97 

11.40 

16.20 

65.52 

59.20 

50.47 

63.70 

75.60 

59.05 

3.99 

11.48 

11.95 

61.25 

49.77 

37.93 

38.46 

66.80 

53.40 

3.80 

10.95 

14.69 

53.97 

35.02 

47.82 

36.76 

59.36 

44.57 

2.85 

8.21 

12.19 



Appendix-IX NH^-N (kg/ha) in Boll &£ Influenced by 

IxN interaction (1984) 

Treatments 20.5.84 

*1 
N2 

N3 

• 

lO 

30.36 

44.30 

62.16 

SEm £ • 

C D . a t 5# -

*1 

23.20 

32.81 

45.39 

1.21 

3 .48 

Appendix-X NĤ -N (kg/ha) In s o i l aa influenced by 

IxN Interaction (1985) 

Treatments 

N i 

N2 

N3 

• 

42, 

45, 

55, 

27i 
C o 

.24 

• 9 0 

• 32 

,4.85 

h 

33.68 

44.83 

47.21 

1 

38 

41 

53 

lo 

.03 

.50 

.71 

17 .5 .85 

h 

33.39 

38.00 

38.78 

SEIIH - 2.19 SEm*_ - 1.64 

CD. at 5% - 6.32 C.D.at 5* - 4.74 



p p x NH^N ( k g / h ) In s o i l a s in f luenced by NxM i n t r a 

Treatments 

M-

21 .3 .84 10.4.84 3 

*l h M. * 1 *2 n. * 

R-

N. 

M. 

11.64 9 .02 13.90 21 .89 13.40 21.81 8.28 1 1 . 

11.11 12.79 23.28 24 .27 22.01 27 .95 14.10 1 1 . 0 

22.25 14 .25 26.18 27 .42 27*68 26 .75 17.31 1 5 . 

SEm^ - 1,21 

C D . a t 5%- 3 .49 

SEto+ « 1.74 

C.D.a t 5% « 5.01 

SBn+ * 0 . 9 

C .D.a t 596- 2 . 7 

Appendix-Hi HH -̂ff (kg/ha) In * o i l as Influenced by HzM Interac 

Treatments Mr**? 7^fg? 
M o 

:L 

M. 

56 .33 45 .16 6 4 . 1 3 

62 .50 69.41 6 7 . 7 8 

78 .60 62 .63 6 9 . 2 5 

54 .67 44 .90 5 5 . 8 

49 .70 **8.06 8 0 . 2 

62 .36 57 .08 6 7 . 3 

SES*— 
C D . a t~5# 

"7T9T 
8.51 C D . a t 5# 

"77E 
8 .1 



Appendix-XIII The s o i l moisture content expressed on per cent 
mass bas i s under IxN and NxM Interaction *19B4) 

Treatment 

N i 

M2 

«3 

c, 

16. 

h 

16.69 

20.81 

19.37 

SEm • 

,D. a t 5% 

3 f 

• 

• 

,84 

h 

19.03 

18.98 

20.45 

0.58 
1.68 

] 

22 

22 

21 

C. 

0 

.80 

.61 

.99 

6 . 4 . 8 4 

\ 

23.U2 

21.91 

23.00 

SEm •, • 

D. a t 5% -

M2 

21.38 

24.24 

22.20 

0.61 
1.78 

Appendlx-XIV The s o i l moisture content (%) on mass basis 
during crop growth under IxN interaction (1985) 

Treatments hiliSl 

15.81 

18.57 

27.14 

27.68 

N. 15.13 27.29 

SEm 4 
0.53 

CD. at 5% 1.53 



Appendix- XV The s o i l moisture content(#) on mass basis during 
crop growth under lxW In t e rac t ion (1985) 

Treatment 6.4.85 * i i i § i 2?T?|8? 

M l 

*2 

17.86 23.43 18.46 27.30 11.88 

21.91 22.96 16.56 27.89 12.08 

19.47 24.75 14.48 26.92 13.08 

18.11 

16.95 

16.93 

SE m£ 
C D . a t 
5* 

m 

m 

0, 
2, 

,81 
.33 

SE m£ 
CD. a t 
5S 

m 

m 

0.53 
1.53 

SE n* 
C D . a t 
5* 

H 

• 

u, 

1, 
.57 
,64 

Appendix- XVI The s o i l moisture content(#) mass bas is during crop 
growth under NxM in te rac t ion (19B3) 

Treatment 
W 

4.5.85 
*• % M 

11x5*8 k ^ 

N l 

N 2 

N , 

22.29 21.70 20.43 17.58 17.36 18.39 

25.75 23.07 20.54 17.58 18.50 17.59 

20.59 21.90 21.13 16.57 19.72 16.15 

SE m+ 
CD. at 
5* 

0.65 
1.88 

SE m± 
CD. at 
5% 

0.69 
2.00 



Appendix- XVII Pooled y le ld(#) of sna i l grade potatoes 
as Influenced by IxN In te rac t ion (pooled 
y ie ld of 1984 and 1985) 

Treatments I I> 

N x 24.15 18,21 

N 2 19.54 19*87 

N3 23.57 19.39 

SEIB+ « 1.26 

CD, a t » 3.62 
5* 

Appendix- XVIII Pooled yield {%) of large grade potatoes 
as influenced by NxM interaotionvpooled 
yield of 1984 and 1985) 

Treatments M M, M-

N l 

N2 

N3 

38.56 

40.50 

43.19 

SE m+ • 

CD. a t -
5* 

2, 
7. 

,65 
,64 

26.60 

40.24 

24.87 

43.07 

4H.B6 

4 3 3 0 



Appendix- XIX Potato tuber y ie ld of potatoes (q/ha) aa 
influenced by NxM interaction (1984) 

Treatments M. M. *2 

Nl 

N, 

R, 

65.25 

92.94 

98.88 

58.91 

80.83 

89.98 

89.16 

24.19 

136.28 

SE m+ 7.47 

CD, at - NS 
5* 

Appendix- XX Potato tuber yield (q/ha) aa Influenced by 
NxIxM interaction (1984; 

Treatments 

M. H< M. M, K 

*1 

No 

N, 

38.24 52.63 37.19 79.58 

53.88 73.58 45.60 107.77 

57.44 76.11 52.38 122.50 

125.69 93.32 

174.80 140.27 

196.46 145.38 

SE m£ - 10.57 

CD . at 5% - NS 



Appendix- XXI Ana lys i s of v a r i a n c e of NCy-N (kg/ha 
a f t e r p l a n t i n g dur ing 1984 

Sources of 
v a r i a t i o n s 

R e p l i c a t i o n 

Treatment 

I 

M 

M 

1 x N 

1 x M 

H x N 

1 x M x H 

Error 

a.r. 
2 

17 

I 

2 

2 

2 

2 

k 

4 

54 

20 MP '" 

1 0 4 . 4 1 * 
* * 245.38 

0 . 1 8 

332.95** 

1654 .33** 

5 .21 

31.80 

2 8 . 9 5 

1.72 

24 .76 

Mean 
40 tlAP 

20 .28 

751 .61** 

12.82 

1830.30** 

4246.32** 

92 .76 

49.30 

52 .82 

28 .98 

40 .15 

sum of s q u a r e s 
50 DAP 

41.19 

950.22 

366.18** 

1846.15 

5643.90** 

32 .91 

22 .76 

1 5 4 . 0 0 * 

20 .04 

25 .68 

S 

3 

3 

87 

114 

9O 

4 

30 

10 

1 

2 

OAP - Days a f t e r p l a n t i n g . 



Appendix- XXII Analysis of variance of NO^-N (kg/ha 

after planting during 1985 

Sources of Mean sum of squares 
variation d.f. 20 DAP 40 DAP 6(5 DAP 

Replica tion 

Treatment 

I 

N 

H 

1 x N 

i x n 

K x N 

1 x M x 

Error 

N 

2 

17 

1 

2 

2 

2 

2 

4 

4 

34 

35.10 

281.95 

11*23 

591.15 

985.37*" 

39.1B 

4o. a 

103.51 

264.00* 

52.27 

239.15* 

431.21** 

4.86 

1133.29* 

1502.64** 

166.08 

276.75* 

236.20* 

54.87 

63.54 

* • 
358.55 

656.33** 

1755.82** 

1299.35** 

3109.57* 

113.00 

46.48 

33.06 

30.68 

57.90 

1 

1 

DAP « Days after planting. 



Appendix- XXIII Analysis of variance of NH^-N(kg/ha 
after planting during 1984 

Sources of 
variations d.T. 20 DAP 

Mean sura of squares 
40 bAP 66 bAP 

Replica tion 

Treatment 

I 

H 

N 

1 x N 

1 x M 

M x N 

l x n x H 

2 

17 

1 

2 

2 

2 

2 

k 

4 

7.07 

18.37 

9.29 

65.08 

59.69 

0.89 

18.11 

3.01 

0.85 

Error 34 10.00 

25.82 

130.16 

9.99 

397.19 

387.61 

1.03 

19.61 

65*38 

82.20 

8.86 

## 

6.69 

205.20 

312.86 

866.66 

466.42 

0.09 

3.48 

11701 

8. 48 

18.21 

# * 

DAP Days after planting, 



Appendix- XXIV Analyses of v a r i a n c e of NH,-N (kg/h 
a f t e r p l a n t i n g dur ing 1985 

Sources of Mean sum of squa re s 
v a r i a t i o n s d . f . 20 DAP 40 DAP 60 DAP 

R e p l i c a t i o n 

Treatment 

I 

N 

H 

IxN 

lxM 

fccH 

IxKxN 

E r r o r 

2 

17 

1 

2 

2 

2 

2 

4 

4 

17 

21.91 

524.45* 

17.03 

2105.20** 

968.26** 

140.08 

115.54 

366.36* 

193.76* 

52.61 

38.79 

2SL.93* 

50.20 

723.57** 

184.32** 

3 .70 

1.69 

45C.74** 

65 .77 

26.47 

22 .53 

309 .71* 

587.53 

693 .49 

1454.89** 

1 3 . 9 0 

28 .99 

40 .27 

33.49 

47 .16 

— 

DAP - Days a f t e r p l a n t i n g . 



Appendix XXV. Analyses of variance of moisture content (^) in s o i l ( 0 
p lant ing during 1984 

Jource d.f . _ ^ . Mean sua of squares 
>f v a - February ft Marcfr Apri l r iat ions 17th 24 th 2nd 9th 16th 23rd 30th 6 th 14th 21st 

Implication 2 2.18 1.66 2 .12 9.06 1.06 0.06 2 .18 1.87 15.37 16 .2 

treatment 17 6.11 4.33 8 . 8 2 9.25 28 .52 22.31 12.84 B.*8 13.72 17.? 

1 0.01 0*94 0 .38 1.88 3.79 3 .15 3 .27 98 .3? 164.5*3*211*3 

I 2 0.91 0 .34 3 .02 0.46 2 5 . 0 * 11 .78 2 .94 1.33 3 . 7 0 4 . 3 

I 2 34.2? 28.T5 46 .93 48.79 168.8*5 156.*59 8 6 . 8 * 0.42 18.§5 1 7 . # 

xH 2 2.56 0.59 4 .83 3 .04 20 .60 7 . 1 0 8 . 9 0 0.21 1.79 6 . 8 

:** 2 0.06 0 .84 0 .32 1.92 3.47 2 .09 0 .82 0 .49 0 .37 0.67 

b * 4 6.60 1.61 5 .32 5.90 4 .43 3*17 1.53 8*21 4*73 3 * » 

**xM 4 3.79 1.63 4 .50 5.65 4 .92 2 .23 3.61 0.76 0.27 1.86 

irxor 34 4.71 3 .70 3 .79 4 .73 3 .08 2 .40 3 . 4 4 2 .30 2.81 2 .4 



Appendix XXVI. Analyses of v a r i a n c e of wo la tu r e c o n t e n t ($>) i n a o l l ( 0 -20 cm) 
p l a n t i n g d u r i n g 1985 

Source8 d. f . MH;:.-. .••.•-:• of ^.mareg 
° * v a r - F 9 > t . . - , • , . March, . „ A p r i l 
l a t l o n e 2nd 9 th 16th 23rd 2nd 9 t h 16 t h 23th 50th 6 t h 13th 20t 

21.83 9 . 1 * 1 1 . 1 * 1.24 11.14 10.56 4.79 25-55 2.30 39.44 10.?2 7.2 

3.19 0.98 2.34 3.55 2.71 13.04 5 . " I * 9.7^20.33 21.25 3-3* 5.8 

4.21 0.44 12.58 1.30 O.33 131.% 23.55 7.17 45.30 212.8? 21.f? O.4 

2.24 0.27 2 . 9 1 0 . 3 0 0.60 26.84 10.S5 62.78 82.49 16.35 6.58 0.2 

4.25 1.11 0.06 3-24 17.94 3.19 1.12 O.63 11.64 0.73 0.53 34. 

5.89 0.92 2.17 2.14 O.tO 3-33 5-48 O.64 16.53 28.79 4.25 0.0 

6.02 2.27 0.88 0.22 0.49 3.09 1.98 2.34 10.25 10.03 0.25 0.0 

5.00 0.88 0.40 1.31 1.07 3.14 2.88 3-30 7.46 7.82 0.91 3.5 

0.54 0.87 3.37 10.54 O.aO 1.15 3.29 3.17 7.91 2.95 2.05 1.5 

2-19 2.57 2.41 1.85 2.01 6.04 2.08 5.04 11.53 5.91 1.42 2.4 

Hep. 
Treat -
sent 

I 

I 

K 

IxH 

I x * 

Xxl 

Xxftxi 

ixrox 

2 

17 

1 

2 

2 

2 

2 

4 

4 

W 



Appendix- XXVII Analysis of variance of germinati 
different dates during 1984 

Sources d.f. Mean sum of squares 

variations 

Replication 

Treatment 

I 

N 

N 

lxN 

lx* 

MxN 

lxMxN 

Error 

2 

17 

I 

2 

2 

2 

2 

4 

4 

34 

17.3.84 

0.059* 

0.120** 

0.003 

0.009 

0.825* 

0.0327 

0.0̂ 9 

0.0167 

0.0326 

0.013 

21.3.84 

14.719** 

10.364** 

0.039 

0.234 

77.285** 

3.167 

2.796 

L.775 

0.636 

1.232 

25.3.84 

4.888* 

9.447** 

0.435 

0.760 

77.664** 

0.068 

0.546 

0.218 

0.402 

0.924 

29.3.84 

3.851* 

4.203** 

0.715 

0.779 

33.270** 

0.478 

0.165 

0.082 

0.389 

0.890 

2.4. 

0.15 

2.56 

0.01 

0.95 

19.02 

0.48 

0^0 

0.29 

0.32 

0.74 

DAP - Days after planting. 



Appendix- XXVIII Ana lys i s of v a r i a n c e of germinat ion 
d i f f e r e n t d a t e s dur ing 1985 

Sources of 
variation 

Replication 

Tr atment 

: 

N 

M 

lxl^ 

lxM 

MxN 

IxMxN 

d.f. 

2 

17 

I 

2 

2 

2 

2 

k 

h 

1.5.85 

5.218** 
** 

2.950 

0.571 

0.180 

21.54** 

0.259 

0.149 

0.555 

0.950 

5.5.85 

0.484 
** 

9.754 

2.053* 

0.656 

79.237** 

0.076 

0.586 

0.499 

0.269 

Mean 

9-3*85 

0.520 

9.153** 

0.302 

0.319 

75.863** 

0.255 

0.454 

0.145 

0.257 

sua of squares 
13.3.35 

C.270 

5.988 

0.673 

1.618* 

47.518** 

0.141 

0.129 

0.415 

2.755 

17.3. 

0.002 

6.744 

0.550 

1.281 

55.53* 

0.021 

0.006 

0.044 

0.034 

Error 34 0.579 0.445 0 .261 0.584 0.089 



Appendix- 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 

Treatment 

I 

N 

M 

lxN 

lxM 

MxN 

lxMxN 

Error 

2 

17 

1 

2 

2 

2 

2 

4 

4 

34 

3.62* 

10.67** 

42.66** 

24.96 

41.46** 

0.22 

1.05 

0.07 

0.70 

1.00 

23.84 

65.08** 

590.04** 

127.93 
*** 

119.26 

0.59 

1.76 

3.02 

0.48 

3.34 

1.59 

#« 
115.71 

954.24** 
_ *# 

191.62 

306.46** 

1.41 

3.24 

1.71 

0.15 

5.45 

35.28 

71.28* 

740.74* 

78.24* 

142.57* 

1.24 

0.57 

3.15 

3.32 

12.50 



Appendix- XXX Analysis of variance of average height (cm) 
of potato on different dates during 1985 

Sources of d.f. 
variation 

Mean sum of squares 

13.2.85 233.85 2.4.85 12.4.85 22.4.85 

Replication 3.55* 10.14 19.64* 17.16 11.61 

Treatment 17 15.35** 82.13** 128.41** 147.93** 151.42** 

66.66** 633.79**1162.04** 1261.50** 896.29** 

N 

M 

IxN 

IxM 

•MxN 

lxMxN 

2 

2 

2 

2 

4 

4 

75.37 

16.62' 

1.29 

1.54 

0,68 

0.48 

7** 95.68** 232.89** 367.16** 247.53** 

2** 237.35** 233.89** 232.66** 581.86** 

1.59 11.55 

34,13** 16.79 

6.01 

0,23 

3.46 

4.43 

9.50 

8.00 

0.66 

3.99 

0.28 

1.59 

2.04 

1.78 

Error 34 1,07 4,26 5.61 7.46 7.49 



Appendlx-XXXI Analysis of variance of number of branches per 
p lan t a t d i f fe ren t datea during 1984. 

Sources of d.f . 
va r ia t ion 5 ^ # 8 l f 

R e p l i c a t i o n 

Treatment 

I 

N 

M 

IxN* 

IxM 

MxN 

IxMxN 

E r r o r 

2 

17 
l 

2 

2 

2 

2 

4 

4 

34 

0 .90 

4 . 7 6 # 

13.50 

20,24* 

8.90 

1.05 

0.72 

0.04 

1.36 

3.47 

Mean sum of squares 
15.4.84 25.4.84 5.5.84 

1.68 

7.40* 
29.62** 

11.62 

27.79 

0.97 

1.69 

1.52 

1.51 

3.36 

2.24 

5.82* 

25.35** 

9.85* 
21.90** 

1.85 

0.35 

0.07 

1.35 

2.33 

1.77 

5.95; 
24.13' 

10.774 

23.10' 

2.20 

0.06 

0.14 

1.08 

1.69 



Appendix-XXXII Analysis of variance of number of branches 
pc?r plant at different dates during 1985 

Sources 
variatii 

Replica 

of 
on 

tion 

Treatment 

I 

N 

M 

IxN 

IxM 

MxN 

IxMxN 

Error 

d.f. 

2 

17 

1 

2 

2 

2 

2 

4 

U 

34 

13.3.85 

«* 
9.18 

12.73** 

37.50** 

33.79 

47.57 

1.05 

0.50 

2.74 

0.55 

1.65 

Wean sun of squares 

23.3.85 

16.12** 

9.62** 

32.66 

15.57** 

36.12** 

2.72 

2.06 

2.24 

2.27 

1.38 

2.4.85 

9.40 

7.28** 

39.18** 

8.90 

17.79** 

1.68 

1.46 

0.71 

5.55** 

1.36 

12.4.85 

4.79* 

6.20** 

29.62 

7.35** 

22.74 

1.35 

0.96 

2.57* 

0.18 

0.95 

22.4.85 

** 
5.38 

*• 
6.75 

*« 
37.50 

*« 
9.55 

23.16 

0.66 

0.72 

2.13* 

0.13 

0.64 



Appendix - XXXIII Analysis of varianot of number of leaflets 
per plant at different dates during 1984 

Sources of 
variation 

Replication 

Treatment 

I 

N 

M 

IxN 

IxM 

MxN 

IxMxN 

Error 

d.f. 

2 

17 

1 

2 

2 

2 

2 

4 

k 

34 

5.4.84 

110.79 

ft* 

598.55 

1004.16** 

1680.90** 

2540.74 

5.05 

69.55 

48.57 

46.11 

73.01 

Mean SUB of 

15.4.84 

313.01* 

1398.97** 

46e5.35*# 

4217.24** 

5014.01** 

17.79 

86.90 

12.79 

93.52 

69.68 

squarea 

25.4.84 

167.57 

3012.15** 

12090.07** 

10519.90** 

8509.79** 

67.90 

203.57 

35.88 

92.66 

103.69 

5.5.84 

132.24 

3346.83** 

12573.63* 

12749.01* 

8931.68** 

66.46 

120.12 

46.01 

100.96 

92.47 



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

Sources of 
variation 

Replication 

Treatment 

I 

H 

M 

IxN 

IxM 

d.f. 

2 

17 

1 

2 

2 

2 

2 

13.3.85 

4.22 

474.1*>* 

1213.65* 

381,55* 

2760.0*}* 

56.69 

27.46 

Mean sun 

23.3.85 

121.35 

1164.5$* 

4123.6!* 

2305.65* 

5025.95* 

91.13 

11.91 

of squares 

2.4.83 

217.79 

2538.2?* 

11704.l8* 

6904.2*»* 

8178.15* 

64.50 

11.05 

12.4.85 

109.79 

4304.6?* 

19078.2*** 

12808.75* 

13213.65* 

115.57 

62.51 

22.4.85 

126.38 

4376.95* 

20768.lS* 

12892.l8* 

13107.184 

57.16 

90.16 

MxN 53.97 133.24 180.32 318.5** 242.68 

IxMxN 44.94 67.57 102.30 106.52 94.16 

Error 34 41.43 137.46 194.91 71*16 59.38 



Appendix- XXXV Analysis of variance of tuber size 
distribution (the values are percentages 
of pooled yield of 1984 and 1985) 

Sources 
variati 

Replica 

of 
ons 

tion 

Treatment 

1 

N 

M 

lxN 

lxM 

MxN 

lxMxN 

Error 

d.f. 

2 

17 

1 

2 

2 

2 

2 

4 

4 

34 

Mean 

Small grade 

99.52* 

## 
121,28 

143.66 

16.28 

596,98** 

46,93* 

137.83** 

30.03 

50.47* 

14,29 

SM|Q Of squares 

Medium grade 

174.07* 

70.82 

81.34 

143.60 

110.56 

3.85 

45.43 

84,59 

44.28 

46,50 

Large grade 

## 
276.51 

«* 
290.75 

441.87 

*# 
232.59 

1203.42 

51.89 
** 

338.43 

142.99* 

69.06 

42.36 



Appendix- XXXVI Analysis of variance of potato tuber yield 
(q/ha)during 1934, 1985 and pooled yield. 

Sources of 
variations 

Replication 

Treatment 

1 

1 

M 

lxN 

lxM 

MxN 

lxMxN 

Error 

d.f. 

2 

17 

1 

2 

2 

2 

2 

4 

4 

34 

Mean sun of 

1984 

4380.47** 

7024.97** 

81369.82** 

*•* 
6800.10 

7899.96** 

1561.72* 

2300.89** 

127.14 

105.18 

335.52 

squares 

1985 

281.44* 

8264.48** 

50041.53** 

5558.65 

29831.51** 

498.05** 

4055.86** 

#* 
1711.81 

929.82 

53.92 

Pooled 

1629.72** 

7146.79** 

64756.71** 

5878.86** 

17107.38** 

764.65** 

2643.06** 

651.85** 

335.84 

133.86 



Appendix- XXXVII Analysis of variance of dry matter(q/ha) 
of haulm of potato during 1984 and 1985 

Source* of d.f« 
variation! 

Mean sum of squares 

1984 1985 Pooled 

Replication 2 3.29 

Treatment 17 12.76 

I 1 28.77 

N 2 41.24 

M 2 43.48 

lxN 2 0.68 

lxM 2 1,64 

MxN 4 1.88 

lxMxN 4 1.64 

«« 

*# 

#* 

** 

12.53 
#* 

18.01 
#*-

32.32 

79.78"' 

*# 

*# 

52.40 

0.38 

1.66 

0.11 

1.24 

** 

6.64 
#* 

14.61 
** 

32.06 

58.26 

•* 

## 

46.02 

0.42 

0.66 

0.38 

1.01 

** 

Error 34 0.96 1.15 0.55 



Appendix- XXXVIII : Analysis of variance of Starc 
sugar In tubers during 198'* n 

Sources of d.f. Mean sum of 
variations Starch content Reduci 

Replication 

Treatment 

I 

• 

H 

lxN 

lxM 

MxN 

Isftxff 

Error 

2 

17 

I 

2 

Z 

2 

2 

k 

k 

34 

1984 

71.49 

72.49* 

** 
262.59 

376.54** 

8.50 

2.47 

32.54 

7.09 

25.06 

36.02 

1985 

72.14 

228.90 

131.94* 

1418.95** 

182.53* 

81.23 

6.a2 

30.68 

64.39 

27.73 

1984 

0.04 

0.06 

C.13 

0.28 

0.13 

0.001 

0.001 

0.01 

0.0005 

0.046 


