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STANDARDIZATION OF AGRO-TECHNIQUES FOR THE 
PRODUCTION OF PROCESSING QUALITY POTATO 

ABSTRACT 

Six experiments were carried out at the Tuber Crops Research Center of Bangladesh 

Agricultural Research Institute, Gazipur during the period from November 2012 t0 February 

2015 with a view to developing a package of agro-techniques for maximizing process grade 

tuber yield and quality. The popular potato variety BARJ Alu 28 (Lady Rosetta) was used in 

all the experiments. ln the first experiment, planting time and dehaulming schedule were 

evaluated to maximize process grade tuber yield and quality. Response of different planting 

geometry was measured in the second experiment. In the third experiment seed tuber size and 

inter row spacing were standardized. Nitrogen and potassium fertilizers were evaluated to find 

out the optimum doses for higher process grade yield and quality in the fourth experiment. ln 

the 5th experiment, the treatments found most effective in experiments 2, 3 and 4 were 

accumulated and compared in different combinations to formulate the best agro-technique 

package, In the 6th experiment, the treatments found most effective in previous two experiments 

of nitrogen and potassium were evaluated with cowdung manure for better quality processing 

tubers production. Results indicated that significantly higher yield of process grade tuber was 

recorded in November I5 planting in combination with all the dehaulming schedules, ranged 

from 20.67 to 21.50 t/ha. Processing quality parameters like high specific gravity and dry 

matter and low reducing sugar content were significantly influenced in the former planting 

time under dehaulming at 90 days after planting. The chips and French fry grade tubers as 

well as total tuber yield were the highest at 67.5 cm x 25 cm spacing. Medium sized seed 

tuber found profitable for maximizing tuber yield as well as dry matter production under 25 

cm intra row spacing. This combination also gave the highest yield of chips grade tuber (21.9 

t/ha). Nitrogen and potassium in combination significantly increased the chips and French fry 

grade tuber number and weight per hill as well as their yield. Reducing sugar content was the 

lowest (31.97 mg/I 00 g fresh weight) at 200 kg K/ha. Dry matter content increased up to 150 

kg/ha of both N and K doses and higher doses showed declining tendency. With cowdung 

manure, an integrated plant nutrient supply method increased yield and quality of process 

grade tubers. However, the quality of process products vary significantly with all other factors 

except planting geometry, seed size and organic matter. 
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ABBREVIATIONS AND ACRONYMS 

, BARI  Bangladesh Agricultural Research Institute 

BCR z Benefit cost ratio 

CIP  International potato center 

cm  Centimeter 

CPR! = Central Potato Research Institute 

DAP  Days after planting 

DM = Dry matter 

DMRT = Duncan's Multiple Range Test 

EOD = Economic optimum dose 

FAO 2- Food and Agriculture Organization 

FYM z= Fann yard manure 

8 = Gram 

kg =- Kilogram 

MOP  Muriate of potash 

PGY = Process grade yield 
• Relative humidity RH = 

SE = Standard error 

t/ha = Ton per hectare 

TCRC = Tuber Crops Research Center 

TSP = Triple super phosphate 

c = Degree Celsius 
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The potato (Solanum tuberosum L.) belongs to the family Solanaceae. It is known to be 

originated and was first domesticated in the Andes Mountains of South America 

(Keeps, 1979). Potato tuber is used as staple food in many countries of the world. but in 

Bangladesh it is consumed as a vegetable (Hussain, 1995). The potato is the fourth 

important food crop of the world after wheat, rice and maize in terms of production 

(Horton, 1987). Bangladesh is one of the largest potato producing countries in Asia 

(Horton, 1987). 

In Bangladesh, about 8.21 mllion tonnes of potato were produced from 0.43 m i l l i o n  

hectares of land with an average yield of 19.07 t/ha in 2 0 1 1 - 1 2  (BBS, 2012). This 

resulted in farmers' loss due to spoilage or wastage and low market price. Industrial or 

home-scale processing and e.port of fresh and processed potao products can make use 

of significant quantities of p tato, thus avoiding the wastage. Now-a-days, many rural 

people in major potato growing regions of the country, particularly the women folk, are 

keen to be engaged in activities like making fried chips, dried chips, Jhuree from 

potatoes. It has been found that rural girls are capable of developing a wide range of 

products through their own ingenuity, a fact which remains largely unappreciated. It is 

shown that home-scale processing of potato has a bright prospect in Bangladesh as it 

not only opens avenue for income generation to the rural poor, but also paves the way 

for meaningful utilization of large quantities of potato which otherwise rot and cause 

financial loss to the growers. 

In faet, it is likely that less than 50 percent of potatoes grown worldwide in consumed 

fresh. The rest in processed into potato food products and food ingredients, fed to 

animals, processed into starch and re-used as seed tubers for growing the next crop 

(Anon., 2008). But global consumption of potato as food is shifting from fresh potatoes 

to added-values and processed food products. One of the main processed items is the 

potato chips, the long-standing king of snack foods in many developed countries. The 

rise of the snacking'phenomenon is now fairly documented on an international scale, 

although the rate and extend of development do vary from country to country. The 

main consumers of potato chips, wafers and French fries are families especially in 



urban and semi-urban areas. Besides it, hotels, restaurants, canteens. army 

establishments require potato chips and French fries in significant quantities. 

Changing food habits and lifestyles and increasing number of in-service women have 

resulted in increased demand for processed foods. The food habit of the people of 

Bangladesh is gradually changing from rice to partly readyrnade food especially in 

urban areas. Potato is responding to this change (Anon., 2012a). Though there is no 

clear statistics of the demand of processed product of potato in the country, it is 

estimated that there is an annual market need for about 2 lac tonnes of chips. I lac ton 

of French fry and 2 lac tonnes of flakes (Annon., 2012). 

Potato processing is a new growing industry in Bangladesh. A few potato processing 

industries have been established in recent past years in the country. They are not 

operative fully but sporadically produce some quantity of chips, French fry and flakes 

for domestic as well as international market. They are suffering for lack of raw 

materials. Although a huge production is obtained, it is mostly table potatoes and a very 

negligible amount is used as processing potatoes. For processing, the potato variety 

required some special characteristics. A key attribute of varieties destined for 

processing is the ability to maintain a dry matter content of 20% or more (Kumar et al., 

2003) and the reducing sugar content should be 250 mg/100 g fresh weight for chips 

(Ezekiel et al., 2003 and Upal et al., 200 I) and 500 mg/100 g or less for French fries 

(Kumar et al., 2006: Singh et al., 2003). While dry matter content influences the yield 

of the processed product, reducing sugar content determines the colour of the fried 

products (Ezekiel et al., 1999). The other important prerequisite for processing into 

potato chips, it is desirable to have potato varieties with round or oval tubers with fleet 

eyes and a size of 40 - 80 mm in diameter (Dhakal et al, 2 0 1 1 :  Kumar et al., 2003a and 

Kumar et al., 2003b) the ideal size is 40 - 60 mm (Kabira and Lemaga, 2003). On the 

contrary, for French fries the desirable shape oblong to long-oval tubers of more than 

85 mm size in length (Singh et al., 2003) while Kabira and Lemaga (2003) stated that 

more than 50 mm are ideal. 

The processing quality of potato tuber is affected greatly by variety and environmental 

conditions during growth (Burton, 1996). Besides it. production technology can play an 

important role to produce process grade tuber yield and quality. It is somewhat different 

from that of seed potato and table potato production. Production technologies such as 

2 
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date of planting, planting geometry, fertilizer management. harvesting and grading etc. 

can be manipulated for better process grade yield and quality of potatoes. Production 

techniques for processing potatoes are different in some aspects from those of ware and 

seed potatoes. Processing potatoes need special varieties, space adjustment. 

fertilization, irrigation, field management, plant protection, haulm pulling, harvesting 

time etc. All these factors affect the qualities of potatoes especially tuber size. shape. 

maturity, dry matter, reducing sugar and tuber defects which in turn affect the qualities 

of the processed products (Hussain, 2012). According to White and Sanderson (1983) 

trtaditional field management practices were designed for high quality seed and/or 

tablestock tubers, but questions were raised as to whether different field management 

practices were required for production of the large, mature, high dry matter content 

tubers required by the processors. 

Planting time should be stadardized for processing qralty potato production. 

Processable size and quality tubers could be produced for industry for longer duration 

by manipulating planting and dehaulming dates through proper utilization of favourable 

environment under Bangladesh condition. 

Potato tuber size distribution greatly affect by inter and intra row spacing (Wurr et al. 

1993; Love and Thompson-Johns, 1999: Samuel er al, 2004: Bussan et al, 2007 

Abrha et al., 2014; Akassa et al., 2014). So, spacing should be optimized for the 

requirement of intended use size and quality tuber production. 

Inefficient nutrient managementn results in reduction in tuber quality, yield and 

environmental degradation (Pehrson et al., 201 1) .  Among fertilizers, nitrogen and 

potassium are the most important nutrient for potato. Both of them are essential for 

maintaining higher haulm growth, increased bulking rate, quality of tuber and more dry 

matter production (Roy and Jaisal, 1998). 

There is little information available about production technologies for processing in 

relation to planting time, planting geometry, seed size, fertilizer and haulm (maturity) 

management for producing process grade tuber yield of processing quality of potato in 

Bangladesh perspective. Bangladesh Agricultural Research Institute has developed 

around I0 potato varieties for processing. Among them, BARI Alu 28 (Lady Rosetta) is 

gaining popularity to both farmers and processors. Thus. the variety selected for this 

research work. Processing potato production is quiet different from table and seed 

potato production. So. it is need to be standerdized the processing production 

technology as it is not yet been done in Bamgladesh. Therefore, attempts have been 

3 
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made to standardize the planting geometry, seed size, nitrogen and potassium fertilizer 

management, planting time and haulm killing management practices for obtaining 

higher process grade tuber yield and quality for processing quality of potato. 

Overall objectives: 

i) To standardize the agro-techniques like planting date, haulm killing, plant population 

and seed size for producing higher proportion of processing grade tubers and better 

quality of the processed product. 

ii) To find out optimum dose of nitrogen and potassium fertilizers for improving total 

yield and quality of the process grade tubers. 

iii) To assess the economics of the above stated ago-techniques and nutrient 

requirements for the production of processing potatoes. 

4 
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Potato (Solanum tuberosum L.) is one of the most important food crops globally 

(Spooner and Salas, 2006). Currently, potatoes are grown in more than 130 countries 

with production of more than 300 million tons per year from 20 million hectare of land 

(Haverkort et al., 2009). In Bangladesh, country produces 8.21 million tons of potatoes 

from 0.43 million hectare of land with an average of 19.07 t/ha (BBS, 2012). Potatoes 

are grown in different climatic zones including temperate regions, subtropics and 

tropics under very different agro-economic conditions; in lowland as well as highland 

regions and from high-input agriculture by large scale corporate farms to small holders 

(Struik and Wiersema, 1999). Potatoes are best adapted to the cool temperature zones 

of the high altitudes in the Andes (2000-3500 m), at sea level in temperate regions of 

North America, Europe, South Chile, and Argentina. It can also grow well in the plains 

in the Asian countries like India, Bangladesh, Srilanka, Mayanmar and many other 

countries. 

Origin and evolutionary relationship of potato species 

The potato originated in the mountains of South America, specifically in the Andes of 

Peru and Bolivia where wild prototypes still exist. Archaeological studies clearly show 

the potato was already domesticated in South America for centuries before the 

Spaniards arrived. The gene pool of potato is extremely large, providing a valuable 

source of genetic diversity to breeders. Its ancestor could have been the wild species of 

Solanum leptophyes. The name potato is derived from the native name batata (Hawkes, 

1992). The genus Solanum, to which the cultivated potato belongs, is an extremely 

large one, containing about 1,000 species. In addition to the widely cultivated S 

tuberosum, subsp. tuberosum and andigenum, seven other related species are cultivated, 

namely S ajanhuriri, S. chaucha, S. curtilobum, S. goniocalyx, S. juzepcukii, S 

phurej@and S, stenotomum. Over 230 wild species of potato are generally recognized 

(Struik and Wiersema, 1999; Hawkes, 1992). 

The wild species of potato occur as diploids, triploids, tetraploids. pentaploids and 

hexaploids with n=12. Most species (73%) are diploid, 4% are triploid, 15% are 

tetraploid, 2% are pentaploid and 6% are hexaploid. Cultivated potatoes (tetraploid) 
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originally were derived from the primitive diploid S stenotomum, either by mutation, 

selection or hybridization (Hawkes, 1992). The evolution of cultivated potato began 

from S. stenotomum (Hawkes, 1992). Hybridization of S stenotomumwith S 

sparsipilum, the weedy species, and the subsequent chromosome doubling produced the 

tetraploid S. tuberosum subs. andigena in the central Andes. However, others 

considered that tetraploid Andean potatoes are derived from simple chromosome 

doubling of S. stenotomum (Hawkes, 1994). 

Importance and use 

Potato is used for starch and alcohol production (Honan and Sawyer. 1985). 

Approximately 60% of potato is consumed by human, 25% is used as stock feed and in 

industry (starch and alcohol production), 10% is stored for seed and 5% is wasted 

(Horton and Sawyer, 1985). In terms of yield of edible energy and protein per hectare, 

the potato is near the top of the list of major world crops (Spooner and Salas, 2006) and 

is well balanced with regard to the ratio of protein to calories. Potato tubers contain 75 

80% water, 16-20% carbohydrates, 2.5- 3.2% protein, 0.8-2% mineral (low sodium, 

high potassium), 0.6% fibre and 0.1-0.2% fat (Bajaj, 1987). The potato tuber contains 

high-quality protein and substantial amounts of essential vitamins, minerals, and trace 

elements (Spooner and Salas, 2006: Horton and Sawyer, 1985). Potatoes are a good 

source of ascorbic acid (vitamin C) and B vitamins, especially niacin, thiamine, vitamin 

B, and riboflavin (Horton and Sawyer, 1985). The appreciable quantity of lysine in 

potato makes it a valuable supplement to cereals, which are limited in lysine. Potato is 

also a good source of phosphorous and magnesium. a moderate source of iron and rich 

in potassium (Horton and Sawyer, 1985). 

Growth habit 

Potato is a herbaceous C3 annual plant, with wide genotypic differences in number of 

branching and pattern of branch development (Bajaj, 1987). Variation was found in 

number of stolons per plant, tubers per plant, or tubers per stolon (Wurr, 1974). Stolon 

formation may start before or after plant emergence and stolon number/stem declines 

with increasing stem number per plant. However, the quantity of assimilates available 

for growth also affects this relation (Struik and Wiersema, 1999). Early-maturing types 

tend to produce more nodes and subtending stolons than do late matur ing types, but the 

ratio can be affected by environmental factors (Ewing, 1987). Generally, it is common 
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to distinguish between determinate types and indeterminate types of potato. 

Determinate types have a tendency to be early maturing. remain short, do not produce 

many successive orders within one main stem, and produce short-cycle crops. 

Indeterminate types require a longer growing season (late maturing) to fully mature and 

have a higher yield potential if provided with an adequate duration of growing season 

(Struik and Wiersema. 1999). 

Potato is the most widely cultivated vegetatively propagated crop in the world. Tubers 

are the organ harvested for consumption. Tuber formation requires a sequence of 

physiological events, which arc internally regulated by plant hormones, triggered by 

photoperiod, and modified by genetic and other environmental factors (Ewing and 

Struik, 1992). Short days and moderate temperature enhance tuber formation while 

long photoperiods enhance vegetative growth (Moreno, 1985). Tuber formation takes 

place over a relatively short period of time, with the duration of this period depending 

on the maturity class of the potato (Jackson, 1999; Struik et al., 1999). Tuber 

development involves several stages, starting from induction, initiation, rapid growth 

and branching, cessation of longitudinal growth and swelling (Struik and Wiersema, 

1999). The growth and development of potato plant is often described by five stages; 

Growth stage I: Sprout development; Growth stage IH:  Vegetative growth; Growth stage 

IE: Tuber initiation; Growth stage IV: Tuber bulking; Growth stage V: Maturation 

(Rowe, 1993). 

Effect of date of planting and haulm pulling on yield and quality 

Date of planting should be standardized for any photosensitive crop for any locality. 

Potato is a cool loving crop. It should be considered to optimize planting time of 

successful potato production, that the optimum day and night temperature could be 

achieved in growth, tuber bulking and maturation period. According to Vayda (1994), 

night temperatures above 20'C severely depress both tuber initiation and bulking, 

temperatures above 25"C effectively stop tuber production. Ewing ( 1981)  observed that 

tuber initiation and bulking are favoured by mean temperature below 20"€. 

Environmental conditions not only affect tuber yield but also influenced the quality 

specially on dry matter and sugar content. For example, in the southern belt of India at 

Rajgurunagar, where winter is mild and very short, the optimum time for autumn 

planting was the second fortnight of November. For rainy season crop. as the planting 
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advanced beyond early July, the yield declined sharply particularly in Kufri Jyoti 

(CPRI, 1978). Optimum time of planting at Ranchi for Kufri Chandramukhi. Kufiri 

Lalima and Ultimus was 20 October to 5 November and planting beyond first week of 

November and adverse effect on yield (AICPIP, 1983-84). At Kanke Plateau, October 

to December is the main season for potato crop. Variety Kufri Chanddramukhi and 

Kufri Sindhuri gave higher yield when planted on 30 October than earlier on later 

plantings. In Bangladesh, generally November is the best time for potato planting. 

Akhter et al. (2013) reported that potato planted on 15 November at Joydebpur 

condition gave the highest yield. They also showed that potato var. Asterix planted on 

I5 and 30 November exhibited better results for chips, whereas Filsina showed better 

perfonnance in 15 November planting. 

Haulm pulling or vine desiccation before harvest is a widely used practice in 

commercial potato production (Pavlista, 2001a; Ivany, 2004). Haulms are killed to 

achieve a number of objectives: ( 1 )  Reduce tuber skinning at harvest (Murphy, 1968) 

and minimize shrinkage in storage (Misener, 1982); (2) Avert storage losses from late 

blight tuber rot by preventing further transfer to spores from infected haulms to tubers 

prior to or during harvest and allowing infected tubers to rot in the soil (Thurston and 

Schultz, 1981):  (3) Reduce bruising and mechanical injury during harvest and handling 

(Thornton and Sicezka, 1980); (4) Increase harvest efficiency by reducing haulm 

quantity and weakening stolon attachment (Plissey, 1993); and (5) haulm killing is also 

used in the production of seed potatoes to control tuber size and minimize the late 

season spread of viruses by aphids. Haulms are desiccated 10 to 21  days before the 

intended harvest date (Plissey, 1993; Bohl, 2003). During this time in interval, tuber 

skin-set increases, haulms decrease in mass and tuber lossen from stolons (Haderlie et 

al.. I 989a). 

Haulm killing prior to harvest usually reduces tuber yield and size (Sanderson and 

lvany, 1990; Haderlie et al., 1989a). The extent to which yield is reduced by 

desiccation depends on a number of factors including the plant maturity at the time of 

haulm kill, method of desiccation and the length of time and weather conditions 

between haulm kill and harvest (Haderlie et al, 1989a). Killing haulms in the tuber 

bulking stage results in lower yields and smaller tubers because the production and 

translocation of assimilates is restricted as the plants die (Renner, 1991).  Sanderson and 

lvany (1990) reported that desiccating Russet Burbank haulms with diquat on Prince 

Edward Island before 137 days after planting (DAP) (early October) reduced tuber 
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yield and size, whereas later applications had no effect. Other investigators have 

documented tuber yield and size reductions when immature plants were killed 

(Arsenault and vany, 2001; Sanderson et al., 1984). Others have reported that haulm 

killing had little or no effect on tuber yield (Pavlista 200la; Renner, 1991 ;  vany et al., 

1986). Other studies produced variable results (Ivany and Sanderson, 2 0 0 1 :  Haderlie et 

a/ .. I 989b; Halderson et al., I 985a) reflecting the declining nature of the response of 

yield with increasing plant maturity. Schaupmeyer (1987) reported that tuber yield is 

higher from plants killed with show-acting chemicals as compared to rapid death by 

cutting or rotobeating, when treatments were done on the same day. These results 

suggest that some tuber bulking occurs in the interval between the application of a 

chemical desiccant and harvest. James ( 1989) found that tubers under desiccated 

haulms continued to bulk up to seven days after desiccation but at a lower rate than 

tubers under untreated haulms. Sanderson et al. (1984) attributed yield increases 

following haulm kill to the translocation of carbohydraes from dying haulms to tubers 

and to water movement to tubers from active roots. Recent studies comparing chemical 

desiccants for their effect on tuber yield have generally shown no differences between 

products (lvany, 2004: vany and Sanderson, 2001; Pavlista, 2001b: Haderlie et al. 

1989b). 

In studies in which diquat was applied before tuber bulking was completed, total yield 

was reduced by up to 17% and percentage no. I grade by up to 10% although typically. 

reductions in yield are smaller (James, 1989; Arsenault and lvany, 2001).  Studies have 

shown that the effect of diquat on yield and tuber size can be even more significant 

under Manitoba conditions. Giesel (1986) found Ressel Burbank haulms killed in early 

September produced 21% less total yield 25% less marketable yield and 100% less 

yield of tubers over 283 g compared to the check treatment. Desiccating Shepody 

haulms resulted in smaller but significant reductions in total yield and yield of tubers 

over 283 g (Giesel, 1995). Although the tuber yield is lower when haulms are 

desiccated. there are generally fewer losses during harvesting as compared to green 

digging. When tubers are harvested from immature haulms, they often remain attached 

to the stolon and are lost when haulms are carried over the diviner chain to the ground 

(Zeneca, 1993). Following vine kill. tubers release better from stolons (Beukema and 

van der Zaag, 1990). With green digging, the volume of haulms at harvest also results 

in carry-over losses when tubers ride on the haulms. Haulm killing reduces the amount 

of haulm carried up the harvester improving the separation of haul ms away from tubers 
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(Plissey, 1993). Typically, the specific gravity of tubers is lower when haulm are 

chemically or mechanically killed two or more weeks before harvest (Halderson et al., 

1985a; Nelson and Nylund, 1969). The degree to which tuber solids are affected 

depends on the corp's stage of development at the time of killing. method of 

desiccation and the time interval and weather conditions between haulm kill and 

harvest (Storey and Davies, 1992: Smith 1987). Specific gravity increases as the 

growing season progresses reaching a maximum when the tubers reach physiological 

maturity before declining towards the end of the season (Stark and Love, 2003). Killing 

haulms before the tubers reach physiological maturity results in lower specific gravity 

because there is minimal translocation of carbohydrate from leaves and stems to the 

tubers from dying haulms (Rowberry and Johnston, 1966). Moreover, water taken up 

by the plant's root system following desiccation moves into the tuber reducing the 

percentage dry matter (Storey and Davies, I 992). Other investigators have documented 

reductions in specific gravity when bulking plants are desiccated (Pavlista, 2001a) 

Conversely, in haulm killing studies on mature Russet Burbank in Idaho, Halderson et 

al. (1988) reported no significant differences in specific gravity from tubers harvested 

from desiccated and untreated haulms. In studies where haulms were desiccated with 

diquat before maturatiion, a two to seven point (0.002 t0 0.007) decrease in specific 

gravity has been reported relative to the untreated haulms (Johnson et al., 2003; 

Halderson et al., 1985a; Nelson and Nylund, 1969). Killing Shepody haulms in mid 

August with diquat, IO days before harvest, reduced specific gravity by 5 points (0.005) 

(Giesel, 1995). The length of time interval between haulm killing and harvest and the 

weather conditions during this period also influence tuber dry mater. Wet conditions 

around the time of haulm killing can lead to considerable reductions in tuber solids 

which may affect the suitability of the crop for processing uses (Stark and Love, 2003). 

Sowokinos and Preston (1988) suggested that haulm killing could be used to help 

tubers achieve chemical maturity by stopping the flow of sucrose to tubers from active 

haulms. Halderson (1989) measured lower sucrose levels in tubers from desiccated 

haulms than from untreated haulms shortly after treatment, but there was no difference 

when the tubers were harvested three weeks later. Knowles et al., (2001) observed a 

reduction in sucrose in tubers from desiccated haulms at the time of harvest in one year 

of research but no difference in sucrose levels in a follow-up study in which haulms 

were more mature. Desiccation did not affect the level of reducing sugars at harvest in 
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studies by Knowles et al., (2001) and Halderson (1989). Although haulm killing has 

been shown to reduce sucrose levels at harvest, there is little evidence to suggest that 

this results in lower levels of reducing sugars and improved processing quality from 

storage. Smith (1987) reasoned that the chemical composition of tubers from desiccated 

and non-desiccated haulms likely differed but reported that the effect of these 

differences on chip color was inconsistent. He suggested that weather conditions during 

the interval between haulm killing and harvest might account for the inconsistent 

response. Giesel (1985) concluded that desiccation did not improve Russet Burbank fry 

colour out storage. Haulm desiccation resulted in significantly higher levels of reducing 

sugars in stored Ranger Russet tubers which accumulated earlier in the storage period 

(Knowles et al., 2001). Preconditioning for two weeks at 60"F was required to lower 

the level of reducing sugars in tubers from desiccated haul ms to the level observed in 

tubers harvested from untreated haulms. 

lmpaet of spacing and seed size on potato yield and quality 

Seed piece spacing studies have been conducted on many potato varieties with mixed 

results. Schotzko et al. (1984) found that plant stands could significantly affect yield 

and economic return and were influenced mainly by intra row spacing of seedpieces. 

They determined that seed pieces should not be spaced less than I5-em apart for 

optimal yields. Generally, it has been reported that total yields increase for potato 

plants as seed piece spacing is decreased, but varieties differ in their ability to 

compensate for wide gaps. Yield of Russet Burbank potatoes is not affected by 

changing in- ow spacing from 15 to 30.5 cm. (Haldersen et al, 1992). DeBuchanne and 

Lawson ( 1991) reported that Atlantic produced greater total yield when produced at L 5  

cm compared to a wider spacing. Intra row spacing greater than 23-cm resulted in 

reduced total and marketable yields for different varieties (Creamer et al., 1999), 

Superior was able to compensate for wider spacing and produced greater yield than 

Atlantic at all spacing treatments. It was also found that 15 em intra row spacing 

produced the greatest yield for Atlantic and Superior than with any other spacing 

treatment (Creamer et al .. I 999). Seed piece spacing affects yield, but also has been 

implicated in affecting the internal quality of tubers. As intra row spacing increased, 

larger tubers are produced that are more prone to developing internal defects such as 

heat necrosis and hollow heart (Sterrett and Henniger, 1997). Hollow heart is a defect 

that to results from environmental stresses such as sudden changes in temperature early 
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in the growing season (Sterrett and Henninger, 1997). Nitrogen applications during the 

growth period and bulking rate may also affect the development of hollow heart (YIi 

Halla et al., 1987). Other studies confirmed this finding that wider intra row spacing 

produced largetubers and increased internal heat necrosis incidence and severity 

(DeBuchananne and Lawson, 1991) .  Narrow intra row seed-piece spacing reduces tuber 

size and in turn has been found to reduce the incidence and severity of internal heat 

necrosis and hollow heart. Creamer et al. (1999) reported that differences of in-row 

spacing affecting internal defects of Atlantic. Internal heat necrosis was greater with 

wider in-row spacing and was reduced I5 cm spac in g, and greater at a 66 cm spacing. 

The observed increase in potato production can be attributed to modern agricultural 

practices that include the abundant use of inorganic fertilizers and pesticides that help 

ensure high quality yields. More pesticides are used in potato production than for any 

other crop worldwide (Arsenault and Malone, 1999; Sicezka and Thornton, 1993). The 

increase in productivity made possible by chemical use has been viewed as a positive 

outcome for eco nomic reasons. Increased use of agricultural chemicals, however, poses 

a threat to the stability of the environment and our ecosystems. The development of 

new production and disease management technologies are increasingly more important 

to continue production of high quality potatoes, and at the same time maintain the 

quality of the environment and conserve natural resources in sustainable agriculture 

(Sicezka and Thornton, 1993). 

Seed tuber size directly affect seed rate for ware as well as seed or processing crop. In 

general, well sprouted 30-40 g tubers are recommended for ware as well as seed 

production in India (Kushwah and Govindakrishnan, 1993). Small size whole seed 

tubers of 10 g of Kufri Sindhuri showed that, for ware production seed rate of 1.0 t/ha 

was the most economical as the net income with this seed rate was higher compared 

with higher seed rate of 2.0 t/ha (Kushwah and Singh, 20 1 1 ) .  Siddique et al. (1987) 

found that there was significant increase in yield per unit area with the increase in seed 

size in var. Ukama and Cardinal. Generally seed size plays significant role in increasing 

potato yield, and there is direct correlation between seed size and tuber yield. Among 

various inputs for potato, seed alone costs 40-50% of the total cost of cultivation (Singh 

and Kushwah, 2010). 
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Effeet of nitrogen, potassium and manure on potato yield and quality 

The fate of N fertilizers used in potato production is an important environmental 

concern. Nitrogen is often excessively in potato production to avoid losses in yield and 

a reduct ion in tuber quality (Crozier et al., 2000: Arsenault and Malone, 1999). 

Recommended N applications are 1 12- 168  kg N/ha (Sander et al., 1998: Vos, 1997: 

Tucker et al., 1996; Soaud et al., 1990), but typically growers apply rates of 168-224 N/ 

ha (Tucker. et al., 1996). As a result. high residual levels of N have accumulated in the 

soils of eastern North Carolina (Gardner and Jones, 1975). Numerous studies document 

yield responses to N applications (Vos, 1997; McCollum, 1978). Until recently, only 

the effect of nitrogen rate on the quality of the potato crop was taken into account, and 

environmental considerations did not play a major role in N recommendations. Excess 

N inputs used in potato cropping systems were eventually lost to the environment, N 

losses are known to cause undesirable changes as a pollutant of surface and ground 

water reservoirs (Nelson and Hauck, 1965). Kumar and Trehan (2012) reported rate of 

increase in tuber yield, decreased with increasing level of N, as the first level of 80 kg 

N increase in tuber yield was 8.45 t/ha whereas with next higher level of N the yield 

increased by 4.2 t/ha and the last 80 kg increment in N level increased the yield only by 

1.9 t/ha. In many countries, including the United States, legislation is being enforced or 

developed to limit excess N into the environment. In North Carolina, N in agricultural 

runoff is considered a water pollutant in the Abermarle-Pamlico drainage basin and 

future legislation will help to protect this valuable natural resource (Spruill, 1995). 

Research is necessary to maximize nitrogen use efficiency of potato crops so that lower 

rates of N ean be applied and pollution of the environment can be minimized. Nitrogen 

may also affect disease development in many host-pathogen systems. The rate and form 

of N can increase or decrease diseases of many crops (Kommendahl, 1984: Huber and 

Watson, 1972). 

High K application rates are unwanted because of economic reasons and environmental 

pollution problems. The higher K levels did not improve yield in potato (Chapman et 

al., 1992: Rhue et al., 1986) and even the tuber quality were impaired. Negative 

impacts are attributed to salt damages (Bilski et al., 1988) and physiological changes 

(Westermann et al., 1994a.b; Yi-Halla et al., 1987). While scarce application of K 

reduced the yield and relatively smaller-sized potato tubers were recovered 

(Satyanarayana and Arora, 1985). Fertilizer recommendations must optimize crop yield 
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and quality to maximize profitability, and reduce the risk of environmental pollution. 

Fertilizer recommendations are usually based on field trials that determine the crop 

response to various rates of fertilizer application (Isfan et al., 1995) No study has been 

conducted in Pakistan to find out optimum potassium fertilizer rates. It seems therefore, 

imperative to determine the cost-effective optimum potassium fertilizer rates for potato. 

Balanced fertilization according to the crop and site specific characteristics will 

improve the quality of crops and the competitiveness of growers in the market (Isfan et 

al., 1995). 

Potato is a nourishing and wholesome food. The protein present in potato is superior to 

that of cereals and enrich in essential amino acids and cheaper source of vitamin C 

(Ezekiel et al., 1999), Potato crop has been successfully stridden over cereals during 

last decades and a lot of research work has been undertaken in order to improve its 

productivity for increasing population of the world. It has been estimated that the world 

population would be approximately 10 billion by the year 2050 and 95% of the 

incremental population growth would take place in the developing world. 

Consequently, the human pressure on land would increase tremendously in the time to 

come. In order to avert malnutrition and hunger, it is imperative to exploit our land 

resources in such a sustainable way that the increase in food stock not only keeps 

momentum with the population growth rate but is rather on the higher side too. It is 

only potato crop which can alleviate the situation substantially (Dahiya and Sharma, 

1999) as it produces 18 kg dry matter/day/ha more than cereals (Malik, 1995). Low use 

of fertilizers and serious imbalances in the N: P: K application ratios are the main 

causes of low yields in Pakistan. Current fertilizer application rates are quite 

insufficient to sustain high yields and to replenish nutrient removal by potato crop. 

According to Grewal et al. (1992) almost 50% potato yield could be increased only by 

improved nutrient management techniques. In short, great opportunities prevail to 

enhance potato productivity and quality by adopting advanced nutrient management 

techniques. Potato demands high level of soil nutrients due to relative weakly 

developed and shallow root system in relation to yield (Perrenoud, 1983). The 

application of fertilizers comprising of N, P and K have shown tremendous 

improvement in yield of potato crop. Nitrogen and potassium application improved 

tuber size by increasing the large and medium grades yield and decreasing the small 

and very small sized tuber reported by Singh and Lal, (2012) and they obtained the 
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tuber yield of 39.83 t/ha with the combined dose of 150 kg KO/ha and 225 kg N'ha. 

Moreover considerable increase in yield in tuber size was reported by Guzman et al. 

(1979) with the application of 120 kg KO + 120 kg N and 100 kg PO/ha. Mazur et 

al. ( 1979) and Krishnappa and Gowda ( 1979) also reported identical results. Berces 

(1980) stated that 34.3, 40.0 and 40.9 tha of potato tubers were recovered with the 

application of 60, 120, 180 kg N/ha, respectively supplemented with KO, P»Os and 

FYM. He further reported significant results with the interaction of K to N. 

Grewal and Singh (1980) conducted 14 field experiments on alluvial soils varying in K 

availability from 56-158 ppm to study the effect of K for tuber yields and frost damages 

to potato crop and reported that the frost damage was inversely proportional to the 

available K contents of the soil and K concentration of potato leaves. The supplemented 

K effected significantly reduced the danger of frost to th: potato crop and increased 

tuber yield from the soils having less than 1 1 4  ppm available K. Ismail (1980) obtained 

higher yields of potato when he applied 75 kg NPK./ha at the time of planting. Zehler 

and Gething ( 1981)  reported that higher yield of tubes were achieved with the 

application of K fertilizer. Perrenoud (1983) recovered 7 t/ha tuber yield with the 

application of 1 1 3  kg N, 45 kg PO, and 196 kg KO/ha and also concluded that with 

the advanced nutrients management practices, the potato yield could be enhanced. He 

assessed that the tuber removed 1.5 times as much K as N and 4.5 times the amount of 

phosphate from the soil. 

Vokal (1983) conducted experiments with the addition of 25 ton FYM/ha, 199.2 kg 

KO + 53.3 kg PO</ha alone or with the addition of 100 kg N/ha at the time of planting 

and found higher economic return in potato. Grewal et al. (1984) stated that the 

application of 84 kg KO +180 kg N and 44 kg/ha to potato crop gave higher yield of 

tubers. Trehan and Grewal (1984) reported that the addition of 40 kg KO/ha, 100 kg 

NIha and 20 kg PO,/ha to soil gave 12.66 to 29.1 1  tons tuber yield. Roberts and 

McDole (l 985) regarded potato as an indicator crop for K availability because of its 

higher K requirements. With the application of potassium. the size of tuber was found 

bigger as compared to the crop where N and P were supplemented alone to the potato 

crop (Perrenoud, 1993; Martin-Prevel, I 989). Grewal et al. ( 1991) conducted trials with 

optimum dose of K in the presence of optimum N, P doses and concluded that the 

increase of yield was 52 q/ha. In alluvial soils applied with 1 1 3  kg KO/ha gave 45 

q/ha, while the hill soils with the application of 103 kg KO/ha produced 37q/ha of 

tuber yield. The addition of NPK @ 250, 125, 125 kg/ha, respectively along with 
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application of EM4 and normal dose of FYM. gave higher tubers yield as compared to 

normal dose of NPK or FYM or EM, treatments alone (Ayyub et al., 1993). According 

to Perrenoud (1993), a crop yielding 37 Mg/ha removes 1 1 3  kg N, 45 kg PO, and 196 

kg KO/ha. At high yields, nutrients removal by tubers is also elevated: potato yielding 

79 Mg/ha removed 282 kg N/ha, 92 kg PO/ha and 384 kg KO/ha (Fageria et al., 

1997). 

Galeev (1993) reported that the application of 40 tons FYM/ha along with 60 - 150 kg 

N and 105 - 135 kg PO, and KO/ha to three potato cultivars in order to study varietal 

response to nutrients application and found considerable enhancement in tubers yield. 

Trails on autumn and spring potato crop were carried out with respect to NPK and 

FYM. P. K and FYM were given to the crop at the time of planting while, N was added 

½ at planting and remaining ½ afler 30 days of planting and tuber yield was recorded 

20.6 - 23.5 t/ha with FYM applied alone during autumn. For early cultivar Priekul Skii 

Rannii", the greatest yields were 38 - 40 % enhanced when P K was applied during 

autumn. When N P K were applied to cultivars "Nevski and Berlikhingen" during 

autumn, yield of potato tubers was increased by 24-26 and 30-33 t/ha, respectively. 

When FYM was applied alone during the spring without NPK, gave 18 .2-20.8  t/ha of 

yield while, yields were 27.6 - 34.8 tha with N P K .  The optimum dose of 105 kg of 

KO with 75 kg each of N and PO,ha were applied at planting during spring, gave 

yield up to 44-49% increased as compared to the control (Singh, 1999). Blending of K 

with N and P in inter row or intra row gave higher yield as compared to broadcasting 

(Sahota et al., 1988). Sharma (1993) adopted new approach to predict the tuber yield of 

potato through the use of boundary lines. The petiole samples of potato leaf were taken 

at 3 stages of plant growth from different fields and in vitro analysis for N, P and K 

contents was undertaken. N, P and K were applied at different rates to create variations 

in the composition of petiole and in their corresponding tuber yields. It was concluded 

that the tuber yield of 28 t/ha was achieved if 4-2 for K, 2-5 for N, and 4-3 for P as 

indices were kept. 

Iqbal et al. (I 995) compared different NPK levels in adoptive practices of farmers at 

different sites by testing two potato cultivars and reported that the balanced doses of 

NPK @ 250: 125:125 kg ha' respectively, increased tuber yield up to 17.4 % over 

farmer's practices. Malik (1995) noted 125 kg ha' of KO to be the best dose for the 

soils of Punjab. Malik et al. (1995) conducted experiments on potato crop at Abbotabad 

and Trenda Sway Khan by making comparisons with N P K supplemented with the 
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traditional practices of the growers (120:50:1, respectively) and reported a that 

remarkable increased in yield of potatoes with the application of KO and Nitrogen. 

Ewing (1997) obtained maximum tuber yield of 100 tha by applying K»0@ 384 kg/ha 

under ideal conditions. Similarly. Fageria et al. (1997) obtained maximum yield of 79 

t/ha from cv Russet Burbank, a commercial potato cultivar in an irrigated field of 

central Washington by applying NPK to the tuber crop at the rate of 282 kg N/ha. 92 kg 

PO,/ha and 384 kg KO/ha respectively. Madhu et al. (1997) studied the long term 

effects of continuous fertilizer and manure application on crop growth and soil 

physiochemical properties and reported that Potato yield was significantly improved by 

applying NPK fertilizers (rate calculated from soil test data) + 5 ton of f-YM/ha or 

recommended dose of NPK + 5 ton of FYMha or organic fertilizers. They obtained 

higher potato yield from the treatment with recommended doses of NPK + 5 ton 

FYM/ha as compared to other treatments. They also reported significant effect of K for 

better tuber production. 

Mahendran and Chandramani (1998) conducted field trials on Kufri Jyoti cultivar of 

potato by applying recommended doses of NPK @ 120:120:240 kg/ha, respectively. 

The half N was applied at the time of planting and remaining '/ after 40 days of 

planting by top dressing while, P and K were applied 100% at the time of planting 

along with Azospirillum + Phosphobacteria and reported that the tuber yield was 100% 

higher when nitrogen was applied twice in equal doses at the time of planting and 40 

days after planting along with full dose of PO, and KO + Azospirillum + 

Phosphobaeteria. Grove et al. (1999) studied the effect of broadcast and placement 

methods of fertilizer application to potato crop and attributed higher potato yield to 

placement method of NPK application as well as an interaction of N and K. Sharma et 

al. (1999) stated that application of NPK at recommended doses, gave maximum profit 

to the potato growers. They further concluded that K had positive impact on potato 

yield which could be sustained through the application of optimal nutrients where rice, 

sunflower and maize were in the crop rotation with potato crop. Singh (1999) attributed 

low potato yield in the sub-continent to imbalanced fertilizer supply particularly that of 

N and K after conducting intensive and extensive studies. These treatments consisted of 

3 levels of K (0,75, 150 kg/ha) combined with 3 levels ofN i.e. 60, 120 & 180 kg/ha in 

one zone while in another zone, it's doses were 80, 160 & 240 kg N/ha without varying 

K doses, whereas, PO, was supplied through a basal dose of 100 kg/ha at the both 

sites. Both the variable elements were supplied in equal quantity at planting and 
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earthing up. The cultivar selected for that study was Kufri Jyoti. The experiments were 

conducted at six different farmer's fields. The results depicted that the tuber yield 

increased with the increasing N and K doses : potato yield was 147, 180, 193 q/ha due 

to main effect of 80, 160 and 240 kg KO/ha, respectively and 134, 184, 202 q/ha due to 

the main effect of 0, 75, 150 kg KO/ha, respectively. It is evident that the farmer's 

sites were not as responsive to K application as the latter because the yield stood at 147 

and 134 q/ha from 80 kg and O kg of K application, respectively. Similarly 75 and 150 

kg KO/ha yielded 193 and 202 q/ha. These differences could be was a significant 

positive interaction between N and K: at each level of N, increasing ascribed either to 

different indigenous levels of K at the sites. There was a significant positive interaction 

between N and K: at each level of N, increasing levels of K application increased the 

tuber yield. 

The application of 150 kg KO/ha increased 36%, 54% and 61% tuber yield over the 

control (K zero) in combination with 80, 160 and 240 kg N/ha respectively. The 

experiments at other growing zones (where the soils were acid brown) were conducted 

that also gave highly significant results with respect to N and K interaction. The tuber 

yield increased on an average by 10%(75 kg KO/ha) and by 33 % (150 kg KO/ha) as 

compared to control (K zero) along with large sized tubers as well. Similarly, N 

application also increased tubers yield. A maximum yield of 408 q/ha was obtained 

when applied at 180 kg Nha, 100 kg PO/ha and 190 kg KO/ha against tuber yield of 

only 146 q/ha in the control (without NPK application). The increase in total yield of 

large tubers was due to K fertilization because of its stimulating effect on 

photosynthesis, phloem loading and translocations, as well as synthesis of large 

molecular weight substances within storage organs, contributed to rapid bulking of the 

tubers. 

Patricia and Bansal (1999) reported that potato being a tuberous crop needed heavy 

nutrients hence balanced fertilization management was pre-requisite for better plant 

growth and tuber yields. Amongst the major nutrients, K had not only improved the 

yield but also benefited various aspects of quality i.e. tuber size, dry matter percentage. 

starch contents, internal blackening, storability and resistance against pests, diseases, 

drought/frost stress and mechanical injuries. Various potato varietal comparison trials 

with respect to their nutrient management, particularly K requirements were undertaken 

by Upadhayay and Sharma (1999) who reported that 20-30 tons of tubers yield was 

recorded with the application of KO ranging from 0.380 - 0.410 SK to 2.455 - 3.425 
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SK. Sharma and Sud (2001) revealed significant responses to potato yield and quality 

with the application of KO. They further reported that the effect of K varied with the 

potato cultivar, time and method of application while, the application of potassium 

source integrated with organic manures in accordance with the soil test value. gave the 

best results in terms of yield, grade and K recovery of potatoes. KO had a significant 

role in higher yield of potatoes as compared to KSO, (Baziramakenga and Simard, 

2001). On an average, one ton of potato removed nitrogen 7.0 kg, phosphorus 0.57 kg, 

potassium 8.88 kg, magnesium oxide 1.3 kg and calcium oxide 1.5 kg (NDFC, 2003). 

The application of 105 kg KO/ha gave a yield increase of 3.3 Mg/ha equivalent of 32 

kg tubers/kg KO applied (Tandon and Sekhon, 1988). Very few soils could produce 

high potato yields for many seasons without replenishing removed K. A significant 

increase in potato tuber yield is well documented because of K application (Singh et al., 

2001; Tawfik, 2001: Umar and Moinuddin, 2001: Sharma and Sud, 2001:  Singh and 

Bansal, 2000; Sud and Grewal, 1992). 

Potassium fertilizer significantly contributed towards aggregate and large grade tubers 

(Singh et al., 2001; Singh et al., 1997a; Nandekar et al., 1991). However, reports are 

contradictory regarding the influence of increasing K rates on yield of medium and 

small grade tubers. According to Govindakrishan et al. (1994) more medium grade 

tubers were obtained while, small grade tubers were not affected with the additional 

application of potassium, whereas results of another investigation (Singh et al., 1997b) 

revealed that a considerable increase in small-grade (< 25 g) yield of tubers with the 

increase of K levels, while two categories of medium-grade tubers weighing 51-75 g 

and 25-50 g respectively, showed non-significant effect of K rates on tuber yield. Yet 

another study (Singh et al., 2001) showed an increase in tuber yield with an increase in 

K level (from 0-180 kg KO/ha) up to the lowest grade (10-20 g). Similarly a 

significant effect of increasing K levels on the yield of medium and small grade tubers 

was reported by Nand ekar et al. (1991) with a non-significant effect on the yield of 

very small tubers (<25 g). This indicated that the yield trends of different tuber grades 

were governed by the K application rates depending on quantity of K applied to potato. 

It indicated the trend of respective contribution of tubers grades influenced the tuber 

yield with relation to increase K application levels (Moinuddin et al., 2005) 

Large-grade tubers contributed up to 54 % to the aggregate tuber yield while medium 

grade tubers contributed up to 40 % to aggregate tuber yield. Since the large-grade 

tubers contributed most to the aggregate tuber yield (Moinuddin et al., 2005) the highly 
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significant effect of K application rates on large-grade tubers was observed. However, 

as K nutrition was expected to increase the size and weight of tubers, increasing K 

levels had an adverse effect on the yield of small-grade tubers, which became either 

large or medium grade due to K application. On the other hand. despite a parallel 

increase in the yield of aggregate and medium-grade tubers with an increase in K 

levels, the co-relation between the yield of aggregate and medium-grade tubers was 

non-significant. Actually, the percentage contribution to the aggregate yield by large 

grade and medium-grade tubers increased, while decreased small-grade tubers with the 

application of increasing K rates (Deka and Dutta, 1999). However, a sufficient amount 

of K is also needed for the efficient use ofN fertilizer (Pettigrew and Meredith, 1997) 
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CHAPTER Ill 

MATERIALS AND METHODS 

This chapter describes the materials and methods that were followed in conducting the 

experiments under study during the period from 2012-13 to 2014-15.  It comprises a 

short description of experimental site. soil and climate. organization of experiments, 

variety, growing of the crops. experimental design and treatments and collection of 

data. 

3.1 Experimental Site 

The experiments under the study were conducted during the period from 2012-13 to 

2014-15 at Tuber Crops Research Centre (TCRC), Bangladesh Agricultural Research 

Institute (BARI), Joydebpur, Gazipur located at 24.00" N latitude and 90.26" E 

longitude. 

3.2 Climate 

The experimental area is under the sub-tropical monsoon climatic zone, which is 

characterized by heavy rainfall, high humidity, high temperature and relatively long 

days during KKharif season and; scanty rainfall, low humidity, low temperature and 

relatively short days during Rabi season. The Rabi season is suitable for potato 

cultivation in Bangladesh. Details of the meteorological data in respect of temperature, 

rainfall and relative humidity of the experimental site during the cropping season are 

shown in Appendix I 

3.3 Soil 

All the field experiments conducted during the Rabi season of 2012-13, 20 13- 14  and 

2014- 15  were set in well drained medium high lands. The soil of the experimental plots 

was sandy loam in texture belonging to the Chhiata soil series (Brammer, 1971)  under 

Agro-ecological Zone (AEZ) 28, having a pH around 6.8. Soil characteristics of the 

experimental plots at a depth of 0-30 cm were analyzed at the Soil Science Laboratory 

of Joydebpur, Gazipur. Details of the soil characteristics are shown in Appendix II. 

3.4 Plant materials 

The potato variety BARI Alu 28 (Lady Rosetta) was used in the experiment. The 

variety has been developed by the Tuber Crops Research Centre (TCRC), Bangladesh 
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Agricultural Research Institute (BARI), and released by the National Seed Board of 

Bangladesh. Tubers of the variety are round in shape with fleet eyes and red skinned. 

The variety BARI Alu 28 (Lady Rosetta) potentially yielded good and recommended 

for processing purposes as well as ware potatoes. 

3.5 Land Preparation 

The main land selected for conducting the experiments was opened with a disc plough. 

It was then thoroughly prepared by ploughing and cross ploughing with a power tiller 

followed by laddering to obtain a good tilth. During land preparation, weeds and 

stubbles were collected and removed from the field and the clods were broken (Plate I). 

Two adjacent unit plots and blocks were separated by 0.6 m and 1.0 m distance, 

respectively. 

Plate 1. Photograph showing land preparation for 

seed tuber planting 

3.6 Seed sowing 

The well pre-sprouted, healthy whole seed tubers, around 50 ± IO g (Except expt. no. 3 

and 5) were planted manually. 

3.7 Manure and fertilizers 

The land was fertilized with 161--44--150--15-5-l.5 kg/ha ofN-P-K-S-Zn-B fertilizers, 

respectively (Hossain et al., 2007) except fertilizers experiment no. 4, 5 and 6. The 

NPKSZnB fertilizers were applied in the forms of urea, triple super phosphate (TSP), 

muriate of potash (MOP), gypsum, Zinc sulphate and boric acid. The full dose of TSP, 

MOP, gypsum, Zinc sulphate and boric acid and half of urea were applied in furrow 

and mix with soil using a tine and the rest ha1f of urea was applied as top dress at 30 
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days after planting followed by earthing up. The full amount of cowdung was applied 

during final land preparation for expt. no. 6. 

• 
3.8 Irrigation 

Three irrigations were applied in which first was done at 7 days after planting for 

germination, second was done one day after top dressed and earthing up and the last 

was at 62-65 days after planting (Plate 2). 
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Plate 2. Photograph showing irrigation in plots 

• 
3.9 Plant protection 

Furadan 5G @ 16 kg/ha was applied during final land preparation to control mole 

cricket and cutworms. The crop was protected against diseases by two schedule 

spraying of Dithane M 45 for two times, the first at 35 days after planting and the 

second was done after IO days of first spraying. 

3.10 Dehaulming 

Except otherwise described as treatment in Expt. no. I haulm pulling (dehaulming) was 

done at 90 days after planting. 

3.11 Harvesting 

Harvesting was done after IO days of haulm pulling. Harvesting was done manually 

with the help of spade. Enough care was taken to avoid injury of tubers. 
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3.12 Curing of tubers 

Immediately after harvesting the injured, insect damaged and diseased tubers were 

sorted out. After that the good tubers were kept for 15-20 days at room condition. After 

curing the tubers were used for preparation of chips and French fries. 

3.13 Experiment details 

In total six well designed field and laboratory experiments were conducted at 

Joydebpur, Gazipur, during the period from 201 2-13 to 2014-15. Experimental details 

are stated below. 

Expt. no.# 1. Effect of dates of planting of haulm pulling on the yield and quality 
of processing potato 

The experiment was conducted at TCRC field of BARI, Joydebpur during the period 

from October 2012 to March 2013. 

$ 

Treatments 

A. Date of planting (3 levels) (Plate 3) 

D,= 31 October 

D»= 15 November 

Dy= 30 November 

8. Time of haulm pulling (3 levels) (Plate 3) 

My= Haulm pulling at 80 days after planting (DAP) 

M= Haulm pulling at 90 DAP 

M,= Haulm pulling at 100 DAP 

(Tubers were harvested after 10 days ofhaulm pulling) 

»)i 

Design and layout of the experiment 

A two factors experiment was laid out in randomized complete block design (RCBD) 

with three replications. Treatments were randomly assigned in each block. The size of 

unit plot was 3 m x 3  m. Tubers were spaced at 25 cm in 60 cm apart rows. 
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Plate 3. Photograph showing tuber planting at 3" date (A) and haulm pulling (B) 

Expt. no.# 2. Effect of planting geometry on the yield and quality of processing 
potato 

The experiment was conducted at TCRC field of BARI, Joydebpur during the period 

from November 2012 to February 2013. 

Treatments 

A. Inter row spacing (3 levels) (Plate 4) 

i) 60 cm 

ii) 67.5 cm and 

iii) 75 cm 

B. Intra row spacing (4 levels) 

i) 20 cm 

ii) 25 cm 

iii) 30 cm and 

iv) 35 cm 

Plant populations per hectare at different combination of inter and intra row spacing are 

presented in Appendix III. 

Design and layout of the experiment 

The two factor experiment was laid out in randomized complete block design (RCBD) 

with three replications. Treatments were randomly allotted in each block. 

Date of planting : 18 November, 2012. 

Date ofhaulm pulling: 15 Feruary, 2013 (90 days after planting). 

Date of harvesting : 25 Feruary, 2013 (10 days after haulm killing). 
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Plate 4. Photograph showing seed to seed distance using a measuring stick 

Expt. no.# 3. Effect of seed size and intra row spacing on the yield and quality of 
processing potatoes 

The experiment was conducted at TCRC field of BARI, Joydebpur during the period 

from November 2013 to February 2014. 

Treatments 

A. Seed size (3 levels) (Plate 5) 

i) 30 ± 5 g  

ii) 55 ± 5 g  

iii) 80 ± 5 g  

B. Plant (Intra row) spacing (4 levels) 

i) 20 cm 

ii) 25 cm 

iii ) 30 cm 

iv) 35 cm 

Design and layout of the experiment 

A two factors experiment was laid out in randomized complete block design (RCBD) 

with three replications. Treatments were randomly assigned in each block. The size of 

unit plot was 3 m x 3  m. Tubers were spaced according to the treatments in 60 cm apart 

rows. 

Date of planting : 18 November, 2012. 

Date of haulm killing : 15 Feruary, 2013 (90 days after planting). 

Date of harvesting : 25 Feruary, 2013 (IO days after haulm pulling). 
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Plate 5. Photograph showing seed grades 

Expt. no.# 4. Effect of nitrogen, potassium fertilizers on the yield and quality of 
processing potatoes 

The experiment was conducted at TCRC field of BARI, Joydebpur during the period 

from November 2012 t0 February 2013 and November 2013 t0 February 2014. 

Treatments 

Nitrogen and potassium fertilizers 

Treatments N K 

T 0 150 

1, 100 150 

r, 150 150 

T, 200 150 

T, 250 150 

1. 150 0 

T, 150 JOO 

r, 150 200 

T, 150 250 

T%% 0 0 (native control) 

Blanket dose: P 44, S 15, Zn 5, B 1.5 kg/ha 

Design and layout of the experiment 

The experiment was laid out in randomized complete block design (RCBD) with three 

replications. Treatments were randomly assigned to each plot. The size of unit plot was 

3 m x 3  m. Tubers were spaced at 25 cm in 60 cm apart rows. 

Date of planting : 19 November, 2012 and 20 November, 2013. 
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Expt. no.# 6. Effect of organic and inorganic fertilizers on the yield and quality of 
processing potatoes 

The experiment was conducted at TCRC field of BARI, Joydebpur during the period 

from November 2014 t0 February 2015. 

Treatments 

T, = 100% EOD of nitrogen and potassium (economic optimum dose (EOD) of 

nitrogen and potassium which was determined from expt. no. 4) 

T,=120% EOD 

T, = Cowdung (CD) 3 tVha + Rest of EOD 

T, = C D 6 th a  + Rest of EOD 

T,= CD 3 tha + 100 % EOD 

Te=CD 6 tha + 100% EOD 

T 1 = native control 

Estimated economic optimum dose (EOD) of nitrogen and potassium from expt. no. 4 

was 178 and 185 kg/ha. Besides it, blanket dose of P 44, S 15, Zn 5 and B 1.5 kg/ha 

was used. 

Design and layout of the experiment 

The experiment was laid out in randomized complete block design (RCBD) with three 

replications. Treatments were randomly allotted in each plot. The size of unit plot was 

3.38 m x  3  m. Tubers were spaced at 25 cm in 67.5 cm apart rows. 

Date of planting : 18 November, 2014. 

Date ofhaulm pulling: 15 Feruary, 2013 (90 days after planting). 

Date of harvesting : 25 Feruary, 2013 (10 days after haulm pulling). 

3.14 Data collection 

3.14. 1 Data on potato production 

In experiments, related to potato production the following data were recorded: 

Days to 80% emergence : The period required for 80% emergence of plants was 

recorded on the basis of emergence of plants in 80% hills out of total hills planted per 

plot. 

Speed of emergence (SPE) This was calculated using the formula (Dadlani and 

Sesshu, 1990) 

Speed of emergence (SPE) 
Number of plant emerged after 15 DAP 100 

Number of plant emerged after 25 OAP 
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Height of plant : The height of plant was recorded in centimeter (cm) and was 

measured from the ground level to the tip of the growing point (Plate 6). The plant 

height was recorded at 40, 60 and 80 days after planting as the average of 1 O plants 

selected at random from the middle rows of each unit plot. 

Number of leaves per hill : Only the presence of compound leaves were counted at 40, 

60 and 80 days after planting from randomly selected 10 plants from the middle rows 

of each unit plot and then it was estimated the average number per hill. 

Foliage coverage (%) : Foliage coverage was assessed at 40, 60 and 80 days after 

planting using green method (Groves et al., 2005) (Plate 6). A square quadrat was used 

which was divided into 100 equal sized squares. Three quadrat counts per plot were 

made at approximately equal intervals along the length of the plot. The quadrat was 

placed above the crops so that it spanned the row exactly, and the numbers of squares 

with in the quadrate which contain more than 50% green haulm were counted. The 

level of foliage coverage was estimated as the percentage of squares with more than 

50% green haulm. 

• 

Plate 6. Photograph showing data recording on plant height (A) and foliage coverage (B) 

Number of stems per hill : The number of stem per hill was recorded as the average of 

IO plants selected at random from the middle rows of each unit plot at 40 DAP. 

Number of tubers per hill : The number of tuber per hill was recoded at harvesting 

time as the average of 10 plants selected at random from middle rows of each unit plot. 

Weight of tubers per hill : The weight of tuber per hill was recorded at harvesting 

time as the average of IO plants selected at random from the middle rows of each unit 

plot. 

Yield of tubers per hectare : The yield of tubers per hectare was calculated from the 

middle rows of per plot yield data, and was converted to tonnes. 
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Grade of tubers: The tubers harvested from each unit plot were graded into two major 

size grades viz. < 40 mm as non process grade and 2 40 mm as process grade. The 

process grade tubers were categorized into 40-60 mm as chips grade and 2>50 mm as 

French fry grade. Grade wise number and weight of tubers were recorded separately. 

Using the data on yield of tubers in each grade and the total yield (< 40 mm + > 40 mm 

size) of tubers per hectare, the yields were coverted to tonnes per hectare. 

I 
.el 

Plate 7. Photograph showing tuber grading by a grader 

Estimation of nitrogen and potassium dose from response curve : The response of 

crop to nitrogen was studied by fitting quadratic response equations for process grade 

tuber yield. The quadratic response equation had the best fit of the relationship between 

x and Y as shown below: 

Y = a + b x + c x  

In which Y = total tuber yield (t/ha); x level of nitrogen fertilization (kg/ha); a, b and c 

= constants. 

The economic optimum dose (EOD) of nitrogen or potassium (kg/ha) was computed by 

using the following equation (Kumar et al., 2007c): 

(•)-• 
X (EOD)=°_ 

opt 2c 
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In which band c are the two constants of the quadratic response equation for yield; q is 

the cost per unit of nitrogen or potassium and p is the price of one unit of total tuber 

yield. 

The yield at the economic optimum dose (EOD) of nitrogen or potassium was 

computed by using quadratic equation (Kumar et al., 2007c): 

Y=a+bx+cx"  

In which Y = total processing grade tuber yield (t/ha) at EOD; x =EOD of nitrogen or 

potassium (kg/ha); a, band c = constants of quadratic response equation. 

3.14.2 Data on potato processing quality 

Dry matter : Tuber dry matter was estimated just after harvest with dried in oven at 

65"C to a constant weight. 
Specific gravity : Tuber specific gravity was determined following the under water 

method described by Gould and Plimpton (I 985) using a sample of process grade 

tubers from each plot with a total weight in air of 4 to 5 kg. 

Reducing sugar estimation : Reducing sugar was estimated following the method of 

Nelson (I 944). 

3.14.3 Chips preparation 

The potato tubers of 40-60 mm size were peeled and cut into slices of 1.5-1.8 mm 

thickness with a manual slicing machine manually. The slices were washed thoroughly 

in cold water, air dried and immediately fried in soybean oil at 180'C till the bubbling 

on the chip surface stopped. The chips were scored visually for colour and assigned a 

value on a scale of 1-10, where I being the lightest and IO dark brown (Ezekiel et al., 

2003) (Plate 8). Chips with a score of 1-2 are considered excellent and a score of 3-4 is 

considered good, when the chip colour score exceeds 5, it is unacceptable (Kumar et 

al., 2003a). The prepared chips were evaluated by a six to eight scientists' pannel 

following chips score sheet (Appendix IV). 

3.14.4 French fry preparation 

The potato tubers of > 50 mm size were peeled and strips were cut into I x ]  cm cross 

section using a vegetable cutter manually. The cut strips were washed in normal water, 

air dried and fried in soyabean oil at 180C. The prepared French fries were evaluated 

by a six to eight scientists' pannel following French fries score sheet (Appendix V). 
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CHAPTER IV 

RES UL TS AND DISCUSSION 

Expt. no. I. Effect of dates of planting of haulm pulling on the yield 
and quality of processing potato 

1 .I  Introduction 

The potato (Solanum tuberosum L.) is one of the most important food crops in the 

world (Braun, 2010). Potato was cultivated in many regions of the world and used for 

many purposes. Potato cultivation contributes to meeting the food demand for 

increasing population of the world. Potato tubers accumulate large amounts of starch 

and are low in fat, and their protein content is comparable to that of grains. In addition, 

potatoes contain vitamin C (Rodriguez- Falcon et al., 2006). For processing purposes, 

tubers should have some quality such as tuber size, high dry matter, low reducing sugar 

etc. It is reported that desirable processing attributes greatly varied with location 

(Kumar et al, 2003b), time of sowing (Kumar et al., 2007a), cultivars, time of 

dehaulming (Marwaha, 1998; Marwaha et al., 2005a) and prevailing temperature 

during crop season (Pandey et al., 2008). Among them, date of planting and haulm 

pulling are the important practices for cultivating processing potatoes. Matured tubers 

are usually of high specific gravity and this is closely related with high yield and 

quality of chips. Moreover, mature potatoes are less susceptible to damage during 

transport, storage and reconditioning. Maturity of potato tubers is closely related with 

the dates of planting and harvesting in particular regions, as well as weather condition 

prevailing in a given year (Lisinka and Leszczynski, 1989). The optimum temperature 

for potato growth is 15--20C, with a lower limit of 5-10C and an upper limit of 25C 

(Haverkort, 1990; Prange et al., 1990). Temperature and photoperiod during the 

growing season affect sugar and dry matter content of potatoes and, therefore, the 

chipping quality (Burton, 1989). Yamaguchi et al. (1964) reported that yield, specific 

gravity and starch content of tubers were the highest and sugar content the lowest, 

when tubers were grown in soil temperature between I5 and 24'C, compared with 

tubers grown at higher temperatures. So date of planting is yet to be standardized based 

on the environmental factors for producing quality processing potato in any region 

Delayed planting dates caused yield reduction (Krishnappa, 1993; Peter et al., 1988) 

34 



• 

Muthuraj and Ravichandran (2014) and Muthuraj et al. (2005) opined that the planting 

time greatly affected tuber size distribution in a locality differently within the varieties. 

Haulm pulling is one of the methods used in potato production that regulate tuber size 

and quality. Haulm pulling can be used to obtain a suitable tuber size, strengthen tuber 

skins before harvesting leading to storage quality of potato (Struik and Wiersema, 

1999). Interaction between date of planting and date of haulm pulling maintained 

growth period which ultimately affect yield, tuber size distribution and quality, 

However, information regarding date of planting and dehaulming on process grade 

tuber yield and quality is scanty in Bangladesh. Therefore, the experiment was designed 

to develop optimum planting time and crop growth duration for the maximizing of 

process grade tuber yield with quality and economical returns to potato growers and 

processors. 

1.2. Results and Discussion 

The results on the effect of planting time and haulm pulling on the growth, yield 

attributes, yield, processing quality and economics of potato have been shown in 

Tables, Figures, Plates and Appendices and discussed chronologically. 

Growth attributes 

1.2.I. Plant emergence 

In this experiment, plant emergence did not influence by dates of planting and haulm 

pullings. However, almost 100% emergence was recorded in all the dates of planting 

and haulm pulling and their interaction (Table Ila, Appendix VI). This might be due 

to around same size and healthy seed tubers were planted. Besides, more or less 

favourable soil temperature and moisture condition were prevailed same in all the plots. 

As haulm pulling treatments were started after 80 days of planting, so obviously it did 

not affect plant emergence as well as other growth parameters like plant height, 

compound leaves per hill, stem per hill and foliage coverage (%). 

1.2.2. Plant height 

Plant height was significantly influenced by date of planting. The result showed that 

plant height decreased as the advancement of date of planting. Thirty first October 
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planting (D,) recorded the highest plant height (80.7 em) as compared to D» and D, 

planting dates at 60 days after planting (DAP) (Table L . la) .  These differences in plant 

height can be attributed to the differences in the prevailing weather conditions. The 

highest plant height in D planting can be attributed to the most favourable environment 

i.e. long period of high temperature for plant growth during the cropping season. The 

lowest plant height was recorded at D, planting can be due to the lower temperature 

experienced by the plants after emergence compared to other planting dates, thus lower 

temperature might have reduced allocation of assimilates for growth than the remaining 

two planting dates. Similar findings have also been reported by Sandhu et al. (2012), 

Singh and Khurana (1997) and Ezekiel and Bhargava (1992). 

It was obvious that plant height did not affect significantly by haulm pulling and their 

interaction. The plant height was ranged from 43.63 t10 67.47 cm, 58.67 to 80.77 cm 

and 63.07 10 85.65 em at 40, 60 and 80 days of growth stages, respectively in the 

treatment combinations. 

1.2.3. Number of leaves per hill 

Number of leaves per hill was significantly affected by date of planting (Table I . l a ,  

Appendix VI). The highest number of leaves (65.48, 67.12 and 35.59) were recorded in 

second planting (D», I5 November) at dehaulming of 40, 60 and 80 DAP, respectively 

in which at 40 and 60 DAP this was identical to D; planting (31 October), whereas at 

80 DAP the higher number of leaves were retained in D planting than the other 

plantings. There was no significant variation observed in number of leaves per hill by 

haulm pulling and combined effect of date of planting and haulm pulling. At the full 

growth stage of 60 DAP, the highest number of leaves per hill (71.77) was recorded in 

the treatment combination of DM, whereas, the lowest (51.07) was found in D,M, 

while the rest combinations remained in between. The mean values of non significant 

results are given in Table I . I  so as to assess status from their performance. 

1.2.4. Number of stems per hill 

The stems per hill did not affect by date of planting, haulm pulling and combined effect 

of date of planting and haulm pulling (Table 1 . 1  b). The stem per hill was ranged from 

3.8 to 4.4 in the nine treatment combinations. This was due to probability of more or 

less same size tubers were planted. 
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Table 1.la. Effect of dates of planting and haulm pulling on growth of potato 

Treatments % plant Plant height (cm) at Leaves/hill (No.) at 
emergence 40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 
at 30 DAP 

A. Date of planting 

D, 99.44 66.63a 80.73a 82.56a 61.17a 63.48a 34.30a 

D, 99.56 56 42b 69.13b 72.71% 65.48a 67.12a 35.92a 

D, 99.78 45.89¢ 61.08¢ 64.40 42.44b 55.40b 25.16b 

B. Date of haulm pulling 

M, 99.56 55.66 70.88 72.67 56.01 62.90 30.59 

M 99.44 58.21 69.42 72.32 57.48 61.98 32. 156 

M, 99.78 55.08 70.64 74.68 55.60 6 1 . 1 2  32.64 

C. Interaction between A and B 

D,M, 99.33 67.47 80.77 82.77 60.87 59.23 3 1 . 1 0  

D,M, 99.67 66.43 79.57 79.27 61.30 63.13 35.33 

D,M, 99.33 66.00 81.87 85.65 61.33 68.07 36.48 

D,M, 99.67 55.17 69.03 69.83 64.07 71.77 34.20 

D,M 99.00 58.50 70.03 74.63 66.37 65.37 36.07 

DM, 100.00 55.60 68.33 73.67 66.00 64.23 37.50 

♦  D,M, 99.67 44.33 62.83 65.40 43.10 57.70 26.47 

DM 99.67 49.70 58.67 63.07 44.77 57.43 25.067 

D,M, 100.00 43.63 61.73 64.73 39.47 51 .07 23.93 

CV(%) 0.79 6.94 6.19 6.37 1 1 . 52  8.65 1 1 . 23  

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT 
Notes: D, = 31October, D,= I5 November & D, = 30 November, and M, = 80 DAP, M = 90 DAP, 
M, = 100 DAP; DAP = Days after planting 

1.2.5. Foliage coverage (%) 

Foliage coverage was followed the same pattern as number of leaves (Table 1 . 1b) .  At 

40 DAP. around 80% foliage coverage was obtained in D and D planting which was 

statistically significant than D, planting (Plate 9). But at 60 DAP, although almost 

100% foliage coverage was obtained by all the dates of planting but D, showed 

significantly lower foliage coverage (99.33%). Whereas at 80 DAP, D, planting 

significantly superior than the other planting dates. Thus might be due to higher 

temperatures received comparatively long times in D; and D than Dy planting resulting 

more vegetative growth was occurred in case of first two planting. No significant 
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variation was observed by haulm pulling and combined effect of date of planting and 

haulm pulling (Table I.I). Almost JOO% foliage coverage was observed by haulm 

pulling and combined effect of date of planting and haulm pulling. 

Yield attributes 

Tuber grades by number 

Different grades of number of tuber per hill were significantly influenced by dates of 

planting, haulm pulling and combined effect of date of planting and haulm pulling 

(Table 1.2, Fig I.I ,  Appendix VII). 

1.2.6. Non process grade tuber number per hill (< 40 mm) 

The results demonstrated that number of non process grade tuber (< 40 mm in diaeter) 

per hill (4.37) was significantly highest in D, planting compared to other planting dates. 

Non-process grade tuber number per hill (4.09) was the highest when the crop was 

planted at 31  October (D,), where the other two planting dates produced lower but 

statistically similar number of non process grade tuber per hill (Table 1.2a). The data 

shows that non process grade tuber number per hill was decreased significantly as 

lengthening the crop growth period by delaying dehaulming (Table 1.2a). The highest 

number of non process grade tuber number per hill (3.70) was recorded at M, 

(dehaulming at 80 DAP) and the lowest (2.85) was observed at M; (dehaulming at 100 

DAP). Similar results were reported by Kumar and Lal (2006). The combined effect of 

date of planting and haulm pulling was significantly influenced non process grade tuber 

number per hill (Fig.I,1). The results revealed that non-process grade tuber number per 

hill was steadily decreased at every planting dates by the haulm pulling except D,M, 

treatment combination. The highest number of non process grade tuber per hill (4.76) 

was recorded in DM, closely followed by D,M (4.64), but the differences were 

statistically similar. The lowest number of non process grade tuber per hill (2.67) was 

observed in DM, followed by D»M and D»M. At October 3 1  planting (D), the crop 

received comparatively less period of cold temperature for bulking specially 

dehaulming at 80 (M,) and 90 (M) DAP. As a consequence, non process grade tuber 

number per hil l was higher in DM, and D,M treatment combination (Fig. I . I ) .  
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Table 1.1b. Effect of dates of planting and dehaulming on growth of potato 

Treatments Stems/hill Foliage coverage (%) 
(No.) 40DAP 60DAP 80DAP 

2 

A. Date of planting 

D 4.22 61.33b 100.0a 24.78 b 

D, 4.20 81.78a 100.0a 28.56 a 

D, 4.02 79.78a 99.33 b 2 1.1 1  C  

B. Date of haulm pulling 

M 4.18 74.22 99.78 25.00 

M, 4.31 74.11 99.67 25.22 

M, 3.95 74.56 99.67 24.22 

C. Interaction between A and B 

D,M, 4.23 61.33 100.00 24.67 

D,M 4.00 60.67 100.00 25.33 

D,M, 4.43 62.00 100.00 24.33 

D,M, 4.07 82.33 100.00 29.33 

D,M, 4.10 81.00 100.00 28.00 

D,M, 4.10 82.00 100.00 28.33 

D,M, 4.23 79.00 99.33 21.00 
< 

D,M, 4.07 80.67 99.00 22.33 

D,M, 3.75 79.67 99.00 20.00 

CV(%) 9.39 3.14 0.40 3.91 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: D, = 31October, D, = I5 November & D, = 30 November, and M, = 80 DAP, M, = 90 DAP, 
M, = I00 DAP ; DAP = Days after planting 

RD.M.T 
15dour9o 

RD.M, 
30 Nov/80 

Plate 9. Photograph showing plant growth and foliage coverage at 60 DAP under 
treatments DM, (Nov. 15 planting + 90 DAP dehaulming) (A) and D,M, 
(Nov. 30 planting + 80 DAP dehaulming) (B) 
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Table 1.2a. Main effect of dates of planting and haulm pulling on number and weight of 
tuber per hill of potato 

Treatments Grades of tuber per hill (by no.) Total 
Non process Process Chips grade French fry 

( A + B )  grade (A) grade (B) grade 
A. Date of planting 

D, 4.09a 4.01b 3. 9 3 b  1 . 87%  8 . 1 1  

D, 2.90b 4.85a 4.78 a 2.72% 7.74 

D, 2.99b 4.79a 4.76 a 2.55 a 7.75 

B.Date of haulm pulling 
M, 3.70a 4.23b 4.26 b .90 b 8.02 

M 3.42b 4.54ab 4.48 ab 2. 5 6 a  7.97 

M, 2.85c 4.79a 4 . 7 2 a  2.68 a 7.61 

CV(%) 6.85 7.60 7.67 9.77 4.74 

Grades of tuber per hill (g(by wt.) 

A. Date of planting 

D, 97.54a 242.6c 228.7e I 6 1 . 0 b  340.1e 

D, 69.69b 327.3a 321.2a 199.0a 396.9a 

D, 70.89b 292.7 302.2b 201.4a 364.6b 

B. Haulm pulling 

M, 89.96a 272.7¢ 276.2b 165.3¢ 362.7 

M, 84.27a 286.9b 284.6ab 187.8b 37 1 .2 

M, 63.90b 303.9a 291.2a 208.3a 367.8 

CV(%) 7.99 3 . 1 7  6.35 6.21 2.45 

Figure(s) in column having common or without letterts) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: D = 31October, D, = 15 November & D, = 30 November, and M, 80 days after planting 
(DAP), M, = 90 DAP, M, 100 DAP 

<40 mm = non process grade, 40 mm = process grade, 40-60 mm Chips grade, 50 mm = French 
fry grade, 

DM, D»Mi, DM and DM,. The lowest number of process grade tuber per hill (3.62) 

was recorded at D,M, which was statistically at par with D,M (3.69). Total tuber 

number per hill was not statistically influenced by combined effect of date of planting 

and haulm pulling (Table 1.2b). In that case. total number of tuber per hill was ranged 

7.54 to 8.38. 

41 



• 

• 

1.2.8. Chips grade tuber number per hill (40-60 mm) 

Chips grade tuber number per hill was the highest (4.8) in D» planting followed by D,, 

but they were statistically simi lar while the lowest (2.3) was observed in D; planting 

(Table 12a). With regard to haulm pulling, it was observed that advancing of 

dehaulming increases the number of chips grade tuber. The maximum number of chips 

grade tuber per hill (4.7) was recorded in M, followed by M» whereas the minimum 

(4.3) was observed in M; (Table L.2a) The results revealed that chips grade tuber per 

hill was higher in D and D, planting regardless of haulm pulling including D, planting 

with M, dehaulming whereas significantly lower number was observed in D, planting in 

combination with M, and M (Fig. II). The increase in date of dehaulming may have 

contributed to convert > 40 mm tubers into 40-60 mm tubers. Similar results were also 

reported by Singh and Kushwah (2010). 

1.2.9. French fry grade tuber number per hill (> 50 mm) 

French fry grade tuber number per hill was the highest(2.7) in D planting which was at 

par with D; while the lowest ( I .9)  was recorded in D, planting (Table I.2a). Similarly, 

the highest number of French fry grade tuber per hill (2.7) was recorded in M, haulm 

pulling followed by M but they were non significant whereas the lowest (19) was 

obtained in M(Table 1.2a). The data regarding to French fry grade tuber number per 

hill was showed that the maximum number (3.3) was exhibited in DM, followed by 

D»M, but they were statistically similar while the treatment combination, D,M, 

produced the lowest (1.30) (Table 1.2b). 

1.2.10. Total tuber number per hill 

Total tuber number per hill was not statistically influenced by date of planting and 

haulm pulling and their interaction (Table 1.2a). Total tuber number per hill was the 

highest (8.4) in D planting while the lowest in D (7.7) however, the highest total tuber 

number per hill (8.0) was recorded in M, and the lowest (7.6) in Ms. In case of 

combined effect, total number of tuber per hill was ranged 7.6 to 8.4 (Table 1.2b) 
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Table 1.2b. Combined effect of dates of planting and haulm pulling on number and 
weight of tuber per hill of potato 

Treat Grades of tuber per hill (by no.) Grades of tuber per hi l l  (g)(by wt.) 
ments 

Process French fry Total Process French fry Total 
rade rade grade grade 

D,M, 3.62b L .30f  8.38 207.8f 120.3e 322 Id 

DM, 3.69 1.59 ef 8.33 231.8¢ 158.8d 342.9¢ 

D,M, 4.73a 2.7 1  b-d 7.6l 288.3d 204.1b 355.4be 

DM, 4.60a 1 . 8 I a  7.88 317.6be 155.9 396.0a 

DM 4.96a 3.30 a 7.70 326.7ab 99 6b 400.8a 

D,M 4.98a 3.01 ab 7.65 337.5% 24 1 .7a 394.1a 

D,M 4.73a 2.55cd 7.81 292.9d 219.8b 369.9% 

D,M 4 98a 2.79 be 7.87 302.4cd 205.0b 370.0 

D,MI 4.67a 2. 3 1 d  7.56 285.8d 179.3¢ 353.8be 
- 

CV(%) 7.60 9.77 4.74 3 . 1 7  6.21 2.45 

Figure(s) in column having common or without letterts) do not differ significantly at 5% level of 

probability by DMRT. 

Notes: D, = 31October. D I 5  November & D, = 30 November, and M, 80 DAP. M, = 90 DAP, 
M, = I0O DAP ; DAP Days after planting 
<40 mm non process grade, > 40 mm process grade, 40-60 mm Chips grade, > 50 mm = French 
fry grade; non process grade + process grade 

Tuber grades by weight 

Different grades of weight of tuber per hill were significantly influenced by dates of 

planting (Table 1 . 2 a  &b. Fig. 1 . I .  Appendix VII I) .  

1 . 2 . 1 1 .  Non process grade tuber weight per hill (< 40 mm) 

The highest weight of non process grade tuber per hill (97.5 g) was recorded at D 

planting and the lowest (70.0 g) was exhibited in D planting closely followed by D 

planting (70.9 g) (Table 1.2a). This might be due to lesser growth period was received 

by the D; planting for bulking compared to others that caused smaller size of tuber. The 

results showed that the increase the crop growth period, the decrease the non process 

grade tuber weight per h i l l  significantly. The highest weight of non process grade tuber 

weight per hill (90 g) was observed at M, dehaulming which was at par with M (84.4 

g). However, the lowest weight of non process grade tuber (64.0 g) was observed in D, 
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planting (Table 1.2a). It might be due to lengthen the crop growth period. which 

provided more accumulation of photosynthates for tuber bulking resulted more bigger 

size tuber and lessen the non process grade tuber The combined effect of date of 

planting and haulm pulling was significantly influenced the non process grade tuber 

weight per hill (Fig. 1 . I ) .  The highest weight of non process grade tuber per hill ( 1 14 .4  

g) was recorded in D,M, which was also remained at par with DM» ( H 1 . 1  g). 

Whereas, the lowest (67.6 g) was observed in DM followed by D,M, (68.0 g) and 

these were not significant. 

1.2.12. Process grade tuber weight per hill (> 40 mm) 

Process grade tuber weight per hill was the highest (327.3 g) in D planting followed by 

D» planting (292.7 g) and the lowest (242.6 g) in D, planting (Table 1.2a). On the 

contrary, the results showed that the early the haulm pulling, the decrease the weight of 

process grade tuber per hill significantly. In that case, the weight of process grade tuber 

per hill was ranged between 272.7 t0 303.9 g. The maximum weight of process grade 

tuber per hill (337.5 g) was recorded in D»M, which was statistically similar to D»My 

(326.7 g) while the lowest (207.8 g) was observed in D,M, (Table 1.2b). 

1.2.13. Chips grade tuber weight per hill (40-60 mm) 

Chips grade tuber weight per hill was the highest (318 .7 g) in D planting followed by 

Dy while the lowest (2.3) was observed in D, planting (Table I.2a). With regard to 

haulm pulling. it was observed that delay of dehaulming increases the weight of chips 

grade tuber. The maximum weight of chips grade tuber per hill (291.2 g) was recorded 

in M, followed by M whereas the minimum (264.6 g) was observed in M,(Table 1.2a) 

The result revealed that chips grade tuber per hill was higher in D planting regardless 

of haulm pulling whereas the lowest weight ( 194.8 g) was observed in Dr planting in 

combination with M, (Fig. I . I ) .  

1.2.14. French fry grade tuber weight per hill (> 50 mm) 

French fry grade tuber weight per hill was the highest (201.4 g) in D, planting which 

was at par with D» while the lowest( 161 . 0  g) was recorded in D, planting (Table I.2a) 

Similarly, the highest weight of French fry grade tuber per hill  (208.3 g) was recorded 

in M, haulm pulling followed by M whereas the lowest ( 1 6 5 . 3  g) was obtained in My. 
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The maximum weight of French fry grade tuber per hill (241.7 g) was observed in 

DM, followed by D,M; which was at par with DM». DM, D,M, and DM but they 

were statistically s im i lar  while the treatment combination. DM; stood the last positi on 

(120.3 g) (Table 1.2b). 

1.2.15. Total tuber weight per hill 

Similar to process grade tuber weight per hill. the highest total weight of tuber per hill 

(396.9 g) was obtained with D» planting, which was significantly higher than all other 

planting dates (Table L.2a). However, total weight of tuber per hill did not significantly 

influence by haulm pulling. There was significant variation was observed in total 

weight of tuber per hil l  by the combined effect of date of planting and haulm pulling. 

The highest weight of total tuber per hill (400.8 g) was obtained in DM followed by 

DM, (399.1 g) and DM, (394.1 g). respectively and these were not differ 

significantly. However, the lowest (340.2 g) was observed in D,M, (Table 1.2b). 

Tuber grades and Yield 

1.2.16. Non process grade tuber yield 

The data showed significant variations for total as well as processing and non-process 

grades tuber yield (Table 1 .3 ,  Appendix IX). Yield of non process grade tubers were 

statistically differed with date of planting, haulm pulling and their interaction (Table 

1.3). The highest yield of non process grade tuber (7.2 t/ha) was recorded in D, 

planting, which was significantly higher than the other two planting dates and it was 

around 33% of the total produce. Similarly. the higher yield of non process grade tuber 

(6.5 t/ha) was obtained with dehaulming at 80 DAP (M;). which was significantly 

higher than all other haulm pulling, it was around 29%. These results corroborate the 

earlier findings of Singh and Kushwah (2010) where higher production of small size 

tubers obtained at earlier dehaulming may be due to lesser time available for bulking. 

The maximum yield of non process grade tuber (8.8 t/ha) was obtained in D,M, 

followed by D,M (8.4 t/ha) and these were statistically s i m i l a r  and it was around 44% 

and 37% of the total yield, respectively (Table 1 . 3 ) .  Whereas, the lowest (3.8 t/ha) was 

observed in D»M, which was around 15%. The data shows that at every planting date, 
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statement, in D»M and D M ,  treatment combination were received just mean 

temperatures of around 20" ( in their tuberization and maturation period that might be 

helped in good process grade tuber formation and on the contrary in DM combination 

was fetched above 29" temperatures resulting the lower process grade as well as total 

yield. 

1.2.18. Chips grade tuber yield 

The data related to chips grade yield showed that D» planting with 20.5 t/ha, ousted 

other planting dates, followed by D, ( 18.2 t/ha) whereas, D planting occupied the 

lowest position with 13 .7 t/ha (Table 1 .3). The result for haulm pulling indicated 

difference between M, and M was insignificant while they had significantly dominated 

over M. It was observed that the maximum yield of chips grade (20.7 t/ha) was found 

in DM followed by DM, with 20.7 t/ha and DM; with 20.4 t/ha but they were found 

statistically at par while. D,M, performed the lowest ( 1 0 . 5  t/ha) (Table 1.3). 

1.2.19. French fry grade tub»er yield 

French fry grade yield was the highest ( 1 3 . 4  t/ha) in D planting which was at par with 

D with minor difference while, the lowest was obtained in D, planting. With regard to 

haulm pulling, M, outyielded the other haulm pullings followed by M and M, in 

desce nding order (Table 1 .3). It was appeared that the highest yield of French fry grade 

( 16 . 1  t/ha) was found in D M ,  followed by DM/. D,M. DM, and DM» but they were 

statistically similar w h i l e  the lowest (8.0 t/ha) was observed in DM, (Table 1 .3). 

1.2.20. Total tuber yield 

The data in the table 1 .  show that the total yield followed the s i m i l a r  trend of process 

grade tuber yield. The highest total yield (25.9 t/ha) was recorded in D» planting. The 

second highest total yield (23.2 t/ha) was observed in D, planting followed by D 

planting (21.9 t/ha) (Table 1 .3). The lower yield at earlier planting (D,, 31 October) 

might be due to exposure of crop to high temperature at the time of planting and early 

growth period (Roy and Jaiswal, 1998: Singh er al., 1974) and has received short 

duration of low temperature in bulking period. The highest yield at November 15 

planting has been reported under similar climatic and edaphic conditions by Akhter et 

al. (2013). The results also corroborated with Singh et at. (2004) where they reported 
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that planti ng at 5 November decreased not only the total and process grade tubers, but 

also the percentage of the process grade tubers in the total tuber yield at Modipuram, 

India. For haulm p u l l i n g ,  it was observed that although a little higher total yield 

(24.1 t/ha) was recorded in M dehaulming closely followed by M, dehaulming (23.6 

t/ha) and M, dehaulming (23.4 t/ha), these differences were not statistically 

significant (Table 1 .3).  Advancing of dehaulming increases larger size tuber yield also 

reported by Kumar er al. (2012a). There was significant variation among treatment 

combinations in total tuber yield (Table 1.3). The results showed that significantly 

higher total yield was observed in D planting under all the haulm pullings and the 

second higher total yield was recorded in D, planting under all the haulm pullings 

except M,. The results also showed that third higher total yield was recorded in D, 

planting under all the haulm pullings except M, with the D planting in combination 

with M,. Whereas, the lowest total yield (20.2 t/ha) was obtained in D, planting with 

M, haulm pulling, Short period of low and high prevailing temperature might have 

limited tuber bulking in D, and D, planted crop, respectively. 

Processing quality parameters 

1.2.21. Dry matter 

For processing of potatoes into chips and French fries, dry matter content should be 

20% or above because it determines the recovery of fini shed products, oil uptake and 

energy consumption for frying (Ezekiel et al,, 1999: Gaur et al.. 1999: Marwaha et al., 

2005b). Potato tuber dry matter, sugar and reducing sugar content mostly influenced by 

the varietal genetic make up but environmental and cultural factors are reported to 

affect the resulting sugar accumulation in freshly harvested tubers (Sowokinos, 1973). 

The results showed that dry matter content was significantly influenced by the date of 

planting, haulm pulling and their interaction (Table 1 . 4 .  Appendix X). The highest dry 

matter content (22.64% was observed in D» planting followed by D, planting (22.03%) 

whereas. the lowest dry matter (21.35%) was recorded in D, planting (Table 14). In 

case of haulm pulling. dry matter content (22.27%) was higher in tubers of M, which 

was at par with M and the lowest (21.72%) was obta ined in M,. The highest dry matter 

content (22.88%) was recorded in D»M followed by D»M, (22.80%), DM, (22.24%) 

and D,M, (22.56%), whereas, the lowest dry matter content (20.96%) was obtained in 

D,M (Table 1 4 ) .  It may be occurred in this combination due to slightly higher 

temperatures in the mid of spring season could have resulted in faster maturity of 
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foliage and lesser translocation of dry matter in tubers in the last phase of crop life 

which ultimately lower the dry matter content (Kumar et al. 2007a; Marinus and 

Bodlaender. 1975) 

1.2.22. Specific gravity 

The results showed that the specific gravity was significantly influenced by the dates of 

planting, haulm pulling and their interaction (Table 1.4).  The results demonstrated that 

specific gravity was followed the same trend by the main effects of date of planting, 

haulm pulling and their interaction (Table 1.4). The highest specific gravity (1.089) was 

observed in D planting followed by D, planting (1.086) whereas., the lowest specific 

gravity (1.083) was recorded in D planting (Table 1.4). The similar results earlier 

obtained by White and Sanderson (1983) and reported that the depressed specific 

gravity with late planting reflects a reduction in tuber maturity and thus a less desirable 

tuber for processing. In case of haulm pulling. specific gravity (1 .087) was higher in 

tubers M, which was at par with M and the lowest (1 .085) was obtained in M,. The 

highest specific gravity (1.090) was recorded in D»M followed by D»M, (1.090), D»M, 

(1.087) and D,M, (1.088) whereas, the lowest specific gravity ( 1 .081)  was obtained in 

D,M,. 

1.2.23. Reducing sugar content 

The level of reducing sugars in potato tuber is an important factor affecting the colour 

of processed products tRoe et al., 1990). The contents of reducing sugars should be 

below 250 mg/100 g fresh weight for producing acceptable quality chips while for 

French fries the upper limit may be as high as 500 mg/I00g fresh weight (Ezekiel et al.. 

2003). The results showed that the reducing sugar contents were much lower than the 

acceptable limit for processing into chips and French fries. The highest reducing sugar 
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Table 1.4. Effeet of dates of planting and haulm pulling on the processing quality of 
potato 

Treatments Specific Dry matter Reducing suger Chips colour 
gravity (%o) (mg/1o0 g fresh wt.) score 

A. Date of planting 

D 1 .086 b 22.03 b 3 6. 5 1 b  3.1 

D, L.089 a 22.64 a 32.48c 3.0 

D, L 0 8 3  e  2 1 . 3 5 ¢  41 .06 a 3.2 

B. Date of haulm pulling 

M, L . 087a  22.27a 34.93 b 3 . 1  

M, 1 .086 ab 22.03 ab 37.49 a 3 . 1  

M, 1 . 0 8 5  b  2 1 . 7 2 6  37.63 a 3.2 

C. Interaction between A & B  

D,M, 1.088 ab 22.56 ab 3 7. 6 7 e  3 . 1  

D,M L.087 b 2 2 . 1 2 %  3  7.34 C 3 . 1  

D,M, L . 0 8 3 e  2 1 4 l e  34.52 d 3.2 

D»M, L . 0 87  ab 22.24 ab 33.00 e 3. 

DM L.090 a 22.88 a 3 1 . 6 5 f  3.00 

DM, L.090 a 22.80 a 32.78 e 3 . 1  

D,M, 1 . 0 8 6  b  22.02 3 4 . 1 1  d  3.2 

D,M 1.082 c 2 1 . 0 8 ¢  43.50 b 3.2 

DM, L . 0 8 l e  20.96¢ 45.58 a 3.2 

C V ( %  0.34 3.73 7.33 8.05 

Figure(s) in column having common or without letterts) do not differ significantly at 5% level of 
probability by DMRT, 
Notes: D, = 31October, D, I5 November & D, = 30 November, and M, 80 DAP. M, 90 DA, 

D, = I00 DAP: 
L.2=excellent, 3-4 good and 5 = acceptable 

(41.06 mg/I00 g fresh wt.) was obtained in D, planting followed by D,, while the 

lowest (32.48 mg/100 g fresh wt.) was recorded in D planting (Table 14). In case of 

haulm pulling. the highest reducing sugar (37.63 mg/100 g fresh wt.) was obtained in 

M, which was statistically similar to M. While the lowest (34.93 mg/IO0g fresh wt.) 

was recorded in M. The highest reducing sugar (45.58 mg/100 g fresh wt.) was 

recorded in DM, followed by DM, while, the lowest reducing sugar (31 .65 mg/100 g 

fresh wt.) was obtained in DM followed by DM, and DM, (Table 1.4). Reducing 

sugar content has increased in D,M and DM, might be due to effect of high soil 
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(1.93) was obtained in D»M closely followed by D»My ( 1 . 9 1 )  and D»M, (1.89) while 

the minimum ( 1 .23) was in D,M,. The cost and return analysis revealed that November 

15 (D») planting regardless of haulm pulling economically superior to November 30 

and October 3 1  planting in terms of net income and BCR. 

Table 1.5. Economics of processing potato production as influenced by dates of planting 
and haulm pulling 

Treatments Tuber yield (t/ha) Total cost of Gross return Net return Benefit 
-- -- 

production (Tk./ha) (TA./ha) Non Process cost 

process grade (Tk.ha) ratio 

grade 
D,M, 8.83 I 0.45 1,80,886 2.22.176 41.291 1.23 

D,M, 8.36 13.57 1,80,886 2.66.933 86.048 1.48 

DM, 4.47 17.05 1,80,886 3,00.149 1.19,263 1.66 

DM, 5. 4 4  20.40 1,80.886 3,42.665 1.61,779 1.89 

D,M 4.74  20.71 1.80.886 3,49,290 1.68.404 L.93 

D,M, 3.77 20.70 1,80.886 3,45,1 14 1.61.228 L .9 

D,M, 5 . 1 4  18.28 1.80.886 3.08,763 1.27.877 1 . 7 1  

D,M, . I T  18.79 1.80.886 3.12.447 1 . 3 1 . 5 6 l  1.7) 

D,M 1.67 17.50 1,80.886 2.98.770 1 . 1 7 . 8 8 4  L.65 

Considering local market price of 2013, 
Urea, TSP, MOP. Gypsum. /inc sulphate, Boric acid and cowdung @ Tk. 15, 23, 17, 7, 170, 295 and 
I/kg, respectively; Seed of potato @ Tk. 30/kg. labour @ Tk. 300/man-day; 
Sale of potato @ Tk. I5kg for 2 40 mm and Tk. 6/kg for < 40 mm size; 
Notes: D, M, = 31October 80 DAP; D, M = 31October » 90 DAP; D, M, = 31October 100 DAP 
;DM,  = 15 Nonember 80 DAP;D,M,= I5 Nonember 90 DAP;Dy M, = I5 Nonember 100 DAP 
; D, M, = 30 Nonember · 80 DAP ; D,M, = 30 Nonember 90 DAP: D, M, 30 Nonember » 100 
DAP 
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Expt. no. 2. Effect of planting geometry on the processing 

performance and economics of potato production 

2.1 .  Introduction 

The potato (Solanum tuberosum L.) is one of the most important vegetable and food 

crop all over the world. Potato tubers contains about 75 to 80% water, 16 to 20% 

carbohydrates. 2.5 to 3.2% crude protein, 1.2 t0 2.2% true protein, 0.8 to 1.2% mineral 

matter, 0.I to 0.2% crude fats, 0.6% crude fiber and some vitamins (Schoemann, 1977) 

Moreover, it is a staple food in most of European countries and its utilization both as 

processed and fresh food form is increasing considerably in Asian countries (Brown. 

2005). Besides culinary consumption. the use of potato has progressively been 

increased as a raw material of the processing industry (lritani, 198 I) .  Now-a-days, the 

most important concern of potato production is tuber quality (Brown. 2005). So, tuber 

quality attributes should take into account to fulfill the customers and industry demand. 

The processing quality is a function of both physical and chemical factors of the tubers 

(Kabira and Lemaga, 2006). For processing, the tuber quality should specific tuber size, 

high dry matter content and low reducing sugar. For the production of potato chips, the 

ideal tuber size should be 40-60 mm diameter (Ooko and Kabira, 20 1 1 ) ,  the dry matter 

should be 20% or more (Ezekiel et al 1999), and reducing sugar content should be 

250-300 mg/I00 g fresh weight basis (Oltmans and Novy, 2002). The development of 

suitable varieties and their production technology are therefore very necessary not only 

to help farmers but also to develop the country's potato processing industries 

(HARRDC, 1998). In spite of good processing qualities, the proportion of process 

grade tubers in the total produce has been a matter of concern (Rykbost and Maxwell, 

1993). Hence, the necessity of special agro-techniques was realized. The major 

agronomic parameters, which affect grade-wise tuber distribution. are inter-row and 

intra-row spacing. nutrient and water management ete. (Allen and Wurr. 1992a). Tuber 

size directly influences crisp and French fries size, which in turn influences post-frying 

handling. Larger tubers are ideal for French fries processing. However, larger tubers of 

more than 60 mm in diameter yield chips which are fragile and break easily during 

packaging and transport (Kabira and Lemaga, 2006). Among the cultural practices, 

crop geometry is known to play a great role in increasing the production of process 

sized tubers. In the past, crop geometry and plant density per unit area has been 
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optimized only for ware and seed potatoes; however potatoes meant for chipping have 

different requirements for getting maximum production of chip grade tubers, 

sometimes even at the cost of total tuber yields where premium price is being paid to 

the growers for the process grade potatoes (Kumar et al., 2004a). Kumar et al. (2009) 

reported that manipulating optimum plant population maintaining inter and intra row 

spacing as well as other cultural practices are very important for increasing process 

grade tuber yield and quality, Plant spacing influences economically important 

characteristies. including total yield, marketable yield, tuber size distribution and tuber 

quality. By impacting these characteristics, inter- and intra-row spacing and the 

resulting plant population have direct influence on net returns (Love and Thompson 

Johns, 1999). Crop geometry i. e. inter and intra row spacing is one of the most 

important cultural management factors that maximized the tuber size production 

(Abrha, et al.. 2014: Akassa et al., 2014). Optimizing crop geometry is one of the most 

important practices in potato production, as it affects seed cost, plant development, 

yield and the quality of the crop (Bussan et al., 2007: Samuel et al., 2004). Plant 

population studies in potato are never outdated because of unique tuber characteristics 

of new cultivars and the changing tuber size requirements of evolving industries (Wurr 

et al., 1993: Mangani et al., 2015). However, the optimum crop geometry for 

maximizing process grade tuber yield with quality assurance has not been yet reported 

in Bangladesh. Therefore, the present investigation was initiated to develop a suitable 

crop geometry i. e. inter and intra row spacing for the production of higher process 

grade tuber yield. quality and economics of potato production. 

2.2. Results and Discussion 

Growth attributes 

2.2.1.  Plant emergenee 

About 98 per cent plant emergence occurred but they were non-significant by the main 

effect of inter and intra row spacing and their combined effect (Table 2 . 1 ,  Appendix 

XI), Emergence of tubers entirely depends on the internal (genetic make up, stored 

foods of tubers and tuber size) and external (micro climate) conditions. Around same 

size (50 ± 5 g) and healthy sprouted tuber of the same variety was used in the 
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experiment as well as other field conditions were similar to the all plots resultant 

probably plant emergence did not show significant differences. 

2.2.2. Plant height 

Plant height was significantly influenced by the main effect of inter and intra row 

spacing and their combined effect (Table 2.1 a, 2.1 b, Fig. 2.1 ). The results revealed that 

plant height increased at the advancement of growth and the increased was faster from 

40 to 60 days after planting (OAP) whereas it was minimum from 60 to 80 OAP. At 

maximum growth period of 60 OAP, the plant height was maximum (54.2 cm) in I 

(67.5 cm) followed by I (75 cm) while the lowest (51.5 cm) was in I (60 cm) (Fig. 

2.1). In contrast, the highest plant height (55.3 cm) was recorded in the closest intra 

row spacing of 20 cm (P) while the other three wider intra rows spacing of 25, 30 and 

35 cm obtained statistically identical plant height. The highest plant (56.9 cm) was 
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Fig. 2.1. Combined effect of inter and intra row spacing on (A) plant height, (B) 
number of leaves per hill, (C) number of stem per hill and (D) percent foliage 
coverage of potato. 
Notes: I = 60 cm, I, = 67.5 cm &1,  = 75 cm; P, = 20 cm, P, =25 cm, P, = 30 c m & P ,  = 35 
cm. Means ± SE are shown in error bar. 
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found in IP,  (60 em 20 em) which was closely followed by IP, (56.5 cm). The 

lowest plant height (48.7 em) was recorded in IP, (60 cm 35 em). The results are 

supported by Masarirambi et al., (2012) and fenkwe and Allen, (1978) where they 

found that the increase the plant density, the increase the plant height'stem length. 

2.2.1.3. Number of leaves per hill 

Leaf number per hill was significantly variable among inter and intra row spacing and 

their combined effect (Table 2.la, 2.lb, Fig. 2.1). A perusal of data indicated that leaf 

number per hil l  was higher at 60 DAP and lowered at 80 DAP due to leaf senescence. 

At 60 DAP., the highest number of leaf per hill (44.3) was obtained in I, followed by 

44.2 in I in where they behaved statistically alike while the lowest (39.4) was in I. In 

case of intra row spacing, leaf number per hill was maximum (45.9) in P; which was 

statistically similar to P, and the lowest (36.7) was observed in P,. IP, showed the 

highest number of leaf per hill (49.1) followed by 1P (47.3) and IP(47.3) at 60 DAP 

(Fig. 2.1).  The minimum number of leaf per hill (31 .5)  was observed in I ,P ,  

combination. The combination of IP,, IP IP±. IP, IP, and I,P, showed statistically 

similar leaf number. The results indicate that moderate spacing might be favourable to 

produce more leaves and maximum leaves were produced in moderate inter row 

spacing under the three wider intra row spacing. 

2.2.1.4. Number of stems per hill 

Stem per hill was not significantly influenced by inter and intra row spacing and 

interaction between them (Table 2.la, 2.lb, Fig. 2.1)). The range of stem per hill was 

3.6 t0 3.7 and .5 to 3.7 in the main effect of inter and intra row spacing. respectively 

whereas stem per hill was maximum (3.8) in hP> and IP, and the lowest (3.4) in IP, 

(Fig. 2. 1) .  Stem per hill mainly governed by seed size and healthy, sprouted and around 

same size tuber w.ts planted. 

2.2.1.5. Foliage coverage (%) 

The foliage coverage of plants was significantly influenced by the variation of inter 

and intra row spacing and their interaction (Table 2.la, 2. 1b,  Fig. 2 . 1 ,  Appendix XII, 

Plate I I ) .  The result revealed that closer spacing of both inter and intra row was 

obtained the higher foliage coverage whereas the widest spacing of both of inter and 

intra row was exhibited the lowest. The result showed that first two intra row spac ing 

(20 and 25 em) were exhibited statistically similar highest foliage coverage (%) in 
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Table 2.1a Main effect of planting geometry on growth parameters of potato 

Treatments plant Plant height (cm) at Leaves/hill (no.) at 
emergence 40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 

• 
2 

( % )  

A. Inter row 

I, 9 7 7  36.9 b 5 1 . 5 b  48.7c 37.26 39 .4b 20.7 b 

I 98.9 38.9 a 54.2 a 56.1 a 39.5 a 44.2 a 24.3 a 

I 97.4 38. lab 52.6 ab 53.2b 37. 7 ab 4 2. 3  ab 25.4 a 

B. Intra row 

P, 97.5  40.9 a 55.3 a 52.9a 38.1 b 36.7c 19 .2b 

P, 97.8 36.6 b 52.8b 54.1 a 3 5 . 1 c  40.5 b 24.1 a 

P, 98.2  38.0b 52.1 b 54.1 a 43.5 a 45.9a 25.6 a 

P, 98.5 36 .4b 50.8 b 49.4 b 35 .7c  44.7 a 24.9 a 

CV(%) 1 94 4.80 4. 12 4 . 12  6.02 8.66 12.67 

Table 2.1 (Contd.) Main effeet of planting geometry on growth parameters of potato 

... 

Treatments Stem/hill Foliage coverage (%) at 
(no.) 40 DAP 60 DAP 80 DAP 

A. Inter row 
I, 3.6 64.6 a 98.4 a 64.7b 

h 3.7 58.0b 98.3 a 69.9a 

I 3.6 53.3¢ 96.8b 65.3b 

B. Intra row 

P 3.5 70.1 a 99.2 a 70.4 a 

P, 3.6 59.9% 98.2 ab 66.7 b 

P, 3.7 57.4 b 97.6 be 67.4 ab 

P, 3.6 47.0 96.4 C 61.9 ¢  

CV(%) 7.37 5.46 5.75 7.65 

Figure(s) in columu having common or without letterts) do not differ significantly at 5% level of 

probability by D M R I ,  

DAP = Days after planting; 
Notes:I, = 60 cm,I 67.5 e m & I ,  =  7 5 c m ; P , = 2 0 e m . P ,  =  2 5 c m ,  P, = 3 0 c m & P ,  = 3 5  cm 

♦ 
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Table 2.1b. Combined effeet of planting geometry on growth of potato 

Treatments % plant Plant height (cm) at I Leaves/hill (No.) at I Foliage coverage (%) at 

emergence 40 DAP 80 DAP 40 DAP 80DAP 40DAP 80 DAP 

I,P, 97.3 41.2ab 50.1 ef 39.3 b-d 14.1 e 81.0 a 70.7 ab 

IP. 97.9 34.8 e 51.2e-f 30.6 r 23.7 b-d 66.7 b 62.0 de 

IP, 97.3 34.9e 50.6 def 40.0 bc 20.5 d 59.3 cd 62.0 de 

P, 98.3 36.6 c-e 42.8g 38.9 cd 24.3 b-d 51.3 ef 64.0 cd 

1,P, 98.7 39.5 a-c 54.9a-c 33.9ef 20.8 cd 65.3 be 71.0 ab 

LP 98.9 39.5 a-c 56.1 ab 41 . 1  be 25.7 be 6l.7be 72.3 a 

1P, 98.7 40.8 ab 57.5 a 47.3 a 24.6 b-d 59.7 b-d 71.3 ab 

P, 99.2 35.9 de 55.9 ab 35.6 de 26.1 b 45.3 f 65.0 b-d 

1P 96.5 42.0a 53.8 b-e 41.2 be 22.8 b-d 64.0 be 69.7a-c 

1,P, 96.5 35.6 de 55.1 ab 33.7 ef 22.9b-d 51.3 ef 65.7 b-d 

1P, 98.7 38.2 b-d 54.3a-d 43.1 b 31.7 a 53.3 de 69.0 a-c 

IP, 97.9 36.7c-e 49.7f 32.7 ef 24.2b-d 44.3f 56.7 e 

CV(%) 4.94 4.80 4.12 6.02 12.67 5.46 7.65 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT 

.. DAP = Days after planting; 
Notes: IP,= 60 cm x 20 em, IP,= 60 cm 25 cm, IP, = 60 cm 30 cm, IP, 60 cm 35 cm, 
1,P,= 67.5 cm 20 cm, 1,P,= 67.5 cm 25 cm, I,P,= 67.5 cm 30 cm, IP,= 67.5 cm x 35 cm, 
1,P,=75 cm x20cm, I,P,= 75 cm 25 cm, IP,= 75 cm 30 cm, I,P,= 75 cm 35 cm 

·- ' ' - • 
.. 

• ,· 
. 

;, • 

= RLP, 

- 

Rt,p, 

Plate 12. Photograph showing plant growth and foliage coverage under treatments 
IP (60 cm x 20 em) (A), IP, (67.5 em x 25 em) (B) and IP(75 em x 35 
cm)(C) 
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every inter row spacing while the lowest was recorded in the widest intra row spacing 

under every inter row spacing (Fig. 2. 1) .  

2.2.2. Different grades of tuber 

Different grades of tuber were significantly influenced by the treatment combination of 

inter and intra row spacing (Table 2.2a, 2.2b and Fig. 2.2, Appendix XII  & IHI). 

2.2.2.1. Non process grade tuber number per hill (< 40 mm) 

The data regarding to non process grade tuber number per hill demonstrated that the 

increase the spacing, the decrease the number of non process grade tuber per hill for 

both inter and intra row spacing (Table 2.2a). The maximum number (4.3) was 

observed in closer inter row spacing (I) followed by I which was s imi lar to I. 

Similarly, the maximum number (6.1) was observed in closer intra row spacing (P;) 

followed by P which was similar to P, while the lowest (2.5) was recorded in P, 

Significantly highest small sized non process grade tuber number per hill (7.7) was 

found in I P ,  spacing followed by IP, and IP, (Fig. 2.2). Whereas, the minimum 

number (2.2) of non process grade tuber per hill was recorded in IP, spacing. The 

closer intra and inter row spacing provided higher plant population which contributed 

more small sized number of tuber per hill than wider spacing. This might be due to 

closer spacing contained more stolon and tuber in less space where tubers had to 

compete for food and space. These results are in agreement with the findings of Roy et 

al. (1995). Khalaflla (2001) 

2.2.2.2. Process grade tuber number per hill (> 40 mm) 

The highest total number of process grade tuber (5.0) was recorded in the widest inter 

row spacing ( I) which was at par with I while the last position obtained in I (Table 

2.2a). On the contrary, P showed the highest number of process grade tuber (5. 1) that 

was statistically similar with P, followed by P, while P, remained at the bottom. The 

results revealed that the treatment combination, IP gave the highest total number of 

process grade tuber t5.6) which was statistically similar with IP±. IP, IP and I,P, 

while the lowest(3.6) was recorded in IP, (Table 2.2b). 
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2.2.2.3 Chips grade tuber number per hill (40-60 mm) 

Significantly highest number of chips grade tuber per hill (4.9) was observed in I, 

which was statistically similar to h whereas the lowest (4.2) was obtained in I (Table 

2.2a). It was observed that significantly higher and same number of chips grade tuber 

per hill (5.0) was recorded in medium intra row spacing of 25 (P») and 30 em (P,) 

followed by P, 020 em) but they were non significant while the lowest (3.9) was 

obtained in P. The DP combination (67.5 cm 30 em) showed the highest number of 

chips grade tuber per hil l  (5.5) which was statistically similar to IP. IP. IP, IP and 

IP (Fig 2.2). The lowest number of chips grade tuber (3.6) was obtained in the closest 

spacing combination (IP,) .  

2.2.2.4. French fry grade tuber number per hill ( 50 mm) 

French fry grade tuber number per hill was significantly higher and the same in I and 

h as compared to I (Table 2.2a). The data related to French fry grade tuber number per 

hill showed that P with 3.2 number of French fry grade tuber, ousted other treatments, 

followed by P, and P, while P, (2.6) stood at the bottom (Table 2.2a). The French fry 

grade tuber number per hill was significantly influenced by the crop geometry (Fig. 

2.2). The highest number of French fry grade tuber per hill (3.7) was found in IP 

which was identical to DP,, IP,, IP and IP, and the lowest was observed in P, ( 1 . 5 )  

(Fig. 2.2 ). 

2.2.2.5. Total tuber number per hill 

Total tuber number per hil l  did not influence significantly by inter row spacing (Table 

2.2a). The range was 8.4 to 8.7. On the contrary, the closest intra row spacing of 20 cm 

(P,) showed significant superiority over other treatments followed by P and P, where 

they behaved statistically alike and Premained at the bottom. The highest total number 

of tuber per hil l  ( 1 1 . 3 )  was recorded in IP, closely followed by 10.5 in IP, while the 

lowest (6.I) was observed in 1P, closely increment with 6.5 in IP,(Table 2.2b). 

61 



Table 2.2a. Main effect of inter and intra row spacing on number and weight of tuber per 
hill of potato 

Treat Different grades of tuber (by.no.) Total Different grades of tuber(g (by wt.) Total 
ment Non Process Chips French No. of Non Process Chips French wt. of 
s proce grade grade fry tubers process grade grade fry tubers/ 

ss (B grade hill grade ( B )  grade hill 
grade (A+B) (A)  (A+B) 

A 

A, Inter row spacing 

I, 4.3 a 4.3 4.2 b 2.2b 8.5 1 1 1. 0  a  303.9¢ 295 5 C 2 17 .8¢  4 14 .9b  
I, 3.8b 1.9, 1.8 a 3 . 1 a  8.7 100.7b 375.1 b 358.6b 274.3 b 475.8 a 
,, 3.6b 5.0a 4.9 a 3.la 8.4 87.3c 401.8 a 386.7 a 291.6 a 489.1 a 

B. Intra row spacing 

P, 6 . 1 a  4.5 be 4.5 ab 2.6b 10.7 a 136.8 a 210.6¢ 205.8 e 149.2 ¢ 347.3 c 

P 3.6b 5 . 1 a  5.0 a 3.2a 8.7b 97.9 b 359.5 b 347.2b 264.5 b 457.4b 

P, 3.4b 5 . 1 a b  5.0a 2.7b 8.3b 87.3 be 427.0a 413.3 a 3 1 1 . 4 a  514.3 a 

P, 2.5¢ 4. le  3.9b 2.6b 6.6¢ 76.7 C 444.0 a 421.4a 319.7 a 520.7 a 

CV 12.90 12.35 12.63 15.75 8.13 12.14 5.63 5.94 5.43 4.96 

(%) 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT 

I = 6 0 c m , I ,  = 6 7 . 5 c m & I ,  =  7 5 c m ; P ,  =20em, P, 25cm. P, 30e m & P ,  = 35 cm 

.. Tuber grades by weight 

2.2.2.6 Non process grade tuber weight per hill (< 40 mm) 

The data demonstrated that the close the spacing, the increase the weight of non process 

grade tuber per hill in respect of inter and intra rows spacing (Table 2.2a). The highest 

weight ( 1 1 1 . 0  g) was observed in closest inter row spacing (I) followed by I and I in 

descending order. Similarly, the maximum weight (136.8 g) was observed in closest 

intra row spacing (P,)  followed by P which was statistically similar to P, while the 

lowest (76.7 g) was recorded in P±. Significantly highest small sized non process grade 

tuber weight per hill (160.3 g) was found in IP spacing followed by IP, and IP(F ig .  

2 .2 ) .  Whereas. the minimum weight (66.7 g) on non process grade tuber per hill was 

recorded in IP, spacing. This might be due to closer spacing contained more stolon and 

tubers got less space where tubers had to compete for food and space. These results are 

in agreement with the findings of Roy et al. (1995), Khalafalla (2001). 

63 



Table 2.2b. Combined effeet of planting geometry on number and weight of tuber/hill 

Treatments Grades of tubers/hill (by no.) Grades of tubers/hill (g) (by wt.) 

Process grade Total Process grade Total 
> 40 mm) ( 40 mm 

IP, 3.6 e 11.3 a 1 8 5 . 1 g  345.4f 

LP. 5.2a-c 8.8d-f 308.6e 408.2e 

LP, 4.4c-e 7.5 gh 370.7 cd 464.7 cd 

LP 3.8 de 6.5 hi 351 .0 d 441 .0 de 

1,P, 4.5c-e 1 0. I  be 208.4f 3 4 8 . I f  

LP 5.5 ab 9.2c-e 383.6 cd 478.6 cd 

hP 5.6 a 9.4b-d 438.5 b 533.2 b 

P, 3.9 de 6 . 1 i  469.9 b 543.2 ab 

LP, 5.5 a 10.5 ab 238.2f 348.5f 

P 4.6a-d 8. le-g ]86.2 C 485.2e 

I,P, 5.3a-c 8.0f 471.7 b 545.0 ab 

IP, 4.5b-e 7.2gi 5 1 1 . 2 a  578.0 a 

CV(%) 7.35 8 . 13 5.63 4.96 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT 

Notes: I,P, 60cm 20 cm,IP,= 60 cm 25 em. IP,= 60 cm 30 em. IP,= 60 cm 35 cm, 
IP, 67.5 cm 20 cm.IP,= 67.5 cm 25 em. IP, = 67.5 cm • 30 cm,IP, 67.5 cm 35 cm, 
IP,75 em 20 cm. I,P,= 75 cm 25 cm, IP, = 75 cm 30 em, IP,=75 em 35 cm 

<40 mm = non process grade, 40 mm = process grade, 40-60 mm = Chips grade. 50 mm= 
French fry �r:idc. •= non process grade+ process grndc g·- 

3ht%, 
.$ " 
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�
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' 1 8  2.2.2.7. Process grade tuber weight per hill (> 40 mm) @»,, ' 
·ga, pa 

The highest total weight of process grade tuber (401.8 g) was recorded in the widest 

inter row spacing (l) while the lowest was obtained in I and h respectively secured 

the position in between (Table 2.2a). On the contrary, Pi showed the highest weight of 

process grade tuber (444.0 g) that was statistically similar with P, followed by P and 

P, in descending order. The results revealed that the treatment combination, IP, 

superseded all other treatment combinations followed by IP,, IP, and IP, which they 

were statistically similar while the lowest (185.1  g) was recorded in IP, (Table 2.2b). 
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2.2.2.8. Chips grade tuber weight per hill (40-60 mm) 

The results revealed that the weight of chips grade tuber per hill was followed the 

reciprocal trend of non process grade tuber weight per hill (Table 2.2a). Significantly 

highest weight of chips grade tuber per hill (386.7 g) was observed in I and the lowest 

(295.5 g) was obtained in I whereas h remained in between. It was observed that 

significantly higher weight of chips grade tuber per hill (421.4 g) was recorded in the 

widest intra row spacing of 35 (P,) which was statistically similar to P, followed by P 

while the lowest (205.8 g) was obtained in P. The weight of chips grade tuber was also 

statistically influenced by the combined effect of inter and intra row spacing. The 

highest weight of chips grade tuber per hill (483.5 g) was found in IP,(75 em x 35 cm) 

followed by I,P,(75 em 30 em) and the lowest weight of chips grade tuber per hill 

(182.5 g) was observed in (60 em 20 em) (Fig. 2.2). The lowest weight of chips grade 

tuber per hill might be due to higher intra plant competition produces more tuber 

number but weight was lower and the reverse is true in case of wider spacing. 

2.2.2.9. French fry grade tuber weight per hill (> 50 mm) 

French fry grade tuber weight per hill was significantly highest in I followed by h 

while I gave the minimum (Table 2.2a). The data related to French fry grade tuber 

weight per hill showed that P, stood first position but statistically at par with P, while 

P, (2.6) took the last position and P remained in between them. The weight of French 

fry grade tuber per hill was maximum (368.1 g) in IP, and the lowest was in IP, 

(120.5 g) (Fig. 2.2) 

2.2.2.10. Total tuber weight per hill 

The data indicated that total tuber weight per hill was the highest (489.1 g) in h which 

was at par with I while I stood the last position (Table 2.2a). On the contrary, the 

widest intra row spacing (P,) showed the highest weight (520.7 g) in P, which was 

statistically alike with P, whereas P, remained at the bottom. The results revealed that 

the highest weight of tuber per hill (578.0 g) was observed in IP, which was 

statistically s im i lar  to IP, and IP while the lowest weight per hill (345.4 g) was 

recorded in IP, which was similar to 1P, (Table 2.2b). 
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Tuber grades and yield 

Significant variation was observed in yield of different grades f tu b e  bv th .: 
o, .u D e r  y  the main and 

combined effects of inter and intra row spacing (Table 2. 3,  A  di 
- . .  Appendix XIV) and the 

results obtained described below. 

2.2.3.1. Non process grade tuber yield (< 40 mm) 

The result revealed that the increase in inter or intra row spacing, the decrease in non 

process grade yield. The treatments of 60 cm inter row and 20 em intra row spacing 

were recorded the highest yield of 7.5 and 8.6 t/ha which were around 28% and 39%, 

respectively. The closest spacing (IP) showed the highest ( 1 3 . 1  t/ha) non process 

grade yield which was significantly higher than the all other treatments combinations 

(Fig.3). The lowest non process grade tuber yield (2.5 t/ha, 1 H % )  was found in I,P, (75 

cm 35 em) (Plate 12). It was observed that non process grade tuber yield was 

decreased with increase in inter and intra row spacing. This may be due to higher plant 

density and tubers had to compete for space, light and nutrients for bulking. Similar 

results were observed by Rex ( 1 9 9 0) .  Gatechew et al. ( 2 0 1 3 )  reported that tuber 

bulking was reduced at closer spacing resulted in more small tubers. Kumar et al. 

( 2 0 1 4 )  also observed that non process grade tubers were higher under narrower crop 

geometry which corroborated our findings. 

2.2.3.2. Process grade tuber yield ( 40 mm) 

The highest yield of process grade tuber ( 19 . 1  t/ha, 77% of total produce) was recorded 

in the medium inter row spacing (l) which was at par with I while the last position 

obtained in I Table 2.3). On the contrary, P showed the highest yield of total process 

grade tuber (20.5 ha, 78% of total produce) followed by Ps, but they were statistically 

similar while the lowest (15.0 t/ha, 6 1 %  of total produce) was recorded in P, and P, 

remained in between. The maximum total process grade tuber (22.3 t/ha. 80% of total 

produce) was recorded in IP which was significantly similar to IP, and these two 

superseded all the other treatment combinations (Table 2.3). The minimum total 

process grade potato tuber ( 1 5 . I  t/ha, 54% of total produce) was noted in I P ,  which 

was at par with IP, .  
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2.2.3.3. Chips grade tuber yield (40-60 mm) 

It is evident from the table 2.3 that chips grade yield was the highest (18.3 t/ha) in h 

which was at par with I while the lowest (17.2 t/ha, 70% of total produce) was 

recorded in I. The results revealed that the maximum yield of chips grade (19.8 t/ha, 

76% of total produce) was obtained in P which was statistically similar with I as a 

minor difference whereas P stood the last position and P; remained in between them. 

Chips grade of potato tubers was significantly influenced by the combined effect of 

inter and intra row spacing. IP showed the highest chips grade (21.3 t/ha, 77% of 

total produce) which was statistically identical to IP and IP but different from rest of 

the treatment combinations (Plate 12). The lowest chips grade yield (14.6 tha, 57% of 

total produce) was found IP, (Fig. 2.3). This can be ascribed to the fact that medium 

inter and intra row spacing created optimum plant competition that was favourable to 

increase chips grade tuber yield as was also observed by Rex (1990). The results are 

corroborate to Kumar et al. (2014), where process grade tuber yield and percent of 

process grade tuber were higher at crop geometry of67.5 cm x 30 cm. 

Plate 13. Photograph showing non processing and chips grade tubers, respectively 
under treatments 1P, (67.5 em x 25 en) (A) and 1,P, (67.5 em x 30 em) (B) 
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Table 2.3. Effeet of planting geometry on yield of potato 

• 

Treat 
ments 

P, 

P, 

P, 

P, 

Non process 
grade (A» 

8.6a(39.4a)  

6 .6b(21 .6  b) 

5 . 8 e ( 1 7 . 3 e )  

5 .0d( 15 .3e)  

Process grade 
B 

17.6 b (72.2 c) 

19. la(77.0b) 

18.5a(80.8 a) 

15.0c(60.6 c) 

20.5 a(78.4 b) 

20.2 a(82.8 a) 

18.0 b(84.7 a) 

Chips grade 

17.2 b (70.2 c) 

18.3 a(73.6 b) 

17.8 ab (77.9 a) 

14 .6c(59.3e) 

19.8 a(75.8 b) 

19.6 a (80.2 a) 

17.0 b (80.4 a) 

French fry grade 

12 .5c(5 1 . 6  b) 

14.0 a (57.3 a) 

1 3. 4 b ( 5 8. 3  a) 

10.5c(42.9e) 

15.0 a(57.6 b) 

14.8 a (60 7 a) 

1 2. 9 b  ( 6 1 . 7  a) 

Total 
A +  8) 

25.1 ab 

25.4 a 

2 4 . 2 b  

23.6b 

27.1 a 

26.0a 

22.9 

Graded tuber yield (t/ha) 

B. Intra row spacing 

A Inter row spacing 

I 7 . 5 a ( 2 7 9 1  

I 6 . 2 b ( 2 3 . 0 b )  

I 5 . 7 6 ( 1 9 . 2 e )  

Interaction between A and B 

LP, 1 3 . 1  a ( 4 6 . 4 a )  1 5 . 1  4 ( 5 3 . 6 g )  14.9 e ( 5 2 . 8 0)  

LP, 6 . 5 c d ( 2 4 . 5 d )  20.2 be (75.5 d) 1 9. 8 b ( 7 4 . 0 e )  

IP 5 . 1 e f ( 2 0 . 2 e )  20.2 be(79.8ed) 19.9 ab(78.5be) 

LP, 4.2 fg(20.3e) 1 6 4 4 ( 7 9 . 7 c d )  1 5 . 5 0 e ( 7 5 . 4 e )  

IP, 1 0. 1  b ( 4 0 . 1 b )  1 5 . 1  d ( 5 9. 9 0  1 4. 6 e ( 5 7 . 7 e )  

IP 5.5 de(9.8e) 22.3 a(80.2e) 2 1 3  a(76.5 e) 

IP, 4 . 6 e f ( 1 7 . 9 e )  20.9 ab (82.0be) 19.9 ab (78.4be) 

IP, 3.0 gh(4.1fg) 18.5 e(85.9 ab) 17.6 d (81.8ab) 

IP, 7 . 2 c ( 3 1 7 c )  1 5 6 d ( 6 8 . 3 e )  15.3 e ( 6 7. 2 d )  

IP 5 . 2 e f ( 2 0 4 e )  20.2 be (79.6cd) 19.5 be (77.0e) 

IP 3.2 gh(3.5g) 20.5 be (86.5 a) 19.9 ab (83.6a) 

IP, 2.5 h ( 1 4 g )  1 9 . 4 c ( 8 8 . 6 a )  18.3 cd(83.9a) 

CV(%) 11.93 (5.08) 4.98(2.85) 4.41 (1.91) 

10.4 e(6.7g) 28.2 a 

14.5 be (54.4 d) 26.7 ab 

14.7 be (58.0b-d) 25.3 be 

1 1. 8  d(57.3ed) 20.6f 

10.9 de (42.91) 25.3 be 

16.7 a(60. la-c) 27.8 a 

15.6 b(61.2a-e) 25.4be 

14 . 1  c(65.0a) 21.6 ef 

1 1 . 2  de(49 .3e) 22.Sde 

14.8 be(58.4b-d) 25.4 be 

14.9 be (62.9 ab) 23.7 cd 

13 .7e(62.8 ab) 2 1 . 9ef  

4.95 (5.95) 3.79 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT 
Parenthesis indicates percent data. 

Notes:I, =60em,I  67.5 c m & I ,  = 7 5 c m ; P ,  = 20cm.P = 25 em. P, = 0 c m & P ,  35 cm 

<40 mm = non process grade, 40 mm = process grade, 40-60 mm = Chips grade, 50 mm French 
fry grade, 

2.2.3.4. French fry grade tuber yield (> 50 mm) 

The highest yield of French fry grade tuber (14.0 tha) was recorded in I Followed by 

I while the lowest (12.5 tha, 52% of total produce) was obtained in I, (Table 2.3). 

With regard to intra row spacing, it was observed that the maximum yield of French fry 

grade (15.0 t/ha. 58% of total produce) was obtained in P which was statistically 

similar to l with minor difference whereas P; stood the last position and P remained in 
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between. French fry grade was also significantly influenced by the interaction effect of 

inter and intra row spacing, The maximum French fry grade tuber (16.7 tha. 60% of 

total produce) was recorded in IP, which was significantly higher than the other 

treatments (Table 2.3). The minimum French fry grade potato tuber (10.4 t/ha. 37% of 

total produce) was noted in IP, treatment combination. The process grade tubers (chips 

and French fry) were higher at wider spacing that could be accounted for by the less 

competition among the plants. Therefore, the amount of nutrients and photosynthates 

that was partitioned to each individual plant was high as compared to dense planted 

plots. 

2.2.3.5. Total tuber yield 

The result revealed that the medium inter row spacing (l) produced the highest total 

yield (25.4 t/ha) which was statistically similar to the closest inter row spacing (l). 

Similarly, both the medium intra row spacing (P and P,) were obtained statistically 

higher and similar total yield while the closest and widest intra row spacing were also 

exhibited statistically lower and similar total yield. The total yield significantly 

variable among the combined effect of inter and intra row spacing (Table 2.3). 1P 

showed the highest potato tuber yield (27.8 t/ha), which was statistically identical to 

IP,. The lowest yield (20.6 t/ha) was obtained in IP, treatment combination (Table 

2.3). The closest combination produced the highest yield of non-processed grade tubers 

but tuber yields of chips and French fry grade were lower. This might be due to higher 

competition among the plants associated with higher plant population resulted more 

small sized non process grade (< 40 mm) tubers. About 42% small sized non process 

grade tubers obtained from the closest spacing combination of I P .  The moderate inter 

and intra row spacing combination (IP) produced 75% chips and 58% French fry 

graded tubers. The maximum percentage of potato tubers can be utilized for processing 

purposes that arc produced in this treatment combination. This might be due to medium 

sink available per unit area that resulted in optimum competition between the 

individuals at medium plant densities. More photosynthates were channeled to each 

individual tuber at this medium density planting caused higher number of chips and 

process sized tubers. Severals workers (Abrha et al, 2014; Tarkalson, et al., 2 0 1 1 :  

Kumar er al. , 2004a: Kumar et al., 2003a; Arsenault and Malone, 1999; Rex et al, 

1987) reported that inter and intra row spacing significantly influenced the tuber sized 
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distribution. Kumar et al. (2003a) also reported that number of process grade tubers and 

yield were increased in crop geometry of 75 cm x 30 cm without affecting dry matter, 

reducing sugar and fry colour in potato cv. Kufri Joti, which are in agreement with the 

findings of our results. In another study, Kumar et al. (2004a) observed that maximum 

process grade tuber yield was recorded at 66 cm • 20 cm crop geometry. 

Processing Quality of Tubers 
t 

2.2.4.1. Dry matter 

The data shows that dry matter (%) was significantly lower by the closest and the 

widest intra row spacing than the moderate intra row spacing. The highest dry matter 

(23.77%) was obtained in 25 em intra row spacing closely followed by 30 cm (23.61%) 

(Table 2.4, Appendix XV). The findings are inconformity with Mangani et al. (2015) 

and Getachew et al. (2013) where they opined that both higher and lower intra row 

spacing resulted in a reduction in dry matter (%) than their moderate spacing studied. 

While the results are partially disagreed with Kumar et al. (2003a) where they showed 

that tuber dry matter remained unaffected by their studied inter and intra row spacing 

and their interaction. 

2.2.4.2. Specific gravity 

Specific gravity and dry matter (%) significantly influenced by intra row spacing (Table 

2.4). The results demonstrated that the widest intra row spacing showed lower specific 

gravity. Significantly similar the highest specific gravity was obtained in 20. 25 and 30 

em intra row spacing. The lowest specific gravity (1.089) was in 35 em intra row 

spacing. White and Sanderson (1983) stated that spacing between 38 and 56 em for cv. 

Russet Burbank and 20 and 38 em for cv. Kennebec had reduced the specific gravity of 

tubers markedly. Rex (1990) also observed that specific gravity was not influenced by 

different plant density in processing cultivar Russet Burbank. 

2.2.4.3. Reducing sugar content 

Reducing sugar content significantly influenced by intra row spacing but inter row 

spacing and their interaction did not affect the reducing sugar content (Table 2.4). The 

results showed that the increase in intra row spacing, the increase in reducing sugar 
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content in tubers. The lowest reducing sugar (34.94 mg/100 g fresh wt.) was recorded 

in the closest intra row spacing (20 em) while the highest (36.59 mg/100 g fresh wt.) in 

the widest in-row spacing (5 cm) which was at par with 25 and 30 em in-row spacing. 

The reducing sugar content was much lower than the lowest acceptable limit of 250 

mg/100 g fresh weight for processing into chips (Pandey et al., 2005). These findings 

are in conformation with the results of Kumar et al, (2009) where they found that 

reducing sugar content increased with the increase of intra row spacin g. 

Table 2.4. Effect of inter and intra row spacing on processing quality of potato tubers 

Treatments Dry matter Specific Reducing sugar Chips colour 
(%o) gravity (mg/100 g fwt. score 

A Inter row spacing 

I, 23.48 1.093 35.48 2.47 

h 23.63 1.093 36 . 1 1  2.37 

l 23.3 I 1.092 3 6 . 1 1  2.45 

B. Intra row spacing 

P, 23.37 be 1.094 a 34.94 b 2.38 

P, 23.77 a 1.094 a 35.92 a 2.44 

P 23.61 ab 1.093 a 36.14 a 2.41 

P, 23.14 C 1.089 b 36.59 a 2.48 

Interaction between A and B 

LP, 23.45 L.092 34.57 2.43 

IP, 23.72 1.094 35.50 2.53 

LP, 23.69 1.094 35.80 2.50 

P, 23.07 L.09I 36.03 2.40 

LP 23.32 1.092 35.03 2.27 

P 24.04 L.095 36.13 2.40 

P 23.76 L.094 36.43 2.33 

LP, 23.39 1.092 36.83 2.47 

LP, 23.34 1.092 35.23 2.43  

P, 23.55 1.093 36 . 12  2.40 

IP, 23.37 1.092 36.20 2.40 

LP, 22.96 L.090 36.90 2.57 

CV(%) 2.67 0 . 14 2.51 4.08 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes:I, = 60 cm, I = 6 7 . 5 e m & I ,  =  7 5 e m ; P ,  =20cm,P,= 25 cm, P, = 30em&P,  = 35 cm 
1-2 =excellent, 3-4 = good and 5 = acceptable 
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The highest net return (Tk. 1,57,299/ha) was found in IP combination (67.5 cm x 25 

cm) followed by IP, (67.5 cm 30 cm) (Tk. 1,45,409/ha). The highest benefit cost 

• 
ratio (1 .75) was found in IP which was same as IP, (1.75). IP and IP showed the 

minimum benefit cost ratio (1.23). Kumar et al. (2014) reported that the highest net 

returns and B:C ratio (2.67) with the crop geometry of 67.5 cm 30 em. Kumar et al. 

(2015) also observed similar results where statistically higher B:C ratio (2.20) was 

recorded the widest crop geometry of 67.5 cm 25 em than the 67.5 cm x I5  cm (1.92) 

while at par with 67.5 cm 20 em (2.10) crop geometry. 

Table 2.5. Economics of processing potatoes as affected by combined effect of inter and 
intra row spacing 

Treatments Tuber yield (/ha) Total cost of Gross return Net return Benefit 
Process Non production (Tk./ha) (Tk./ha) cost 
grade process (Tk./ha) ratio 

rade 
LP 14.9 13.1 2,47,330 3.05,312 57,981 1 .23 

IP 19.8 6.5 2,21,251 3,41,472 1.20.221 1.54 

LP, 19.9 5 . 1  2.04.314 3.33,472 1,29.158 1.63 

P 15.50 41.2 1.92.216 2.70.915 78.698 1.4 1  

LP, 14.6 10.1 2.33.216 2.87.814 54.598 L .23 

LP 21 .3  5.5 2,09,960 3,67,259 1,57,299 1. 75 

LP, 19.9 4.6 1,94,905 3.40.313 1,45,409 1 .75 

LP, 1 7 6  3.0 1,83,477 2.96.1 1 4  1 . 1 2 . 6 3 7  1 . 6 l  

1,P, 15.3 7.2 2,21,251 2.76.637 55,386 L.25 

I,P 19.5 5.2 2.00,927 3.33.839 1 , 3 2. 9 1 2  L.66 

LP, 19.9 3.2 1,86,703 3.27.323 1,40,620 I. 75 

IP, 18.3 )   1,77,025 3.05.503 1.28.478 1 .73 • 

Considering local market price of 2013, 
Urea, TSP, MOP, Gypsum, Zinc sulphate, Boric acid and cowdung @ Tk. 1 4 , 2 3 ,  1 7 , 7 ,  170, 295 and 
kg. respectively; Seed of potato @ Tk. 30/kg. labour @ Tk. 300 man-day; 
Sale of potato @ Tk. I5/kg for > 40 mm and Tk. 6/kg for < 40 mm size; 
IP,= 60 cm 20 cm. IP,= 60 cm 25 cm, IP, = 60 cm 30 em, IP,= 60 cm 35 cm, 
1,P,= 67.5 cm 20 em, IP,= 67.5 cm x 25 cm, IP, = 67.5 cm 30 cm, 1,P,= 67.5 cm 35 em, 

I,P,= 75 cm 20em. LP,= 75 em 25 cm, IP, = 75 cm 30 em, I,P,= 75 cm 35 cm 
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Expt. no. 3. Effect of seed size and intra row spacing on the yield and 
quality of processing potatoes 

3.1. lntrocluclion 

Potato (Solanum tuberosum L.) is an important food and cash crop and ranks fourth in 

globally next to wheat, rice and maize (Muthoni et al., 2011) .  Potato is not only a 

vegetable or staple crop, it has become an important industrial crop for processing. 

Changing lifestyles and increasing number of women going to work have resulted in 

increased demand for processed foods. Potato can respond strongly to this part. 

Processing of potatoes into chips and French fries requires certain minimum quality 

attributes viz. more than 40 mm size, 20% or more dry matter and low reducing sugar 

content (Gould, 1999: Marwaha, 1997). The farmers of Bangladesh are not aware about 

production technologies of processing potatoes. It is somewhat different from that of 

seed potato and table potato production. A number of factors influence potato yield, 

tuber size distribution and quality which include spacing, fertilizer and water 

management, seed size, cultivar, geographic location and climatic conditions (Kumar et 

al., 2012a). Different cultural factors are reported to affect the resulting dry matter and 

sugar accumulation in freshly harvested tubers (Sowokinos, 1973). Seed size is an 

important management tool for manipulation of potato tuber size to achieve the specific 

market requirements (Rykbost and Locke, 1999). 

The effect of spacing or size of seed tuber on tuber yield, use of additional quantity of 

seed in closer spacing or big size seed tuber was also considered since the costliest 

input in potato production, accounting for around 50% of the total production cost (Dua 

et al.., 2008; Kumar et al. 2007b). It was observed that net improvement in total as well 

as seed size tuber yield under closer spacing was not significant when the additional 

quantity of seed tubers used was subtracted from the produce. Besides total tuber yield, 

the proportion of process grade tubers in total produce is important both for processors 

as well as the growers. Such potatoes when processed in chips result in lower peeling 

losses with lesser breakage of fried chips during handling and packaging. Production of 

higher total and process grade yields indicated its potential of making available greater 

availability of raw material to the processors as well as better returns to the growers 

(Singh. et al., 2008). The higher process grade tuber yield depends much upon 

maintenance of optimum number of plants per unit area and their spatial arrangement 

with appropriate seed size in the field. So, seed size and seed spacing can be 
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manipulated for better process grade tuber yield and quality of potatoes in cost effective 

manner. Optimization of seed size and intra row spacing affecting the appropriate plant 

population which maximizes the process grade tuber yield with also minimize the cost 

of seed. However, no information regarding the optimum seed size and intra row 

spacing for producing higher proportion of process grade tuber yield and quality is 

available so far. Hence, the present investigation was undertaken to find out optimum 

seed size and intra row spacing for getting higher process grade tuber yield. quality, 

tuber size distribution and profitability. 

3.2. Results and Discussion 

3.2.1. Speed of emergence 

Significant deference was observed for the speed of emergence by seed tuber sizes 

(Table 3 . la ,  Appendix XVI). The results showed that the speed of emergence were the 

highest (7 1 . 1 )  in big sized seed tubers (S,). The lowest speed of emergence (53.0) was 

observed in small seed tubers (S). No significant variation of intra row plant spacing 

was found in the speed of emergence and also the combined effect of seed size and 

intra row spacing. 

3.2.2 Days required to 80% plant emergence 

The minimum days of around I5 required for 80% plant emergence in big sized seed 

tubers (S,) (Table 3.1a). On the contrary, maximum days of 21 were required to obtain 

80% emergence by small sized seed tubers (S). No significant variation was observed 

by intra row plant spacing and the combined effect of seed size and intra row spacing in 

the days required to 80% emergence. 

3.2.3. Plant height 

The plant height was attained maximum (59.4 cm) at 80 days after planting (DAP) in 

large seed tubers (S) which was identical to medium sized seed tubers (59.1 em). The 

results noted that plant height was decreased chronologically as wider the intra row 

spacing (Table 3 . 1  a. Appendix XVI). The plant height was higher (45. 7, 54.7 and 58.8 

cm) in P, (20 em in row spacing) at 40, 60 and 80 DAP, respectively and the smallest 

plant (37.6, 52.5 and 56.2 em) was in P; (35 cm) at 30. 60 and 80 DAP. This was 
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happened due to increase plant competition at closer spacing to get absorb more light, 

plant height may be increased. The data showed that the plant height was the highest at 

80 DAP for all the treatment combinations. The tallest plant (62.7 em) was observed in 

SP (largest seed potato coupled with the narrowest intra row spacing). Whereas, the 

shortest plant (53.7 em) was recorded in SP, (small seed tuber combined with the intra 

row spacing of 30 cm). 

3.2.4, Leaf number per hill 

The results showed that the maximum number of leaves per hill was produced at 60 

DAP among the studied growth stages (Table 3.la). Leaf number per hill was reached 

maximum at 60 days after planting by all the seed sizes. After then leaf number per hill 

was decreased. Maximum number of leaf (60.3/hill) was obtained in big sized seed 

tubers (S) and the lowest (36.2/hill) in small sized seed tubers (S,). With regard to 

intra row spacing, at 60 DAP, the highest number of leaf (54.3/hill) was recorded in the 

widest intra row spacing (Pi) closely followed by 53.8/hill in P, but both were non 

significant while the lowest (44.8/hill) was obtained in P. The largest seed in 

combination with the widen intra row spacing (5SP,) produced the highest number of 

leaves (64.05/hill) which was statistically similar to S1P, S,P SP,, At 80 DAP, 

number of leaves per hill were markedly reduced by falling leaves due to leaf maturity 

and die. At wider spacing, plant competition was minimum for space, hight and 

nutrients and., thus creates better condition for growth. It was also directly related to 

produce more number and leaves per hill as compared to closer spacing (Malik et al., 

2002). These findings are in conformation with the results of Kumar et al., (2009). 

3.2.5. Stem number per hill 

The results demonstrated that the increase in seed tuber size, the increase the stem per 

hill (Table 3.1b). In this way, larger seed tuber superseded the all other seed tuber sizes 

in relation to produce stem/hill. Larger seed tubers are usually higher physiologically 

age and contain more eyes which resulted to formation of a significantly higher sprouts 

(Pavlista, 2004: Postic et al.. 2014) resultant more primary stem per hill . Similar results 

also reported by Struz et al., (2000). 
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Table 3.la. Effect of seed size and intra row spacing on growth of potato 

Treat Speed of Days to Plant height (cm) at Leaves hill (no.) at 
ments emergen 80% plant 40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 

• 
ce emergence 

A. Seed size 

s, 53.0¢ 2 1 .0a  38.0b 52.0 C 54.3b 28.2 ¢ 36.3¢ 2 1 .3  ¢  

S 63.9% 17.9b 39. 1b 53.4b 59.1 a 43.2b 5 4. 7 b  23.4% 

s, 7 1 . 1  a  14.5 ¢ 44.7 a 57.8 a 59.4 a 49.9 a 60.3 a 24.7a 

B. Intra row spacing 

P, 61 .7  18.2 45.7 a 54.7 a 58.8 a 38.7 b 44.8¢ I8 .4d 

P. 62.0 17.7 40.5 b 54.8 a 58.3 ab 40.7 a 50.2b 22.0¢ 

P, 63.4 17.8 38.7 be 55.6a 57.5 ab 41 .4a  53.8a 2 5. 2 6  

P, 63.6 17.6 37.6¢ 52.5 b 56.2¢ 41.0 a 54.3 a 26.9 a 

Interaction between A and B 

s,P, 5 3   21.7 46.7 ab 51.5 d 55.3 de 30.1 e 35.6 d I8 .7¢  + .  

sP, 52.5 21.0 35.4f 51.3 d 54.9 de 28.4 e 36.7 d 19 .2f 

s,P, 53.8 20.7 34.2f 53.6b-d 53.7e 29.7e 38.5 d 22.2 de 

sP, 533  20.7 35.7 f 51.5 d 54.er 24.6f 38.4d 24.9 be 

s,P 62. 18. 41 .9 cd 52.8b-d 58.5 be 40.8 d 47.2¢ 15 .5g  

s»P 63.3 17.7 40.9 de 54.0b-d 59.9 ab 44.3 cd 5 1 . 2 b  23.2c-¢ 

SP 65.1 18.0 36.5f 55.1 b 60.1 ab 44.5 cd 60.0 a 24.2 cd 

sP, 65.0 17.7 37.2ef 51.8 cd 57.8 b-d 43.0 cd 60.4 a 28.5 a 

sP, 70.4 14.7 48.4a 59.7a 62.7a 45.1 C 51 .6 b 2 1 . 1 e f  

s,P, 70.0 14.3 45.2a-c 59.0 a 60.0 ab 49.5 b 62.7 a 23.5c-e 

s,P, 71.3 14.7 42.0 cd 58.I a 58.6 be 49.9b 63.0a 27.1 ab 
s,P, 72.5 14.3 43.0b-d 54.3 be 56.3c-e 50.2 a 64.I a 27.2 ab 

cv(% 2.05 3.16 5.53 2.74 2.79 5. 12 4.45 6.19 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT, 

Notes ·S ,  = 30± 5g,S,  = 55+ 5 g & S , = 8 0 ± 5 g P ,  =20cm.P, =25cm, P, = 30cm&P, 35 cm 

The results were in conformity with the findings of earlier work of Singh and Kushwah 

(2010) wherein they found stem/hill increased with increase in seed size from 25 to 100 

g tubers. With the decrease in intra row spacing from 35 to 20 cm, the number of stems 

per hill was reduced from 4.2 t0 3.7. However, the lowest stem (3.7/hill) was recorded 

• 
in the closest intra row spacing (P;) whereas the other three intra row spacing were 

showed statistically at par. Masarirambi et al. (201) found that stem number per h i l l  

was reduced at closer spacing and increased significantly at wider spacing. This is 
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Table 3.1b. Effect of seed size and intra row spacing on growth of potato 

Treatments Stem/hill (no.) at Foliage coverage (%) at 

40 DAP 40 DAP 60 DAP 80 DAP 

A. Seed size 

s, 2.8¢ 63.8 C 98.4 b 5 7. 8 b  

S, 4.3 b 73.8 b 99.5 a 60.3 a 

S, 4.9a 80.1 a 99.7 a 53.8¢ 

B. Intra row spacing 

P, 3.7b 82.1 a 100.0a 60 7 a 

P 4.0a 74.3b 99.3b 57.9 a 

P, 4.1 a 71 .  7 99.0 be 58.7 a 

P, 4. 2 a  62.2 C 98.4¢ 52.0b 

Interaction between A and B 

$,P, 2.7 d 80.3 be 100.0a 6 1 .7  ab 

sP, 2.7 d 63.0¢-g 98.3c-e 58.0b-e 

sP, 2.8d 57.0 fg 98.0 de 57.3b-¢ 

SP, 2.8d 55.0 g 97.3 e 54.3 e 

s,P, 4. 0 ¢  76.3 be 100.0 a 60.3 a-c 

sP, 4.3 ¢ 75.0 cd 99.7 ab 60.7 ab 

S.Pp, 4.3c 79.0 bc 99.0 a-d 64.0 a 
- , 

SP, 4.5 be 65.0ef 99.3 a-c 56.3b-e 

s.P, 1.3¢ 89.7 a 100.0a 60.0a-d 

s,P 5.0 ab 85.0 ab 100.0 a 55.0c-e 

s,P, 5.1 ab 79.0 be 100.0 a 54.7 de 

s,P, 5.4 a 66.7 de 98.7 b-d 45.3f 

CV(%) 8.41 6.84 5.58 5.05 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: S, 30+ 5g . S ,  = 5 5 5 g & S , = 8 0 ± 5 g ; P ,  20em.P,=25 em,P, = 30cm&P, = 35 cm 

likely due to intense competition for light, water and nutrients at closer spacing (Wurr 

et al., 1993). 

The largest seed in combination with the widen intra row spacing (SP) produced the 

highest number of stem (54/hill) which was statistically similar to S1P, and SP while 

the lowest (2.7/hill) was observed in SP where small seed tuber planted at the closest 

intra row spacing. 
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3.2.6. Foliage coverage (%) 

Foliage coverage (%) was the highest at 60 DAP (Table 3.1b). Around 100% foliage 

coverage was observed in both the large and medium sized tubers. The results are 

corroborated with Sharma and Singh (2010), who opined that increasing in percent 

ground cover by foliage with increasing plant population may be due to more number 

of plants per unit area and similar results have been reported by Azad-Singh et al., 

(1997). At 60 DAP, around 100% foliage coverage was observed in 20, 25 and 30 em 

intra row spacing. At 80 DAP, foliage coverage (%) was reduced drastically due to 

probably leaves drop by senescence. At every seed size, the narrowest plant spacing of 

20 em were attained the highest per cent of foliage coverage at 40, 60 and 80 DAP. At 

60 DAP. 100% foliage coverage were obtained in fie treatment combinations of SP, 

s»P SP, SP, and S,P, 

Yield components 

3.2.7. Tuber grades by number 

Different grades of tuber number per hill were significantly influenced by seed tuber 

size, intra row spacing and their interaction (Table 3.3. Appendix XVII). 

3.2.8. Non process grade tuber number per hill (< 40 mm) 

Small seed tubers (S) produced the highest number (6.3/hill) of non process grade 

(<40 mm) tubers. On the contrary, large seed tubers (Sy) produced the lowest number 

(3. A/hil l )  of non-process grade tubers (Table 3.2a). he results revealed that the wider 

the intra row spacing, the reduced the number of non-process grade tubers per hill. Non 

process sized tubers were the maximum (6.2/hill) in the closest intra row spacing (P;) 

and the minimum (3./hill) was in the widest intra row spacing (P). The number of non 

process grade tubers per hill was ranged between 2.2 to 8.3 by the combined effect of 

seed size and intra row spacing (Table 3.2a). The highest number or non proecs'> � 

f 
.. · . ' ,, tubers (8.3/hill) was obtained in SP,  where small seed tuber planted at the closest intra ' , '  

,  .  I' 
row spacing and the lowest (2.19/hill) was observed in S3P,1 where large se ���e�-'":7,.}/ -:-;j 
plate at the widest intra row spacing (Fie.3. 0. i iw  

3 Y E /  
s.-  
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3.2.9. Process grade tuber number per hill ( 40 mm) 

It was observed that the maximum number of total process grade tuber (5.6/hill) was 

observed in medium sized seed tuber (S) which was significantly similar with large 

seed tubers (S,) while small seed tuber produced the lowest number of total process 

grade tubers (4./hill) (Table 3.2a). The highest number of total process grade tuber 

(5.5/hill was obtained in the widest intra row spacing (P,) followed by P, which was 

statistically similar with Ps, whereas the lowest (4.5/hill) was observed in the closest 

intra row spacing (Pp). The highest total process grade tuber (6.1/hill) was recorded in 

SP, which was statistically at par with SP,, SP, and, S»P whereas the lowest 

(3.8/hill) was obtained in SP, which was statistically similar with SP and. SP, (Table 

3.2b) 

3.2.10. Chips grade tuber number per hill (40-60 mm) 

The data shows that significantly similar and higher number of chips grade tubers per 

hill was recorded in by both the medium (S») and large (S;) seed tubers than small seed 

tubers (S,) (Table 3.2a). The highest number of chips grade tubers (5.4/hill) was 

obtained in medium sized seed tuber (S) followed by 5.2/hill in large sized seed tubers 

(S,) whereas the lowest (4.1/hill) in small seed tubers (S). The highest number of chips 

grade tubers (5.3/hill) was exhibited at the widest intra row spacing (P,) followed by 

5.0/hill in P, which was statistically similar with P (4.9/hill), whereas the 

lowest(4.4/hill) was observed in the closest intra row spacing (P). Chips grade tubers 

were the highest (5.7/hill) in SP which was statistically similar with SP,, SP, and 

SP however, the lowest number of chips grade tubers (3.7/hill was recorded in SP, 

(Fig. 3 . 1 )  .  
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Fig. 3.1. Combined effect of seed size and intra row spacing on non-process grade 
number (A) and weight (B), chips grade number (C) and weight (D), over chips 
grade number (E) and weight (F) and total number (G) and weight (H) of 
tubers per hill 
Notes: S, = 30±5g,  S , = 5 5 ± 5 g & S , = 8 0 ± 5 g ; P = 2 0 c m , P , = 2 5  cm, P, = 30 
cm &P,= 35cm; Means ± SE are shown in error bar. 
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Table 3.2a. Main effect of seed size and intra row spacing on tuber number and weight 
per hill of potato 

Treatm Gradewise tuber/hill (by no.) Total Grade wise tuber/hill (by wt.) Total 

• 
ents 

- 40 40 > 50 40- no, of <40 40 mm > 50 40-60 wt. of 
mm mm mm 60 tubers. 

mm mm mm 
tubers/ 

mm 
hill hill (g) 

Seed size 

s, 6.3a 4.2b 2.4b 4.1 b 10.5a 167.2a 296.8b 206.3b 284.8b 463 9b 

S, 4.7b 5.4a 2.7% 5.2a I0 . Ib  15 L . 3 b  3 7 1. 6 a  243.3a 352 1a 522.9a 

s, 3 . 1  5 5 a  2 . 8 a  5.2a 8.6c 96.3c 377.2a 2 4 1 3 a  350.0a 473.5b 

Intra row spacing 

P, 6.2a 1.4b 2.3b 4. 4 b  10.7a 192.la 281.2c 202.7d 267.5¢ 473.3b 

P, 5 . 1 b  4.6b 2.7a 4.5b 9.7% 129.lb 3 3 9 . 1 b  232.2¢ 319.9b 468.2b 

P, 4 . 1 c  5.3a 2.7a 5 . 1 a  9.4b 120.4¢ 378.6a 239.4 355.8a 499.0a 

P, 3. lc 5 8a 2.8a 5.6a 9.3b I 11.2d 395.2a 246.8a 372.7% 506.5a 

CV(%) 13.0 9. 5 9  904 9.76 4.02 4.51 5.81 2.93 6. 1 4  4.09 

Table 3.2b. Combined effeet of seed size and intra row spacing on tuber number and 
weight er hill of potato 

Treatments Gradewise tuber/hill (by no.) Gradewise tuber/hill (by wt.) 

> 50 mm > 40 mm - 50 mm > 40 mm 

S,P 2.2% 3 8 g  173.3g 187.5 h 
sP ,  2 . 3 6  3 9 g  196.7f 244.8g 
s,P, 2.2b 4. 2 g  223.3de 282.4f 
s,P, 2.8a 4. 6 f  231.7d 3 1 3 . 2 ¢  
sP 2 . 3 b  4. 7 e f  216.3e 2 7 8 3 f  
s., 2 9 a  5.8 ab 243.3¢ 362.5 d 
SP 2.8a 6.0a 250.0b¢ 404.0 C 

sP, 2 9 a  $.9a 263.3a 428.7 b 

s,P, 2.3b 5. 0  de 218.3e 272.2 f 
s, 2.9a 5.3cd 256.7ab 350.0 d 

SP, 3 . 1 a  5. 5  be 245.0be 425.9 b 

s,P, 2. 8 a  6.l a 245.3bc 465.7 a 

cV(%) 904 4.40 2.93 2.58 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 

Notes: S,P,=30± 5 g  20 em, SP = 3 0 ± 5 g 2 5 c m ,  SP, = 30± 5 g  30 cm, SP, = 3 0 + 5 g  35 
cm, $,P, 5 5 ± 5  g 2 0 e m ,  SP,= 5 5 ± 5 g 2 5 c m ,  S,P,=55 ± 5  g  30cm, S , P , = 5 5 ± 5 g 3 5  cm, 
$,P, 80+5g20cm, $,P, 80+ 5 g 2 5  cm, S,P, = 80± 5 g  30cm, S,,= 80± 5 g 3 5  cm 
<40 mm non process grade, 40 mm = process grade, 40-60 mm = Chips grade, 50 mm = French 
fry grade 
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3.2.11. French fry grade tuber number per hill (> 50 mm) 

The data showed that significantly similar and higher number of tubers per hill were 

recorded in French fry grade tuber per hill by both the medium (S) and large (S) sized 

seed tubers than small seed tubers (S) (Table 3.2a). The highest number of French fry 

grade (2.8/hill) tuber was recorded in the widest intra row spacing (P,) which was 

statistically s im i lar  with P, and P whereas the lowest (2.3/hill) was observed in the 

closest intra row spacing (P). The highest French fry grade tuber (3.1/hill) was 

recorded in SP, which was statistically at par with SP, SP,, SP,, SP, SP, and 

SP, whereas the lowest (2.2/hill) was obtained in SP, which was statistically similar 

with rest of the treatment combinations (Table 3.2b). 

3.2.12. Total tuber number per hill 

The total number of tubers was the highest ( 1 0 . 5/ h i l l )  in small seed tubes and the 

numbers were decreased chronologically with the increase in seed tubers size. In this 

way, the lowest (8.6/hill) was observed in large seed tuber (Table 3.2a). The results 

revealed that the total number of tubers was decreased with the wider intra row spacing. 

The total number of tubers was the highest (10.7/hill) in the closest spacing (Py) and the 

lowest (9.0/hill) in Pi. The highest total number of tubers (12 . L/h i l l )  was recorded in 

SP, followed by SP, and SP with 1 H . A/hi l l  while the lowest (8.3/hill) was observed 

in S»P, (Fig. 3 . 1 )  

Tuber grades by weight 

Different grades of tuber weight per hill were significantly influenced by seed tuber 

size, intra row spacing and their interaction (Appendix XVIII, Table 3.2a, 3.2b and Fig. 

3. I). 

3.2.13. Non process grade tuber weight per hill (< 40 mm) 

Significant difference was observed in non process grade tuber weight per hill and the 

data exhibited that small seed tuber (S) occupied the first position followed by medium 

seed tuber (S) while large seed tuber (S) was seen at the bottom (Table 3.2a). The 

results reflected upon that the increase the intra row spacing, the reduced the weight of 

non process grade tuber per hill. Non process sized tuber weight was the maximum 
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(105.4 g/hill) in the closest intra row spacing (P,) and the minimum (78.2 g/hill) was in 

the widest intra row spacing (P,). The results are in line with Mangani et al. (2015) who 

reported that the proportion of small sized tuber increased with decrease in spacing. 

The data indicated that non process grade tuber per hill was significantly increased with 

increase in intra row spacing under every seed size (Fig. 3. 1) .  The maximum weight of 

non-process tubers (140.5 g/hill) was observed in SP, and the minimum (56.0 g/hill) 

was recorded in SP, 

3.2.14. Process grade tuber weight per hill (> 40 mm) 

The data clearly indicated that the increase the seed size, the significant increase the 

weight of total process grade tuber. The maximum weight of total process grade tuber 

(378.5 g/hill) was observed in large sized seed tuber (S,) while small seed tuber 

produced the lowest weight of total process grade tubers (257.0 g/hill) however, 

medium seed size (S») remained in between them (Table 3.2a). With regard to intra row 

spacing. it was observed that the increase the intra row spacing, the significant increase 

the weight of total process grade tuber per hill. The highest weight of total process 

grade tuber (402.5 g/hill) was obtained in the widest intra row spacing (P,) followed by 

P, whereas the lowest (246.0 g hill) was observed in the closest intra row spacing (P,). 

The maximum weight of total process grade tuber (465.7 g/hill) was observed in S,P, 

which ranked first whereas SP, and SP, were at the 2" position but both were 

statistically at par while SP exhibited the last position ( 1 8 7 . 5  g/hill). Total process 

grade or larger tubers per hill were obtained due to reducing plant populations resulted 

in an increase in large sized tubers. This may be because of few sinks available per 

unit area at wider spacing that resulted more photosynthetic products were channeled 

to each individual tuber at wider spacing resulting in higher number and weight of 

large tubers per hill. Similar results were reported earlier by Gulluoglu and Arioglu 

(2009): Kumar et al. (2009): Love and Thompson-Johns (1999) and Allen and Wurr 

(1992b). Increasing in tuber yield per hill in wider planting could be due to the 

availability of adequate space for root and tuber expansion and less competition for 

light, weater and nutrients also reported by Salni et al. (2015). Additionally, Ayupov et 

al. (2014) stated that closer spacing or increased density is reduced tuber yield per hill. 
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3.2.15. Chips grade tuber weight per hill (40-60 mm) 

Chips grade tuber weight per hill differed significantly due to seed tuber size, intra row 

spacing and their interaction. The data showed that significantly higher and similar 

weight of chips grade tuber were recorded in medium (348.9 g/hill) and large (351.2 

g/hill) seed tuber as compared to small sized seed tuber (245.0 g/bill) (Table 3.2a, Plate 

13). The effect of seed size on tuber size distribution revealed that as plant emergence 

was earlier and thus obtained better growth of plant and probably due to accumulate 

more photosynthetic in tubers. Thus resulted heavier tuber that leads to produce more 

tubers in terms of number and weight per hill as chips grade and obviously reduced the 

non process grade tubers. The observations are in concurrence with those obtained by 

Malik et al., (2002). Similar results were reported earlier by Singh et al., (1993, 1998) 

who have shown that yield per plant was directly related to the size of seed tuber. 

The results revealed that the increase the intra row spacing, the significant increase the 

weight of chips grade tuber per hill. The maximum weight of chips grade tuber (380.0 

g/hill) was recorded in the widest intra row spacing (P,) and the minimum (232.3 g/hill) 

was in the closest intra row spacing (P) (Table 3.2a). A thorough examination of the 

data regarding to the weight of chips grade tuber per hill indicated significant 

superiority of S,P, (437.4 g/hill) over all other treatment combinations, followed by 

SP and S»P; which were also statistically at par (Fig. 3.1). Whereas SP; showed the 

lowest weight of chips grade tuber (217.1 g/hill) as compared to other treatment 

combinations. 

Plate 15. Photograph showing non process (A) and chips grade (B) tubers under 
treatments S,P, (55 ± 5 g seed x 25 cm) and S,P, (55 ± 5 g seed x 30 cm) 
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3.2.16. French fry grade tuber weight per hill (> 50 mm) 

The data showed that significantly higher and similar weight of French fry grade tuber 

per hill were recorded in both of the medium (S) and large (Sy) sized seed tubers than 

small seed tubers (S) (Table 3.2a). The highest weight of French fry grade (22.8 g/hill 

tuber was recorded in the 30 cm intra row spacing (P,) which was statistically similar 

with P,(22.5 g/hill) whereas the lowest (2.3/hill) was observed in the closest intra row 

spacing (P;) and P was stood in between them. The highest weight of French fry grade 

tuber (263.3 g/hill) was recorded in SP, which was statistically at par with SP, 

whereas the lowest (173.3 g/hill) was obtained in SP (Table 3.2b). 

3.2.17. Tuber weight per hill 

The total weight of tubers was the highest (469.2 g/hill) in medium seed tubes followed 

by large seed size whereas the lowest (374.2 g/hill) in small seed tuber (Table 3.2a). 

The results revealed that the total weight of tubers was increased with increase the intra 

row spacing. It was observed that the widest intra row spacing (Pp) stood significant 

superiority over other treatments followed by P and P while the closest intra row 

spacing (P,) showed the lowest performance on the aspect. The presented data 

enunciated in Table 3.3 indicated that SP, remained at the top (521.7 g/hill followed 

by SP, and SP, however both demonstrated statistically at par whereas, SP, and SP 

secured the last two position in descending order (Fig. 3. 1) .  

Tuber grades and yield 

Yield of different graded tubers in terms of non processing, chips, over chips, French 

fry and total yield varied significantly due to variation in seed tuber size, intra row 

spacing and their interaction (Table 3.3, Appendix XIX). 

3.2.18. Non process grade tuber yield 

The results indicated that the non process grade tuber yield decreased gradually with 

the increase in seed tuber size. The highest non process grade tuber (<40 mm diameter) 

yield (7.3 tha) was obtained from small sized seed tuber (30 ± 5g) (S), which was 

around 32% of the total yield while the lowest non process grade yield (3.7 tha) was 

found in the largest seed size (80 ± 5g) (S,) which constituted around 15% of the total 
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yield however medium sized seed tuber remained in between (Table 3.3). Maximum 

non process yield (8.3 t/ha) was recorded at P,, the closest intra row spacing of 20 em 

that exhibited around 30% of total yield. The data showed that the wider the intra row 

spacing, the lower the non process grade yields significantly. In the way, the lowest 

non-process grade yield (3.6 t/ha) was observed in P,, the widest intra row spacing of 

35 cm which was around 17% of total yield. 

A glance on the presented results for the treatment combinations in Table 3.3, reflected 

upon significant superiority was observed in the closest intra row spacing under every 

seed tuber size thereafter the increase in intra row spacing the decrease the non process 

grade yield. The range of non process grade yield was 2.6 to H . I  t/ha by the treatment 

combinations of seed tuber size and intra row spacing (Table 3.3). The highest non 

process grade yield ( I L . I  tha) was recorded in small seed tuber when planted at the 

closest intra row spacing (SP,) and it was around 43% of total yield. Whereas the 

lowest (2.6 t/ha) were recorded in the widest intra row spacing combined with large 

seed tubers (S,P,) which laid around 10% of total yield. 

3.2.19. Process grade tuber yield 

The data clearly indicated that the increase the seed size, the increase the yield of 

process grade tuber (Table 3.3). The maximum yield of process grade tuber (21.9 t/ha, 

86% of total yield) was observed in large sized seed tuber (S,) that was statistically 

identical to medium seed size (S) whereas small seed tuber produced the lowest (14.9 

t/ha, 68% of total yield). With regard to intra row spacing, it was observed that the 

highest yield of total process grade tuber (20.2 t/ha, 76% of total yield) was obtained in 

P followed by P, (19.6 t/ha, 80% of total yield) which was at par with P, whereas the 

lowest (18.4 t/ha, 83% of total yield) was observed in the widest intra row spacing (Pp). 

The maximum yield of process grade tuber (23.0 t/ha, 77% of total yield) was observed 

in SP which was statistically similar with S,P,, SP and SP, whereas the minimum 

(14.3 t/ha, 77% of total yield) was obtained in SP; 

3.2.20. Chips grade tuber yield 

Yield of chips grade was followed the reversed pattern of non process grade yield 

owing to seed size. The highest chips grade yield (20.4 t/ha, 74% of total yield) was 

obtained from the large seed tubers followed by 20.3 t/ha in medium seed tuber while 
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Table 3.3. Effect of seed size and intra row spacing on the yield and grades of tubers 

Treat Grade wise yield (tha) Total 
ments Non process Process grade Chips grade French fry grade yield 

, grade (> 40 mm, B) (40-60 mm) (50 mm) (A+B) 

<40 mm, A (t ha) 

A. Seed size 

s, 7.3a (31.9 a) 14.9b (68.lc) 14.2b(66.0c) 10.7b (49.6 b) 22.2¢ 

s, 6.2b (21.9 b) 21.5 a (78.1 b) 20.4 a (74.0 b) 13 .4a (48.4b) 27.7a 

s, 3.7 C (14.5c) 21.9 a (85.5 a) 20.3 a (79.2 a) 1 3 .7a  (59.6 a) 2 5. 6 b  

B. Intra row spacing 

P, 8. 3 a  (0.2 a) 19.5b (69.8d) 1 8. 4 b  (65.8 d) 10.9 (39.2 d) 2 7. 8 a  

P, 6.3% (24.1 b) 20.2 a (75.9 c) 19.0a (71L3 c) 13.4 a (50.6 c) 26.5b 

P, 4.7c (20.8 e) 19.6b (80.0b) 18.4 b (75.1 b) 13.3 a (53.8b) 24.3 ¢ 

P, 3.6d (16.7 d) 18.4c (83.3 a) 17.4c (78.7a) 12.8 a (58.7a) 22.0 d 

Interaction between A and B 

$,P, L . I a  (42.8 a) 14.8ef(57.2 g) 14.3ef (55. 1  g) 9.5g (36.8 e 2 5 9 %  

s,P, 8 . I b  (34.2b) 15.5e (65.8 0 14.8e (62.50 10.7 f (45.5 b) 23.6¢ 

S,P, 5.7 d (27.7e) 14.9ef (72.3e) 14.2ef(68.6e) 10.7f (519e) 20.6 d 

s,P, 4.2e (22.8 d) 14.3 f (77.2 d) 13.6 r (73.6d) I L .9  de (64.1 a) I 8. 5 e  

s,P, 8.8b (28.4 c) 22.0a-c (71.6 e) 21.3 ab (69.1 e) I I. I ef (36.2 e) 30.8 a 

sP 6.8¢ (22.9 ) 23.0a (77.1 d) 21 .9a  (73.4d) 14.6 ab (48.9 cd) 29.8 a 

s»P 5.2d (19.7e) 21 .3 c (80.3 c) 19.9 c (75.0 d) 14.3 ab ( 5 1. 3  e) 26.5 b 

sP, 3.9ef ( 1 6. 7 0  19.6d (83.3 b) 18.5 d (78.5 e) 13.7 be (58.0 b) 23.5¢ 

s,P 5 2 d  (19.9e) 21.6 bc (80.7 c) 19.6c (73.4d) 12.0 de (44.8 b) 26.7 

s,P, 4.0 ef ( 5. 2 0  22.2a-c(84.8 b) 20.4 bc (77.9 c) 1 5. 0 a  (57.5b) 2 6 . 1 b  

SP, 3 . 3 fg  ( 2 . 7 g  22.5 ab (83.3 a) 21.0 ab ( 8 1 .6  b) 15.0 a (58.2 b) 25.8b 

s,P, 2.6g 0.7g) 21.3 c (89.3 a) 20.0c (83.9 a) 12.9cd (54.0 bc) 23.9¢ 

CV(%) 7.96 (5.31 2.70(2.56) 2.96 020.79) 4.90 (5.56) 3 . 1 2  

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT, Parenthesis indicates percent data. 
Notes:. $, = 3 0 + 5 g . S , = 5 5 ± 5 g & S , = 8 0 ± 5 g : P ,  = 2 0 c m . P ,  = 2 5 e m ,  P, = 3 0 e m & P ,  = 3 5  em 
< 4 0  mm = non process grade, 40 mm process grade, 40-60 mm = Chips grade, 50 mm = French 
fry grade 

the smallest seed tuber produced the lowest yield ( 14.2 t/ha, 66% of total yield) of chips 

grade tubers yield (Table 3.3). With regards to intra row spacing, it was observed that 

the highest chips grade yield (19.0 tha, 71 % of total yield) was recorded at 25 cm intra 

« 

row spacing (P) followed by P, (30 em intra row spacing) however, they were not 

significant. While the lowest (17.4 t/ha) was obtained in the closest in-now spacing 

which was at par with the widest intra row spacing of 35 em (Po). Strange and 

Blackmore (1990) reported that increasing the within row spacing from 25 t0 33.3 0r 40 
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cm significantly increased the yield of tubers > 250 g and significantly reduced the 

yield of 1 0 1 - 1 5 0  g  and 35-100 g tubers. 

The chips grade yield was the highest (21.9 t/ha) in medium seed size when planted at 

25 em intra row spacing (SP) and it was around 73% of total yield however, it was 

statistically similar with S,P, and S,P, (Table 3.3). The lowest yield of chips grade 

(13.6 t/ha) was recorded in small sized seed tuber when planted at the widest intra row 

spacing (SP,) which was about 74% 0f total yield. 

3.2.21. French fry grade tuber yield 

The highest French fry grade tubers (13.7 tha, 60% of total yield) was obtained from 

the largest seed tubers (S,), but it was statistically identical to the medium seed tubers 

(S) while the lowest (10.7 tha, 50% of total yield) was noted in small seed tuber (S) 

(Table 3.3). The data demonstrated that the highest French fry grade tubers (13.4 tha, 

5 1% of total yield) was obtained in P which was significantly similar with P, and P, 

while the lowest (10.9 t/ha, 39% of total yield) was recorded in P,. 

The French fry yield was the highest (15.0 tha, 58% of total yield) in S,P which stood 

statistically at par with SP, that meant when the large seed tubers planted at 25 and 30 

em int ra row spacing, respectively while the lowest (9.5 t/ha, 37% of total yield) was 

observed in SP,, where small seed tuber planted with the closest intra row spacing. 

3.2.22. Total yield 

The highest total yield of tubers (27.7 tha) were recorded in medium seed tuber 

followed by larger sized seed tuber, whereas the smallest seed tuber produced the 

lowest total tuber yield (22.2 t/ha) (Table 3.3). With regard to intra row spacing, the 

data demonstrated that the increase the intra row spacing, the significant decrease the 

total yield. The maximum total yield (27.8 t/ha) was recorded in the closest intra row 

spacing (P,) followed by P whereas the lowest was obtained in the widest intra row 

spacing (P,). The highest total yield (30.8 t/ha) was recorded in the medium seed tuber 

when planted at 20 em intra row spacing (SP,). It was showed no significant difference 

with SP. 

The result revealed that the yield of non process grade tuber were more than 33% when 

small seed tubers planted at all the intra row spacing. And the yield of non-process 

grade tuber as higher as the decrease in intra row spacing regardless of seed size. The 
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table indicates that more than 70% yield of chips grade were obtained in medium and 

large seed size tubers regardless the intra row spacing. The data also shows that the 

closest intra row spacing produced lower chip s grade tuber than the other intra row 

spacing in combination with medium and large seed tubers. On the contrary, the chips 

grade was less than 65% when small seed tubers planted at any intra row spacing. The 

over chips grade was the highest (6.40%) in combination of large seed and the widest 

intra row spacing (SP) whereas, the lowest was observed in small seed tubers when 

planted at the closest intra row spacing (SP,). The medium seed size produces 1 1 5  to 

1.64% over chip size tubers at any intra row spacing. The highest percentage of French 

fry grade yield was produced by the combined effect of large seed tubers with 30 cm 

intra row spacing (5Sly) which was statistically similar with another six treatment 

combination of S,P,, SP, SP,, SP+, SP and SP 

Processing quality 

Observations for the qualitative character of specific gravity, dry matter (%), TSS (%), 

chip colour score and reducing sugar were subjected to statistical analysis which 

showed significant for the seed tuber size treatments (Table 3.4). 

3.2.23. Dry matter (%) 

The results revealed that both the large (S) and medium (S) size seed tubers obtained 

the highest dry matter (%), while the lowest observed in small seed tubers (S). The 

results showed that dry matter was showed that P, (23.7 %) superseded all other 

treatments followed by P (23.4%) whereas, P, secured the lowest position (22.7) 

while, P, (23.1%) was stood in between (Table 3.4). Though dry matter percentage did 

not show significant variations yet the highest dry matter (23.9%) was obtained in S,P, 

followed by SP (23.8%). On the other hand, the lowest dry matter was observed in 

$,P, (22.6%). 

3.2.24. Specific gravity 

The results revealed that both the large (S,) and medium (S) size seed tubers obtained 

the highest specific gravity, while the lowest observed in small seed tubers (S). A 

perusal of data indicated that specific gravity was followed the same trend of dry matter 
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Table 3.4. Effect of seed size and intra row spacing on processing quality of potato tubers 

Treatments 

A. Seed size 

Dry matter 
(a) 

Specific gravity Reducing sugar Chips colour 
(mg/Io0 g f.  wt.) score 

S, 

s, 

s, 

B. Intra row spacing 

P, 

P, 

23.07b 

23.30a 

23.39a 

22.74 d 

23.44b 

23.70 a 

23.13 c 

1.091 b 

1.092a 

1.092a 

1.089d 

1.092 b 

1.094 a 

1.091 C 

45.09b 

45.75 

48.00 a 

40.12 d 

46.33 C 

48.33 b 

50.33 a 

3.0b 

2.9b 

3 . 3a  

2. 5 b  

3 . 1 a  

3 .3a 

C. Interaction of A and B 

$,P, 

sP, 

S,P, 

SP, 

SP, 

SP, 

sP, 

s,P, 

SP, 

s,P, 

s,P, 

Cv(%) 

22.59 

23.17 

23.44 

23.09 

22.72 

23.52 

23.81 

23.14 

22.90 

23.63 

23.85 

23.17 

0.72 

L.088 

1.09] 

1.093 

1.091 

L.089 

1.093 

1.094 

1.091 

1.090 

1.093 

1.094 

1.091 

0.10 

38.36 

45.00 

47.00 

50.00 

40.00 

46.00 

48.00 

49.00 

42.00 

48.00 

50.00 

52.00 

4.40 

2.5 

3.1  

3.3 

2. 4  

3.0 

3.1  

3.1 

2.6 

3.4 

3. 4  

3.6 

8.08 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 

Notes: S, = 30±5g.S,  = 5 5 ± 5 g &  S , = 8 0 ± 5 g P ,  =20em,P, =25em,P,  = 30cm&P, = 35 cm 
1-2=excellent, 3-4 = good and 5 = acceptable 

percentage by the intra row spacing. The highest specific gravity (1.094) was recorded 

in P, followed by P while the lowest (1.089) was observed in P, (Table 3.4). The data 

shows that the treatment combination of SP, and SP, recorded the highest specific 

gravity (1.094) whereas the lowest (1.088) was observed in the closest intra row 

spacing in combination with small seed size (SP,). 
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3.2.25. Reducing sugar content 

The data of the reducing sugar content indicated that large seed tubers (S,) obtained the 

highest value followed by medium (S») and small (S) seed tubers while they found 

significantly alike themselves. The result showed that the increase in intra row spacing, 

the increase the reducing sugar content in tubers. The treatment Pe superseded other 

treatments, followed by Py, P and P, in descending order, while P, was found at the 

bottom (Table 3.4). The reducing sugar content in tubers was range between 38.36 to 

52 mg per 100 g fresh weight. The results revealed that the lowest reducing sugar 

(38.36 mg/100 g. f. wt.) was present in S,P,. 

Chips quality 

3.2.26. Chips colour 

The chip colour score was followed the same pattern as reducing sugar content. Chips 

colour score was the highest in Pe which was statistically similar to P and P, whereas 

P, had the lowest value (Table 3.4) (Plate 16). But all the colour scores were remained 

in an acceptable range. The chip colour score ranged from 2.4 to 3.6 which denote good 

according to Ezekiel et al. (2003). 

Plate 16. Photograph showing chips and French fries under treatments S,P,(55 ± 5 g 
seed tuber x 25 cm) and S,P,(55 ± 5 g seed tuber x 30 em) 

3.2.27. Economics 

The data shows that total cost of cultivation was higher in closer intra row spacing and 

in case of every intra row spacing, the increase the seed size and the increase the cost 

(Table 3.5). The seed cost revealed that around 13 and 21% higher cost was involved 

from small to medium and small to bigger seed size, respectively. Total cost of 

cultivation was the highest (Tk. 3,38,170/ha) in S,P, in which around 59% was seed 
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cost. The lowest cost (Tk. 159,87L/ha) was recorded in SP, that constituted only 

around 27% seed cost. The highest gross return (Tk. 3,85,384/ha) was recorded in SP 

closely followed by SP, (Tk. 3,82,948/ha). Net return was the highest (Tk. 149,340/ha) 

in SP, followed by SP, (Tk. 1.35,938/ha) because where the cost of cultivation was 

much lower than the same intra row spacing under bigger seed size. Although the 

process grade yield was significantly higher in the same intra row spacing of 30 cm 

under bigger seed size (S) than the medium seed size (S) but the yields did not give 

any positive effect on net return due to involvement of higher cost of seed. However, 

net return was minimum (Tk. 16,094/ha) in S,P, due to the highest cost of cultivation 

involved with around 60% seed cost. Benefit cost ratio was the highest (1 .63) in both 

the treatment combination of SP and SP. In spite of obtaining same BCR, the net 

return was higher in SP than SP so, we can be concluded that SP was the best 

combination in economic point of view that was attributed due to improved yield of 

process grade as well as total yield. 

Table 3.5. Economies of processing potatoes as affected by combined effect of seed size 
and intra row spacing 

Treat Tuber yield (ha) Total cost of Gross return Net return Benefit 
ments Process Non production (Tk./ha) (Tk./ha) cost ratio 

grade process (Tk./ha) 
rade 

$,P, 14.J I I.I  1,96,946 2,89,366 92.419 1.47 

SP, 14.8 8.1 1,79,420 2,81,168 1,01,749 1.57 

s,P, 14.2 5.7 1,68,297 2.57,864 89.567 1 .53  

SP, 13.6 4.2 1 , 5 9 8 7 1  2.40.097 80.226 L . 5 0  

s,P, 21.3 8.8 2,67,727 3,82,948 1 , 1 5 , 2 2 1  1.43 

$,P, 2 1 . 9  6.8 2,36.044 3,85,384 1,49,340 1.63 

sP, 19.9 5.2 2 , 1 5 , 1 4 7  3,51,085 1.35,938 1.63 

sP, 1 8 . 5  3.9 2,00,3 I 7 3,17,568 1 , 1 7 , 2 5 1  1.59 

sP 19.6 5.2 3 , 3 8 , 1 7 0  3,54,264 16,094 L . 0 5  

s,P, 20.4 4.0 2,93,005 3.56,254 63.249 1.22 

s, 21.0 3.3 2,62,334 3.56.776 94,442 1.36 

sP, 20.0 2.6 2,40,763 3.34,730 93,967 L . 3 9  

Considering local market price of 2013, 
Urea, TSP, MOP, Gypsum, Zinc sulphate, Boric acid and cowdung @ Tk. 14, 23, 17,7,  170, 295 and 
/kg, respectively; Seed of potato @ Tk. 30/kg. labour @ Tk. 300/man-day; 
Sale of potato @ Tk. I5/kg for > 40 mm and Tk. 6/kg for < 40 mm size; 
Notes: SP,= 30 ±+ 5 g  20 em, SP,= 3 0 ± 5  g 2 5  em, S,P, = 30± 5 g  30cm, S,P,= 3 0 ± 5 g 3 5  
cm, SP, 5 5 ± 5 g  20em, SP, = 5 5 ± 5 g 2 5  cm. SP, =55 + 5 g  30cm, SP,= 5 5 ± 5 g  35cm, 
SP,= 8 0 ± 5 g 2 0 e m ,  S,P, = 8 0 ± 5 g 2 5 c m ,  S,P, = 80 ± 5 g  30cm, S,P80±5g 35 cm 
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Expt. no. 4. Effect of nitrogen and potassium fertilizers on the yield 
and quality of processing potatoes 

4.1. Introduction 

Potato (Solanum tuberosum L.) is an important food and cash crop in Bangladesh. It 

occupies the second position both in area coverage and total production (BBS, 2012) 

Potato is a major source of inexpensive energy; it contains high levels of carbohydrates 

and considerable amounts of protein. vitamins B. C and minerals (Muthoni and 

Nyamungo, 2009) and also a good source of antioxidants (Chen el al., 2007). It is 

mainly used as vegetables in our country. In recent years. processed potato products 

like chips and French fries are gaining popularity especially in urban areas. Now-a 

days, potato chips are the most popular processed products in Bangladesh. In 

Bangladesh, commercial production of chips started by establishing some industries. 

Besides this, a large numbers of home cottage are preparing chips and sold in bus 

stands, rail stations and local markets in different part of the country to fulfill the high 

demand of chips. But their quality is not good because of the use of non-processing 

varieties and inferior quality tubers. The expansion of processed potato products has led 

to increased demand for process grade tubers with desirable processing traits (Kumar er 

al., 2012a). For processing potato into chips, potato should have round or oval tuber 

shape and fleet eyes, high dry matter and low reducing sugars. The dry matter content 

of about 20 percent or more and reducing sugar content up to 250 mg/100 g fresh 

weight is considered acceptable for chips making (Ezekiel and Shekhawat 1999). The 

yield and quality of potato are affected by variety, environmental conditions, and 

cultural practices (Arsenault et al., 2001; Ozturk et al, 2010; Jasim et al., 2013). 

Fertilizer management is one of the controllable major factors that affect the yield and 

quality of potatoes. Potato is a heavy feeder crop and requires a large amount of 

nutrients (Hartmann et al., 1988. Gautam et al., 2011) .  Uptake of fertilizer nutrients by 

potato per unit area and time is high because of the fast rate of early growth and tuber 

bulking (Singh et al., 1997b; Allison et al., 1999; White et al, 2007: Jasim et al., 

2013). Fertilizer application has important effects on the quality and yield of potato 

(Westermann, 2005). Tuber processing quality factors such as dry matter or specific 

gravity, starch content and sugar content and bruising are affected by nitrogen and 

potassium fertilization (Mikkelsen, 2006: Panique et al., 1997). Many previous studies 

have shown that fertilizer nitrogen applications can increase total and/or marketable 
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tuber yield (Zelalem et al, 2009: Zebarth et al., 2004: Kara, 2002). Nitrogen fertilizer 

has a significant effect on potato yield and quality (Kleinkopf and Westermann, 1 9 8 1 ;  

Chase et al., 1990). Potato yields increased as nitrogen rate is increased (Belanger et al 

2000: Arsenault et al. 2001). However, excessive nitrogen can lead to poor tuber 

quality, delayed crop maturity; reduce yields, poor chip color during processing and 

excessive nitrate leaching; while nitrogen deficiency usually results in poor growth and 

low yield (Harris, 1992; McDole et al., 1987). Its excessive application resulted tuber 

with lower reducing sugar at harvest and accumulated less reducing sugar during 

storage (Iritani and Weller 1978). Excessive N in some chipping varieties could result 

in poor chip color during processing. Potassium is another most important nutrient for 

potato production. It has crucial role to metabolic function such as the movement of 

sugar from the leaves to the tubers, transformation of sugar into potato starch. 

Potassium helps on photosynthesis, maintains cell turgid, enhances shipping quality, 

extends shelf life and improves chips colour and decreases storage losses (Marschner, 

I 995). Nitrogen and potassium requirement for processing quality tuber production 

under Bangladesh condition is scanty. Keeping above facts in view a field experiment 

was conducted to find out suitable dose of nitrogen and potassium for higher yield, 

processing quality with profitability. 

4.2. Results and Discussion 

The data gathered for two years followed same pattern, so they were pooled and 

statistically analysed, and discussed below. 

Growth Attributes 

4.2.1. Plant emergence 

Nearly 99 percent plant emergence occurred but they were non-significant by the effect 

of nitrogen and potassium fertilizers (Table 4. la, Appendix XXI). Emergence of tubers 

entirely depends on the internal (genetic make up and stored foods of tubers) and 

external (micro climate) conditions. As other conditions were similar to the all plots, 

around same size (50 ± 5 g) and healthy sprouted tuber of the same variety did not 

show significant differences for emergence of plants. These results are in line with the 

findi ngs of Wulf (1996) who reported that fertilizer application at the time of tuber 

planting did not significantly effect on tuber emergence. 
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4.2.2. Plant height 

Nitrogen and potassium levels significantly influenced the plant height at all the studied 

growth stages (40, 60 and 80 days after planting (DAP)).The results showed that the 

plant height increased as the progress in growth period except control of nitrogen (T,) 

and both of nitrogen and potassium (To) in 60 to 80 DAP (Table 4.la). These results 

demonstrated that plant height significantly increased from O to 150 kg/ha of nitrogen 

(T to T,), thereafter it increased up to 200 kg/ha of nitrogen (T,) then it declined at 250 

kg/ha of nitrogen (T,), but were statistically similar (T, to T,). On the contrary, supply 

of potassium element did show significant increase in plant height only in 0 to 100 

kg/ha of potassium (Te to T,). Therefore, all the applied doses of potassium (100, 150. 

200 and 250 kg/ha) were at par with one another. The lowest plant height was observed 

in To (native control) which was at par with T, (NoKso) at all the growth stages (Table 

4.1a). Plant height is an important aspect to judge vegetative growth and health of the 

plants. For better growth, the availability of timely nutrition in balanced proportion is 

compulsory. It is known that potassium improves the nitrogen use efficiency and 

contributes to increase plant height. These results corroborate with the findings of 

Peregra and Avila (1999) who reported that the taller potato plants were observed with 

the application of nitrogen combined with potassium fertilizers. Similarly, Kumar et 

a/.(2007c) stated that the plant height increased with the increase in nitrogen dose up to 

180 kg/ha of nitrogen significantly, thereafter (up to 360 kg/ha of nitrogen) it declined 

but was statistically at par with the former dose. 

4.2.3. Compound leaf number per hill 

There was significant variation in number of leaves per hill due to the differences in 

doses of nitrogen and potassium (Table 4.la). The results revealed that significant 

increase in number of leaves per hill was restricted to 100 kg/ha of both of nitrogen(T) 

and potassium (T+) doses only. The maximum number of 45.1  and 46.1 leaves per hill 

were produced form 200 and 250 kg/ha of nitrogen (T,) and K (Ta). respectively at 60 

DAP. Whereas, numbers of leaves per hill were statistically similar are all the doses of 

nitrogen and potassium except control. The minimum numbers of leaves (30.9/hill) 

where produced in native control (Tia) followed by T, (Na) and T (Ka) at 60 DAP. The 

results are in concord with the findings of Kumar et al. (2007¢) where they showed that 

compound leaves per hill significantly highest in 90 kg/ha than over control production 
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Table 4.la. Effect of nitrogen and potassium fertilizers on plant growth parameters 

Treat Plant Plant height (cm) at Leaves/hill (no.) at 
ments emergence 40 DAP 60 OAP 80 DAP 40 DAP 60 DAP 80 DAP 

• % 
r, 99.1 41.9 d 46.2 d 45.2d 32.1 be 35.03 b 15.90 d 

r. 99.1 48.0 be 57.1 ¢ 62.7be 35.9 ab 42.5 a 24.52 be 

r, 99.1 50.7 ab 62.5 ab 66.8 a-c 38.1 a 44.1 a 28.30 a 

1. 99.5 52.8 a 66.1 a 70.4 a 39.6 a 45.1 a 30.2 a 

1, 98.2 50.9 ab 63.0 ab 66.6 a-c 35.9 ab 43.0 a 29.3 a 

1. 98.6 46.5 c 58.9 be 60.8 C 33.1 be 42.3 a 22.8¢ 

T, 98.6 50.0 ab 61.7 ab 64.0 a-c 36.1 ab 43.2a 27.8 ab 

1, 99.1 52.14 a 63.3 ab 68.2 ab 39.3 a 45.23 a 29.3 a 

T, 99.5 52.57a 63.5 ab 69.1 ab 38.8 a 46.I a 27.7 ab 

T% 98.6 42.04 d 44.0 d 44.4 d 29.1 C 30.9c¢ !0.2 e 

cv(%) 2. 17 3.26 4.33 5.64 6.80 4.70 7.34 

Table 4.1b. Effeet of nitrogen and potassium fertilizers on plant growth parameters 

Treatments Stem/hill (no.) Foliage coverage (%) at 

40 OAP 40 DAP 60 DAP 80 DAP 

T 3.4 54.2¢ 67.83 d 34.2e 

1, 3.5 60.7b 98.2b 70.2 C 

1, 3.8 66.5 a 99.7 a 80.3 ab 

T 3.87 66.5 a 100.0 a 84.0 a 

1, 3.5 66.0 a 100.0 a 82.8 a 

T. 3.4 64.0 a 95.5 ¢ 57.3 d 

r, 3.6 66.0 a 99.3 a 76.0 b 

1 3.6 66.0 a 100.0 a 79.0 ab 

T, 3.6 66.3 a 100.0 a 8 1 . 8 a  

T% 3.5 51.0 d 64.7e 1 5. 2 f  

CV(%) 8.84 2.42 2.43 4.68 

• 
Figure(s) in column having common or without letter(s) do not differ significantly at 5% level 
of probability by DMRT. 
Notes: T, =N»K,6. T, = N,6Fro. T, =N,»Ks. T, = N,1s T, =N»Ko. Te - NKo. T+ 
=N,Koo. Te N,Koo T, =N,Ks. To native control, DAP = days after planting 
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significantly highest leaves per hill and there after the higher doses increased 

progressively number of leaves but they were non-significant with the first dose. 

Marschner (1995) also observed that potassium favoured in increasing the number of 

leaves as well as in enchasing general health and vigour of potato plants. The leaves are 

the food factories of plant which manufacture necessary photosynthates used for the 

plant health. Both nitrogen and potassium play an important role in promising the rate 

of photosymthesis and essential for functioning of it (Perrenoud, 1993; Marschner, 

1995). 

4.2.4. Number of stems per hill 

No significant difference was observed in stem per hill by the effect of nitrogen and 

potassium doses (Table 4.1 b). Stem production depends on mainly varietals genetic 

make up and tuber size. In this experiment around same size (±50g), healthy and evenly 

sprouted tubers in the same variety were planted, so they produced non-significant 

number of stem per h i l l .  The range of stem per hill was from 3.4 10 3.8. The results are 

similar with Kumar et al. ( 2 0 1 1 ) ,  Kumar et al. (2008). 

4.2.5. Foliage coverage (%) 

Foliage coverage (%) was significantly influenced by different nitrogen and potassium 

doses at different growth stages of 40, 60 and 80 DAP (Table 4 . l b ,  Appendix XXII). 

The data revealed that single of nitrogen and potassium and native control (T,, T, and 

To) showed significantly lower foliage coverage (%) followed by T (100 kg N'ha) 

whereas the other doses of nitrogen and potassium exhibited significantly similar 

higher foliage coverage(%) at all the growth stages except T- (100 kg Kha) at 80 DAP. 

At 60 DAP, 100% ground were covered by above ground foliage in T~. T,,  Ts and T. 

Which was statistically similar with T, and T by above 99% ground coverage. The 

results indicated that at the dates of observation the foliage coverage increased 

gradually with the increase in nitrogen and potassium doses. Similar results were earlier 

reported for growth periods in potato (Kumar et al. 2008, 2 0 1 1 ,  Dhakal et al. 201 1) .  

99 



l 

Tuber grades by number 

4.2.6. Non process grade number per hill (< 40 mm) 

Non process grade tuber number per hill was significantly influenced by different doses 

of nitrogen and potassium fertilizers (Fig. 4 . 1 ,  Appendix XXII). The results revealed 

that the increase the nitrogen, the decrease the non process grade tuber per hill. The 

lowest non process grade tuber per hill (2.72) was observed in the highest dose of 

nitrogen (T,), although the non process grade tuber per hill was statistically similar in 

nitrogen dose of 100 to 200 kg/ha (T to T,). Whereas potassium fertilizers increased 

non process grade tuber per hill up to 150 kg/ha after then it was statistically decreased 

the lowest number per hill (3.2) was recorded in 200 kg/ha of potassium fertilizer (Ts) 

which was statistically at par with To (3.05). The highest number of non process grade 

tuber per hill (5.97) was observed in native control (To) followed by the control of 

nitrogen (5.40). 

4.2.7. Process grade number per hill (> 40 mm) 

Difference obtained by nitrogen and potassium doses in respect of total number of' 

process grade tuber per hill under the study was significant (Fig. 4.I). The data shows 

that the total number of process grade tuber per hill increased with increase in nitrogen 

and potassium doses up to the highest level, though the increase was only significant up 

to 100 kg/ha of nitrogen and the increase was not significant, in case of potassium 

doses. The highest number of process grade tuber (4.63) was obtained in To (NsoK2so) 

which was statistically similar to Ts (N,6Koo), T- (N,«6Kio6), Ts (NaK1so), T, 

(NooK1so), and T, (N,soKso). The lowest number of process grade tuber per hill was 

recorded in To (native control) followed by T, (0 level of nitrogen) and T, (0 level of 

potassium). 

4.2.8. Chips grade number per hill (40-60 mm) 

Significant variation was observed among nitrogen and potassium fertilizer in chips 

grade tuber number per hill (Fig. 4.1). Chips grade tuber number per hill seemed to be 

marginally higher at the increase in the doses of nitrogen and potassium fertilizers, 

whereas significant increase was restricted only to 100 kg/ha of nitrogen (I), fur there 

increase in nitrogen doses (Ts.T, and T,) all the doses of potassium (T+, T,, Ts and T, 
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were not statistically significant. The highest number of chips grade tuber number per 

hill (4.59) was recorded in T% which was statistically similar with Ts. T-, T, T, and T, 

whereas the lowest number was recorded in T,a (native control). 

4.2.9. French fry grade number per hill (> 50 mm) 

French fry grade tuber number per hill showed significant variation due to variable of 

nitrogen and potassium doses (Fig. 4.1). h was observed that French fry grade tuber 

number per hill increased with the increase in both of nitrogen and potassium doses up 

to 200 kg/ha after then it was declined but statistically identical to 200 kg/ha. The 

lowest number of French fry grade per hill (0.87) was obtained in T, (native control) 

followed by T, (no use of nitrogen). 

4.2.10. Total tuber number per hill 

Total number of tuber per hill was not significantly influenced by nitrogen and 

potassium doses (Fig. 4 . 1) .  The results showed that total number of tuber per hill 

marginally increased up to 200 kg/ha of nitrogen, further it was lower and in case of 

potassium doses, it was increased up to the highest level. The lowest number of tuber 

per hill (7.13) was obtained in To (native control) followed by T« (control of 

potassium) and T, (control of nitrogen). It is well documented that tuber number is 

mainly governed by genetic makeup of the variety (Horton, 1987) 

Tuber grades by weight 

4.2.11. Non process grade tuber weight per hill (< 40 mm) 

The differences in the weight of non process grade tuber per hill influenced by nitrogen 

and potassium fertilizers were significant (Fig. 4 . 1 ,  Appendix XXIII). The highest non 

process grade tuber weight per hill (99.5 g) was recorded in native control (Ta) 

followed by T, (control of nitrogen). The results revealed that non process grade tuber 

weight per hill was gradually decreased with the increase of both nitroge n and 

potassium fertilizes up to the highest level. This can be ascribed that nitrogen and 

potassium treated plants were received sufficient nutrition resulted tuber growth was 

hastened and larger tuber increase and small size tubers decrease. 
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Fig. 4.1. Effect of nitrogen and potassium fertilizers on number (A) and weight (B) 
of non process grade (< 40 mm), process grade (40 mm), chips grade (40- 
60 mm), French fry ( 50 mm) grade and total tubers per hill 
Notes: T, = N%Kio, T, = NKyo, T, =N,Kio T, = N»Krs6. T, = N,K1so, 

T, =NoKa T, = N»Kio, Te = N,oK66 T% = N,K1so, To = native control; 
Means± SE are shown in error bar. 

4.2.12. Process grade tuber weight per hill (> 40mm) 

Both the nitrogen and potassium fertilizers were showed significant difference in total 

weight of process grade tuber per hill (Table 4.2). Total weight of process grade tuber 

per hill was followed the same trend of chips grade. It was observed that 200 kg/ha of 
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both nitrogen and potassium (T and Ts, respectively) were produced the higher amount 

of total process grade tuber similar to To, Ts. T+ and T. 

4.2.13. Chips grade tuber weight per hill (40-60 mm) 

Significant variation in chips grade tuber weight per hill was obsessed due to 

differences in nitrogen and potassium doses. The overall results revealed that chips 

grade were the major portion of the tuber weight per hill. It was observed that there was 

a gradual increase in chips grade tuber weight per hill with the advancement of nitrogen 

and potassium doses (Fig. 4.1). However this increase reached at high in 200 kg/ha of 

both of nitrogen and potassium thereafter it declines, and the increase was significant 

up to 150 kg/ha (Ts) in case of nitrogen and potassium doses. On the other hand, the 

increase in weight of chips grade tuber per hill did not show any significant difference 

among the potassium doses. Significantly lowest weight of chips grade tuber (108.9 

g/hill) was recorded in Tio (native control) followed by T, (139.8g/hill). The highest 

weight of chips grade tuber (319.8 g/hill) was statistically at par with T, (NooKis). T% 

(Ni@0Ks6). T+ (N,a6Koo) and T, (N,oKso). 

4.2.14. French fry grade tuber weight per hil l(  50 mm) 

The effect of N and potassium fertilizes on French fry grade tuber weight per hil l  was 

significant. The result revealed that the increase the nitrogen dose, the increase the 

weight of French fry grade tuber per hill up to the top dose of nitrogen (T,, 

NoKso). Whereas the increase was restricted at 150 kg/ha (T,) (Fig. 4 . I ) .  In case of 

potassium, this increase was stopped at 200 kg/ha (Te) and all the dose of potassium 

produce statistically similar weight of French fry grade tuber per hill. The highest 

weight of French fry grade (236.8 g/hill) was obtained in Ts which was identical to 

Te.To.TT+ and T, and the lowest (57.5g/hill) was recorded in To (native control). 

4.2.15. Total tuber weight per hill 

The results demonstrated significant difference in total weight of tuber per hill (Fig. 

4.). Tuber weight per hill is the most important component of the yield which in term 

is influenced by plant phonology. Maximum tuber weight per hill is evident from Ts«, 

T~. T%. Te, T» and T- with the mean values of 393.9g. 392.7g. 379.6g. 377.1 g. 368.5 g 

and 373.9 g, respectively and they were statistically similar to each other. Process grade 
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as well as total tuber weight per hill were the higher in there treatments. There 

treatments also showed luxurious vegetative growth thus inducing more leaf area to 

accumulate greater quantities of carbohydrates to account for more tuber weight per 

hill. 

Tuber grades and yield 

Yield of different grades and total tubers the yield of different grades of tubers and total 

yield were influenced significantly by different doses of nitrogen and potassium 

fertilizers (Table 4.3) 

4.2.16. Non process grade tuber yield (< 40 mm) 

Probing into the data on non process grade tuber yield exposed that the yield were 

significantly decreased as the increment of both of nitrogen and potassium fertilizers 

except the highest dose of potassium (Table 4.2). The highest yield of non process 

grade (6.54 t/ha, 48% of total yield) was observed in T (native control) followed by T 

(control of nitrogen). The results indicated that in absence of nitrogen and potassium 

fertilizers, plants were suffered in nutrition resulting produced more small size tubers. 

4.2.17. Process grade tuber yield (> 40 mm) 

Total process grade tuber yield was significantly influenced and followed the same 

tread of chips grade tuber yield (Table 4.2). Data shows that total process grade tuber 

yield increased with increase in both of nitrogen and potassium doses up to 200 kg/ha, 

but significant increase in case of nitrogen was up to 150 kg/ha. Table 4.2 also shows 

that six treatments namely Ts, T4. Te. T+, Ts and To were produced statistically s im i lar  

yield of total process grade tuber, but percent of process grade tuber of the total yield 

were showed significant by similar only four treatments like T,Te. Tg and To and these 

treatments produced 83 to 85% process grade yield. This might be due to effect of 

nitrogen and potassium on promoting growth to enhanced synthesis and stored 

photosynthesis higher in tubers resulting heavier tuber increased and finally increase 

the process grade tuber yield. 
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4.2.18. Chips grade tuber yield (40-60 mm) 

The results indicate that chips grade yield was progressively increased up to 200 kg/ha 

in both of control of nitrogen and potassium doses and then it was significantly dropped 

(Table 4.2). The highest chips grade tuber yield (21.13 t/ha) was obtained in T% (N,so 

Koo) of 20.75 tha, T, (N1so K1so) of 19.88 tha and T+(Nis0Koo) of 19.49 tha, however 

these yield difference were not significant. The lowest chip grade tuber yield (7.16 tVha) 

was observed in To (native control) followed by T (control of nitrogen) of 9.89 t/ha 

(Plate 14). 

4.2.19. French fry grade tuber yield (> 50 mm) 

The results revealed that the French fry grade tuber yield increased up to the highest 

dose of nitrogen (T,, 250 kg N/ha) but the later two higher doses showed statistical 

similar yield (Table). On the contrary the highest yield (15.63 tha) was observed in 200 

kg Kha (Ta) giving of 14.14 tha (Table 4.2). Whereas. The lowest French fry grade 

tuber yield (4.05 t/ha) was recorded in native control (To) followed by T (control of 

nitrogen) of 6.88 t/ha and Te (control of potassium) of 10.36 tha. 

4.2.20. Total tuber yield 

Total tuber yield followed the same trend of total process grade tuber yield (Table 4.2). 

The total tuber yield increased with increasing nitrogen application up to 200 kg/ha 

Plate 17, Photograph showing chips grade tubers under treatments T (Np%lK) (A) 
T(N,K6a) (B) and T (native control) (C) 
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Table 4.2. Effect of nitrogen and potassium on grade wise and total yield of potato 

Treat Gradewise tuber yield (tha) Total 

ments tuber yield 

• 
Non process Process grade Chips grade French fry grade (A+BJ 

grade A ( ll) (t/ha) 

1, 6.00b ( 3 7. 4 b )  I  0.084 (62.6 e) 9.89f (61.5 d) 6.88f (42.7) 16.08d 

T, 5.46 (23.2e) 18.12 (76.8 b) 17.59d (74.6c) 12.I8d ( 5 1 7 e )  23 58b 

T, 4 58de (18.6 de) 20.08a (814 be) 19.38be (78.6 b) 13.86¢ (56.3 be) 24.66ab 

1, 4.28e-g (16.5 en) 21.67a (83.5 at) 20.97ab (80.8 ab) 15.21ab (58.6 a-c) 25.95% 

T, 3.60h (14.8 20.75a (85.2 a) 18.92¢d (77.7b) 15.60a (64.2 a) 2435ab 

• 
4554. ( 2 5. 0 c )  13.78e (75.0 d) 13.5le 073.6e) I0.36e (56.9 a-c) I8.33e 

T, 4 94 (19.8d) 19.99a(80.2c) 19.49a-e(78.2%) 13.63¢ (54.7 be) 24.92ab 

T, 3.99gh 5. 5  1  21.81a(84.5 a) 2 1 . 1 3 a  ( 8 1 9 a )  15.63a (60.6 ab) 25 80a 

T, 4 . 1 3 fg  ( 1 6. 3 0)  2 1 1 7 a ( 8 3 . 7  b) 20.75ab (82.0 a) 4. 1 4 bc  (56.0 bc) 25.30ab 

T%% 6.54a (47.8 a) 7.16e 052.20) 7.16g (52.2e) 4.05g (29.6e) 13.70¢ 

CV(%) 4.94(6.67) 5.72(2.05) 5.46(2.26) 6.1307.75 4.43 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. Parenthesis indicates percent data 
Notes: T, =NK,o. T, =N,%Ks. T, =N,,Ky. T, =N,Kr. T, =N,,Ko. T =N,Ka. T+ 

N,Ko. T =N,K6. T, = N,Ks. T% = native control, 
<40 mm = non process grade, 40 mm = process grade, 40-60 mm = Chips grade, 50 mm = French 
fry grade 

• 

potato tuber yield was 16.08, 23.58, 25.95 and 24.35 t/ha due to the main effect of 

0,100, 150, 200 and 250 kg/ha of nitrogen, respectively. The increase in nitrogen level 

from 0 to 150 kg/ha recorded significant increase in total yield and thereafter higher 

doses were produced significantly similar yield. For potassium application, total tuber 

yield increased marginally with increasing potassium levels up to 200 kg/ha. Data 

shows that significant increase in total yield only up to 100 kg/ha. And all the 

potassium doses except control ( I 00, 150, 200 and 250 kg/ha produced significantly 

similar total yield ranged 24.92 10 25.80 t/ha. total process grade as well as total tuber 

yield were not significantly influenced by different potassium levels except control, 

This may be ascribed to the fact that similar to plant growth, yield potential of the 

cultivars could have reached plateau at higher levels of potassium (Kumar et al.. 

2004b). 
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4.2.21. Response function 

Positive but quadratic relationship was found between the process grade tuber yield and 

added nutrients of nitrogen and potassium (Fig. 4.2, Table 4.3). From the regression 

equations, the optimum doses of nitrogen and potassium were 183 and 192 kg/ha., 

respectively. In this way, the maximum process grade yield for the respective optimum 

doses of nitrogen and potassium were 20.08 and 21.20 t/ha, respectively. Economic 

optimum dose (EOD) of nitrogen and potassium for process grade tuber yield were 178 

and 185 kg/ha, respectively. Total process grade tuber yield and the response expected 

at this dose (EOD) were 20.07 and 21.20 t/ha, respectively. 

25 00 

20.00 

1500 

0 $0 10 150 200 250 30O 

10.00 

500 

0 00 

y00003e+01099x +  1004 

e099 
10 0 0002e+006se+ 13839 

0989% 

$00 

ll 

000 

0 0 10 150 200 250 300 

Fig. 4.2. Response of potato to nutrient application of nitrogen (A) and 
potassium (B) 

Table 4.3. Response functions of processing potato to nitrogen and potassium. 

Optimum Maximum EOO Maximum 
dose PGY (/ha) (kg/ha) PGY (ha) 

(kg/ha) for optimum for EOD 
dose 

183 20.08 I 78 20.07 

192 21 .2 1  185 21 .20 

Regression Equation 

N y=-0.0003 +0.1099 +10.014 

R=0.9981 

K y=-0.0002+0.0768 +13.839 

R=09896 

Nutrient 

PGY =Process grade yield, EOD = Economic optimum dose 

• 
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Processing quality 

4.2.22. Dry matter (%) 

The effect of nitrogen and potassium doses on dry matter content of potato tuber was 

found significant (Table 4.4). The data shows that dry matter significantly increased up 

to 150 kg/ha of nitrogen (Ts) and potassium (T) than control of nitrogen (T) and 

potassium (Ta), respectively. Thereafter, the dry matter content decreased linearly but 

they were statistically similar upto 200 kg/ha of nitrogen and the upper dose of that it 

was decreased significantly. The lowest dry matter content (21.2%) was observed in 

native control (To) which was statistically similar with control of potassium (T,) and 

control of nitrogen (T). That might have occurred due to low photosynthates conserved 

in tubers as the plants were gone senescent phase earlier. Our results confirms with 

earlier results of Kumar et al. (2007¢) who reported that the tuber dry matter increased 

from 0 to 180 kg/ha of nitrogen with increase in nitrogen fertilization. Sun et al. (2012) 

also stated that 150 kg/ha of nitrogen were significantly more dry matter accumulated 

in tubers. The results are also in consistent with other findings (Lauer, 1986. 

Westerman et al. 1994b, Joern and Vitosh, 1995). Khan et al., (2010) reported that 

applying 125 kg/ha of potassium significantly increased dry matter content in tubers 

which was statistically at par with 186 kg/ha of potassium. Westermann et al. (1994a) 

also reported that dry matter content of potato tuber was the highest at lower dose of 

nitrogen and potassium of 1 2  kg/ha. 

4.2.23. Specific gravity 

The data presented in table 4.4 showed significant differences specific gravity in 

response of nitrogen and potassium doses. The results reveled that specific gravity 

followed the same trend of dry matter content. A positive response in specific gravity 

form 0 to 150 kg/ha of both of nitrogen and potassium doses, whereas it decreases in 

higher doses of nitrogen but they were non-significant except 250 kg/ha of nitrogen 

(T,). The highest specific gravity of 1.093 was observed when 1 5 0  kg/ha of both of 

nitrogen and potassium doses (T,) applied. The lowest specific gravity (1 .082) was 

recorded in native control (To) which was at par with control of potassium (T) and 

control of nitrogen (T;). The reduction in tuber dry matter or specific gravity at higher 

doses of nitrogen and potassium may be because of increased water content to maintain 

cell turgor pressure against increased negative solute potential (Kumar et al., 2012c. 
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Westermann et al., 1994a, Perrenoud, 1993). Panique et al. (1997) reported that 

specific gravity was the highest at 2 10  kg K/ha than either low (104 kg K/ha) or higher 

doses (314 and 4 1 8  kg K/ha) but they did not show any significant difference. 

4.2.24. Reducing sugar content 

The results showed that only nitrogen and potassium among the treatments significantly 

influenced reducing sugar content in tuber (Table 4.4). The data indicated that reducing 

sugar content was remained uninfluenced by both the nitrogen and potassium 

combinations, whereas the control was recorded in lower content of reducing sugar. But 

the reducing sugar content was much lower than the acceptable limit. Roe et al. (1990) 

described that reducing sugar content in potatoes should be low of <250 mg/I00 g fresh 

weight to avoid undesirable colour on frying because of Millard reaction between 

hexose sugars and the amino groups of nitrogenous compounds resulting in a dark 

coloured and bitter tasting in potato chips. 

Table 4.4. Processing quality of potato as affected by nitrogen and potassium fertilizers 

Treatments Dry matter Specific Reducing sugar Chips colour Hunter 
(%) gravity (rng/100 g fresh score L value 

wt. 

' r, 2 1 .4  C  J.083 C 31 .00 g 2.9 60.9 be 

Tr, 23.2 ab 1.093 a 32.97 d 2.8 66.9 a 

r, 23.5 a 1 .091  ab 34.07 C 2 8  66.7 a 

T, 22.8 ab 1.089 ab 35.97 2.8 66.2a 

T, 22.2 be 1.087 be 37.97 a 2.8 6 1 . 0  be 

T 2 1 . 2 ¢  J.082 C 32.27 C 2.8 60.2 C 

r, 23.3 ab 1.092 ab 32.97 d 2.8 64.8 ab 

T, 22.7 ab L.089 ab 3 1 . 9 7 f  2.8 65.6 a 

r, 22.7 ab L.089 ab 32 .03f  2.9 63.8 a-c 

T% 2] .2 C 1.082 C 29.97 h 2.9 60.5 e 

CV(%) 2.63 0.38 0.27 1.25 2.30 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: T, =N,Ki. T, =N,%Ks, T, =N,K,so. T, N,Kio. T, = N,Ko. T =N,Ka.T+ 

N,Ko T =N,6K%. T, = N,6Ks.T =N,K%. 

1-2=excellent, 3-4 = good and 5 = acceptable 
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other hand, gross return was the highest (Tk. 3,51,072/ha) in T 
8 

(200 kg/ha of 

potassium) closely followed by T, (200 kg/ha of nitrogen) giving Tk. 3,50, 907/ha. 

Whereas, To and T, ranked in third and forth position in terms of gores return. Net 

return was also followed the same trend of gross return. The highest net return (Tk 

1,74,150/ha) was recorded in Ts closely followed by T, (Tk. 1,74.066/ha), where 200 

kg/ha of potassium and nitrogen was applied, respectively. It was happened due to 

around I% less cost of fertilizers involvement in these two treatments compared to the 

highest dose of 250 kg/ha of nitrogen (T,) and potassium (To) with compared the 0.64 

t/ha and 0.92 t/ha higher process grade tubers yield obtained, respectively which get 

premium prices. The benefit cost ratio (BCR) was followed the same pattern of net 

returns. The highest BCR (1.98) was obtained in both of T, and T, treatments. 

Table 4.5. Economics of processing potatoes as affected by nitrogen and potassium 
.... 

Treat Tuber yield (/ha) Total cost of % fertilizer Gross Net Benefit 
ments Process Non production cost of total return return cost 

grade process (Tk./ha) cost of (Tk./ha) (Tk./ha) ratio 
grade production 

T, 10.08 6.00 1.69,596 8.6 1 ,87,173 17.577 1. 10  

• 
r, 1 8 . 1 2  5.46 1,73,218 10.3 3,04,515 1 ,31 ,297 1.76 

T, 20.08 4.58 1,75,030 I I.I  3,28,698 1,53,668 L.88 

• 
21 .68 4.28 1,76,841 1 1 . 9  3,50,907 1,74,066 L.98 

r, 20.75 3.60 1,78,653 12 .7  3,32,877 1,54,224 1.86 

1. 13.78 4 5 5  1,69,354 8.5 2.34,063 64.709 L.38 

r, 19.98 4.94 1 ,73, 138 10.3 3.29.322 1 ,56, 184 1.90 

1 21.8 I  3  99 1,76,922 12.0 3,51,072 1 ,74. 150 1.98 

T, 2 1 . 1 7  4 . 13  1 ,78,814 12.8 3,42,348 1,63,534 L .9 1  

1%% 7 . 1 6  6.54 1,63,919 0.0 1,46,658 -17,26 I 0.89 

+ Considering local market price of 2013, 
Urea, TSP, MOP, Gypsum, Zinc sulphate, Boric acid and cowdung @ Tk 14, 23,17,  7, 170, 295 and L/kg. 
respectively; Seed of potato @ T 30/kg, labour @ Tk 300/man-day; Sale of potato @ Tk I5/kg for > 40 mm 
(process grade) and Tk 6/kg for < 40 mm size (non process grade) 
Notes: T, =N,Ks. T, =N,Ki.T, =N,6Ko, T, =N,Ko. T,=N,a»K,so. T, =N,K%. T,= 

N,Kio6,T =N,K66. T% =N,6Ko. T,% = native control, 
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Expt. no. 5. Effect of planting geometry, seed size and NK fertilizers 

on the yield and quality of processing potatoes 

5.1. Introduction 

Potato (Solanum tuberosum L.) has long been recognized as a major food crop of the 

world. It is an important vegetable crop in Bangladesh and covers around 0.43 m i l l i on  

hectares with a production of 8.21 million tonnes having an average yield of 19.07 t/ha 

(BBS, 2012). Now-a-days, potato is not only used as staple or vegetable crops but also 

considered as one of the principal processing crop in the world. Potato chips and 

French fries are occupied a lion share of the world snack market. Processing of potatoes 

requires certain minimum quality attributes that include tuber shape, size like 40-60 

mm for chips and 50 mm for French fries (Kabira and Legama. 2003), dry matter 

content of 20% or more with reducing sugar content below 250 mg/100 g fresh weight 

(Kumar et al., 2012c: Ezekiel et al.,1999), among these tuber shape related to peeling 

loss, tuber size and dry matter content involved in recovery yield, dry matter also 

related to crispiness and reducing sugar determined the colour of the finished products. 

A number of factors influence potato yield and tuber size distribution which include 

crop geometry, nutrient and water management, seed size, cultivar, geographic location 

and climatic conditions (Kumar et al. 2012b). Seed piece size and crop geometry 

influenced potato yield in two ways, one of that these affect seed cost by manipulating 

plant population and seed rate and another its directly affect the tuber size distribution 

and quality (Bohl et al., 2003; Arsenault et al., 2001; Love and Thomson-Jones, 1999; 

Creamer et al., 1999). Yenagi et al. (2004) explained that potato plants express their 

full potentially only when grown under optimum planting geometry and fertilization 

which help in better utilization of inputs heading to good yield and quality. Among the 

nutrients, nitrogen and potassium is known to play a great role in increasing the 

productivity of potato as well as expected sized tubers and quality (Kumar et al., 

2007e). Recommendations for spacing of potato varies with the cultivar grown, size of 

seed, location, growing condition and the intended use of the crop (Rex et al, 1987). 

However, no such experiments were conducted earlier to demonstrate that potato for 

processing into chips and French fries can be grown by judicious selection of planting 

geometry, seed size, nitrogen and potassium under Bangladesh condition. The 
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objectives of the experiment were to determine the agronomic and economic effects of 

various combinations of planting geometry, seed size and nitrogen for maximization of 

process grade as well as total tuber yield and quality. 

5.2. Results and Discussion 

Growth Parameters 

5.2.1. Days to 80% emergence 

The experimental data regarding days to 80% emergence were presented in Table 5 . la  

and 5 . lb  for planting geometry, seed size, nitrogen and potassium and the combination 

of them. The data shows that planting geometry did not affect significantly in days to 

80% emergence and took time around same of I9 days. Seed size significantly affects 

it. The data demonstrated that large size seed tuber was emerged earlier than the 

medium sized seed tubers. Large tuber of 80 ± 5 g (5) required the minimum duration 

( 1 7 . 1  days) for 80% emergence of plants whereas the maximum duration ( 2 1 . 4  days) 

was required by medium seed tubers of 55 ± 5 g size (S,). This might have due to more 

store foods reserved in larger sized seed tubers. Nitrogen and potassium fertilizers were 

also not influenced the days to 80% plant emergence. The results are confirmed with 

earlier reports of Kumar et al. (2007¢, 2008, 20 1 1 ) ,  where they found that tuber 

emergence did not affect to different nitrogen and potassium levels. The results also 

revealed that the combined effects of planting geometry and seed size (A x B), planting 

geometry and nitrogen and potassium (A C), seed size and nitrogen and potassium 

( B x  C)and planting geometry, seed size and nitrogen and potassium (A B C) did 

not significantly influenced the days required for 80% emergence. 

5.2.2. Speed of emergence 

The results revealed that same trends of day to 80% emerge for speed of emergence 

(Table 5 . la  and 5 . lb,  Appendix XXVI). The data showed that only seed size was 

responded significantly in speed of emergence. Larger seed tuber of 80±5 g size (S) 

showed the highest speed of emergence (65) followed by medium sized seed tubers of 

55±5 g (56.4). It indicates that larger seed tubers were faster than the other seed tuber 

for emergence. The main effects of planting geometry and nitrogen and potassium and, 

all the combined effects of planting geometry, seed size and nitrogen and potassium 

fertilizers were not influenced significantly in respect of speed of emergence. 
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5.2.3. Plant height 

Plant height at different growth stages commencing at 40, 60 and 80 days after planting 

(DAP) was statistically significant by nitrogen and potassium level and only early 

growth stage (40 DAP) by seed size (Table 5 . la  and 5.lb, Appendix XXVI). The 

highest plant height (46.2 cm) was observed in larger seed tuber than the other seed 

tuber size (43.7 cm). It may be occurred owing to earlier emergence of plant by larger 

seed tubers. With regards to nitrogen and potassium fertilizers, the results revealed that 

the higher nitrogen dose (F;) showed statistically higher plant height in all the study 

period whereas the lowest was observed in control of (Fa). At 60 DAP, the highest plant 

height (68.0 em) was recorded in F, followed by F (66.3 em) whereas the control 

produced the lowest plant height (44.1 em) (Table 5.I). Similar results were earlier 

reported for growth of potato plants (Kumar et al., 201 1 ,  2008 and 2007e). The increase 

in the doses of nitrogen might have resulted in greater cell elongation and thus 

increased plant height (Rai et al., 2002). The main effects of planting geometry and the 

combined effects of planting geometry. seed size and nitrogen and potassium level did 

not show any significant different in respect of plant height. Among the treatment 

combinations, the combined effect of seed size and nitrogen was significantly 

responded to plant height at 40 and 60 DAP (Table 5.1). The data demonstrated that 

significantly superior plant height (49.9 and 69.7 cm) was observed in the highest dose 

of nitrogen with large seed tuber (SF») followed by SF, (47.3 and 67.1 em) while the 

lowest (41.2 and 43.9 em) was recorded in control of nitrogen with medium tuber size 

at 40 and 60 DAP, respectively. 

5.2.4. Compound leaves number per hill 

The results showed that planting geometry did not show significant difference to 

produce compound leaf number per hill (Table 5.1 ). Seed size significantly influenced 

the compound leaves per hill at all the studied growth periods except at 80 DAP. It was 

observed that larger seed tubers produced more leaves per hill significantly. More 

leaves of 55.6 and 5l .5  per hill were recorded in larger sized seed tuber (S) at 40 and 

60 DAP, respectively. With regard to nitrogen and potassium, significant variation was 

observed in respect of producing leaves per hill. Application of 200 kg nitrogen per 

hectare (F;) produced higher number of leaves per hill at all the studied dates which 

was statistically similar with the application of 200 kg nitrogen and potassium per 

hectare (F5). However, the lowest number of leaves per hill was obtained in control (Fa) 
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(Table 5.1). This is in agreement with Kumar et al., (2007b). Kumar er al. (2008) also 

reported that significant increase in number of leaves per hill was restricted to 90 kg 

N/ha. 

The combined effect of planting geometry and seed size was significantly influenced 

the number of leaves per hill at 60 OAP. The data indicates that larger seed tubers 

irrespective of planting geometry produced significantly higher and identical number of 

leaves per hill. Whereas, the lowest was observed in the combination of smalle r seed 

size and closer planting geometry (GS). The combination of seed size and nitrogen 

and potassium were also significantly influenced the number of leaves per hill at 60 

DAP. 

The results revealed that larger seed tuber produced significantly more number of 

leaves compared irrespective of seed sized gave the lower leaves per hill. 

The results showed that the combined effect of planting geometry and nitrogen and 

potassium and, the combination of planting geometry, seed size and nitrogen and 

potassium were not significantly affected the number of leaves per hill 

5.2.5. Number of stems per hill 

Significant variation was observed in number of stem per hill due to varied seed tuber 

sizes (Table 5.2, Appendix XXVI). The results revealed that larger tubers produced 

superior number of stem per hill (4.2) than the lower tuber size (3.9). It may be because 

of large seed tuber contains more eyes and stored food that might have resultant 

increased stem number per hill. Similar results were reported by Singh and Kushwah 

(2010) where they obtained the number of stems per hill increased significantly with 

increase in seed size from 25 to 100 g tubers. They also opined that large tubers contain 

more eyes that generally produce more sprouts and result in higher number of stems per 

hill. 

There was no significant variation noticed in number of stem per hill by the main effect 

of planting geometry, nitrogen and potassium and the different combinations of 

planting geometry, seed size and nitrogen and potassium (Table 5.2). 

5.2.6. Foliage coverage (%) 

The foliage coverage of plants was not influenced significantly by planting geometry 

but it showed significant difference by seed size and nitrogen and potassium fertilizers 

(Table 5.2). At 60 OAP, larger seed size demonstrated significantly higher foliage 

coverage than medium sized seed tuber. With regard to nitrogen and potassium. per 
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Table 5.la. Effect of planting geometry, seed size and nitrogen and potassium fertilizers 
on plant growth parameters 

Treat- Days to Speed of Plant height (cm) at Leaves/hill (no.) at 

• ments 80% emergence 40 DAP 60 DAP 80 DAP 40 OAP 60 DAP 80 DAP 
emer tence 

A. Planting geometrv 

G 19.2 59.8 45.1 58.9 60.6 48 7 47.5 1 5. 3  

G  19.3 61 .6 44.7 S9.9 62.3 49.0 48.5 IS .0 

B. Seed size 

S 2 1 .4  a  56.4 b 43.7b 58.6b 60.8 4 3 . 1 b  4 4. 5 b  15.2 

S 17 . 1  b  65.0 a 46.2 a 60.2 a 62.1 55.6 a 5 1 . 5  a  14.9 

C.Nitrogen and potassium levels 

F% 19.2 60.5 41.4 C  44.1 C 42.8 C 48.6 b 39.9 b 4.9 b 

F, 19.3 60.9 46.1 b 68.0 a 69.0 b 49.4 a 52.3 a 19.4 a 

F, 19.3 60.8 47.3 a 66.3 b 72.5 a 50.0 a 5 1 . 8  a  2 1 . 2 a  

D. Combination of A and B 

GS 21.6 54.8 43.8 58.0 59.9 43.5 43.1 c 15.9 

Gs, 16.8 64.8 46.5 59.7 61.2 55.9 51 .9 a 14.7 

GS, 21 .3 57.8 43.6 59.1 61.6 42.6 45.8 b 14.7 

G,S± 17.3 65.3 45.8 60.7 63.0 
e e  

51. 1  a 1 5 . 1  2. 

• E. Combination of A and C 

GF% 19.0 59.4 40.9 43.5 4 1 . 8  48.7 39.5 4.5 

G,F 19.2 60.0 47.9 65.8 67.6 49.7 51 .4 20.2 

GF 19.3 59.9 46.6 67.3 72.2 50.7 51.5 21.2 

GF% 19.3 61 .5 41.8 44.6 43.7 48.5 40.3 5 . 1  

GFl 19.3 61.6 46.7 66.5 70.3 49.1 52.0 18.6 

G»F± 19.3 61.6 45.6 68.5 72.8 49.2 53.0 2 1 .2  

D. Combination ofB and C 

SF% 21 .5  56.2 41.5 d 44.3 C 42.6 42.4 40.1 c 5 5  
S,, 21.2 56.6 44.6 C 65.2 b 67.5 43.0 46.6 b 19.7 

SF, 21.7 56.3 44.9 C 66.2 b 72.1 43.7 46.5 b 20.8 

SF% 16.8 64.8 41.2 d 43.9 C 42.9 54.8 39.7 C 4. 1  

SF, I 7.3 65.1 49.9 a 69.7 a 70.4 55.7 56.8 a 1 9 . 1  

SF, 17.0 65.2 47.3 b 67.2b 72.9 56.1 58.0 a 2 1 . 6  

CV 3.41 4.54 3.09 3.72 5.00 6 . 1 5  4.55 8. 9 8  
(% 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: G, =67.5 cm 25 cm, G, =67.5 cm 30 cm; S, = 5 5 ± 5 g , S , = 8 0 ± 5 g F  =  native control, E 
=NKisokg/ha, F, =N,Koo kg ha � !(, .. ," "h, . 

3 3 

( s 
" a n #  Y1 %  

28  •  
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Table 5.1b. Effect of planting geometry, seed size and nitrogen and potassium fertilizers 
on plant growth parameters 

Treat Days Speed Plant height (cm) at Leaves/hill (no.) at 

• ments to of 40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 
80% cmerg 

emerg ence 
ence 

GSF%, 21 .7 55.6 4 1 .6  43.5 41.9 42.6 39.4 4.7 

GS,F, 21.0 54.4 45.4 65.9 71 .5  43.4 45.3 2 1 .8  

GS,F, 22.0 64.3 44.6 64.6 66.4 44.7 44.6 21.2 

GS,F% 16.3 64.6 40.4 43.5 4 1 .7  54.9 39.7 4.5 

Gs,F 17.3 65.5 50.4 68.6 73.1 56.0 57.6 20. 

GS,F, 16.7 57.8 48.7 67.0 68.9 56.8 58.5 619.2 

G,SF% 21 .3 57.7 4 1.5 45.0 43.4 42.4 40.9 6.3 

G,SF, 21 .3  58.3 44.0 66.4 72.7 42.7 48.0 19.8 

GSF 21 .3  65.3 45.4 65.8 68.7 42.8 48.5 18.3 

GSF% 17.3 65.7 42.2 44.2 44. 54.7 39.8 3.9 

GS,F, 17.3 65.0 49.5 70.6 72.9 55.5 56.0 22.7 

G,SF, 1 7.3 55.5 45.9 67.3 72.0 55.6 57.6 19.0 

CV(¾) 3.41 4.54 3.09 3 . 12 5.00 6 . 15  4.55 8.98  

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
G, = 6 7 . 5 c m 2 5  em, G,= 67.5 cm 30 cm; S, = 5 5 ± 5 g , S = 8 0 ± 5 g , F %  native control. F ,=  
NKis kg/ha, F, =N,Koo kg ha 

• 

cent foliage coverage was significant at all the growth stages (40, 60, 80 DAP). It was 

observed that the highest foliage coverage was recorded at 200 kg N/ha (F,) at all 

stages of observation but it was at par with 200 kg nitrogen and potassium /ha (F) 

except at 80 DAD. The results revealed that percent foliage coverage at 60 days crop 

stage was found to 100% and was similar with either applied 200 kg nitrogen or 

potassium. The results confirm with the findings of Kumar et al. (2007e). The foliage 

coverage is the results of overall plant growth like plant height. stem per hill and 

number of compound leaves per hill. These luxuries growth of plant may be occurred 

as nitrogen and potassium being the constituent of chlorophyll, amino acids and nucleic 

acids influences cell multiplication and cell elongation which ultimately accelerate the 

growth of plant (Malik et al. 2002). 
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Table 5.2a. Effect of planting geometry, seed size and nitrogen and potassium fertilizers 
on plant growth parameters 

Treatments 

A. Planting geometry 

G 

G 
B. Seed size 

Sr 

s, 

Stem/hill 
(no.) 

4.5 
4.6 

3.9 b 
4 .2a  

Foliage coverage (%) at 
40 DAP 60 DAP 80 DAP 

61.6 89.6 53.7 
61.7 89.5 55.1 

60.3 89.4b 54.8 
62.9 89.7a 54.0 

• 

C.Nitrogen and potassium levels 
F% 4.7 

4.5 
4.5 

D. Combination of A and B AB 
Gs, 3.9 

Gs, 5 . 1  

G5$, 4.0 
G,s, 5.3 

E. Combination of A and C 
GF% 4.5 
GE, 4.4 
GF, 4.5 

GF% 4.8 
G,F, 4.5 
G,F, 4.5 

D. Combination of B and C 
SF% 4.0 
SF, 4.0 
SF, 4.0 

SF% 5.3 
SF, 5.1 
SF, 5. 1  

CV(%) 7.66 

54.4 b 
64.8 a 

65.8 a 

59.9 
63.3 
60.9 
62.4 

54.5 

66.0 
64.3 
54.3 
65.5 
65.2 

5).8 
64.7 

62.7 
55.0 

66.8 
66.8 
4.75 

68.6 b 

100.0 a 

100.0 a 

89.6 
89.5 
89.7 
89.2 

68.5 
100.0 
100.0 
68.8 
100.0 
100.0 

68.2 C 

100.0 a 

100.0 a 

69.2 b 
100.0 a 

100.0 a 

2.80 

6.8 C 

76.4 b 
80.1 a 

53.8 
53.7 
55.9 
54.3 

6.7 
78.1 
76.J 
6.8 

82.0 
76.5 

7.0 
80.7 
76.8 
6.5 
79.5 
76.0 
7 . 16  

♦  

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT, 

Notes: G, = 67.5 cm 25 cm, G, =67.5 em 30 cm; S, = 55 ±5g,  S, = 80+5g, F = native control, F, 

NKrokgha, F, = N,Koo kg ha 

The combined effect of seed size and nitrogen and potassium was significantly 

influenced the foliage coverage (%) at 60 DAP (Table 5.2). The results revealed that 

both the medium and nitrogen and potassium dose was covered 100% ground by 

foliage irrespective of seed size, whereas the lowest (68.2%) was observed in control 

with medium seed size and, larger seed size with no fertilizers was remained in 

between them. Other combinations of treatments like planting geometry and seed size, 

planting geometry and nitrogen and potassium, and planting geometry, seed size and 

1 1 8  



• 

• 

Table 5.2b. Effect of planting geometry, seed size and nitroge n and potassium fertilizers 
on plant growth parameters 

Treatments Stem/hill Foliage coverage (%) at 

(no.) 40 DAP 60 DAP 80 DAP 

GSF, 3.9 54.3 68.7 6.7 

GS,F 3.9 64.0 100.0 79.J 

GS,F, 3.9 61.l 100.0 75.3 

G,SF% 5.1 54.7 69.3 6.7 

G,SF 5.0 68.0 100.0 77.0 

GS,F, 5. 1  67.J 100.0 77.J 

GS,F% 4.0 53.3 67.7 7.3 

GS,E, 4.0 65.3 100.0 82.0 

G,SF, 3.9 64.0 100.0 78.3 

G,SF% 5.7 55.3 69.2 6.3 

G,SF, 5.0 65.7 100.0 82.0 

GS,F, 5.1 66.3 100.0 74.6 

CV(%) 7.66 4.75 2.80 7.16 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 

G, = 6 7 . 5 c m 2 5  em.G, =67.5 cm 30 cm; S, = 5 5 ± 5 g . S ,  =80±5g.F% native control. F, 
NKo kg/ha,F, = N,Ko kgha; DAP = days after planting 

nitrogen and potassium were not significantly influenced the foliage coverage (Table 

Yield attributes 

Number and weight of tubers per hill directly influenced total tuber yield per hectare. 

But all the cases it is not desired for only tuber number and weight but tuber size 

distribution is also important like seed and processing purpose crop. 

Tuber grades by number 

5.2.7. Non process grade tuber number per hill(< 40 mm) 

There was significant difference observed on the number of non-process grade tuber 

per hill by the main effects of planting geometry, seed size and nitrogen and potassium 

level (Table 5.3, Appendix XXVII). Closer planting geometry showed significantly 

higher number of non process grade tuber per hill (4.0) than the wider ones (3.8). It 
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may be due to resultant of higher plant competition. The data indicates that medium 

seed tuber significantly superior (4.1) to number of non-process grade tuber per hill 

compared to larger seed tuber (3.7). Nitrogen and potassium level significantly 

influenced the number of non process grade tuber number per hill. The data shows that 

the highest number of non process grade tuber per hill (5.5) was obtained in control (Fa) 

followed by (F) which was at par with • It may be occurred with reason for in 

nitrogen treated plots plants have received optimum nutrition resultant decrease the 

smaller size tuber. 

The combined effect of different treatments showed significantly difference on the 

number on non process grade tuber per hill except the combination of planting 

geometry and seed size and, planting geometry, seed size and nitrogen and potassium 

(Table 5.3). Significant variation was observed on that parameter by the combined 

effect of planting geometry and nitrogen and potassium. The highest number of non 

process grade tuber per hill (5.7) was recorded in closer planting geometry with control 

of nitrogen (GNa) followed by wider planting geometry with same level of fertilizers 

(G5Fa) whereas, the lowest number of that tuber (2.8) was observed in wider planting 

geometry with the highest level of nitrogen (GF) followed by closer planting 

geometry with same level of potassium (GF), in both the cases they were non 

significant. The highest dose of nitrogen (F) showed in between of them but they were 

statistically similar with the highest dose of potassium (F) under both the planning 

geometry. 

Simi lar trend was recorded in this parameter by the combined effect of seed size and 

nitrogen level (Table 3). In control, the highest number of non-process grade tuber per 

hill (5.6 and 5.4) was obtained under closer and wider planting geometry, respectively. 

The lowest number of non-process grade tuber per hill (2.4) was recorded in the highest 

level of potassium under both the planting geometry which was statistically similar 

with highest dose of nitrogen under both the planting geometry. 

5.2.8. Process grade tuber number per hill ( 40 mm) 

Both the main and combined effects of planting geometry, seed size and nitrogen and 

potassium were significantly influenced the number of total process grade tuber per h i l l  

except the combined effect of planting geometry and nitrogen and potassium (Table 

5.Ja and 5.3b). The results revealed that both the wider planting geometry and larger 
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seed size produced significantly higher and same number of total process grade tuber 

(4.7) followed by both of closer planting geometry and medium seed size by giving the 

same number (4.2). In case of nitrogen and potassium level, both the nitrogen and 

potassium dose produced significantly similar number of total process grade tuber per 

hill (5.5 and 5.6, respectively) whereas, the lowest (2.3) was recorded in control. 

Significant variation was observed in total process grade tuber number per hill by the 

combined effect of seed size and nitrogen and potassium (Table 5.3). The data 

demonstrated that the highest number of total process grade tuber per hill (6.I) was 

recorded in 200 kg N/ha with larger seed size (SF,) which was on par with 200 kg 

K/ha with same seed size (5.9) (SF) whereas, the lowest (2.3) was recorded in 

control either medium or larger seed size. However, significantly similar number of 

total process grade tuber per hill was obtained in medium seed size under both the 

nitrogen and potassium combinations. 

5.2.9. Chips grade tuber number per hill (40-60 mm) 

The main effect of planting geometry, seed size and nitrogen and potassium was 

significantly influenced the chips grade number of tuber per hill (Table 5.3). The data 

shows that wider planting geometry produced significantly higher number of chips 

grade tuber per hil l  (4.6) than the closer planting geometry (4.1). I may be because of 

decrease the plant competition between plants with the wider planting geometry (Singh 

et al, 1997). Similarly, larger seed tuber produced significantly higher number of chips 

grade tuber per hill (4.6) compared to medium seed tuber (4.0). It might be due to 

earlier emergence of plant that probably accumulated more photosynthates in tuber. 

With regard to nitrogen and potassium, the highest number of chips grade tuber per hil l  

(5.4) was recorded in 200 kg N/ha (F) followed by 200 kg Kha (F) (5.3), whereas the 

lowest (2.3) was observed in native control (Fa) treatment. This m i g h t  be due to plant 

received available nitrogen and got vigorous growth which led more chips grade tuber 

and at highest dose of nitrogen it decreased probably owing to produce larger tuber than 

this grade. 

The combined effects of these studied treatments were significantly influenced the 

number of chips grade tuber per hill except the combined effect of planting geometry 

and nitrogen and potassium and, planting geometry, seed size and nitrogen and 

potassium (Table 5.3). The results showed that the highest number of chips grade tuber 
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per hill (4.8) was recorded in wider planting geometry with larger seed size (G55) 

whereas, the lowest (3.9) was exhibited in closer planting geometry with smaller seed 

size (GS;), however, the other combinations were remained in between them. The 

data indicates that the highest number of chips grade tuber per hill (5.9) was recorded in 

larger seed with 200 kg N/ha (SF,) followed by the same seed size with 200 kg K/ha 

(SF), whereas the lowest (2.3) was obtained in control under both seed sizes. 

5.2.10. French fry grade tuber number hill (> 50 mm) 

French fry grade tuber per hill was significantly influenced by the main effects of 

planting geometry, seed size and nitrogen and potassium (Table 5.3a and 5.3b). The 

results revealed that similar trend was followed as chips and over chips grade tuber 

number per hill in producing French fry grade tuber number per hill. Both the wider 

planting geometry and larger seed size was superior to produce French fry grade tuber 

per hill. The highest French fry grade tuber per hill (2.7) was recorded in wider planting 

geometry than the closer (2.3). Similarly, larger seed size produced the highest number 

of French fry grade tuber per hill (2.6) than medium seed size (2.4). On the contrary, 

both nitrogen and potassium dose produced statistically similar number of French fry 

grade tuber per hill, whereas control treatment produced the lowest (0.5), 

The combined effects of planting geometry, seed size and nitrogen and potassium were 

not significantly influenced the number of chips grade tuber per hill except the 

combined effect of seed size and nitrogen and potassium (Table 5.3). The results 

revealed that both the nitrogen and potassium combination produced significantly 

similar number of French fry grade tuber per hill in combination with either larger or 

medium seed size. The highest French fry grade tuber per hill  (3.6) was observed in F, 

with larger seed (SF,) and the lowest (0.4) was recorded in control with medium seed 

size which was on par with the same of fertilizer with larger seed size. 

5.2.11 .  Total tuber number per hill 

The main effects of planting geometry, seed size and nitrogen and potassium were 

significantly influenced the total number of tuber per hill whereas all the combined 

effects of planting geometry, seed size and nitrogen and potassium were not 

significantly influenced (Table 5.3a). A perusal of data showed that wider spacing 
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produced significantly higher number of tuber per hill (8.5) than closer spacing (8.1). 

The results were corroborated with Kumar et al. (2012a) where they showed that both 

process grade and total tuber number increased for increasing intra row spacing from 

25 to 30 cm. Our results also are in line with the findings of Kumar el al. (2015) where 

they explained that total tuber number per hill was increased steadily from 6.49 10 7.96 

with the planting geometry increased from 67.5 cm 1 5  cm to 67.5 cm 25 em. 

Similarly, larger size seed tuber produced significantly higher number of tuber per hill 

(8.4) compared to medium tuber size (8.2). The results are in agreement with the 

findings of Singh and Kushwah (2010) where they opined that number of tuber per 

plant significantly increased with increased in seed tuber size. 

With regards to nitrogen and potassium, the highest total tuber per hill (8.8) was 

recorded in 200 kg/ha of nitrogen (F,) which was statistically similar (8.40) with 200 

kg/ha of potassium (F) whereas, no fertilizer produced the lowest number of tubers per 

hill (7.8). Similar results were reported by Roy and Jaisal (1998). The result also 

supported by Kumar et al. (2008) where they reported that total tuber number increased 

with increase in nitrogen dose up to 180 kg/ha, but significant increase in number of 

total tubers was up to 90 kg/ha of nitrogen. 

No significant variation was observed among all the combined effects of treatments in 

relation to total tuber number per hill (Table 5.3). However, the co mbin ed effect of 

planting geometry, seed size and nitrogen and potassium revealed that total tuber 

number per hill was least decreased in irrespective of planting geometry and seed size 

when nitrogen and potassium doses applied. 

Tuber grades by weight 

5.2.12. Non process grade tuber weight per hill 

There was significant difference observed on the weight of non process grade tuber per 

hill by the main effects of planting geometry, seed size and nitrogen and potassium 

level (Table 5.4, Appendix XXVIII). Closer planting geometry showed significantly 

higher weight of non process grade tuber per hill (88.4 g) than the wider planting 

geometry (83.6 g). It may be due to resultant of higher plant competition. The data 

indicates that smaller seed tuber significantly superior (90.2 g) to weight of non-process 

grade tuber per hill compared to larger seed tuber (81 .8 g). Nitrogen and potassium 

level significantly influenced the weight of non process grade tuber number per hill. 
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The highest weight of non process grade tuber per hill (129.6 g) was obtained in control 

(Fo) followed by 200 kg Kha (F,) and 200 kg Nha (F,). It may be occurred with reason 

for in nitrogen treated plots; plants have received optimum nutrition resultant increase 

the tuber size and decrease the smaller size tuber. 

The combined effects of planting geometry, seed size and nitrogen and potassium were 

not significantly influenced the weight of non process grade tuber per hill except the 

combined effect of seed size and nitrogen and potassium (Table 5.4).The results 

revealed that medium seed tuber size produced significantly higher weight of non 

process grade tuber per hill compared to larger seed tuber size irrespective of nitrogen 

and potassium levels. The highest weight of non process grade tuber per hill (144.6 g) 

was recorded in control with medium seed size followed by same level of nitrogen with 

larger seed tuber size ( 1 14 .5  g). 

On the other hand, the highest dose of nitrogen (F,) obtained significantly lower weight 

of that size tuber under every seed tuber size (Table 5.4b). However, the lowest weight 

of non-process grade tuber per hill (43.5g) was recorded is the highest dose of 

potassium with larger seed tuber followed by same dose of potassium with medium 

seed tuber (73.5g) 

5.2.13. Process grade tuber weight per hill 

Both the main and combined effects of planting geometry, seed size and nitrogen were 

significantly influenced the weight of total process grade tuber per hill except the 

combined effect of planting geometry and seed size (Table 5.4). The results revealed 

that the wider planting geometry produced significantly higher weight of total process 

grade tuber per hill (322.9 g) than closer planting geometry (304.1 g). Similarly, larger 

seed size produced significantly higher weight of total process grade tuber per hill 

(325.0 g) than medium seed size. 

With regard to nitrogen and potassium level, the maximum weight of total process 

grade tuber per hill (436.4 g) was recorded F, followed by F while the lowest (98.39) 

was exhibited in control. 

The maximum weight of total process grade tuber per hill (450.7 g) was obtained in the 

highest dose of nitrogen in combination with larger seed tuber (GF;) which was 

statistically superior to all other treatments. The minimum weight of total process grade 

tuber per hill (96.7 g) was recorded in no fertilizer with smaller seed size which was at 

par with same level of fertilizer with larger seed tuber (99.9 g). Other treatment 

124 



• 

combinations were remained in between them where they were non-significant. Similar 

findings were reported by Singh and Lal (2012). 

Similarly, the combination of the highest dose of nitrogen and potassium and larger 

seed tuber (SF;) produced significantly highest weight of total process grade tuber per 

hill (447.2g) followed by SF (426.8g). No fetilizer treated plots were produced the 

lowest and statistically similar total process grade tuber weight per hill under both seed 

tuber sizes. Whereas, both F, and F also produced statistically similar weight of total 

process grade tuber per hill when medium seed tubers were planted. 

5.2.14. Chips grade tuber weight per hill 

Significant difference was observed on the weight of chips grade tuber per hill by the 

main effects of planting geometry, seed size and nitrogen and potassium level (Table 

5.4). 

Wider planting geometry showed significantly higher weight of chips grade tuber per 

hill (293.4 g) than the closer planting geometry (285.1g). It may be due to resultant of 

higher plant competition. The data indicates that larger seed tuber significantly superior 

(298.7 g) to weight of chips grade tuber per hill compared to smaller seed tuber (279.8 

g). Nitrogen and potassium level significantly influenced the weight of chips grade 

tuber weight per hill. The data shows that the weight of chips grade tuber per h i l l  was 

increased up to F, thereafter it marginally decreased but the differences were non 

significant. The highest weight of chips grade tuber per hill (388.5 g) was obtained in 

F, which was at par F5 whereas the lowest (98.3 g) was recorded in control (Fa). It may 

be occurred with reason for in nitrogen and potassium treated plots, plants have 

received optimum nutrition resultant increase the tuber size and decrease the smaller 

size tuber. 

The combined effects of planting geometry, seed size and nitrogen and potassium were 

not significantly influenced the weight of chips grade tuber per hill except the 

combined effect of seed size and nitrogen and potassium (Table 5.4). A perusal of data 

indicated that larger seed tuber produced significantly higher weight of chips grade 

tuber per hill than medium seed tuber size irrespective of nitrogen and potassium levels 

except control. The results also revealed that both the nitrogen and potassium doses 

were statistically similar under both the seed tuber sizes. The highest weight of chips 

grate tuber per hill (399.4g) was recorder in F, with larger seed tuber whereas the 

lowest (95.4 g) was obtained in control with medium seed size. This was mainly due to 
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better capacity of plants to utilize nitrogen for promoting luxuriant vegetative growth 

that enhanced photosynthesis and accumulation of photosynthetates in tuber ultimately 

increase in tuber size (Singh and Lal, 2012). 

5.2.15. French fry grade tuber weight per hill 

Significant variation was observed on the weight of French fry grade tuber per hill by 

the main effects of planting geometry; seed size and nitrogen and potassium level 

(Table 5.4). 

Wider planting geometry showed significantly higher weight of French fry grade tuber 

per hill (232.4 g) than the closer planting geometry (189.2 g). The data indicates that 

larger seed tuber produced the highest weight of French fry grade tuber per hill (219.4 

g) where the lowest (202.2 g) was observed in the smaller seed tuber. Nitrogen and 

potassium level significantly influenced the weight of French fry grade tuber weight per 

hill.  The highest weight of French fry grade tuber per hill ( 3 1 5 . 1  g) was obtained at the 

highest dose of nitrogen followed by highest dose of potassium while the lowest (34.1 

g) was produced when no fertilizers used. 

Among the combined effects, only the combination of planting geometry and nitrogen 

and potassium was significantly influenced the weight of French fry grade tuber per hill 

and all other combined effects of planting geometry, seed size and nitrogen and 

potassium were not varied significantly (Table 5.4). Significantly higher and 

statistically identical weight of French fry grade tuber per hill was obtained under both 

of the nitrogen and potassium combinations, with wider planting geometry. The highest 

weight of this grade tuber (341.6 g) was recorded in F; under wider planting geometry, 

whereas the lowest (29.8 g) was obtained in control with closer planting geometry 

which was on par with same dose of fertilizers under wider planting geometry. 

5.2.16. Total tuber weight per hill 

Significant variations were observed in total tuber weight per hill by the main effects of 

planting geometry, seed size and nitrogen and potassium and, their interactions except 

planting geometry and seed size (Table 5.4). Planting geometry produced noticeable 

effects on the total weight of tubers per hill resulting significantly higher total weight 

of tubers per hill (406.5 g) was recorded in wider planting geometry whereas, the 

lowest (392.5 g) was exhibited in closer planting geometry. It may be because the 

decreased/closer plant spacing reduced the availability of assimilates for individual 

tubers up to grow and thus resulted in increased number and weight of small sized 
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Table 5.a. Effect of planting geometry, seed size and nitrogen and potassium fertilizers 
on tuber number per hill 

Treatments Graded tubers/hill (by no.) 
Non process Process grade Chips grade French fry Total 
grade (A) (B) grade (A+ B) 

A.Planting geometry 

G 4.0 a 4.2b 4.1 b 2.3b 8.1 b 
G, 3.8b 4.7 a 4.6 a 2.7 a 8.5 a 

B. Seed size 

Ss 4.3a  4 .2b 4.0 b 2.4b 8.2b 

s, 3 . 5b  4.7 a 4.6a 2.6 a 8.4 a 

C.Nitrogen and potassium levels 

F% 5 .5a  2. 3 b  2.3 C 0.5 b 7.8 b 
F, 2.9 b 5.7a 5.4a 3 .5a  8.6 a 
r, 3 .2b 5.5 a 5.3% 3 .4a  8.7 a 

D. Combina tion of A and B 

Gs, 4.3 4.0 C 3.9 C 2.3 8.3 

Gs, 3.6 4.4 b 4 . 3b  2.4 8.0 
G,S 4.2 4.4b 4 . 3 b  2.6 8.6 

Gs, 3.4 5. 1  a 4.8a 2.8 8.5 
E. Combination of A and C 

GF% 5.7 a 2.1 2. 0.4 7.8 

GE 3.2 b 5.3 5 . 1  3.3 8.4 
GF, 3.0 b 5.2 5.0 3.2 8.2 

GF% 5.3a 2.5 2.5 0.6 7.9 

GF, 3 . 3b  5.9 5.8 3.8 9.2 
G,E 2.8b 5.8 5.6 3.7 8.6 

D. Combination of B and C 

S,F% 5.6 a 2.3¢ 2.3d 0.4 b 7.9 
S,F 3.7 b 5.3 b 5.0 3.5 a 8.9 
SF, 3.4b 5 . 1 b  4.9 C 3.4a 8.5 

SF% 5.4a 2.3¢ 2.3d 0.7 b 7 7 

SF 2.7 C 6 . l a  5.9 a 3.6a 8.8 
SF, 2.4c 5.9 a 5.7 b 3.5 a 8.3 

CV(%) 4.64 3.41 3.40 6.14 2.36 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT 
Notes: G, = 67.5 cm 25 em, G, = 67.5 cm 30 em; S, = 5 5 + 5 g S , = 8 0 ± 5 g  F, = native control, F, 
=Ny»Ksokgha, F, =N,,Ko kg/ha 
<40 mm non process grade, > 40 mm = process grade, 40-60 mm = chips grade, 50 mm = French fry 
grade 
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Table 5.3b. Combined effect of planting geometry, seed size and nitrogen and potassium 
fertilizers on tuber number per hill 

Treatments Graded tubers/hill (by no.) 

• Non process Process grade Chips grade French fry grade Total 
grade (A) (B) A + B )  

GS,F%, 5.7 2.4 g 2.4 0.4 8.1 

G,SF, J.6 5 .0e 4.8 3.2 8.6 

GS,F, 3.7 4.7 f 4.6 3. 8.5 

GS,F% 5.0 2 .0h 2.0 o.s 7.0 
G,SF, 2.4 5 .6c  5.4 3.3 8.0 

GS,F, 2.6 5.6cd 5.4 0 ' 8.2 • 

G,SF% 5.5 2 . 5g  2. 5  0.4 8 0  
G,SF, 3. 3  5.4cd 

e  

3.7 8.7 
 

GS,F, 3 8 5 .3d  5.2 3.6 9.1 

G8F% 5.7 2 . 1 h  2.1 0.8 7.8 

GS,F, 2.3 6.6 a 6.4 3.8 8.9 

GS,F 2.7 6.2b 6.0 3.7 8.9 

CV(%) 5.63 3 . 1 8  3.40 6. 14 2.36 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: G, =67.5 cm x 25 cm, G, = 67.5 cm 30em; S, = 5 5 ± 5 g , S , = 8 0 ± 5 g , F %  =native control, F, 
-NKso kg/ha, F, =N,Koo kg/ha 

« <40 mm = non process grade, 40 mm = process grade, 40-60 mm = chips grade, 50 mm French 
fry grade 

• 

tubers (<40 mm) per hill and decreased in the number and weight of larger tubers ( 40 

mm) ultimately their sum was lower. The results are in accord with the observations of 

Kumar et al., (2001) and Malik et al., (2002) 

In case of seed tuber size, larger seed tuber produced significantly higher total weight 

of tuber per hill (406.9 g) than smaller seed tuber (392.2 g). This is in agreement with 

the findings of Malik et al. (2002) who reported that larger tubers produced more stems 

as well as vegetative growth resultant more photosynthesis reserved in tubers which 

ultimately increased tuber size and weight. With regard to nitrogen and potassium, the 

results revealed that the highest total weight of tuber per hill (494.3 g) was recorded 111 

the highest dose of nitrogen (F;) which was statistically similar with the highest dose of 

potassium (475.8 g), however the control was obtained the lowest total weight of tuber 

per hill (227.8 g) . 
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Table 5.4a. Effect of planting geometry, seed size and nitrogen and potassium fertilizers 
on tuber weight per hill 

Treatments Graded tubers/hill (g) (by wt.) 

• Non process Process grade Chips grade French fry Total 
grade (A) (B) grade (A +B) 

A. Planting geometry 

G 88.4a 304.1 b 285.1 b 189.2 b 392 5 b 
G, 83.6 b 322.9 a 293.4 a 232.4 a 406.5 a 

B. Seed size 
S 90.2 a 301.9 b 279.8 b 202.2 b 392.2 b 
s, 81 .8  b  325.0 a 298.7 a 219.4 a 406.9 a 

C. Nitrogen and potassium levels 

F% 129.6 a 98.3 ¢ 98.3 b 34.1 C 227.8 b 
F, 5 8. 5 ¢  436.1 a 388.5 a 283.2 b 494.9 a 
F, 70.0 b 405.8 b 381.0 a 3 1 5 . 1  a  475.8 a 

D. Combination of A and B 

G,s 93.7 292.0 275.2 179.6 385.8 
Gs, 83.1 3 1 6 . 1  295.0 198.9 399.3 
G,S 86.7 3 1 1 . 8  284.4 224.8 398.6 
Gs, 80.5 333.9 302.3 239.9 414.4 

E. Combination of A and C 

GF% 132.1 96.7c 96.7 29.8 d 228.8 d 
GF, 72.4 408.6 b 387.2 249.2 C 481.0 be 
GF, 60.6 407 . 1b  371.5 288.7 b 467.8 C 

G,F% 126.9 99.9 C 99.9 3 8. 3 d  226.8 d 
G,F 67.6 4 18 .0b  389.7 3 1 7. 2 a  485.6 b 
G,F 56.4 450.7 a 390.4 341.6 a 507.1 a 

F. Combination of B and C 

SF% 144.6 a 95.4d 95.4¢ 29.7 209.9¢ 
SF, 82.6¢ 399.8 C 377.5 b 249.2 482.4 a 
SF, 73.5 d 410.6¢ 366.5 b 288.7 484.1 a 

SF% 1 14 .5  b  101.2 d 10 1 .2  C  38.3 2 4 5 . 7 b  
SF, 5 7. 5 e  426.8 b 399.4 a 3 1 7. 2  484.3 a 

SF 43.5 f 447.2 a 395.5 a 3 4 1 . 5  490.8 a 
cv(%) 8.05 3.53 3.90 6.97 2.90 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: G, = 67.5 cm 25 em, G, = 67.5 cm 30cm; S, = 55±5g,  S , = 8 0 ± 5 g , F  = native control, F, 
=N,Kokgha,F, =N,Ko kg ha 
<40 mm = non process grade, 40 mm process grade, 40-60 mm = chips grade, 50 mm = French 
fry grade 

• 
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' Table 5.4b. Combined effect of planting geometry, seed size and nitrogen and potassium 
fertilizers on tuber weight per hill 

Treatments Graded tubers/hill (g) (by wt.) 
$ 

Non Process Chips grade French fry Total 
process grade grade (A+ ll) 
rade (A B 

GS,F% 1 1 5 . 2  91.8 91.8 28.2 207.1 

GS,F, 75.9 4 1 0 .4  390.1 279.2 486.3 

GS,F, 89.8 374.0 343.7 2 3 1  I  463.8 

Gs»F% 149.0 I 01.5 I 0 1 .4  3 1 . 3  250.5 

GS»F, 45.3 433.9 394.3 298.1 479.2 

G,SF, 55.1  4 1 1 . 7  389.3 267.2 466.8 

G,SF% 1 1 3 . 9  98.9 98.8 25.5 2 1 2 . 8  

G5SF 7 I. I 433.0 375.0 336.6 504.1 

G5SF, 75.3 403.4 379.2 3 1 2. 2  478.1 

G,SF% 140.0 100.8 100.8 5 1 . 1  240.8 

GS»F, 41.7 467.0 404.4 322.2 508.7 

f G5SF, 59.9 434.0 401.6 346.4 493.9 

CV{%) 8.05 3.09 3.90 6.97 2.90 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: G, = 67.5 cm 25 cm, G, = 67.5 cm 30 cm; S, = 5 5 ± 5 g , S ,  = 8 0 ± 5 g ,  F% = native control, F, 
=NKso kg/ha,F, =N,Koo kg/ha 
<40 mm = non process grade, 40 mm = process grade, 40-60 mm = chips grade, 50 mm = French 
fry grade, 

$ 

Significantly highest total weight of tuber per hill (507.1g) was recorded in the highest 

dose of nitrogen with wider planting geometry, which was statistically higher than all 

other treatment combinations whereas, the lowest (226.8 g) was obtained in control at 

wider planting geometry which was at par with the same level of fertilizer with closer 

planting geometry (228.8 g). 

On the contrary, the results showed that both the nitrogen and potassium combinations 

produced statistically similar total weight of tuber per hill irrespective of seed sizes. 

The highest weight of tubers per hill (494.6 g) was recorded in the highest dose 
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nitrogen under larger seed size and the lowest (209.9 g) was observed in control with 

medium seed tuber size. 

Tuber grades and yield 

5.2.17. Non process grade tuber yield 

There was a significant variation was observed in non procession grade tuber yield by 

the main effects of planting geometry, seed size and nitrogen and potassium (Table 5.5, 

Appendix XXIX). Significantly higher yield of non process grade tuber (4.9 t/ha) 

obtained by closer planting geometry than wider planting geometry (4.0 t/ha). The 

results confirm the findings of Kumar et al. (2001) who reported that close spacing 

leads to higher yield and proportion of small tubers. 

Similarly medium sized seed tuber produced significantly higher yield (5.0 t/ha) of non 

process grade tuber compared to larger seed tuber (3.9 t/ha). 

There was a significant variation was observed in non process grade tuber yield while 

the lowest yield (3.2 t/ha) was observed in F, where 200 kg N/ha applied with 150 kg 

K/ha followed by F5 (Nys«Koo), whereas the control obtained the highest yield of non 

process grade tuber (6.6 t/ha). This occurred due to lead senescence at the medium 

stages of crop growth resulting lacking of nutrients (Sarkar et al. 2011) .  

Significant variation was observed among treatment combinations in non process grade 

tuber yield except the combination of planting geometry and seed size and planting 

geometry and nitrogen and potassium (Table 5.5). The results revealed that the highest 

non process grade tuber yield (6.8 t/ha, 59% of total yield) was obtained in larger seed 

tuber with no fertilizer (SFo) followed by medium seed size with same level of 

fertilizer (SFo) whereas, the lowest(2.5 t/ha, 12% of total yield) was recorded in larger 

seed tuber under F, level of nitrogen and potassium (SF). 

The highest yield of non process grade tuber (7.1 t/ha, 58% of total yield) was recorded 

with larger seed when planted at closer planting geometry with control (GS1Fo) which 

was statistically similar with same fertilizer and planting geometry under medium seed 

size and with larger seed size with no fertilizer when planted at wider planting 

geometry (G5SF«). On the other hand, the lowest non process grade tuber yield (2.2 

t/ha, 12% of total yield) obtained in the highest dose of nitrogen with larger seed when 

planted at wider planting geometry (G5SF,). 
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5.2.18. Process grade yield 

Significant variation was noticed in total process grade yield due to the main effects of 

planting geometry, seed size and nitrogen and potassium (Table 5.5). Closer planting 

geometry produced the highest yield of total process grade tuber (17.3 t/ha, 72% of 

total yield) than wider planting spacing. Similarly, larger seed size had the highest yield 

of French fry grade (15 .4 t/ha) compared to smaller seed size. Larger seed size 

superseded the medium size seed tuber for producing process grade tuber yield. With 

regard to nitrogen, maximum yield of total process grade (22.7 t/ha, 86% of total yield) 

was obtained form the highest dose of nitrogen which was statistically at par with the 

highest dose of potassium whereas, the lowest (5.0 t/ha) was recorded in control. The 

results are supported by Singh and Lal (2012) who reported that the increase in nitrogen 

level, the significant increase in medium and large grade tuber. Similar results were 

also obtained by Kumar et al., (2012) and Gautam et al., (2011) .  

There was significant variation was observed in total process grade tuber yield among 

the treatment combinations except the combination of planting geometry and seed size 

(Table 5.5). The results revealed that significantly higher and similar yields of total 

process grade tuber was obtained in closer planting geometry when both nitrogen and 

potassium combinations were applied whereas, the lowest was observed in wider 

planting geometry when no fertilizers used. On the contrary, the highest process grade 

tuber yield (23.5 t/ha, 88% of total yield) was recorded in lager seed size in addition to 

F, level of nitrogen and potassium which was significantly superior over all other 

treatment combinations whereas, the lowest (5.1 t/ha, 42% of total yield) was recorded 

in control of fertilizer when medium seed tuber planted which was at par with the same 

level of fertilizer with larger seed tuber. 

In case of combination of seed size and nitrogen and potassium, the highest total 

process grade tuber yield (23.5 t/ha, 88% of total yield) was obtained in larger seed 

with F, level of nitrogen and potassium followed by 2 1 . 8  t/ha (91% of total yield) in 

both of larger seed with F and medium seed with F, while the lowest (5.0 t/ha) was 

recorded in larger seed with no fertilizers. 

Total process grade tuber yield as influenced by the combined effects of planting 

geometry, seed size and nitrogen and potassium varied significantly. The data showed 

that the highest yield of process grade tuber (24.5 t/ha, 88% of total yield) was obtained 

in the combination of closer planting geometry and larger seed size when F level of 

nitrogen and potassium (G,SF,) applied which was superseded all other treatment 



combinations while the lowest yield of process grade tuber was recorded in that 

combination where no fertilizers used. 

5.2.19. Chips grade yield 

The main effects of planting geometry. seed size and nitrogen and potassium level 

significantly influenced the chips grade yield (Table 5.5). Chips grade yield was 

significantly higher (16.2 t/ha) in closer planting geometry than wider planting 

geometry (14.0 t/ha). Although tuber number and weight per hill were the highest in 

wider planting geometry, it was not translated in total yield of chips grade because the 

higher number and weight per hill can not enough higher to compensate the total yield 

of chips grade by minimizing the less plant population. 

On the contrary, larger seed tuber produced significantly higher (15 .4  t/ha) chips grade 

yield than smaller seed size ( 1 4 . 8  t/ha). It occurred due to obtained higher number and 

weight of tuber per hill. With regard to nitrogen and potassium, the highest chips grade 

yield (20.2 t/ha) obtained in F, level of nitrogen and potassium which was statistically 

similar to F level of nitrogen and potassium whereas, the lowest (5.0 t/ha) was 

recorded in control. The results corroborate with the findings of Singh et al. (2007b) 

who studied that fertilizer level did not influenced medium sized tuber. 

Significant variation was observed among the treatment combinations in chips grade 

yield except the combination of planting geometry and seed size and combination of 

nitrogen and potassium with the former two (Table 5.5). It was observed that the 

maximum chips grade yield (22.0 t/ha) was obtained where F, level of nitrogen and 

potassium was applied in closer planting geometry (GE;) followed by F level of 

nitrogen and potassium with the same planting geometry (2 1 . 1  t/ha). Whereas, the 

lowest yield (4.7 tha) was recorded in control with wider planting geometry (G5Fa) 

followed by same fertilizer level with closer planting geometry (5.4 t/ha). Similarly, the 

lowest yield of chips grade tuber (5.1 t/ha) was exhibited in the same nitrogen and 

potassium level in combination with medium seed size (SFo) next to the same fertilizer 

with larger seed size (5.3 t/ha). Whereas, the results revealed that significantly simi lar 

higher yields were recorded in larger seed in combination with both nitrogen and 

potassium combinations. 
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Table 5.5a. Effect of planting geometry, seed size and nitrogen and potassium fertilizers 
on yield of potato 

Treat- Graded tuber yield (tha) Total yield 
i ments Non process Process grade (B) Chips grade French fry grade 

(A+B) 

rade (A) (t/ha) 

A.Planting geometry 

G 4.9a(28.2a) 17.3 a (71.8 b) 16.2 a(67.8) 10.8 (42.3 b) 22.2a 

G 4.0 b (26.9b) 15.4b(73.I  a) 13.9b(67.2) 11.0 (50.1 a) 19 .3b 

B. Seed size 

s, 5.0a (30.0 a) 15.9 b(70.0b) 14.8b(65.5 b) 10.5 b (44.0b) 20.9 

s, 3.9b025.0b) 16.8 a(75.0 a) 15.4 a (69.6 a) 1.4 a(48.5 a) 20.7 

C. Nitrogen and potassium levels 

F, 6.6 a(56.1 a) 5.0c(43.9e) 5.0b(43.9c) L .7c( 14 .9c)  1 L . 6  c  

F, 3.2b(14.3 b) 22.7 a(85.6 b) 20.2 a(80.5 a) 16.3 a(58.7 b) 25.9a 

r. 3.7 b (12.0 c) 214b(87.9 a) 20.1 a(78.1 b) 14.6b(64.6 a) 2 4 9 b  

D. Combination of A and B 

Gs, 5.5 (34.3) 16.9 (69.3) 15.9(65.7) 10.2 (40.6) 22.3 

Gs, 4.3(23.8) 17.7 (74.4) 16.5 (69.9) 1 1 .3(43.9 ) 22.0 

G,S 4.6 (30.6) 14.9 (70.5) 13.6(65.1) 10.7 (47.9) 19.5 

GS 3.5 (18.6) 15.7(75.6) 14.3(69.2) 1 .4(51.7) 19.2 

E. Combination of A and C 

• GF% 7.2a (59.5) 5.4e(43.3) 5.4c(43.3) 1 .6(3 . 1 )  1 2. 6 d  

GF 3.5 cd(14.7) 23.9 a(85.2) 21.9a(80.7) 14.1(52.0) 27.4a 

G,F, 3.9c(13.0) 22.7 b (86.9) 21.5 a(79.3) 16.4(61.7) 26.7 a 

GF% 5.9b (41.8) 4.7f(44.4) 4.7d (44.4) 1.8 (16.6) 10 .7e 

G.F 2.8e(20.8) 21.4 C (86.0) I 8.6 b (80.2) 15.0(65.3) 24.3b 

GF, 3.2de (1 I.I) 20.0 d (88.8) 18. 7 b(76.9) 16.2(67.5) 23.2 C 

D. Combination of B and C 

SF% 6.8 a(58.8) 5. 1d(42. 1 )  5.1 d (42.1) 1 4 ( 1 2. 8 )  ]  1.9 C 

S,F 4.0 e(23.7) 21.8b(83 . I)  19.6c(78.5) 14.0(56.6) 25.8 a 

SF, 4.3¢(15.2) 21.0 c(84.7) 19.8 be (75.7) 15.9 (63.5) 25.3 ab 

SF% 6.3b (42.9) 5.0 d (45.6) 5.0 d (45.6) 2.1 (17.0) 1 1.3  C  

SF 2 .5d(ll.9) 23.5 a (88.1) 20.9 a(82.5) 15.3(60.8) 26.0 a 

SF, 2.9 d (8.9) 21.8b(91.1) 20.4 ab (80.6) 16.7(65.8) 24.6 b 

CV(%) 9.03 (10.2) 2.66 (2.36) 3 . 6 7 0 2. 8 3 )  10.47 (12.06) 3.30 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 

i 
probability by DMRT. Parenthesis indicates percent data. 
Notes: G, = 6 7 . 5  cm 25 cm, G, =67.5 cm 30cm; S, = 5 5 ± 5 g , S ,  = 8 0 ± 5 g F  =  native control, F, 
= N K i so k g' h a, F  = N,Koo kg/ha 
<40 mm = non process grade, > 40 mm = process grade, 40-60 mm = chips grade, 50 mm = French fry 
grade 
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Table 5.5b. Combined effeet of planting geometry, seed size and nitrogen and potassium 
fertilizer on yield of potato 

Treatments I Graded tuber yield (t/ha) 

Non process Process grade Chips grade French fry Total 
grade (A) (B) grade (A + B )  

GS,F% 7.1 ab (57.6) 5.1 fg (42.3) 5.1 fg (42.J) 1 .6(3.6)  1 2. 2 e f  

GS,F 4.4d(17 .8)  23.2 b(82.I) 21 .5 ab (78.0) 15.8(47.4) 27.6 a 

GS,F, 4.9cd( 16.5) 22.4 ¢(83.5) 21.2 b(77.0) 13 . 1  (60.8) 27.3 a 

GS.F% 7.3a(55.7) 5.7 f(44.3) 5.7f(44.3) 1 . 7 ( 12.5)  12.9e 

GS,F, 2.7( 1.6) 24.5 a(88.3) 22.2a (83.6) 16.9(56.6) 27 .3a  

Gs,F, 3.0 ef(9.S) 23.0 b¢ (90.4) 21 .7 ab (81.8) 15 . 1  (62.6) 25.9 b 

GSF% 6.5 b (58.1) 5.1 fg(4l.8) 5.1 1g (41.8) 1 .2 (11.9) I 1.6 f 

G,SF, 3 .6c( l5 . 8 )  20.4 d (84.1) 17.6 C (79.0) 16.0 (65.8) 23.9 cd 

GS,F, 3.6 e (13.9) 19.6e (86.0) 18.4 de (74.6) 14.8(66.2) 23.2 cl 

G,SF% 5.4e(52.9) 4.4 g(47.0) 4.4 g(47.0) 2.4 (21 .J) 9 .8g 

G,S,F, 2.2f02.0) 22.5 be (87.9) 19.5 e(81 .4) 16.5 (64.8) 24.7 C 

G,SF, 2.7£(8.2) 20.5 d (91.7) 19.0cd(79.3) 15.3 (68.8) 23 .3d 

• 
CV(%) 9.03 (6.21 2.66(2.36) J.67 (2.8]) 10.47 (10.06) 3.30 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT, Parenthesis indicates percent data. 
Notes: G, = 67.5 cm 25 cm, G, = 67.5 cm 30 cm; S, = 5 5 + 5 g , S , = 8 0 ± 5 g  F, = native control, F, 
- NKio kg/ha,F, = N,6Koo kg/ha 
<40 mm = non process grade, > 40 mm = process grade, 40-60 mm = chips grade, 50 mm = French fry 
grade 

It may be occurred due to individual plant at wider spacing received more available 

nutrients and thus better growth which increased the availability of assimilates for 

individual tubers and they also got enough space within earth up ridges to grow bigger 

in size (Malik et al., 2002; Kumar et al., 2001). Similarly, larger seed tuber produced 

significantly higher yield of over chips grade (1.4 t/ha) compared to smaller seed tuber 

( 1 . 1  t/ha). It may be due to rapid plant emergence and better plant growth which 

ultimately gave bigger size tuber (Patel et al., 2008). With regard to nitrogen and 

potassium, the data indicated that produced the maximum yield (2.4 t/ha) but control 

did not produce any over chips grade yield. These lend to support the findings of Singh 

( I 999). 
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Plate 19. Photograph showing chips grade tubers under treatments GS,F(A) GS,F, 
(B) and G,SF, (C) 
G, =67.5 cm x25 cm, S,= 8 0 ± 5 g,  F%= native control, F, = N,»oKso kg/ha, 
F,= Na»Koo kg/ha 

5.2.20. French fry grade yield 

There was significant difference observed in French fry grade yield by main effect seed 

size and nitrogen and potassium not in planting geometry whereas, all the treatment 

combinations did not show significant variation in this respect (Table 5.5). Larger seed 

size was superior to produce French fry grade tuber than medium seed tuber. The 

results demonstrated that of French fry grade, the maximum yield (16.3 t/ha) was 

obtained in F followed by F which control produced the lowest. 

5.2.21. Total tuber yield 

Total yield was significantly influenced by the main effects of planting geometry and 

nitrogen and potassium fertilizers except seed size (Table 5.5). Total yield was 

significantly higher in closer planting geometry than wider geometry. The plant spacing 

of 30 cm, although it had a much greater advantage of accumulating more assimilates 

but it could not compensate for yield at wider spacing resulting in lower yield 

compared to that of an intra row spacing of 25 cm. This can be attributed to the 

extended amount foliage that was produced resulting in total yield obtained to be low as 

most of assimilates supported the haulm growth at the expense of the tuber growth 

(Mangani et al., 2015). This agrees with Getachew et al., (2013). Similar results were 

reported by Kumar et al., (2014), Kumar et al., (2012b), Kumar et al., (2011) and 
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Kushwah and Singh, (2008). On the other hand, total tuber yield did not influence 

significantly by seed tuber size (Table 5). The resuhs are corroborated with the findings 

of Malik et al. (2002) and Patel et al., (2008). 

With regard to nitrogen and potassium, total yield followed the same trend of process 

grade tuber yield. So far as process grade yield is concerned, F again gave the 

maximum total yield with 25.9 tha followed by F (24.9 t/ha), but the differences were 

non-significant whereas, the minimum yield ( 1 1 . 6  t/ha) was recorded in Fa (control). 

The results are in agreement with earlier works of Rai er al. (2002) and disagreed with 

the findings of Kumar et al. (2007¢). 

Significant variation was observed in total yield among the treatment combinations 

except planting geometry with seed size (Table 5.5). The results revealed that the 

highest yield (27.4 t/ha) was exhibited in closer planting geometry when F level of 

nitrogen and potassium applied which was statistically at par with the same planting 

geometry when F level of nitrogen and potassium applied. The lowest yield (10.7 t/ha) 

was recorded in wider planting geometry when fertilizers not used followed by closer 

planting geometry with the same fertilizer level (12.6 t/ha), but these variation was non 

significant. It was observed that both the nitrogen and potassium combinations were 

produced significantly higher and similar total yield under the smaller or larger seed 

tuber size. 

Total yield was significantly varied due to the combined effect of planting geometry, 

seed size and nitrogen and potassium (Table 5.5). The highest total yield (27.6 t/ha) 

was obtained in combination of closer planting geometry and medium seed size when 

F, level of nitrogen and potassium combination applied (GSF;) which was 

statistically similar with the same planting geometry with larger seed tuber when F 

level of nitrogen and potassium applied (G,SF3). The lowest yield was recorded 

irrespective the combination of planting geometry and seed size when no fertilizers 

used. The results are corroborated with Malik et al. (2002). 

Processing quality 

5.2.22. Tuber dry matter (%) 

There was no significant difference observed in tuber dry matter percentage by the 

main effect of planting geometry, seed size and all the combined effects of planting 

geometry, seed size and nitrogen and potassium (Table 5.7a&b, Appendix XXX). Only 

nitrogen and potassium level did differ significantly regarding this parameter. The data 
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indicated that dry matter percentage was significant from 0 to nitrogen and potassium 

dose. However, the control treatment (Fo) produced the lowest dry matter. The results 

are supported by Kumar et al. (2012b) who reported that dry matter content increased 

up to a certain level of nitrogen than control. Similar findings also obtained by Kumar 

et al. (2007¢) where they observed that control treatment exhibited significantly lower 

dry matter and increase in nitrogen from 90 to 270 kg/ha, marginally increase in dry 

matter but the differences were not significant. 

With regard to planting geometry, it was observed that no significant difference was 

recorded in dry matter by planting geometry. The results are in line with the findings of 

Zebarth et al. (2006) who reported that dry matter percentage was significantly affected 

by seed piece spacing but it lowered significantly at the extreme widest spacing of 40 

cm where the other spacing was 20 and 30 em and they were statistically similar 

5.2.23. Specific gravity 

The data presented in table 5.6a&b indicated that specific gravity was followed the 

same trend of dry matter percentage. No significant variation was shown in this 

parameter by the main effect of planting geometry, seed size and all the combined 

effects of planting geometry, seed size and nitrogen and potassium. Only in nitrogen 

and potassium level showed significant difference in specific gravity, Both the nitrogen 

and potassium combinations were obtained in statistically higher and similar specific 

gravity whereas the control recorded the lowest specific gravity. 

5.2.24. Reducing sugar content 

The results showed that only nitrogen and potassium among the treatments significantly 

influenced reducing sugar content in tuber (Table 5.6a&b). The data indicated that 

reducing sugar content was remained uninfluenced by both the nitrogen and potassium 

combinations, whereas the control was recorded in lower content of reducing sugar, But 

the reducing sugar content was much lower than the acceptable limit. Roe et al. (1990) 

described that reducing sugar content in potatoes should be low of < 250 mg/100 g 

fresh weight to avoid undesirable colour on frying because of Millard reaction between 

hexose sugars and the amino groups of nitrogenous compounds resulting in a dark 

coloured and bitter tasting in potato chips. 
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Table 5.6a. Effect of planting geometry, seed size and nitrogen and potassium fertilizer on 
processing quality of potato 

• 

# 

Treatments 

A.Planting geometry 

G 
G, 

B. Seed size 
s 

s, 

Dry matter 
(%) 

22.7 
22.8 

22.8 
22.8 

Specific gravity 

1.089 

1.090 

L.089 

1.090 

L.087 

1.091 

1.091 

1.089 

1.090 

L.090 

1.090 

1.087 
L.091 

L.091 

L.087 
L.091 

1.091 

L.087 
L.091 

1.090 

L.087 
1.091 

L.09I 
0 . 17 

Reducing sugar 
(mg/100 g fresh wt.) 

36.1 
36.3 

36.1 
36.3 

35.6 
36.7 
36.2 

36.0 
36.2 
36.3 
36.3 

35.5 
36.6 
36.I 
35.7 
36.8 
36.3 

35.7 
36.8 

35.8 
35.5 
36.7 
36.6 
2.37 

C. Nitrogen and potassium levels 
N, 22.2 
N, 23.0 
N, 23.1 

D. Combination of A and B 
Gs, 22.7 

Gs 22.8 
G,s 22.8 
G,S 22.7 

E. Combination of A and C 

G% 22.2 
GE 23.0 
GF, 23.1 
G,F% 22.2 
G,F 23.1 
G,F 23.1 

D, Combination of B and C 

SF% 22.3 
SF, 23.1 
SF, 23.0 
SF% 22.1 
SF, 23.0 
SF, 23.1 

CV(%) 0.83 
Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT 
Notes: G, = 67.5 cm 25 cm, G, = 67.5 cm 30cm; S = 5 5 ± 5 g , S ,  = 8 0 + 5 g . F  =  native control, F, 
=NKkgha,F, =N,Ko kg'ha 

Chips quality 

5.2.25. External appearance 

Only nitrogen and potassium combination significantly influenced the score of external 

appearance where F scored the highest (16.9) and the lowest (14.9) in F but all were 

in the range of very good (Table 5.7a&b). The other main effects of planting geometry 

and seed tuber size and all the combined effects of plantin g geometry, seed tuber size 

and nitrogen and potassium were not significantly influenced the score of external 

appearance but all were remained in very good range. 
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Table 5.6b. Combined effect of planting geometry, seed size and nitrogen and potassium 
fertilizer on processing quality of potato 

Treatments Dry matter Specific gravity Reducing sugar 

• 
(%) (mg/100 g fresh wt.) 

GS,F% 22.3 1.087 35.5 

GS,, 22.9 1.090 36.6 

GS,F, 23.0 1.090 35.8 

GS,F% 22.l 1.086 35.5 

GS,F, 2 3 1  1 .091 36.7 

GS,F, 23. 1.091 36.4 

G,SF% 22.2 I 087 36.0 

G,SF, 23.1 1 .091 36.9 

GSF, 23.0 1.091 35.9 

G,SF% 22.2 1.087 35.5 

G,8,F, 23.0 1.091 36.6 

GS,, 23.0 1.091 36.8 

CV(%) 0.83 0. 17 2.37 

• Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: G, = 67.5 cm 25 cm, G, = 67.5 cm 30 cm; S, = 5 5 ± 5 g , S ,  = 8 0 ± 5 g . F %  native control, F, 

= NKio kg/ha,F, = N,Koo kg/ha 

5.2.26. Chips colour score 

Chips colour is the most important visual criterion before take it mouth for evaluation 

the quality of chips and consumer acceptance (Marwaha, 1999). Chips colour score did 

not vary significantly by the main and all the combined effects of planting geometry, 

seed size and nitrogen and potassium (Table 5.7a&b). The colour score was almost 

same, numerically around 3, and it was in acceptable range and good for chips 

according to Ezekiel et al. (2003) and Marwaha et al. (2005a). 

5.2.27. Hunter L value for chips 

Nitrogen and potassium level only significantly influenced the Hunter L value (Table 

5.6). The highest L value of 67.7 was obtained in F5 which was at par with F, (66.9) 

and the lowest (65.4) was recorded in control (Fa). There was no significant variation 
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was observed by the main effects of planting geometry and seed tuber size and all the 

combined effects of planting geometry, seed tuber size and nitrogen and potassium 

(Table 5.7a&b). 

5.2.28. Chips texture 

The score against texture of chips did not significantly differed by the main and the 

combined effects of planting geometry, seed size and nitrogen and potassium (Table 

5.7a&b). All the chips were remained crispiness in texture. 

French fries quality 

S.2.29. External appearance 

It was found that all the treatments had very good external appearance (Table 5.7a&b). 

5.2.30. External colour 

Among the treatments, all were showed golden in colour (Table 5. 7a&b). 

5.2.31. Hunter L value for French fries 

Al I the treatments obtained more than 63 and the range between the three factor 

combinations were 63.1 to 67.6 (Table 5.7a&b). 

5.2.32. Texture (mealiness) of outside strips 

All the treatments obtained moderately crispy in mealiness (Table 5.7a&b). 

Plate 20. Photograph showing chips and French fries, respectively under treatments 
GS,F% and G,SF 

Notes: G, = 67.5 cm x 25 cm, S,=80±5g,  F% = native control, F ,=  N,%Kio 
kg/ha, F, = N,oKoo kg/ha 
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' Table 5.7a. Chips and French fries quality of potato as affected by planting 
geometry, seed size and nitrogen and potassium fertilizers 

! 
1 

• 

• 

Chips 
Treatments external 

appear 
ance 

A.Planting geometry 

I5.8 

15.8 

Chips 
colour 
score 

2.8 

2.8 

Hunter 
L 

value 
for 

chips 

66.9 

67 6 

66.9 

66.1 

65.6 

65.7 

64.0 

68.0 

67.6 

63.5 
65.8 

67.7 

64. 

66.8 

67.9 
63.4 

67.0 

67.3 

Chips 
texture 

15.7 

16 . I  

15.7 

16 . I  

15.5 

16.I  

16. 

15.4 

16.I 

16.0 

16.2 

15. 

16. 

16.0 

15.8 

16.I 

16.3 

15.5 

15.8 

15.8 
15.5 

16.5 

16.5 

French 

fries 
exter nal 
appear 

ance 

16.0 

15.9 

15.9 

16.0 

16.I  

15.9 

I5 .8  

16 . I  

15.8 

15.7 
16 . I  

16.3 
16.0 

15.6 

16 0 

15.8 

16.0 

16 . I  

15.8 

15 .8  
16 . I  

16.0 

15.8 

French 
fries 

colour 
score 

6.6 

6.6 

5.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

6.6 

Hunter 

L value 

for 
French 

fries 

65.6 

65.5 

65.7 

65.4 

64.6 

65.8 

66.3 

66.5 

64.9 

65.0 

66.I 

64.5 

66.I 

66.4 

64.7 

65.5 

66.3 

65.6 

65.3 

66.3 

63.6 

66.3 

66.4 

French 
fries 

texture 

of 

outside 
stripes 

15 .6 

15.6 

15.6 

15 .6 

15.6 

15 .6 

15.6 

15.6 

15.6 

15 .6 

15.6 

15.6 

15 .6 

15.6 

15.6 

15.6 

15.6 

15.6 

15.6 

1 5 .6 

15.6 

1 5. 6  

15 .6 

G, 16 . 1  2.8 66.5 

G, 16.0 2.8 65.7 

B. Seed size 
$ 16 . 1  2.8 66.3 

$, 16.0 2.8 65.9 

C. Nitrogen and potassium levels 
F% 16.3 2.8 63.7 

E, 15.9 2.8 

F 15.9 2.8 

D. Combination of A and 8 

G,$, 16.4 2.8 

Gs, 15.8 2.8 

G5$, 15.8 29 

G,$, 16.2 2.7 

E. Combination of A and C 

G,F% 16.5 2.8 
GE, 16.0 2.8 

GF, 15 .8 2.8 

GF% 16 . 1  2.8 

GF, 15.8 2.8 

GF, 16.0 2.8 

D. Combination of B and C 

SF% 16.3 2.8 

SF, 16.0 2.9 

SF, 16.0 2.8 

S»F% 16.3 2.8 

CV(%) 3.07 2.56 2.35 1.64 4 . 12 4.42 3.67 2.56 
Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
G=67.5 cm 25 em, G, = 67.5 cm x 30 cm; S, = 5 5 ± 5 g , S , = 8 0 + 5 g F % =  native control, F , =  
N6Ko kg/ha,F, = N,Koo kg/ha 
For French fry: External appearance (Excellent = 20, Very good = 16, Good = 12, Fair = 8, Poor = 4); 
External colour (Light whitish = 10, Light golden = 8, Golden = 6, slightly brown = 4 and Dark = 2); 
Texture of outside strips (Crispy = 20, moderately crispy = 16, slightly crispy/soggy = 12, moderately, 
Soggy = 8 and Soggy = 4) All the said events were carried by panels' eye estimation and organoleptic 
1.2=excellent, 3-4 = good and 5 = acceptable 
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Table 5.7b. Chips and French fries quality of potato as affected by combined effect 
planting geometry, seed size and nitrogen and potassium fertilizers 

Treatments Chips Chips Hunter Chips French French Hunter French 
external colour L value texture fries fries L value fries 
appear score for chips external colour for texture 

ance appear score French of 
ance fries outside 

stripes 
GS,F% 16.6 2.7 64.9 15.0 16.3 6.6 65.8 15.6 

GS,F 16.6 2.8 67.7 15.6 16.3 6.6 65.9 15.6 

GSF, 16.0 2.8 68.2 15.6 15.6 6.6 67.6 15.6 

GS,F% 16.3 2.8 63.1 15.3 16.3 6.6 63.1 1 5. 6  

G,SF, 15.3 2.9 68.2 16.6 15.6 6.6 66.2 15.6 

GS,F, 15.6 2.9 67.0 16.3 15.6 6.6 65.1 I 5 . 6  

G,SF% 16.0 2.9 63.3 16.0 16.0 6.6 65.4 15.6 

GS,F, 15.3 2.9 66.0 16.0 15.3 6.6 64.6 15 .6 

GS,F, 16.0 2.8 67.6 16.0 16.0 6.6 64.9 15.6 

GS.F% 16.3 2.7 63.8 15.6 16.0 6.6 64.0 I5.6 

GS,F, 16.3 2.7 65.8 16.3 16.3 6.6 66.5 15.6 

G,SF, 16.0 2.8 67.7 16.6 16.0 6.6 67.6 1 5 . 6  

CV(%) 3.07 2.56 ) z 1.64 4 . 1 2  4.42 3.67 2.56 -.52 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
G, =67.5 cm 25 em, G, =67.5 cm 30 cm; S, = 5 5 ± 5 g , S , = 8 0 ± 5 g F %  =  native control, F, = 
NKso kg/ha,F, = N , K oo  kg ha 

5.2.33. Economics 

Any technology can not be disseminated and sustained without profitable in economies. 

The cost and return analysis revealed that total cost of production decreased with wider 

planting geometry than closer planting geometry, mainly because of reduced seed rate 

(Table 5.8). The highest total cost (Tk. 2,69,116) was calculated in closer planting 

geometry with larger seed tuber when the medium dose of nitrogen applied in 

combination with the highest dose of potassium (G,SF) whereas the lowest cost (Tk. 

1,87,663) involved in wider planting geometry with smaller seed tuber when no 

nitrogen and potassium fertilizers used (G»SF6). The calculated data indicated that seed 

cost was higher in closer planting geometry and it was about 4% of total cost than 

wider planting geometry. Gross return was the highest (Tk. 3,84,681) in closer planting 
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geometry with larger sized seed tuber at the highest dose of nitrogen combined with the 

medium dose of potassium applied (G,SF,) because it was produced the highest yield 

of process grade tuber which got premium price. The second highest gross return (Tk. 

3,74,736) was recorded in the former planting geometry and nitrogen and potassium 

level under smaller sized seed tuber (G,SF,). Net return was the highest (Tk. 1,55,787) 

in which treatment combination that gained the second position of obtaining gross 

return (G,SF;) followed by Tk. 1,46,485 in the same planting geometry and seed size 

under F» level of fertilizers (GSF). This might be due to the cumulative effect of low 

cost of cultivation (seed rate) and slightly higher total tuber yield obtained in that 

treatment combination of G,SF[. The cost and return calculation revealed that net loss 

of around one lac or more was occurred when no nitrogen and potassium fertilizers 

used. The highest benefit cost ratio (1 .71)  was obtained in closer planting geometry 

with smaller seed tuber size when the highest dose of nitrogen applied in addition to the 

medium dose of potassium (G,SF,). 

Table 5.8. Economies of processing potato as influenced by planting geometry, seed size 
and nitrogen and potassium fertilizers 

Treatments Tuber yield (ha) Total cost of Gross return Net return BCR 

Process Non production (Tk./ha) (Tk./ha) 
grade process (Tk./ha) 

rade 
GSF, 5.09 7.13 2,06,027 1.19,087 -86.941 0.58 

GS,F, 23.24 4.35 2.18,949 3,74,736 1,55,787 1.71 

GS,F, 22.39 4.94 2,19,031 3,65,516 1.46.485 1.67 

GS»F% 5.65 7.25 2,56,112 1,28,291 -1.27.822 0.50 

G,SF, 24.55 2.75 2,69.034 3,84,681 1,15.646 1.43 

GS,F, 23.02 2.96 2,69,116 3,63,076 93,960 1.35 

GS,F% 5.07 6.54 1,87,663 I, 15,333 -72,330 0.6l 

GS,FE, 20.37 3.55 2,00.585 32,6871 1.26.286 l.63 

GS,F, 19.55 3.62 2.00.666 3.14.918 1.14.252 1.5 7 

G.SF% 4.36 5.42 2.29,400 97,923 -1,31,477 0.43 

GS,F, 22.48 2 2,42,322 3,50,6 18  1.08,295 1.45 
" 

GS,F, 20.52 2.75 2,42,404 3,24,254 81.850 1.34 

BCR =Benefit cost ratio 
• Considering local market price of 2013-14, 

Urea, TSP, MOP, Gypsum, Zinc sulphate, and Boric acid @ Tk. 15, 23, 17, 7, 170 and 295/kg 
respectively; Seed of potato @ Tk. 30/kg, labour @ Tk. 300/man-day; Sale of potato @ Tk I5/kg for > 

40 mm (process grade) and Tk 6/kg for < 40 mm size(non process grade) 

Notes: G, = 67.5 cm 25 cm, G, = 67.5 cm 30em; S, = 5 5 ± 5 g , S , = 8 0 ± 5 g ; F o  =  native control, F, 
=N,Ksokgha,F, =N,Koo kg ha 
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Expt. no. 6. Effect of organie and inorganic fertilizers on the yield and 
quality of processing potatoes 

6.1. Introduction 

Potato originated in South American Andean Mountains and was introduced in Indian 

sub-continent during early 17" century by the Portuguese from Europe (Singh and 

Rana, 2014). Potato is very sensitive crop to nitrogen fertilization. Excess nitrogen may 

prolong the vegetative phase and thus interfere with the initiation of tuberization. 

decreasing yield and dry matter accumulation in tubers. On the other hand a low 

nitrogen application rate may produce premature senescence in the plants due to early 

translocation of nitrogen from the leaves to the tubers (Saluzzo et al., 1999: Kleinkopf 

et al., 1 9 8 1 ) .  Potassium helps in maintaining growth, health of potato plant and 

activates a number of enzymes involved in photosynthesis and translocation of 

carbohydrates from leaves to tubers (Burton, 1996). Potato is the capital intensive crop 

and requires high investment in its input. Seeds followed by fertilizers are costly inputs 

in potato production. The nutrient requirement of potato crop is quite high and the 

application of high amount of fertilizers is considered essential to obtain high yield. A 

major part of applied nutrients particularly nitrogen and potassium are lost through 

evaporation and leaching when entire dose of these nutrients is applied through 

inorganic fertilizers at planting. These losses can be minimized to a great extent if these 

nutrients are applied through inorganic fertilizers integrated with organic manures like 

cowdung. The cowdung manure is applied to soils partly to meet the nutrient needs of 

the crop and partly to improve organic matter and in turn physical and biological 

properties of soil to sustain their productivity. The application of fertilizers integrated 

with cowdung manure will not economize the cost of fertilizers but will also minimize 

the soil deterioration (Singh and Singh, 2007). However, presently no separate 

recommendation of nutrient management exists for processing potatoes in Bangladesh. 

6.2. Results and Discussion 

Growth attributes 

6.2.1. Plant emergence 

Data were collected 30 days after planting (DAP) and subjected to analysis for 

statistical variance which indicated non-significant results on total emergence 
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percentage for treatments of organic and inorganic fertilizer (Table 6.1 a. Appendix 

XXXII). T, (cowdung 3 t/ha + rest of T,) occupied the top position whereas, T, 

(cowdung 6t/ha + rest of T,) was found at the bottom. T. Ts. Te, T and T- remained in 

between. The data did not reveal clear and superiority of any treatment. Emergence of 

tubers entirely depends upon the internal (genetic make-up and stored food of tubers) 

and external (micro climate) conditions (Verma et al., 2013). As other conditions were 

similar. the reason is obvious that well sprouted healthy, around same sized seed tubers 

were planted, which provided favourable conditions for emergence hence, tubers of the 

same variety did not show significant differences on emergence. These results are in 

conformity with the finding of Singh and Lal (2012) and Lal and Khurana (2007) who 

reported that fertilizers applications at the time of sowing did not significantly affect 

on tuber emergence while, incongruous with the findings of Ayyub et al. (2001) who 

reported that maximum emergence percentage was obtained with the combinations of 

manure and fertilizer. 

6.2.2. Plant height 

The plant height was influenced significantly by nutrient management treatments at 

various dates of observation except 40 DAP (Table 6.la, Appendix XXXII) At 40 

DAP, although the treatment T+ (control) obtained the lowest height of plant but did not 

differ among the other nutrient management treatments. At 60 DAP, the tallest plant 

(63.9 cm) was observed in T, (cowdung 3 t/ha + rest of T;) which was statistically 

similar with the other nutrient management treatments while the treatment T was 

obtained the shortest plant (40. 7 cm). Similar trends were observed in plant height at 80 

DAP. It was observed that the plant height was slightly higher at those treatments 

which received cowdung with inorganic fertilizers. It might be due to more nutrients 

were available up to later stage of crop growth in cowdung treated plots as they 

release nutrients slowly are in agreement with those reported earlier by Venkatasalam 

et al., (2012) and Sood (2007). 
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Table 6.la. Effeet of organic and inorganic fertilizers on plant growth parameters 

Treat Plant Plant height (em) at Leaves/hill (No.) at 
ments emergence 

J (%) 40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 

, 97.2 3 1 .4  6L.0 a 62.5 a 2  

66.5 a 38.5 a ). 

T, 97.2 31.3 63.4 a 64.3 a 32.9 70.7 a 40.8 a 

T 99.0 32.7 63.9 a 63.0a 34.3 73.3 a 41. 7 a 

T. 96.3 3 I. 7 60.5 a 64.9 a 32.6 69.1 a 4 1 . 5  a  

r. 97.2 32.2 62.6 a 64.5 a 34.2 6 8. l a  41 .5 a 

1. 97.2 32.0 6 1 . 7  a 63.8 a 32.6 70 0 a 37.5 a 

r, 98.1 28.J 40.7 b 40.2 a 30.7 39.8 b 6.7 b 

CV(%) 2.32 9.03 4.62 4 . 18  6.69 5.58 7.08 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 

Notes: T, =N,Ki.T, = 120% 0f T, (NK»»). T, = Cowdung 3 tha + Rest ofT, T, = Cowdung 6 
t/ha + Rest of T,, T, = Cowdung 3t/ha + T,, T, = Cowdung 6tha + T,, T,= native control 

• 

6.2.3. Compound leaves per hill 

The results revealed that compound leaves number per hill was followed the same 

trends of plant height. At 40 DAP, compound leaves per hill were not differ 

significantly by the nutrient management treatments. The data shows that compound 

leaves per hill were reached the highest at 60 DAP, thereafter it was declined due to 

probably maturity of leaves (Table 6.1a). The highest number of compound leaves per 

hi l l  (73.3) was recorded in T, whereas, the lowest leaves were observed in T-, while the 

other treatments remained in between and they were non-significant. 
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Table 6.1b. Effect of organic and inorganic fertilizers on plant growth parameters 

Treatments Stem/hill Foliage coverage (%) at 
(No.) 

• 40 DAP 60 DAP 80 DAP 

T 4.1 50.3 100.0 a 75.7a 

r. 4.2 46.6 100.0 a 78.3 a 

r, 4.4 49.6 100.0 a 78.0 a 

T, 4.3 47.3 100.0 a 75.7a 

r 4.3 49.3 100.0 a 77.3 a 

1. 4.0 49.0 100.0 a 75.3 a 

T 4.4 46.3 61 .7 a 7 .3b 

CV(%) 4.83 6.22 1 . 1 5  3 . 10  

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: T, NKs. T, = 120% 0f T, (N,K), T, = Cowdung 3 tha - Rest ofT,, T, = Cowdung 6 
t/ha + Rest of T,,T, = Cowdung 3 tha + T, T,= Cowdung 6 tha + T,,T, = native control 

6.2.4. No. of stems per hill 

There was no significant variation was observed in the number of stem per hill due to 

different nutrient management treatment (Table 6.1b). The results showed that the 

treatments which received inorganic fertilizers along with cowdung produced higher 

number of stem per hill but they did not bring any significant difference with the other 

inorganic and control treatments. Stems per hill were not influenced by fertilizers 

application has also been on records by Singh and Lal (2012), who opined that stem per 

hill depends on variety, seed tuber size and its physiological status. 

• 

6.2.5. Foliage coverage (%) 

The results revealed that foliage coverage (%) was significantly influenced by nutrient 

management treatments (Table 6.1b, Appendix XXXIII and Plate 18). The data 

showed that at early growth stages (40 DAP) foliage coverage (%) was not significantly 

influenced by nutrient management treatments as plant received and utilized nutrients 

from mother tuber and soils up to 40 DAP. At 60 DAP, 100% foliage coverage were 

recorded by the nutrient management treatments except control (T-). Whereas at 80 

DAP, more than 75% foliage coverage were obtained in nutrient management 
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treatments except T+. This reduction in foliage coverage was resultant for dying of 

some leaves due to maturity. It was appeared that integration of nitrogen and 

potassium with presence of other essential nutrients in presence or absence of cowdung 

manure had improved the overall vegetative growth (George and Schruitt, 2002) which 

might have boosted the number of leaves per hill, resultantly the rate of photosynthesis 

and energy status in the form of ATP were enhanced which might speed up the now of 

assimilates (Perrenond, 1993) that might be the reasons for rapid plant growth with 

minimization of foliage coverage (Roberts and Mc Dole, 1985) 

Plate 21. Photograph showing plant growth and foliage coverage under treatments T, 
at 40, 60 and 80 DAP, respectively 
T,=Cowdung 3 tha + Rest of T,(N,K») 

Yield attributes 

6.2.6. Non process grade tuber (< 40 mm) number per hill 

Significant variation was observed in non process grade tuber number per hill by the 

nutrient management options (Fig. 6. 1 ,  Appendix XXXIII). Among the treatments, 

maximum number of non process grade tubers was noticed in T+ (control) while it was 

minimum in T, treatment which received cowdung @ 3t/ha with rest of nitrogen and 

potassium dose that was statistically similar with the rest of the treatments. 

6.2.7. Process grade tuber (> 40 mm) number per hill 

Significant difference was observed in total process grade tuber number per hill by the 

nutrient management treatments (Fig. 6.1 ). The results revealed that applied of 

cowdung manure with rest or full dose of nitrogen and potassium produced 

significantly higher and similar number of total process grade tuber per hill whereas, 
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the control treatment produced the lowest while the inorganie fertilizer doses were 

remained in between them. 

6.2.8. Chips grade tuber (40-60 mm) number per hill 

Number of chips grade tuber per hill was significantly influenced by nutrient 

management treatments (Fig. 6.2). The maximum number of chips grade tuber per hill 

was recorded in T,, where cowdung @ 6 t/ha was used with full dose of nitrogen and 

potassium followed by Ts, where cowdung @ 3 t/ha was used with full dose of nitrogen 

and potassium and other treatments were at par with the above mentioned treatments, 

while the minimum was obtained in T+(control). 

6.2.9. French fry grade tuber (> 50 mm) number per hill 

The results revealed that inorganic and cowdung manure doses with rest of nitrogen 

and potassium treatments were obtained statistically identical number of French fry 

grade tuber per hill whereas, the lowest was obtained in control (T+), while cowdung 

doses with full dose of nitrogen and potassium treatments remained in between (Fig. 

6.1). 

6.2.10. Total tuber number per hill 

There was significant variation was observed in total tuber number per hill by the 

nutrient management treatments (Fig. 6.1). The data showed that all the nutrient 

management treatments were obtained statistically similar number of total tuber per hill 

except the control treatments wherein it was the lowest. 

Tuber weight per hill 

6.2.11. Non process grade tuber weight per hill 

Significant variation was noticed in weight of non-process grade tuber per hill 

nutrient management treatments (Fig. 6.I). It was observed that different nutrient 

management treatments were recorded significantly similar weight of non process 

grade tuber per hill while the lowest was found in the control treatment. 
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Fig. 6.1. Effect of organic and inorganic fertilizers on number (A) and weight (B) 
of non process grade (< 40 mm), process grade ( 40 mm), chips grade 
(40-60 mm), French fry (> 50 mm) grade and total tubers per hill; 
Notes: T, = NKs, T, = 120% of T, (N,,K), T, = Cowdung 3 tha + Rest of 
T, T =  Cowdung 6 tha + Rest of T, T, = Cowdung 3 tha + T,, T, = Cowdung 6 
tha + T,T, = native control; Means ± SE are shown in error bar. 

«t 

151  



• 

« 

6.2.12. Total process grade tuber weight per hill 

Total process grade tuber weight per hill were followed the exact same trend of chips or 

French grade tuber per hill (Fig. 6.1). The ranged from 94.0 to 413.7 g, wherein the 

highest was recorded in T, and the lowest was obviously in control treatment (T+). 

6.2.13. Chips grade tuber weight per hill 

Significant difference was observed in chips grade tuber weight per hill by the nutrient 

management treatments (Fig. 6.). The results revealed that applied all the nutrient 

management practices produced significantly similar weight of chips grade tuber per 

hill except control. 

6.2.14. French fry grade tuber weight per hill 

The results showed that French fry grade tuber weight per hill were significant and 

statistically similar in all the nutrient management treatments except control (Fig. 6.I) .  

6.2.15. Total tuber weight per hill 

,Significant variation was noticed mn total tuber weight per hill by the nutrient 

management treatments. The highest weight of tuber weight per hill (533.9 g) was 

recorded in T, (cowdung 3 t/ha plus full dose of nitrogen and potassium) which was 

statistically similar in those treatments which received cowdung manure with full or 

rest of nitrogen and potassium dose (Ts, T, and Ta) whereas only inorganic doses 

produced significantly lower weight per hill but they were non-significant, while the 

lowest was observed in control (Fig. 6.D) 

Graded and total yield 

Different grades of tuber yield were statistically significant by the nutrient management 

treatments (Table 6.2, Appendix XXXV). 

6.2.16. Non process grade tuber yield 

The data revealed that maximum yield of non process grade tuber (8.7 t/ha) was 

recorded in T+ (control) which was 62% of the total yield and it was showed the 

supremacy over rest of the treatments (Table 6.2). The second highest yield 0f 6.8 t/ha 
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was recorded in Te followed by 6.7 t/ha in T4 and they were at par with the other 

treatments T, T, T and Ts. Other than control the rest treatments produced around 21 

to 23% non process grade tuber. This was happened due to lack of nutrients resultant 

poor vegetative growth and less in assimilation in control treatment. 

6.2.17. Process grade tuber yield 

There was significant varition was observed in process grade tuber yield by the nutrient 

management treatments (Table 6.2). The highest yield of total process grade (23.8 t/ha) 

was obtaied in Ts. A statistical similar yield was also rcorded in Ts, Ts, T and T. The 

control treatment (no organic and inorganic fertilizers used) yielded only 5.4 tonnes of 

total process grade tuber per hectare. In percentage, 77 to 79% process grade tubers 

were produced by all the treatments except control. Highest process grade tuber yield 

may be attributed to better plant growth and higher number and weight of tuber per hill. 

6.2.18. Chips grade tuber yield 

Toe results showed that the maximum yield of chips grade (22.1 t/ha) was obtained in 

T, followed by 21.8 t/ha in both of T, and Ts whereas T, T and T+ occupied the next 

position with 21 . 1 ,  20.7 and 20.6 t/ha in descending order while T+ (control) remained 

at the bottom (Table 6.2, Plate 19). Around 72 to 74% chips grade tubers were obtained 

in all the treatments except control (38%). 

6.2.19. French fry grade tuber yield 

Significant variation was occurred with the nutrient management treatments compared 

to control wherein all the treatments which received nutrients in inorganic similar yield 

of French fry grade (Table 6.2). The highest yield (14.5 t/ha) was recorded in T, and 

the lowest was in control, T- and the other treatments were remained in between them. 

Plate 22. Photograph showing chips grade tubers under treatments T, (A), T,() and 

T+(C 
Notes: T,=N,Kiss, T, = Cowdung 3 tha + Rest of T, T, = native control 
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Table 6.2. Effeet of organic and inorganic fertilizers on grade wise and total yield of 
potato 

Treat Graded tuber yield (t/ha) Total 

• 
ments Non process grade Process grade Chips grade French fry grade tube 

(<40 mm, A) (40 mm, B) (40-60 mm) (50 mm) yield 
(A+B) 

t'ha 

r 6.0 b (21.4 b) 21 .9 b (78.6 a) 20.7 a (74.2 a) 13.6 a(48.7 a) 27.9 b 

r. 5.8b (20.6 b) 22.4 ab(79.4 a) 20.9 a(73.6 a) 14.3 a (50.7 a) 28.2 b 

1, 6.5b(21 .3  b) 23.8 a (78.7 a) 22.1 a(72.9 a) 14.5 a(47.9 a) 30.3 a 

T 6.7 b(23.3 b) 22.6 ab (76. 7 a) 2 1 . 1  a(7 1 .6  a) 14.0 a (47.8 a) 29.3 ab 

r, 6.8b(22.6b) 23.3 ab(77.4 a) 21 .8a(72.3 a) 13.2a(43.9 a) 30.1 a 

1. 6.4b (21.9 b) 23.0 ab (78.1 a) 21.8 a(74.1 a) 13.9a(47.3 a) 29.4 ab 

T, 8 .7a (6 1 . 7b)  5.4¢ (38.3 b) 5 .4b (38.3 b) 2.0b( 14 .2b)  14 . 1  C  

cv(%) 8.28(6.95) 8.24 (2.66) 4.87(2.76) 4.55 (6.57) 3.56 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. Parenthesis denotes percent data. 
Notes: T, =N,Ks. T, = 120% of T, (N,Kn») T, = Cowdung 3 tha + Rest of T, T, = Cowdung 6 
t/ha + Rest of T,,T = Cowdung 3tha + T. T, = Cowdung 6 tha + T,.T, = native control 
<40 mm = non process grade, 40 mm = process grade,40-60 mm = chips grade, 50 mm = French fry 
grade 

4 

6.2.20. Total yield 

« 

The highest total yield (30.3 t/ha) was obtained in T, followed by 30.1 t/ha in Te, 29.4 

t/ha in Te and 29.3 t/ha in T, and all of them were statistically non-significant (Table 

6.2). The next yield was 28.2 t/ha in T which was statistically similar with T, while the 

lowest yield (14.1  t/ha) was recorded in T+ (control). The results demontrated that total 

yield was followed the same trend in yield of total process grade tuber. The yield data 

indicated that addition of organic manure as cowdung with full or IPNS of EOD of 

nitrogen and potassium significantly increased the total as well as total process grade 

tuber yield. The variations between the yield of that treatments receiving cowdung @ 3 

t/ha and 6 t/ha with full or rest of EOD of nitrogen and potassium dose were not 

significant. Slow and synchronized release of nutrients from cowdung manure 

throughout the crop growth period ultimately resulted in better performance of the crop, 

which was reflected in tuber yield. But further increase in dose of cowdung from 3 t/ha 

was not yielded higher in significant level, this was probably due to slow releasing of 

nutrients of the higher dose of cowdung did not absorb and utilization by the potato 
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plants and can not translate ultimately the yield. The results agree with the findings of 

Roy el al. (2001). Similar findings were also reported earlier by Sarkar er al. (2007), 

Sood (2007) and Biruk-Masrie et al., (2014). Singh et al. (2007a) also noted that the 

grade wise distribution of tubers revealed that the increase in yield of medium and 

large-size tubers was due to cumulative effect of application of fertilizers when splitted 

into organic and inorganic sources. 

Processing quality 

6.2.21. Dry matter (%) 

Dry matter content was increased from control to fertilized plots. The range was 21 .9  to 

23.4% (Table 6.3, Appendix XXXVI). The highest dry matter content (23.4%) was 

observed in T, where nitrogen and potassium applied as IPNS method with 3 t/ha of 

cowdung followed by T, where former method applied with 6 t/ha of cowdung while 

the lowest (21.9%) was recorded in native control (T-). Improvement of dry matter with 

integration ofNPK fertilizer along with FYM was also repoted by Monda! el al. (2007). 

Similar results also obtained by Sharma and Kumar (2007).The results were 

disapproved by Singh et al. (2007a), where they showed that combination of organic 

and inorganic fertilizers reduced dry matter in tubers than I 00% inorganics. Though 

dry matter content was non-significant but little bit increased would be preferable for 

processing because, Pavlista and Ojala (1997) reported that higher dry matter is an 

index of better processing quality, as it results in lesser oil uptake and less frying time. 

6.2.22. Specific gravity 

The value of specific gravity presented in Table 6.3 demonstrated that the highest 

specific gravity (1.092) was recorded in T, and T, while the lowest (1.089) was 

obtained in native control (T-). 
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Table 6.3. Processing quality of potato as affected by organic and inorganic fertilizers 

Treatments Dry matter Specific gravity Reducing sugar 
(%) (mg/100 g fresh wt.) 

• 1, 22.3 1.091 36.3 

r. 22.8 1.091 37.0 

1T, 23.4 1.092 36.5 

T. 22.5 1.091 36.2 

n, 23.0 1.092 36.5 

r. 22.2 L.091 36.4 

r, 21 .9  1.089 37.7 

cv(%) 3 . 15  0.22 2.65 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: T, = N,Ks, T, = 120%of T, (NKn), T, = Cowdung 3tha Rest of T, T, = Cowdung 6 
tha + RestofT, T, = Cowdung 3tha + T,, T = Cowdung 6tha + T,,T, = native control 

6.2.23. Reducing sugar content 

• 

• 

The data showed that the highest reducing sugar (37.7 mg/100 g fresh wt.) was 

recorded in native control (T+) closely followed by T, where 20% more nitrogen and 

potassium applied and the rest treatments were remained in between but it was not 

significant (Table 6.3). The results showed that reducing sugar content was lower in 

those treatments which received cowdung manure. This is in agreement with the 

findings of Mondal et al. (2007). Sarkar et al. (2007) also stated that reducing sugar 

content was minimum in integrated nutrient management system with FY M. 

Chips quality 

Chips quality parameters did not showed significant difference among the treatments of 

organic and inorganic fertilizers combinations (Table 6.4). 

6.2.24. External appearance 

The external appearence was exhibited in very good by all the treatments (Table 6.4) 

156 



I • -   

w  

4  

•  

5.2.25. Chips colour score 

Chips colour score did not vary significantly by the the treatments (Table 6.4). The 

colour score was almost same, numerically around 3, and it was in acceptable range and 

good for chips according to Ezekiel et al. (2003) and Marwaha et al. (2005a) (Plate 20) 

5.2.26. Hunter L value for chips 

Organic and inorganic fertilizers treatments were not significantly influenced the 

Hunter L value (Table 6.5). The highest L value of 64.87 was obtained in T, and the 

lowest (60.73) was recorded in control (T+). 

5.2.27. Chips texture 

The score against texture of chips did not significantly difTcrcd by the organic and 

inorganic fertilizers treatments and all the chips were remained crispiness in texture 

(Table 6.5). 

French fries quality 

5.2.28. External appearance 

It was found that all the treatments had very good external appearance (Table 6.4). 

5.2.29. External colour 

Among the treatments, all were showed golden in colour (Table 6.4, Appendix 

XXXVII) (Plate 20). 

5.2.30. Hunter L value for French fries 

All the treatments obtained more than 60 and the range between the three factor 

combinations were 60.40 t10 63.40 (Table 6.4) 

5.2.31. Texture (mealiness) of outside strips 

All the treatments obtained moderately crispy in mealiness (Table 6.4) 
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Table 6.4. Chips and French fries quality of potato as affected by organic and inorganic 
fertilizers 

Treatm Chips Chips Hunter Chips French French Hunter L French 
w ents external colour L texture fries fries value for fries 

appeara score value extern colour French texture of 
nee for al score fries outside 

chips appear strips 
ance 

T, 16.3 2.9 64.10 19.3 16.0 6.0 63.40 16.3 

r, 16.7 3.0 62.66 19.0 16.3 6.1 62.87 16.3 

1, 16.0 2.9 64.87 19.7 16.0 6.0 63.21 16.0 

1. 15.7 2.9 62.04 19.7 16.0 6.0 6 1. 1 1  15.7 

T, 16.0 3.0 64.49 19.7 15.7 6.0 61.55 15.7 

T. 16.3 2.9 63.86 19.7 15.7 6.0 61.53 15.7 

r, 15.6 2.9 60.73 19.0 16.0 6.0 60.40 15.7 

CV 4.10 1.77 4.59 2.47 2.08 0.70 2.86 2.78 
% 

Figure(s) in column having common or without letter(s) do not differ significantly at 5% level of 
probability by DMRT. 
Notes: T, = N,Kis T, = 120% of T, (N,K»), T, = Cowdung 3 tha + Rest of T,, T, = Cowdung 6 
t/ha + Rest ofT, T, = Cowdung 3tha + T,, T, = Cowdung 6 tha +T,, T, = native control 
1-2=excellent, 3-4 = good and 5 =  acceptable 

• 

Plate 23. Photograph showing chips and French fries under treatments T, and T,, 

respectively 
Notes:T, = NKss, T, = Cowdung 3 t/ha + Rest of T, T, = native control 
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5.2.32. Economies 

The cost and return study revealed that the highest total cost of production (Tk. 

2,11,497/ha) was recorded in T, which received cowdung 6 t/ha with full dose of 

nitrogen and potassium closely followed by Tk. 2.1 1 .025 in T, which received former 

amount of cowdung with rest of nitrogen and potassium whereas the lowest total cost of 

production (Tk. 1,54,78L/ha) in T which received no fertilizer and cowdung manure 

(Table 6.5). The highest gross return (Tk 3,97,183/ha) as well as net return (Tk. 

2,01,326/ha) was obtained in T, followed by Ts (Tk. 1,94,751/ha). This was happened 

because the process grade tuber yield were higher in these treatment which also got 

premium price as well as total yield were the highest in the treatments. The lowest 

gross return (Tk.1,32,688/ha) was obtained in T which gained net loss of Tk. 

22,093/ha. The highest benefit cost ratio (BCR) of 2.03 was recorded in T, followed by 

2.01 in T» and T, 

Table 6.5. Economies of processing potato production as influenced by by organic and 
inorganic fertilizers 

«d 

Treat 
ments 

r, 

1, 

r, 

r. 

1, 

r, 

grade 

21 .87 

22.62 

23.88 

22.03 

23.36 

23.00 

5.36 

process 
rade 

5.96 

6.00 

6.49 

6.71 

6.79 

6.44 

8.72 

Total cost of 
production 

(Tk/ha) 

1 ,8 1 . 167  

1,86,444 

1,95,858 

2.11,025 

1,96,329 

2.11.497 

1.54.781 

Gross return 
(Tk/ha) 

3.63.723 

3.75.271 

3.97.183 

3.70.711 

3.91.080 

3.83.641 

1.32.688 

Net return 
(Tha) 

1,82.556 

1.88,827 

2,01,326 

1.59.686 

1,94,751 

1.72.144 

-22.093 

Benefit 
cost 
ratio 

2.01 

2.0l 

2.03 

1.76 

1.99 

1 .8 1  

0.86 

Process Non 
Tuber yield (ha) 

f 

• 

Considering local market price of 2 0 1 4 - 1 5 ,  

Urea, TSP, MOP, Gypsum, Zinc sulphate, Boric acid and cowdung @ Tk. 15, 23, 17, 7, 170, 295 and 
/kg, respectively; Seed of potato @ Tk. 30/kg, labour @ Tk. 300/man-day; 
Sale of potato @ Tk. 15/kg for > 40 mm and Tk. 6/kg for < 40 mm size; 
Notes: T, = N,Kiss. T, = 120% of T,(N3Kn±), T, = Cowdung 3 tha + Rest of T,, T, = Cowdung 6 
tha + RestofT,, T, = Cowdung 3tha + T, T = Cowdung 6tha + T,, T, = native control 
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SUMMARY 

Six field experiments were conducted to improve plant growth, process grades tuber 

yield and quality for processing characteristics of potato using certain agro techniques 

namely date of planting and dehauming, inter and intra row spacing, seed size, 

nitrogen. potassium and cowdrng manure. These factors were tested to improve growth, 

yield contributing characteristics and processing quality of potato. All the experiments 

were conducted at the firm of Tuber Crops Research Center of Bangladesh Agricultural 

Research Institute, Gazipur. Experiment I, 2, 3 and 4 were carried out during rabi 

season of 2012-13, experiment 4 and 5 during 2013- 14 and experiment 6 during 20 I 4- 

15.  The details of these experiments are summarized below: 

Experiment #l 

In this experiment. three dates of planting and haulm pullings were studied. Tuber 

emergence was not affected by date of planting. Plant height. compound leaves per hill 

and foliage coverage were significantly high by I5 November planting than either 3 l  

October or 30 November planting. The number of stems per hill was also non 

significant. The tuber size distribution by number and weight per hill were significantly 

influenced by date of planting, haulm pulling and their interaction producing higher 

proportion of 40-60 mm and> 60 mm tubers which were chips and over chips grades. 

Overall, it was observed that November I 5  planting in combination with dehaulmed at 

90 days (DM) performed well for vegetative, yield attributes and quality process 

grade tubers yield followed by the same planting time with dehaulmed at 100 days. It 

was observed that all the processing quality parameters like dry matter. specific gravity 

and reducing sugar content remained in highly acceptable range. So, tubers obtained 

from all the treatment combinations except DM; can be used for producing maximum 

process quality tubers. 

Experiment # 2 

In this experiment. three inter and four intra row spacings were studied. Plant 

emergence was not influenced by inter and intra row spacing and their interaction. Plant 

height and foliage coverage were significantly higher in closer intra row spacing 

whereas plant height and number of leaves per hill were higher at medium and wider 
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inter now spacing. For combination of the two treatments, medium inter row spacing 

showed better performance on plant height, number of leaves per hill, foliage coverage 

under all the intra row spacing. Stem per hill was not influenced by inter and intra row 

spacing and their interaction. Both the closer spacing of inter and intra row produced 

higher proportion of non process grade tuber (in no. and wt.) per hill. The combination 

of medium inter row spacing (l) with two medium intra row spacing of 25 and 30 cm 

produced significantly the higher processing grade tubers (in no. and wt.) per hill. 

Tuber weight per hill was the highest with the widest spacing combinat ions of IP, 

Non process grade tuber yield was the highest with the closest inter and intra row 

combination. These results indicated that the potato variety under the combination 

effect of medium inter and intra row spacing was facilitated more optimum competition 

for space, light, water and nutrients which resulted into higher processing as well as 

total tuber yield. For processing quality parameters such as tuber dry matter, specific 

gravity and reducing sugar content were not influenced by either inter now spacing and 

nor combination of inter and intra row spacing. However, intra row sapcing 

significantly influenced the above stated quality parameters. Tuber dry matter was 

higher in medium intra now spacing though the difference was slight but significant. 

Significantly lower reducing sugar content was recorded in the closest intra row 

spacing while the rest intra row spacing showed significantly similar results in this 

aspeet. The maximum net return and BCR was also obtained in the treatment 

combination of 67.5 em 25 cm (IP). 

Experiment # 3 

Effect of three sizes of seed tuber and four intra row spacing were evaluated in this 

experiment. Plant emergence was significantly influenced by seed tuber size. Speed of 

emergence was the highest and days required for 80% plant emergence were the lowest 

in large sized seed tuber. Intra row spacing and their interaction did not affect growth 

parameters like plant height, number of leaves per hill, stem per hill and foliage 

coverage (%) while these were the highest in large seed tuber. On the contrary, closer 

intra row spacing produced the tallest plant and the maximum foliage coverage whereas 

the number of leaves and stem per hill were the highest in the widest intra row spacing. 

Non process grade tuber in number and weight per hill were significantly the highest in 

small seed tuber and closer intra row spacing while the chips, French fry and total 
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process grade tuber in number and weight per hill were the highest in the intra row 

spacing of 30 em which was statistically similar with 25 cm spacing. The combined 

effect of seed size and intra row spacing, the highest non processing sized tuber per hill 

was obtained in the closest intra row spacing with small seed tuber, whereas medium 

seed tuber in combination with medium two intra row spacing obtained the highest 

number and weight of processing grade tuber per hill. In interaction, the highest non 

process grade tuber yield was obtained in the closest spacing with the small seed tuber 

whereas the maximum chips. French fry, total process grade as well as total yield were 

with the highest in medium seed tuber when planted at 25 em intra row spacing. This 

suggests that closer spacing of seed tubers increases the plant population per unit area 

and hence increase tuber yield. As far as tuber quality, specific gravity and dry matter 

(%) were the highest in large and medium seed tuber but reducing sugar content was 

the highest in large seed tuber and the lowest in small seed tuber. On the contrary, intra 

row spacing of 30 cm produced significantly the highest dry matter and specific gravity 

and it was showed that reducing sugar content increased with the increase in intra row 

spacing . Chips colour score did not influence by seed tuber size and intra row spacing. 

Benefit cost ratio was the highest when medium seed tuber planted at 25 cm intra row 

spacmg. 

Experiment # 4 

In this experiment, nitrogen and potassium at different levels (i.e. 0, 100, 150, 200 and 

250 kg/ha) were evaluated. Almost cent percent plant emergence was occurred but they 

were statistically insignificant. Plant height, number of leaves per hill and foliage 

coverage were found the statistically the highest at 150 kg/ha of nitrogen whereas, for 

potassium it was 100 kg/ha. The stem per hill was non-significant. The treatment native 

control (To) produced the maximum of non process grade tuber in number and weight 

per hill followed by control of nitrogen (T) and control of potassium (Ta). The results 

demonstrated that the increase of nitrogen or potassium dose. the decrease the non 

process grade tuber in number and weight per hill and vice versa for chips, French fry 

and process grade tubers. Significantly the highest yield of chips grade tuber was 

exhibited in 200 kg/ha of both of nitrogen (T) and potassium (T). Thereafter, the 

higher doses of nitrogen and potassium decreased the yield of chips. process grade and 

total yield, where the yield was significant for nitrogen and non significant for 
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potassium. The results for dry matter and specific gravity gave non significant results 

for nitrogen and potassium doses, whereas reducing sugar content was the highest 

(37.97 mg/100 g. f. wet) at the highest dose of nitrogen (250 kg/ha). The best economic 

dose of nitrogen and potassium were determined following quadratic regression 

equation. 

Experiment # 5 

In this experiment, the effects of the selected better cultural techniques from previous 

studies i.e. date of planting and dehaulming, seed size, planting geometry and nitrogen 

and potassium dose were studied. Only seed size significantly influenced the speed of 

emergence and days required to 80% emergence Large seed tubers produced 

significantly taller plant and more number of leaves per hill whereas both the seed size 

and nitrogen and potassium doses produced 100% foliage coverage. The lowest number 

of non process grade tuber and the highest number chips and French fry grade were 

obtained in combination of large seed tuber with N5ooKso kg/ha (F). Non process 

grade tuber weight per hill was the highest in combined effect of closer spacing, small 

seed size and control of fertilizers (GSF) and vice versa for chips, French fry, total 

process grade as well as total yield. It was observed that the highest yield of non 

process grade tuber was recorded in closer spacing, small seed tuber and the control of 

fertilizers (G5Fa). Chips grade, total process grade as well as total yield were the 

highest in closer spacing but over chips grade yield was the highest in wider plant 

spacing. All the categories of processing yield were the highest in large seed tubers but 

total yield did not differ significantly by seed size. With regard to nitrogen and 

potassium doses. both the nitrogen and potassium combinations produced significantly 

similar chips, total process grade as well as total yield and the same trend was observed 

in combination with large seed tuber. Tuber quality parameters like dry matter (%), 

specific gravity, reducing sugar content as well as chips and French fry quality were not 

statistically influenced by the studied factors and their interaction. As quality 

parameters were statistically at par, so process grade tuber yield was concerned to 

choice the best combination but it must be economical both for growers and processors. 

In this aspect, the best combination of treatment was small seed tuber planted at closer 

planting geometry with NcoKrs by giving the highest BCR of 1.68 as well as the 

highest net return of Tk. 1.55,787. 
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Experiment # 6 

In this experiment, the effects of the selected best cultural techniques like date of 

planting, dehaulming, seed tuber size, planting geometry, economic optimum dose of 

nitrogen and potassium fertilizers with cowdung manure were evaluated. Special 

emphasis was given in this experiment to optimize the determined economic dose of 

nitrogen and potassium fertilizers in combination with organic source of nutrients. Plant 

emergence (%) was not influenced by nutrient management treatments. At early stage 

(40 DAP) plant height, number of leaves per hill and foliage coverage (%) were not 

affected by nutrient management treatments but at the maximum and later growth 

stages they were statistically significant. These characters were statistically at par 

among themselves except native control treatment. It was observed that cent percent 

and more than 75% foliage coverage was recorded at 60 DAP at 80 DAP, respectively 

by all the nutrient management options except native control. Non process grade tuber 

(in no. and wt.) per hill was the highest in native control treatment whereas the rest 

nutrient management options were lower but statistically non significant. Process grade 

as well as total tubers (in no. and wt.) per hill were statistically higher in all the 

treatments except native control but they were insignificant. 

The highest non process grade tuber yield was recorded in native control and the rest 

nutrient management options were statistically similar but higher than control. On the 

other hand, chips and French fry grade tuber yield was followed opposite trend of non 

process grade tuber yield. Total process grade as well as total yield was the highest in 

treatment T followed by Te. T, and T» in descending order while the lowest was 

recorded in native control (T). The quality parameters, tuber dry matter (%), specific 

gravity and reducing sugar content were not influenced by the nutrient management. 

Though the quality parameters were non significant, the best nutrient management 

options could be selected by considering process grade tuber yield and profitability. 

The results showed that cowdung manure @ 3 t/ha with rest of economic dose of 

nitrogen and potassium fertilizers in addition the blanket dose of P, S, Zn and B was the 

best combination for obtaining higher yield and quality of processing potato. 
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On the basis of findings of the present investigation the following conclusions could be 

drawn. 

I .  November I5 planting date with dehaulming at 90 DAP is the best for obtaining 

higher yield and processing quality tubers. 

2. Planting of medium sized seed tubers (55 ± 5 g) at 67.5 cm 25 cm spacing is 

the best for larger propotion of chips and French fry quality tubers. 

3. Nitrogen and potassium fertilizers influence yield and processing quality of the 

potato tubers. NooKso is the best treatment for obtaining higher process grade 

tubers with higher dry matter content and low reducing sugar. Application of 

organic manure @ 3 t/ha can give added advantage. 

4. Medium sized seed tuber (55 ± 5 g) should be planted at 67.5 cm x 25 cm plant 

spacing on 1 5  November with 3 t/ha of cowdung and rest of NK as integrated 

plant nutrient system (IPNS) basis in addition to a blanket dose of P 44, S 15,  

Zn 5 and B 1.5 kg/ha for obtaining the higher process grade tubers and better 

profitability. 

These findings constitute a new proof of the viability of sustainable cultural practices in 

production of processing quality potato tubers, which entail both environmental and 

economic benefits. 
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APPENDICES 

Appendix I .  Monthly mean temperature. rainfall and relative humidity of BARI during the 

research period (2012-13, 2013-14 and 2014-2015) 

Month and year Temperature ('C) Rainfall Relative humidity (%) 

Maximum Minimum Mean 
(mm) 

Maximum Minimum Mean 

November. 2012 28.7 17.4 23.1 0 87.1 69.3 78.2 

December. 2012 23.8 13.2 I8.5 0 88.5 76.8 82.7 

January, 2013 23.9 10.1 17.0 0 88.2 61.0 74.6 

February, 2013 28.7 4.6 2 1.7  82.7 51.8 67.3 

March, 2013 33.3 19.4 26.4 0 84.8 41 .5  63.2 

November, 2013 29.9 16.4 23.2 0 88.3 68.7 78.5 

December, 2013 26.2 13.7 20.0 0 88.8 70.0 79.4 

January, 2014 24.3 12.0 18.2 0 87.4 64.5 76.0 

February, 2014 27.0 13.7 20.4 0 84.6 53.8 69.2 

November, 2014 30.2 17.5 23.9 0 86.6 66.9 76.8 

December, 2014 24.2 13.4 18.8 0 86.9 73.1 80.0 

January, 2015 24.8 12.8 18.8 0 86.2 65.4 75.8 

February, 2015 28.3 14.6 17.6 0 86.1 58.6 72.4 

Source: Weather station. Dept. of Defense Ministry, Bangladesh Agricultural Research Institute 
Campus, Gazipur, 1701 ,  Bangladesh. 

Appendix II : Fertility status of the initial soil in the experimental field 

Properties Initial value Critical level 

pH 5.9 
Total N(%) 0.087 0.12 
P (gkg 13.00 10.00 
s (mg kg') 8.00 10.00 
K (g ks) 62.6 46.9 

Note: Extraction method: total N, Kjeldahl method; available P, Olsen method; available S, 
calcium dihydrogen phosphate; exchangeable K, N NHOAe extraction method. 

Appendix HI. Plant population per hectare at different combination of inter and intra row 

• 

spacing 
Inter row Intra row spacing 
spacmg P, P, P, P, 

I 83.300 66.600 55,500 47,600 

I 74.000 59.200 49.300 42.300 

I 66.600 53.300 44,400 38.000 

Notes: I, = 60 em,I, =67.5 cm. I, = 75 em; P, =20em, P = 25 cm, P, = 30em & P, 
= 35cm 
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Appendix IV, Chips score sheet 

Test Number: ... ..... ....o.... . .Panelist .......a...»........Date :................. 
For each sample and for each quality factor, indicate your assessment by marking a cross (X) in the 

square opposite your assessment and vertically below the sample number. (Ignore the numbers beside the 

assessments.) Assess external appearance for ALL samples at the beginning, before assessing other 

factors for each sample. 

Factor Sample number 

External appearance (overall appearance of the entire sample) 

Excellent (20) 

Very good (16) 

Good (12) 

Fair (8) 

Poor (4) 

External color (overall appearance of the entire sample) 

Light whitish (10) 

Light golden (8) 

Golden (6) 

Slightly brown (4) 

Dark (2) 

Texture (mealiness) 

Crispy (20) 

Moderately crispy (16) 

Slightly crispy ' soggy (2) 

Moderately soggy (8) 

Taste 

Totals: 

19I  
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Appendix V. French fry score sheet 

Test Number: Panelist Date: . 

For each sample and for each quality factor, indicate your assessment by marking a cross (X) in the 

square opposite your assessment and vertically below the sample number. (Ignore the numbers beside the 

assessments.) Assess external appearance for ALL samples at the beginning, before assessing other 

factors for each sample. 

Factor Sample number 

External appearance (overall appearance of the entire sample) 

Excellent (20) 

Very good (16) 

Good (12) 

Fair (8) 

Poor (9) 

External color (overall appearance of the entire sample) 

Light whitish (10) 

Light golden (8) 

Golden (6) 

Slightly brown (4) 

Dark (2) 
- -  

Internal color (break open the fries) 
-- 

Bright, white. crystaline (20) 

Bright, white (16) 

Of-white, opaque (12) 

Greyish (8) 

Dark grey (9) 

Texture (mealiness) of outside strips 

Crispy (20) 

Moderately crispy (16) 

Slightly crispy /soggy (2) 

Moderately soggy (8) 

Soggy (9) 

Texture (mealiness) of inside strips 

Mealy (30) 

Moderately mealy/soggy (24) 

Sligthly mealy/soggy (18) 

Soggy (12) 

Very soggy (6) 

Taste 

Tota ls. 
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Appendix VI: Analysis of variance for plant growth parameters (Experiment I) 

Mean sum of squares 
Source of variation df 

Plant Plant height No. of leaves/hill Stem/hill 
emergence 

40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP (no.) 
(%) 

Replication 2 0.037 17 . 134 29.429 12.587 13.033 99.854 12.549 0.028 

Date of planting (A) 2 0.259 968.325 878.689 743.791+ 1494.518 323.914 303.361 0. 135 
Dehaulming schedule (B) 2 0.259 25.024 5.500 14.626 3.358 7 . 1 1 4  I  0.327 0.330 

A x  B  4  0.370 9.791 7.324 19.833 10.447 71.737 13.404 0.079 

Error 16 0.620 15.255 18.970 21.746 46.853 28.772 9.181  0.149 

Appendix VIE: Analysis of variance for plant growth and yield related parameters (Experiment I) 

Mean sum of squares 
Source of variation df 

Foliage coverage (%) Non Chips grade Over French fry Total Total 
processing tuber/hill chips grade processmn tuber/hill 

40 DAP 60 DAP 80 OAP grade (no.) grade tuber/hill g grade (no.) 
tuber/hill tuber/hill (no.) tuber/hill 

no. no. no. 
Replication 2 16.444 0.037 2.48 I 0.080 0.030 0.001 0.100 0.026 0.053 

Date of planting (A) 2 1417.333 2.370° 124.704++ 4.002 2.124 0.005 1.807 1.954 0.397 
• 

Dehaulming schedule (B) 2 0.333 0.037 2.48 I 1 . 7 16 0.463 0.002+ 1.592 0.512 0.454 

A B  4  2.000 0.037 1.926 0.985 0.433 0.000 1 . 0 2 0 +  0.434 0 . 1 1 1  

Error 16 7.028 0.162 0.940 0.052 0. 1 1 9  0.000 0 054 0.120 0. 139 
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Appendix VIE: Analysis of variance for yield related parameters (Experiment I) 

Mean sum of squares 
Source of variation df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber 
processing wt./hill grade tuber tuber wt./hill grade tuber wt./hill 
grade tuber () wt./hill (g) wt./hill (g) (g) 
wt./hill( ) 

Replication 2 1 1.429 8.187 2.979 14.334 19.046 9.440 

Date of planting (A) 2 2231.836 19143.401 1 8 0. 4 1 8  4610.301 16354.979 7307.763++ 

Dehaulming schedule (B) 2 1689.085 1595.343 60.592 4 1 6 5 . 1 0 8 + +  2185.702++ 165.079 

A B  4  444.269 1703.885 3.596 3949.254 1725.280 488.204 

Error 16 40.218 87.929 2.816 135.059 19.046 8 1 . 1 9 1  

A p pe n d i x  IX: Analysis of variance for yield related parameters (Experiment I) 

Source of variation 

Replication 

Date of planting (A) 

Dehaulming schedule (B) 

A x B  

Error 

Mean sum of squares 
df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber yield 
processing yield grade tuber tuber yield grade tuber (t/ha) 
grade tuber (t/ha) yield (/ha) yield (t/ha) 

ield t/ha t/ha 

2 0.053 0 . 1 1 6  0.013 0.066 0.757 0 .4 16  

2 19277++ 108.583+ 0.800 20.483 95.576++ 36.434 

2 1 1 . 1 3 1  9.492++ 0.269+ 18,487++ 13.464+ 1.490 

4 4 4 7 2 + +  12.259 0.016 17.575+ 12.090+ 3.447 

16 0.197 l.297 0.013 0.601 1.240 1 . 1 72  
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Appendix X: Analysis of variance for processing quality related parameters (Experiment I) 

Mean sum of squares 
Source of variation df 

Dry matter (%) Specific gravity Reducing sugar Chips colour score 
content 

Replication 2 0.232 0.000 1.188 0.056 

Date of planting (A) 2 3.722 0.000 166.097 0.063 

Dehaulming schedule (B) 2 0.683 0.000 20.842 0.007 

A x  B  4  0.850 0.000++ 50.854 0.003 

Error 16 0 . 1 1 8  0.000 0.068 0.063 

Appendix XI: Analysis of variance for plant growth parameters (Experiment 2) 

Mean sum of squares 
Source of variation df 

Plant Plant height No. of leaves/hill Stem/hill 
emergence 

40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 
(no.) 

%) 
Replication 2 7.441 1. 9 18 7.441 16.673 2.565 65.001 2.685 0.645 

Inter row spacing 2 22.979° 1 1 0 . 6 0 1  22.979° 399.476 16.760 69.448 16.504 2.092 
(A) 

Intra row spacing 3 32.6 14 77.968+ 32.614++ 32.483 93.766 157.522 93880 1 869 
(B) 
A B  6  16.328 25.418 16.328 6 9 . 1 1 3  32.742 59.517++ 32.730 1.476 

Error 22 6.427 3.853 6.427 23.034 12.275 13 . 1 98  12.291 0. 725 
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Appendix XIE Analyis of variance for plant growth and yield related parameters (Experiment 2) 

Mean sum of squares 
Source of df 
variation Foliage coverage (%) Non Chips Over French fry Total Total % 

processmg grade chips grade processing tuber/hill Greening 
40 DAP 60 DAP 80 DAP grade tuber/hill grade tuber/hill grade (no.) tuber (by 

tuber/hill (no.) tuber/hill (no.) tuber/hill no.) 
(no. no. no. 

Replication 2 0.250 8.083 0.444 0.568 0.593 0.001 0.459 0.612 0. 101  0.130 

Inter row 2 7.313 9.083 3.694 4.644 2.253 0.014+ 3.005+ 2.574 0.352 33.395+ 
spacing (A) 
Intra row 3 1 . 1 1 8  10.741 13.880 19,944+ 1.675 0.023+ 0.762 1 ,795 15.975 5.249 
spacing (B) 
A B  6  1.063 3.380 L .2 13 1 . 0 7 ] + +  0.923 0.004+ 0.555 0.936 2.976++ 0.804+ 

Error 22 0.197 1.326 0.293 0.256 0.280 0.000 0.193 0.279 0.551 0.054 

Appendix XI I I :  Analysis of variance for yield related parameters (Experiment 2) 

Source of variation 

Replication 

Inter row spacing (A) 

Intra row spacing (B) 

Error 

Different yield related characters 
df 

Non processing Chips grade Over chips French fry Total processing Total tuber 
grade tuber wt./hill tuber wt./hill grade tuber grade tuber grade tuber wt./hill 

(g) (g) wt./hill wt./hill wt./hill (g) (g) 
) ) 

2 212.583 2204.822 6.991 4474.452 2369.870 3831.082 

2 1689.333 33388.373 226.715 17882.371 38064.653 18576.293 

3 6184.519++ 94824.058 486.812 55482.079 107505.441 56159.763 

6 366.074 4025.340 3 4 1 5 3  904.428 4422.544 2745.283 

22 146.371 1 7 1 . 7 3 1  7 . 7 1 3  2 0 1 . 3 8 7  183.724 278.694 
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Appendix XIV: Analysis of variance for yield related parameters (Experiment 2) 

Mean sum of squares 
Source of variati on df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber yield 
processing yield grade tuber yield tuber yield grade tuber yield (t/ha) 
grade tuber (/ha) (t/ha) (t/ha) (t/ha) 

ield t/ha 
Replication 2 0.794 6. 141  0.025 1 1 . 1 4 6  6.768 11.882 

Inter row spacing (A) 2 22.124 4,790+ 0.469 6.435 7.519 1 1 .286 

Intra row spacing (B) 3 83.046 54.170++ 0.534 39.639+ 60.548 46.202 

A x  B  6  3.519 4.942 0.079 1 . 1 52 5. 134 6.479+ 

Error 22 0.488 0.624 0.016 0.466 0.666 0.867 

Appendix XV: Analysis of variance for processing quality related parameters (Experiment 2) 

Different processing quality characters 
Source of variation df 

Dry matter Specific gravity Reducing sugar Chips colour score 
% content 

Replication 2 0.373 0.000 1 . 5 5 6  0.079 

Inter row spacing (A) 2 0.310 0.000 1 . 6 1 5  0.034 

Intra row spac in g (B) 3 0.678 0.000 4.343 • 0 . 0 1 7  

A B  6  0.054 0.000 0.044 0 . 0 1 8  

Error 22 0 . 1 0 0  0.000 0 . 8 1 3  0.020 

197 



• 6 

Appendix XVI: Analysis of variance for plant growth parameters (Experiment 3) 

Mean sum of squares 

Source of df Speed of Days Plant height No. of leaves/hill Stem/hill 
variation emergence required for (no.) 

(%) 80% 
40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 

emergence 
Replication 2 5.568 0.861 1 . 106 0.461 0.568 1 1 .085 7.715 3.791 0.285 

Seed size (A) 2 988.313 126.861 15 1 .533 109.330 91 . 4 74+ 1482.485 1904.948 36.481 12.795++ 

Intra row spacing 3 8.920 0.769 1 1 6 . 6 3 1  1 5 . 5 1 3+ 15.729 12.928° 181.373 118,799+ 0.574 
(B) 
A B  6  1 . 1 7 4  0 . 157 1 5. 5 8 5  5.777 10.783+ 32.897++ 42.280 1 1 0 1 7 + +  0.422 

Error 22 3. 188 0.316 5.040 2.219 2.558 4.290 5 . 1 1 5  2.020 0.165 

Appendix XVIE: Analysis of variance for plant growth and yield related parameters (Experiment 3) 

Mean sum of squares 

Source of df Foliage coverage (%) Non Chips Over chips French fry Total Total 
variation processing grade grade grade processing tuber/hill 

40 DAP 60 DAP 80 DAP grade tuber/hill tuber/hill tuber/hill grade (no.) 
tuber/hill (no.) (no.) (no.) tuber/hill 

no.) no. 
Replication 2 81.083 0.028 37.444 0 308 0.059 0.001 0.009 0.184 0.418 

Seed size (A) 2 806.250 4.361 132.528 30.168 6.600 0.09] 0.601 5.628+ 12.583+ 

Intra row spacing ' 606.102 2.444 124.917** 12839++ 1.204 0.036 0.601 1 .951 5.088** ' (13) 

A B  6  100.546 1.694 22.083 L .251 0,159+ 0.005 0.152+ 0.453 1.204 

Error 22 24.659 0.331 8.384 0.377 0.050 0.00 0.056 0.166 0.483 
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Appendix XVIIE Analysis of variance for yield related parameters (Experiment 3) 

Mean sum of squares 
Source of variation df 

Non processing Chips grade Over chips French fry grade Total processing Total tuber 
grade tuber tuber wt./hill grade tuber tuber wt./hill grade tuber wt./hill 

wt./hill (g) (g) wt./hill (g) wt./hill (g) (9) 

( ' 

Replication 2 3.576 621.338 0 . 1 8 1  121 .528 600.351 535.070 

Seed size (A) 2 9870.335 44106.794 703.841 5207.028° 54526.536 28380.233 

Intra row spacing (B) 3 1279.398 37154.613 160.531+ 3367.296 42035.725 29352.819+ 

A B  6  239.321 1057.397 31.466 356.435 882.142 1973.791 

Error 22 46.346 80 336 2.368 45.528 74.724 153.562 

Appendix XIX: Analysis of variance for yield related parameters (Experiment 3) 

Source of variation 

Replication 

Seed size (A) 

Intra row spacing (B) 

A B  

Error 

Mean sum of squares 
df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber yield 
processing yield grade tuber tuber yield grade tuber (/ha) 

grade tuber (t/ha) yield (t/ha) yield (t/ha) 
ield t/ha t/ha 

2 0.012 2. 168 0.003 0.580 2.017 1.855 

2 39.628 148.914++ 2.692 32.565 184.387 91.957 

3 38.417+ 4.053++ 0.076 12 .7 1 1  .. 5.060 59.304 

6 2.731 2.226 0.213 2.255 1.301 4.937 

22 0.209 0.293 0.009 0.382 0.275 0.615 

199 



• 

Appendix XX: Analysis of variance for processing quality related parameters (Experiment 3) 

• 

Mean sum of squares 
Source of variation df 

Dry matter (%) Specific gravity Reducing sugar content 

Replication 2 0.100 0.000 0.054 

Seed size (A) 2 0.316 0.000 27.909 

Intra row spacing (B) 3 1.547 0.000+ 175.700+ 

A B  6  0.029 0.000 1.009 

Error 22 0.028 0.000 4.144 

Appendix XXI: Analysis of variance for plant growth parameters (Experiment 4) 

Mean sum of squares 
Source of variation df 

Plant Plant height No. of leaves/hill Stem/hill 
emergence 

40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 
(no.) 

(%) 
Replication 2 0.258 0.933 37.433 21.233 2.562 5.722 2.875 0.106 

NK dose 9 0.580 14.059 109,707++ 1393.559 36.042 71.847 132. 170++ 0.054 

Error 18  1 . 33 1  2.193 4.063 8.048 5.927 3.858 3.254 0.098 
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Appendix XXIE: Analysis of variance for plant growth and yield related parameters (Experiment 4) 

Mean sum of squares 
Source of df 
variation Foliage coverage (%) Non Chips Over chips French fry Total Total 

processing grade grade grade processing tuber/hill 
40 DAP 60 DAP 80 DAP grade tuber/hill tuber/hill tuber/hill grade (no.) 

tuber/hill (no.) (no.) (no.) tuber/hill 
no. no.) 

Replication 2 4.058 0.258 12.619 0.031 0.020 0.001 0.796 0.026 0.042 

NK dose 9 96.760 582.434 1673.169 1.365 1 . 7 9 7 +  0.004 L . 3 3 2  1 .9 16 0.220 
• 

Error 18 2.299 0.156 9.577 0.034 0.075 0.000 0.045 0.073 0 . 1 1 1  

Appendix XXIE:  Analysis of variance for yield related parameters (Experiment 4) 

Source of variation 

Replication 

NK dose 

Error 

Mean sum of squares 
df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber 
processing wt./hill grade tuber tuber wt./hill grade tuber wt./hill 
grade tuber (g) wt./hill (g) wt./hill (g) (g) 
wt./hill( 

2 90.670 796.580 3.440 5795.966 882.879 658.176 

9 82.733+ 17679.360 170.556 12174.836 198 16 .0 11 14483. 158 

18  70.027 194.305 6.944 465.350 227.567 249.311  
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Appendix XXIV: Analysis of variance for yield related parameters (Experiment 4) 

Source of variation 

Replication 

NK dose 

Error 

Mean sum of squares 
df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber yield 
processing yield grade tuber yield tuber yield grade tuber yield (t/ha) 
grade tuber (t/ha) (t/ha) (t/ha) (t/ha) 

ield 't/ha 

2 0.201 1.936 0.023 I. I 88 2.239 1.676 

9 2.626 74.054 0.742++ 46.326 83.038 60.405 

18 0.056 0.849 0.032 0.554 0.999 0.975 

Appendix XXV: Analysis of variance for processing quality related parameters (Experiment 4) 

Mean sum of squares 
Source of variation df 

Dry matter (%) Specific gravity Reducing sugar Chips colour score 
content 

Replication 2 0.226 0.000 3.916 0.002 

NK dose 9 0.041 0.000 16.738 0.001 

Error I8 0.836 0.000 0.008 0.002 
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Appendix XX VI: Analysis of variance for plant growth parameters (Experiment 5) 

Mean sum of squares 
Source of variation df 

Plant Plant height No. of leaves/hill Stem/hill 
emergence 

40 DAP 60 DAP 80 DA4P 40 DAP 60 DAP 80 DAP 
(no.) 

% 

Replication 2 2.960 5.034 5.468 53.431 42.730 13.168 39.358 0.271 

Planting geometry 28.730 1.563 11 .903 26.867 5.522 8.122 I. I 56 0.122 
(A) 
Seed size (B) 681.036 54.023 0.234 16.947 1402.503 450.147 1 . 192 14.062 

A B  13 .913 0.340 0.002 0.014 0. 147 27.562 5.298 0.047 

NK combination 2 0.454 117.269 1867.777+ 3 1 7 0 . 8 3 1  5.451 583.219 966.887 0.087 
(C) 
A C  2  0 . 173 3.816 1.251 3.562 1 . 3 1 1  0.716 3.602 0.077 

B C  2  0.097 23 .4 1 1  3. 185 6.005 0 . 1 1 1  128.647 3.791 0.081 

A x B x C  2  2.108 5.947 0.406 1.285 0 . 1 1 9  2.601 8.149 0.087 

Error 22 7.598 1.936 3.494 9.436 I 1.078 4.777 8.288 0.123 
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Appe ndix XX VIE :  Analysis of variance for plant growth and yield related parameters (Experiment 5) 

Mean sum of squares 
Source of df 

variation Foliage coverage (%) Non Chips grade Over French fry Total Total 
processing tuber/hill chips grade processing tuber/hill 

40 DAP 60 DAP 80 DAP grade (no.) grade tuber/hill grade (no.) 
tuber/hill tuber/hill (no.) tuber/hill 

no. no. no. 
Replicatio n 2 9.694 5.861 40.083 0.026 0.047 0.001 0.030 0.056 0.058 

Planting 0.028 14.694 17.361 0.272 2.778++ 0.003+ 1.269 2.958++ 1.436 

geometry (A) 
Seed size (B) 56.250 4.694 6.250 5.499 2.890 0.008+ 0.274+ 3.204 0.304++ 

A B  8.028 0.028 4.694 0.003 0.168++ 0.002 0.026 0.206 0.159 

NK combination 2 472.444 3700.694 20489.333 24.754 38.979 0.132 35.143 43.529 3.216 

(c 
A C  2  1.444 14.694 13.444 0.196 0.045 0.001 0.106 0.056 0.431+ 

B C  2  7 . 0 0 0  4.694+ 0.333 0.702 0.718 0.002+ 0.028 0,793++ 0.012 

A B C  2  7 . 1 1 1  0.028 1 2 . 1 1 1  0.093 0.071 0.001 0.042 0.075 0.162 

Error 22 8.573 6.316 15. 174 0.032 0.022 0.000 0.024 0.023 0.039 
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Appendix XX VIE: Analysis of variance for yield related parameters (Experiment 5) 

Mean sum of squares 
Source of variation df 

Non processing Chips grade Over chips grade French fry grade Total processing Total tuber 
grade tuber tuber wt./hill tuber wt./hill tuber wt./hill grade tuber wt.lhill 
wt.lhill (g) (g) (g) (e) wt./hill (g) (g) 

Replication 2 8.586 1 13 .535 0.000 205.744 1 13 .596 183.807 

Planting geometry (A) 2 10. 153 387.041+ 997.296 16744,359 2627.417++ 1351 .053 

Seed size (B) 527.468 2536.802 161.290+ 2669.444 3977.194 1608.277+ 

A x  B  97.154 4.767 0.001 40.153 4.644 144.160 
NK combination (C) 2 15726.567 331935.092++ 6897.424 284184.689 423357.186+ 275890.085 

A C  2  0.482 101.072 486.154+ 2865.833 476.068 506.241 

B C  2  3187.847 274.320 45.048 75.589 520.027 1134,309 

A B C  2  137.688 92.938 27.664 454.977 48.8 18 317.334 

Error 22 I 0.458 44.745 5.477 21 5.852 51.795 56.979 
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Appendix XXIX: Analysis of variance for yield related parameters (Experiment 5) 

Source of variation 

Replication 

Planting geometry (A) 

Seed size (B) 

A x  B  

df 

2 

Mean sum of squares 

Non Chips grade tuber Over chips French fry grade 
processing yield grade tuber tuber yield 
grade tuber (t/ha) yield (t/ha) 

ield 't/ha t/ha 
0.189 0.492 0.032 0.287 

6.978 45.810 0.951++ 0.810 

1 1 . 4 13+  3. 127 0.442+ 7.435++ 

0.006 0.000 0.003 0.321 

41.099+ 9 13 . 146 17.948 761.549 

0.259 5.974 0.618+ 0.956 

0.893+ 1.408 0. 130 0.281 

1.061 1 . 1 54 0.082 1.312  

0.162 0 .2 18 0.057 1.303 

Total processing Total tuber yield 
grade tuber (t/ha) 

yield (t/ha) 

0.496 0.717 

33.563 71.093 

5.905 0.906 

0.004 0.000 

1 157.029 762.173 

3.705++ 2.07++ 

2.372++ 0.705 

0.905+ 3.612 

0.190 0.471 

NK combination(C) 2 

A C  2  

B C  2  

A B C  2  

Error 22 
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Appendix XXX: Analysis of variance for processing quality related parameters (Experiment 5) 

Mean sum of squares 
Source of variation df 

Dry matter Specific Reducing Chips Chips Chips Chips French fry 
(%) gravity sugar external colour Hunter L texture external 

content appearence score value appearence 
Replication 2 0.001 0.000 0.583 4 . 1 1 1  0.054 1. 153  0.361 1.694 

Planting geometry (A) 0.303 0.000 0.226 0 . 1 1 1  0.000 6.613 L.000 0.028 

Seed size (B) 0.002 0.000 0.067 0 . 1 1 1  0.004 2.326 1.778 0.028 

A x  B  0.253 0.000 0.067 2.778 0 . 1 1 1  2.717 0.444 0.694 

NK combination (C) 2 9.227 0.000 6.896 0.694 0.004 15.636 1.778 0.361 

A C  2  0.294 0.000 0. 121  0.194 0.010 3.816 0.333 0.36l 

B x €  2  0.005 0.000 0.693 0.028 0.008 1.020 0.444 0.028 

A B C  2  0.047 0.000 0.198 0.861 0.008 4.905 0 . 1 1 1  0.694 

Error 22 0.026 0.000 1.057 0.869 0.009 2.465 0.482 0.270 
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Appendix XXXI: Analysis of variance for processing quality related parameters (Experiment 5) 

Mean sum of squares 
Source of variation df 

French fry colour score French fries Hunter L French fry texture 
value 

Replication 2 4.000 5.503 1.750 

Planting geometry (A) 0.000 0.124 0.000 

Seed size (B) 0.000 0.766 0.000 

A x  B  0.000 16.308 0.000 

NK combination (C) 2 0.000 9.302 0.000 

A C  2  0.000 0.459 0.000 

B x C  2  0.000 7.685 0.000 

A x  BxC 2 0.000 3.590 0.000 

Error 22 1.091 5.794 0.205 
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Appendix XXXIE Analysis of variance for plant growth parameters (Experiment 6) 

Mean sum of squares 
Source of variation df 

Plant Plant height No. of leaves/hill Stem/hill 
emergence 

40 DAP 60 DAP 80 DAP 40 DAP 60 DAP 80 DAP 
(no.) 

% 
Replication 2 0.368 7.528 8.646 3.050 14.093 2.402 5.589 0.123 

Nutrient 6 3.803 6 . 1 1 3  201.699 240.721 4.615 393.510 491.802 0.075 

management 
treatments 

Error 12 5.091 8.055 7.467 6.373 4.815 13.296 6.302 0.043 

Appendix XXXIII: Analysis of variance for plant growth and yield related parameters (Experiment 6) 

Mean sum of squares 
Source of df 

Foliage coverage (%) Non Chips Over chips French fry Total Total 
variation 

processing grade grade grade processing tuber/hill 

40 DAP 60 DAP 80 DAP grade tuber/hill tuber/hill tuber/hill grade (no.) 

tuber/hill (no.) (no.) (no.) tuber/hill 
no. no. 

Replication 2 16.619 1.190 41.Jll 0.052 0.025 0.001 0.012 0.009 0.070 

Nutrient 6 7.492 629.762 2067.873 1.729 7.851 0. 0 1 7  4.019+ 8537++ 2.729 
management • 

treatments 
Error 12 9.063 1.190 4.278 0.057 0.059 0.004 0.042 0.054 0 . 1 1 7  
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Appendix XXXIV: Analysis of variance for yield related parameters (Experiment 6) 

Mean sum of squares 
Source of variation df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber 
processing wt./hill grade tuber tuber wt./hill grade tuber wt./hill 
grade tuber (g) wt./hill (g) wt./hill (g) (g) 
wt./hill 

Replication 2 334.827 246.130 29.429 84.122 387.456 92.625 

Nutrient management 6 781 . 128 34540.528 310 . 190 25138.941 41099.966 31440.370 
treatments 

Error 12 95.960 269.823 4.987 412.567 266.214 286.988 

Appendix XXX V: Analysis of variance for yield related parameters (Experiment 6) 

Source of variation 

Replication 

Nutrient management 
treatments 

Error 

Mean sum of squares 
df 

Non Chips grade tuber Over chips French fry grade Total processing Total tuber yield 
processing yield grade tuber tuber yield grade tuber (ha) 
grade tuber (t/ha) yield (t/ha) yield (t/ha) 
ield 't/ha t/ha 

2 1.067 0.785 0.094 0.276 1.236 0 299 

6 2.620 1 1 0 . 6 3 1  0.990 80.455 131 .808 100.310 

12  0.310 0.863 0.0 16 1.332 0.852 0.924 
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