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EFFECT OF NITROGEN AND PHOSPHORUS ON GROWTH, YIELD AND
PROTEIN CONTENT OF BARI Alu-35

ABSTRACT

A field experiment was conducted at the research field of Sher-e-Bangla Agricultural
University, Dhaka-1207 during the period from November 2017 to March 2018, to
investigate the effect of nitrogen and phosphorus on growth, yield and protein content
of BARI Alu-35. The experiment comprised of two factors, Factor A: Nitrogen levels
(4): No= control (0 kg N hal), N1 =75 kg N ha?, N2 = 105 kg N ha* and N3 = 135 kg
N hal; and Factor B: Phosphorus levels (3): Po = control (0 kg P ha®), P1 = 69 kg P
hat and P3 = 92 kg P ha’. The experiment was laid in a Randomized Complete Block
Design (RCBD) with three replications. The result revealed that nitrogen and
phosphorus had significant effects on most of the growth, yield and quality
parameters studied in this experiment. Among the four nitrogen levels, N3 produced
the highest plant height (19.72 cm, 34.56 cm and 60.39 cm respectively) at different
days after planting, number of leaves plant™? (11.33, 28.78 and 37.56 respectively) at
different days after planting, number of stems hill* (4.33), stem dry matter content
(17.80%), number of tubers hill’ (10.11), average weight of tuber hill’t (74.39 ),
yield of tuber (37.73 t ha'l), total soluble solids (7.30%), protein content (7.50%) and
No produced the lowest results. On the other hand, among the three phosphorus levels,
P> produced the highest plant height (17.09 cm, 29.93 cm and 52.33 cm respectively)
at different days after planting, number of leaves plant® (9.33, 24.33 and 32.67
respectively) at different days after planting, number of stems hill* (3.17), stem dry
matter content (12.65%), number of tubers hill* (8.00), average weight of tuber hill™
(63.17 g), yield of tuber (32.93 t ha'l), total soluble solids (5.96%) and protein content
(6.16%) and Po produced the lowest results. Among the twelve treatment
combinations, NzP2 showed highest results and NoPo showed lowest results.
Therefore, the application of 135 kg N ha™* with 92 kg P ha was suitable for better
growth, yield and quality of BARI alu-35.
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CHAPTER |
INTRODUCTION

Potato (Solanum tuberosum L.) belongs to the family Solanaceae is one of the most
important vegetable crops of the world. It is originated from the Peru-Bolivian region
in the Andes of South America (Grewal et al., 1992). It has been introduced to
Ethiopia in 1859 by a German Botanist called Schimper (Berga et al., 1994). World
annual production of potato is about 330 million metric tons with area coverage of
18651838 ha. It is one of the major world food crops in its ability to produce food per
unit area per unit time (FAOSTAT, 2010).

It is the 4™ major crops of the world on the basis of production and consumption and
used as a principal vegetable in most of the Asian countries. In Bangladesh, potato is
one of the major crops next to rice and wheat, covers an area of 689730 ha of land
producing 9474098 metric tons (BBS, 2016). It is a carbohydrate rich crop, and is
consumed almost absolutely as a vegetable in Bangladesh. It contributes as much as
55% of the total vegetable demand in Bangladesh (BBS, 2013).

Potato is one of the most important vegetable crops and having a balanced food
containing about 75 to 80% water, 16 to 20% carbohydrates, 2.5 to 3.2% crude
protein, 1.2 to 2.2% true protein, 0.8 to 1.2% mineral matter, 0.1 to 0.2% crude fats,
0.6% crude fiber and some vitamins (Schoenemann, 1977). Nutritionally, the tuber is
rich in carbohydrates or starch and is a good source of protein, vitamin B and C,
potassium, phosphorus and iron. It is a staple diet in European countries and its
utilization both in processed and fresh food form is increasing considerably in Asian
countries (Brown, 2005). It contributes not only energy but also substantial amount of
high quality protein and essential vitamins, minerals and trace elements to the diet
(Horton, 1987).

The area and production of potato in Bangladesh has been increasing during last
decades but the yield per unit area remains more or less static. The total area under
potato crop, national average yield and total production in Bangladesh are 430446
hectares, 19.071 t ha™ and 8205470 metric tons, respectively. The yield is very low in
comparison to that of the other leading potato growing countries of the world, 40.16 t
hal in USA; 42.1 t hat in Denmark and 40.0 t ha in UK (FAO, 2009). The reasons



for such a low yield of potato in Bangladesh are imbalanced fertilizer application, use
of low quality seed and use of sub-optimal production practices. Available reports
indicated that potato production in Bangladesh can be increased by improving cultural
practices among which optimization of manure and fertilizer, planting time, spacing
and use of optimal sized seed are important which influences the yield of potato
(Divis and Barta, 2001).

Yield and quality of potato depend on nutrient availability in soil, especially regarding
nitrogen. Nitrogen (N) is a very dynamic plant nutrient and its uncontrolled
application can considerably raise the price of agricultural production. If N is
insufficiently utilized by plants environmental pollution can occur. Potato is
considered as a gross feeder and requires adequate supply to different plant nutrients,
particularly nitrogen for optimum growth of plants and high yield of tubers. Under
Bangladesh conditions, use of both under and over doses of nitrogen has been
reported (Hossain, 2011).

The use of low nitrogen results in reduction of yield of potato. On the other hand,
excess use of nitrogen results in wastage of fertilizer and high cost of production. A
plant absorbs most nitrogen and phosphorus in nitrate and phosphate form. Nitrogen
and phosphorus are important and essential structural component of chlorophyll and
various proteins. Nitrogen is important in fueling growth and providing high yields. It
ensures optimal photosynthate production in leaves. Nitrogen fed at an early stage of
crop development will help build the overall size of the leaf canopy (Koochaki and
Sarmadnia, 2006).

Phosphorus is important for early root and shoot development, providing energy for
plant processes such as ion uptake and transport. In case of tuber initiation, an
adequate supply of P ensures supplies of optimum numbers of tubers are formed. N
and P deficiency decreases growth and yield and N and P excessive application
stimulates shoot growth, retards tuber formation and filling period, decreases tuber
specific weight and shortens tuber storage time (Rezaee and Sultani, 1996). The
application of 165 kg N ha' and 90 kg P.Os ha? is needed for optimum potato
production on vertisols of Mekelle area (Mulubrhan, 2004).



Under these circumstances, the proposed study was undertaken to examine the effect
of nitrogen and phosphorus on growth, yield and quality of potato production in

Bangladesh.

» To find out the suitable doses of nitrogen and phosphorus fertilizers for BARI
Alu-35 production.

» To study the effect of nitrogen and phosphorus on the yield and quality of
BARI Alu-35.

» To find out the optimum interaction effect of nitrogen and phosphorus on the

growth, yield, quality and protein content of BARI Alu-35.



CHAPTER I
REVIEW OF LITERATURE

Potato is one of the important vegetable crop in Bangladesh and as well as many
countries of the world. For increasing the growth and yield of potato abundant studies
were conducted in the country and abroad. But a very few studies related to growth,
tuber production and quality of tuber due to nitrogen and phosphorus application have
been carried out in our country as well as many other countries of the world.
Nevertheless, some of the important and informative works and research findings
related to the effects of nitrogen and phosphorus on growth, yield and quality of

potato have been reviewed in this chapter-
2.1 Effect of nitrogen on potato

Moreno et al. (2003) reported that the crop yield and quality mostly depend on the
availability of nutrients in soil. Nitrogen (N) is a very dynamic plant nutrient. Its
uncontrolled application can considerably raise the price of agricultural production,
and under increased rates of N insufficient utilization by plants may result in

environmental pollution.

Neumann et al. (2012) stated that potato fields quite often receive too high amounts of
N fertilizer, which combined with a shallow root system, creates high risk of N

leaching losses.

Fontes et al. (2010) reported that several N fertilization rates have been advised as
optimal for potato production. In some European countries and the USA that have a
potato growth cycle of 4-5 months, the recommended N fertilization rates vary from
70 to 330 kg ha?, and the most economically efficient rates from 147 to 201 kg ha*
for potato production.

Researchers in the Czech Republic advised a fertilization rate of 140 kg hat, 63 kg ha
Land 186 kg ha® N, P,Os and K0, respectively, as the optimal for tuber yield above
30 t ha. It has been observed that N dose of 120 kg ha® applied in the form of
mineral fertilizer is the most environmentally acceptable N fertilization rate for potato
(Srek et al., 2010).



Darwish et al. (2006) stated that the application of 130 kg ha N by fertigation

(fertilization together with irrigation) is sufficient for potato.

Vos (1995) and Goffart et al. (2008) reported that low N supply will not only result in
lower yield but will also reduce tuber size due to reduced leaf area and early

defoliation.

Kumar et al. (2007) reported that higher N fertilization rates have positive effect on
plant growth parameters, and they increase tuber number and yield. Also, higher N
rates also are associated with more foliage and consequently promote photosynthetic

action, and hence more translocation to tubers.

Baniuniene and Zekaite (2008) stated that an increased potato yield is mostly
associated with nitrogen (N) application, whereas phosphorus (P) and potassium (K)

without N have insignificant impact on yield.

Vos (1995) and Goffart et al. (2008) reported that excess N fertilization leads to dry
matter yield in other parts of the plant than the tubers, promoting excessive stolon and
leaf growth; both leaf maturation and tuber differentiation are delayed and the length
of tuber bulking period, yield and tuber dry matter are reduced.

Westermann (2005) reported that N must normally be added to fertilizer to achieve
maximum economic potato yields. Its efficiency may be substantially improved if it is
applied as close as possible to the actual plant growth needs.

Li et al. (2006) and lerna et al. (2011) reported that potato crop needs for N are
critical because soil N concentration changes with soil water availability.

Nitrogen is the first limiting factor for potato crop which improves vegetative growth
and invariably increases vyield, tuber per plant, tuber size as well as tuber numbers
(Anand and Krishnappa, 1988; Bhowmik and Dandapat, 1991).



Sanderson and White (1987) reported that total tuber yield and size of potato tubers

increases with nitrogen.

Zabihi-e-Mahmoodabad et al. (2011) reported that increase in nitrogen application

raises tuber number, but that too much nitrogen has the opposite effect.

Jamaati-e-Somarin et al. (2010) reported that increasing planting density and nitrogen
application up to a definite (160 kg N ha? and 11 plant m?) point increases tuber

yield, but beyond this point decreased them.

Westermann and Kleinkopf (1985) stated that nitrogen plays a major role in the
production and maintenance of an optimum plant canopy for continuing tuber growth

through long growing period.

Westermann and Davis (1992) reported that soil nitrogen sources and split nitrogen
applications have a major role in maintaining an optimum plant canopy and tuber
growth.

Kolodziejczyk (2014) reported that nitrogen determines the quantity and structure of
potato yield, its chemical composition and tuber quality.

Kumar et al. (2007) reported that the application of more N increased size and

number of tubers ultimately enhancing total yield.

Alva (2004) reported that excessive application of N leads to delay maturity, produce

poor quality tuber and reduce tuber yield.

Zalalem et al. (2009) reported that nitrogen is valuable nutrient for plants and plays an
important role in tuber size development but overdose of nitrogen lowers the tuber dry

matter.

Vaezzadeh and Naderidarbaghshahi (2012) stated that proper level of nitrogen has a
positive impact on quality and yield of potatoes. Appropriate use of nitrogen

expanded the leaf area index and increases photo assimilates.
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Hassanpanah et al. (2009) reported that sufficient nitrogen increases both plant
growth and leaf surface and tuber size and causes crop to become tolerant to leaf blot
disease. Optimum use of N by plant decreases leaching of nitrogen and improves
tuber germination and steady leaf area. Excess nitrogen at the last stage of growth
causes development of stem and leaves instead of tubers as a result of high amounts
of amino acids and amides, not changing to protein. Excess nitrogen has negative
effect on tuber yield and quality; deficiency the photosynthesis decreases because

lower leaves of plant become yellow and falls.

Hopkins et al. (2008) reported that potatoes require a steady supply of nutrients.
Deficiencies or fluctuations of soluble nutrients (especially N) cause poor vine health,
increased pathogen and insect susceptibility, reduced tuber yields, and diminished

tuber quality.

Jenkins and Nelson (1992) observed that the number of tubers varied considerably as
a result of N fertilization, and doubled when N level was increased to higher levels.

Zamil et al. (2010) have found that the higher dose of nitrogen (254 kg ha?) results in

significantly higher total tuber number in potato tubers.

Zelalem et al. (2009) have found that application of 207 kg N/ha increased marketable

tuber number by 95.6% compared to the control.

Mulubrhan (2004) reported that the application of nitrogen increased the tubers

number of potato per unit area.

Millard and Marshall (1986) reported that tuber yield improvement as a result of N
fertilization could be attributed to increased radiation interception during the first part
of the season and lower rates of decline in photosynthetic efficiency of the canopy

during the later part.

Westerman et al. (1985) reported that the increase in the application of N fertilizer up
to a certain level increases the potato yield, but since then, it has no effect on the

increase in yield.



Nizamuddin et al. (2003) observed optimum tuber yield when nitrogen fertilizer was
applied at the rate of 200 kg ha. Guler (2009) and Zamil et al. (2010) also reported
that the maximum tuber yield was obtained when the crop received 300 and 254 kg
nitrogen per ha, respectively. They also noted a reduction in tuber yield when N was
applied above the aforementioned rates. The yield reduction due to excess rates of N
may be explained by the fact that excessive N application stimulates shoot growth
more than tuber growth which may result in deterioration of canopy structure and
physiological conditions (Sommerfeld and Knutson, 1965; Berga et al., 1994;
Mulubrhan, 2004 and Zelalem et al., 2009).

Mulubrhan (2004) reported that application of N significantly increased average tuber
weight by 62% as N application increased from 0 to 165 kg ha™.

Guler (2009) indicated that mean tuber weight increased with increasing N rate. It was

lowest in control and highest in the 300 kg N ha.

Zelalem et al. (2009) reported that average tuber weight progressively increased with
increasing N rate up to 138 kg/ha and tended to decrease at the highest rate of 207 kg

ha™.

Painter and Augustine (1976) and Kleinkopf et al. (1981) reported that the specific
gravity of tubers decreased with increasing rates of N fertilizer. Similar result was
reported by Mulubrhan (2004) that increasing the application of N from 0 to 165 kg
ha! reduced specific gravity from 1.076 to 1.069.

Kandi (2011) reported a reduced percent dry matter of potato tubers as nitrogen rates
increased. Similar findings were reported by Wilcox and Hoff (1970) and Painter and
Augustine (1976).

Asefa (2005) has indicated that increasing rate of nitrogen and phosphorous
application significantly decreased specific gravity and dry matter content of potato
tuber.



Cucci and Lacolla (2007) reported that dry matter percentage increased shifting from
the control to the application of 200 kg N ha* and 50 kg P ha from 23.0 to 26.2%
and decreased at the highest N level, without any difference being observed with the
change in the P rate.

Das Gupta and Ghosh (1973) reported that the rate of leaf production and number of
axillary branches of potato increased with an increase in the levels of nitrogen. They
also concluded that the growth (on dry weight basis) of haulm, tubers and whole plant

was higher under the 200 kg N per ha than under the lower levels.

Gupta and Saxena (1976) concluded that dry matter content decreased with increasing
levels of nitrogen. The highest dry matter percentage was found in control (0 kg/ha)
which was statistically at par with dry matter content of potato tuber produced by

applying 60 kg N per ha.

Kumar and Singh (1979) reported that levels of nitrogen increased the plant height in
potato and it was significant up to 150 kg N per ha. Beneficial effect of nitrogen was
also observed in relation to increase haulm fresh and dry weight but the number of

shoots per hill were unaffected by nitrogen levels.

Singh et al. (1986) stated that the initial plant emergence (10 days after planting) in
potato was low (5-10%) but subsequently the emergence increased at 30" day (57-

75%) with increasing levels of nitrogen from 0 to 100 kg/ha.

Gupta and Pal (1989) at Shimla, studied the response of potato varieties to nitrogen
fertilization under rain fed condition. They reported that nitrogen fertilization
significantly increased shoot per plant and tubers per ha and reported that application
of 150kg N per ha was at par with 100 kg N per ha. Satyanarayana and Arora (1985)

have also reported similar increase in shoots and tubers with N fertilization.

Singh and Singh (1994) reported that fresh weight of shoot, dry matter content and
potato plant height increased with the application of 180 kg N per ha.

Singh (1995) observed that the highest germination percentage (100%) was recorded
at 30 days after planting with the application of nitrogen @ 200 kg/ha.



Chaurasia and Singh (1996) reported that increase in the level of nitrogen, delayed the

emergence from 15" day onwards.

Anabousi et al. (1997) conducted an experiment with three nitrogen fertilizer sources
(urea, ammonium sulphate and potassium nitrate) applied at 4 rates (0, 125, 250 and
375 kg N/ha) on potato cv. “Spunta’’ in which they found that with each nitrogen
fertilizer increment resulted in a significant increase in plant height, stem number per

plant, leaf chlorophyll and leaf N and K contents.

Sharma and Singh (1997) at Udaipur, studied plant growth characters in potato i.e.
number of branches and number of leaves per plant and found significant increase by
the application of 80 kg N/ha while the higher dose i.e. 120 kg N/ha was found at par
with 80 kg N/ha. Dry matter accumulation was improved significantly by increased N

application at 30 days after sowing.

Gabr and Sarg (1998) at Egypt studied the effect of nitrogen level (0, 50, 10 and 150
kg N per feddan) on growth, yield and quality of potatoes. Increasing nitrogen doses
up to 150 kg N per feddan significantly increased vegetative growth, including plant
height, fresh weight and leaf area, while number of main stems was not affected.

Malik et al. (1998) found that plant height of potato was influenced significantly by

nitrogen application with increased level of nitrogen up to 124 kg per ha.

Gathungu et al. (2000) reported that early application of nitrogen followed by split
applied fertilizer led to a fast early growth (shoot, tuber, root and total dry matter, leaf
area index and plant height) particularly when calcium ammonium nitrate was
applied. Later, nitrogen application enhanced the growth of the shoots during the
growth season with urea particularly.

Oliveira (2000) reported that the average number of active haulm per plant was
increased by applying 200 kg nitrogen. He reported that maximum stem elongation
was remaining constant at the highest and lowest nitrogen levels at 70 days after

planting.

Patel and Patel (2001) observed that Kufri Badshah recorded a higher tuber yield than
TPS C-3. The increase in nitrogen level up to 260 kg per ha resulted in significant
increase in plant height, number and fresh weight of tubers per plant.

10



Kumar et al. (2002) observed increased plant height, number of stems per hill and leaf

fresh weight with increasing rates of nitrogen.

Malik et al. (2002) reported that plant height, fresh weight of foliage increased with

the increasing rate of nitrogen.

Das Gupta and Ghosh (1973) reported that greater number and size of tubers
accounted for higher yield under high nitrogen fertilization of 200 kg per ha.

Shukla and Singh (1976) found that application of 225 kg and 150 kg N per ha
increased the yield of tubers and superior grade tubers significantly over 75 kg N per
ha and control, which in turn differed significantly. Application of 200 kg N/ha was

found to be the most effective rate of nitrogen.

Hooda and Pandita (1980) observed that tuber yield was significantly higher with the
application of 120 kg N per ha, than 80 kg N per ha. There was an increase in number

of tubers per hill and large size tuber yield with nitrogen over control.

Kushwah (1989) observed significant increase in number of seed-size tubers up to 150
kg N per ha. Gupta and Pal (1989) reported that nitrogen fertilization not only
increased different grade tuber yield but also increased proportion of large and
medium tubers and decreased the proportion of small tubers. The highest tuber yield
(330.2 q per ha) was obtained at 150 kg N per ha.

Nandekar et al. (1992) reported that tuber yield was highest (27.06 t per ha) with 60
kg N at planting + 40 kg N at earthing up + 2 foliar sprays.

Singh and Singh (1994) studied the effect of four rates of nitrogen (60, 120, 180 and
240 kg per ha) and four application methods (0.5 as basal + 0.5 on top dressing, 0.75
basal + 0.25 top dressing, 0.5 basal + 0.25 spray + 0.25 top dressing, 0.75 basal + 0.25
spray). They observed that yield increased by 28.4 per cent with 180 kg N compared
with 60 kg N. The highest yield of tubers was achieved with the 0.75 basal dressing +
0.25 spray application.
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Singh (1995) found that the application of nitrogen increased the tuber yield

significantly with increasing doses up to 200 kg per ha.

Kumar et al. (1996) reported that the application of nitrogen increased the tuber yield
significantly up to 120 kg nitrogen. But tuber dry matter decreased with increasing

nitrogen rate.

Anabousi et al. (1997) conducted experiment at Central Jordan Valley and observed
that increasing nitrogen application rates up to 250 kg N per ha resulted in significant
increases in large and medium sized tuber yield, marketable, total yields and tuber

weight with reductions in tuber dry matter.

Roy and Jaiswal (1998) at Jalandhar, Panjab found that total and large size (> 75 Q)
tuber yield increased by applying up to 240 kg N per ha and medium size tuber
increased up to 120 kg N per ha application.

Deka and Dutta (1999) reported that tuber yield increased with increasing nitrogen
rate, and the fertilizer also increased the number of tubers per plant, bulking rate, net
profit and net production value. The optimum economic rate of nitrogen was

calculated to be 247 kg per ha, with expected yield of 15.5 t per ha.

2.1 Effect of phosphorus on potato

Carl et al. (2011) reported that phosphorus play a great role in improving the chemical
consistent of potato yield, whereas it may be increase the starch, protein,

carbohydrate, sugar, N, P, K, Zn, Fe and Cu.

El Gamal (1996) studied the effect of 0, 15.5, 31.0 or 46.5 kg P-Os /Feedam (0.42 ha)
and inoculation with phosphorine containing PSB on growth and yield of potato cv.
Diamante increased with P application rate and inoculation with phosphorine
significantly increased soil P availability. The plant height, number of leaves, fresh
weight of shoots, dry weight of shoots and number of stolons were increased with
46.5 kg P2Os/Feedam.
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Debasish et al. (2001) reported the effect of four levels of phosphorus (0, 50, 100, and
150 kg P.Os/ha) on the growth and tuber yield of potato. They observed that the
application of 100 and 150 kg P-Os/ha highly favored the growth parameters, like
number of compound leaves per plant, plant height, ground coverage (%), number of

stem per plant and yield parameters like grade wise yield and total tuber yield.

Jaggi et al. (1995) studied the effect of FYM and phosphorus fertilizer on tuber yield
of potato. The highest tuber yield was obtained with the application of 10 tons FYM
per ha with 60 kg P/ha.

Singh et al. (2002) studied that effect of phosphate solubilizing bacteria (PSB) in
combination with 0, 60, 120 or 180 kg P2Os/ha applied as di-ammonium phosphate
(DAP), single super phosphate (SSP), or rock phosphate on the yield of potato cv.
Kufri Megha and cv. Kufri Jyoti. Crop yield, tuber size and net returns increased with
increasing rate of P and were higher with phosphate solubilizing bacteria (PSB)

inoculation.

Sommerfeld and Knutson (1965) and Sharma and Arora (1987) reported that P
application increases potato yields up to certain levels (application rates), but with P

application beyond those rates, yield losses are apparent.

Wallace (1993) stated that appropriate amounts of P will ensure early root
development and sufficient P supply during the early growth stage of potatoes will
ensure proper crop development and reproduction.

Jenkins and Ali (2000) reported that sufficient P in the soil is essential for early potato

development, tuber set, total number of tubers and tuber maturity.

O’Brien et al. (1998) found that amount of light absorbed by the crop during the first
week of tuber initiation correlated with the total number of tubers initiated, thus it is
possible that P fertilization could have a positive effect on tuber set under certain

conditions.
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Tukaki and Mahler (1990) found that tuber set increased continuously when P
concentration in the nutrient solution was increased from 0 to 10 pg/ml, although,
increasing the P content in the nutrient solution from 10 to 55 pg/ml did not result in a

greater number of tubers produced per plant.

Allison et al. (2001) reported that phosphorus fertilization had a significant impact on
tuber number, exclusively at sites where P fertilizer had an impact on tuber fresh
yield. Increase in total number of tubers was not due to an increase of stems per plant

but an increase of tubers per stem.

Ekel6f (2007) and Berisha et al. (2014) reported that P fertilization prevents
discoloration of tubers; they also noted that fertilization with P increased starch

concentration.

Westermann and Kleinkopf (1985) reported that insufficient P may significantly

reduce tuber quality, yield and size.

Hahlin and Ericsson (1981); Bennett (1993) stated that when P is deficient in potato
plants, the formation of chlorophyll is less affected compared to cell and leaf
expansion, resulting in the top side of the leaf becoming dark green. The stem and
lower side of the leaves turn purplish and sometimes yield losses may be observed
without these symptoms.

Grewal and Trehan (1993) stated that both height and leaf area index was positively
related to P fertilizer applications in P deficient soils.

Jenkins and Ali (1999) showed that yield increases as an effect of P fertilizer
application due to an increased radiation interception rather than an increased

conversion efficiency.

Alvarez-Sanches et al. (1999) tested 13 different P application rates varying from 0 to
207 kg/ha. The experiment was carried out in an Andisol (7.8 mg Olsen P/I) in
Mexico. The highest yield-increase observed was 6000 kg/ha compared to the control

with no P, and the optimum P application rate was 90 kg/ha.
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Hahlin (1992) investigated the optimum P fertilizer application rate for potatoes on
loamy soils (P-AL 8-10) in the central parts of Sweden. Three application rates was

tested 0, 45 and 90 kg/ha. A yield increase from 29.05 to 30.00 t/ha were found when
application rates was increased from 45 to 90 kg/ha.

Rending and Taylor (1989) reported that plants supplied with adequate amount of P
form good root system, strong stem, mature early and give high yield whereas plants
grown on P deficient soils showed stunted growth, low shoot to root ratio, poor fruit
and seed formation, purpled colored leaves with reddish coloration of the stem.
Biochemically, deficiency causes changes in functions of the plant including

accumulation of sucrose and reducing sugars and sometimes of starch.

Sharma and Arora (1987) reported that potato tuber yield is known to be influenced
by P fertilizers through its effect on the number of tubers produced, the size of the
tubers and the time at which maximum vyield is obtained. They showed that yield
response to increasing levels of P fertilizer was generally positive up to a particular
level, above which the response became negative. They also noted that excess use of
P fertilizers is usually associated with reduced tuber weight by hastening the

maturation period and reducing tuber size.

Sanderson et al. (2002) stated that increases in tuber set increase with P application.
Applied P has been found to increase the yield of small and medium size tubers
(Hanley et al., 1985).

Zelalem et al. (2009) have found that application of 60 kg P/ha increased marketable

tuber number 43.5% over the control.

Mulubrhan (2004) noted that increasing P application from 0 to 39.6 kg ha™* highly
significantly increased total tuber yield by 24.27%. He also indicated the existence of
a room for further increases in tuber yield through application of more P fertilizers
beyond 39.6 kg ha.
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Rosen et al. (2014) stated that phosphorus promotes root growth, rapid formation of
tubers and starch synthesis. The deficiency of P causes retardation in root growth,
delayed tuber formation and reduction in starch synthesis. The poorly developed plant
root system leads to reduction in its capacity to absorb soil nutrients and affects its
growth and development. It will delay tuber formation and this will decrease the size
of the tubers produced within the lifespan of the potato crop. The reduction of starch
synthesis leads to smaller amounts of sugar stored in the tubers which translates to
small sized tubers and low yields.

Houghland (1960) reported that P functions in cell division, synthesis and storage of
starch in the tubers. Thus, P can increase the size and percentage of dry matter (DM)
(indicated by specific gravity) of the tubers (Freeman et al., 1998; Rosen et al., 2014).
Rosen and Bierman (2008) reported that under high availability of soil P, its supply
can decrease the production of larger tubers without changing the tuber specific

gravity.

Klein et al. (1980) stated that P fertilization increases the concentrations of ascorbic
acid, nitrogen (N) and protein in tubers. In addition to increasing the specific gravity
of tubers, P fertilization can also change the texture, color and flavor of cooked tubers
(Sheared and Johnston, 1958).

Zewide et al. (2012) reported that P fertilization provided an increase in tuber mean
weight up to 24.5%.

Rosen and Bierman (2008) reported that besides being essential for the establishment
of a great number of tubers per plant, P participates in a number of key enzymes
involved in the regulation of starch synthesis (sucrose phosphate synthase, fructose 1,
6-bisphosphate and ADP-glucose pyrophosphorylase) (Taiz and Zeiger, 2013) and is
also part of its composition, being connected to the amylopectin fraction of starch, in

the form of phosphate ester (Nielsen et al., 1994).

Houghland (1960) reported that P plays great importance in starch metabolism and is
required in relatively large amounts in the potato plant for the phosphorylation of

starch during the filling of the tuber.
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Freeman et al. (1998) reported that in soil with low P availability, P fertilization
promoted a slight reduction in the percentage of tuber dry matter (DM) (indicated by
the specific gravity), possibly caused by the dilution effects.

Lachman et al. (2005) found that P fertilization not changed the tuber protein content

but increased the yield of marketable tubers which consequently results in a higher

protein yield per area.
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CHAPTER 11
MATERIALS AND METHODS

This chapter presents a brief description about experimental period, site, climatic
condition, crop or planting materials, treatments, experimental design and layout, crop
growing procedure, intercultural operations, data collection and statistical analysis.

The details of experimental materials and methods are described below:

3.1 Experimental period
The experiment was conducted during the period from November 2017 to March
2018 in Rabi season.

3.2 Site description

3.2.1 Geographical location

The present piece of research work was conducted in the experimental plot of Sher-e-
Bangla Agricultural University, Sher-e-Bangla Nagar, Dhaka. The location of the site
is 23°41' N latitude and 90°22' E longitude at an altitude of 8.6 meter above the sea

level.
3.2.2 Agro-ecological region

The experimental site belongs to the agro-ecological zone of “Madhupur Tract”,
AEZ-28. This was a region of complex relief and soils developed over the Madhupur
clay, where floodplain sediments buried the dissected edges of the Madhupur Tract
leaving small hillocks of red soils as “islands” surrounded by floodplain. The
experimental site was shown in the map of AEZ of Bangladesh in Appendix | and the

morphological characteristics of the experimental field was shown in Appendix II.

3.2.3 Soil

Top soil was silty clay in texture, olive-gray with common fine to medium distinct
dark yellowish brown mottles. Soil pH was 5.6 and has organic carbon 0.45%. The
experimental area was flat having available irrigation and drainage system and above
flood levels. The selected plot was medium high land. The details were presented in
Appendix I11.
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3.2.4 Climate of the experimental site

Experimental site was located in the sub-tropical monsoon climatic zone, set aparted
by winter during the months from November, 10 to March, 10 (Rabi season). Plenty
of sunshine and moderately low temperature prevails during experimental period,

which is suitable for potato growing in Bangladesh.

3.3 Details of the Experiment

3.3.1 Experimental treatments

The experiment consisted of two factors such as nitrogen (N) and phosphorus (P)

fertilizers. The treatments were as follows:

Factor A: Four different levels of nitrogen
No: Control (0 Kg N ha™)
Ni: 75 Kg N hat
N2: 105 Kg N hat

N3: 135 Kg N hat
Factor B: Three different levels of phosphorus

Po: Control (0 Kg P ha')

P1: 69 Kg P hat

P2: 92 Kg P ha't
Treatment combinations =4 x 3 =12

Replications = 3

3.3.2 Experimental design

The experiment was laid out in Randomized Complete Block Design (RCBD) with
three replications thus comprised 36 plots. The layout of the experiment was prepared
for distributing the combination of nitrogen and phosphorus. The size of each plot 2.0

m x 1.5 m. The layout is shown in Appendix IV.

3.4 Planting material

BARI Alu-35 was developed by the scientists of BARI (Bangladesh Agricultural
Research Institute) and was officially released by National Seed Board of Bangladesh
in 2012. The average yield of BARI Alu-35 is 30-45 t/ha. Its crop duration is 90-95
days.
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3.5 Crop management

3.5.1 Collection of seed

The planting material (seed potato) was collected from Bangladesh Agricultural
Research Institute (BARI), Joydebpur, Gazipur-1701, Dhaka.

3.5.2 Preparation of seed
Collected seed tubers were kept in room temperature to facilitate sprouting. Finally
sprouted potato tubers were used as a planting material.

3.5.3 Land preparation

The land of the experimental site was first opened in the last week of October with
power tiller. Later on, the land was ploughed and cross-ploughed four times followed
by laddering to obtain the desirable tilth. The corners of the land were spaded and
weeds and stubbles were removed from the field. The land was finally prepared on 10
November, 2017 three days before planting the seed. In order to avoid water logging
due to rainfall during the study period, drainage channels were made around the land.
The soil was treated with Furadan 5G @10 kg ha™* when the plot was finally ploughed

to protect the young plant from the attack of cut worm.

3.5.4 Source application
The crop was fertilized as per recommendation of TCRC (2004). The experimental
plot was fertilized with following dose of muriate of potash (MoP), gypsum, zinc

sulphate and boric acid.

Fertilizers Dose (Kg hat) Dose (g plot™)
Cowdung 10,000 3000
MoP 300 90
Gypsum 120 27.10
Zinc Sulphate 14 3.2
Boric Acid 6 1.4

Source: Mondal et al., 2011.

Cowdung was applied 10 days before final land preparation. Total amount of muriate
of potash (MoP), gypsum, zinc sulphate and boric acid were applied at basal doses
during final land preparation. Different doses of urea and TSP were applied as per
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treatment. One third of urea was applied at final land preparation and one third was

applied at 30 DAS. Finally rest amount was applied at 45 DAS.

3.5.5 Planting of seed tuber

The well sprouted healthy and uniform sized (45-50 mm) potato tubers were planted
according to treatment and a whole potato was used as a seed potato. Tubers were
planted in such a way that tuber does not go much under soil or does not remain in
shallow. On an average the tubers were planted at a depth of 5-8 cm furrow as

schedule of spacing.

3.5.6 Intercultural operations

3.5.6.1 Weeding

Weeding was necessary to keep the plant free from weeds. The newly emerged weeds
were uprooted carefully after complete emergence of sprouts and afterwards when

necessary.

3.5.6.2 Watering
Frequency of watering was done upon moisture status of soil retained as requirement

of plants. Excess water was not given, because it always harmful for potato plant.

3.5.6.3 Earthing up
Earthing up process was done by pouring the soil in the plot at two times, during crop

growing period. First pouring was done at 35 DAP and second was at 50 DAP.

3.5.6.4 Plant protection measures

Dithane M-45 was applied at 30 DAP as a preventive measure for controlling fungal
infection. Ridomil (0.25%) was sprayed at 45 DAP to protect the crop from the attack
of late blight.

3.5.6.5 Haulm cutting

Haulm cutting was done at February 12, 2018 at 90 DAP, when 40-50% plants
showed senescence and the tops started drying. After haulm cutting the tubers were
kept under the soil for 10 days for skin hardening. The cut haulm was collected,

bagged and tagged separately for further data collection.
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3.5.6.6 Harvesting of potatoes

Harvesting of potato was done at February 22, 2018 at 10 days after haulm cutting.
The potatoes of each plot were separately harvested, bagged and tagged and brought
to the laboratory. The yield of potato plant™ was determined in gram. Harvesting was

done manually by hand.

3.5.7 Recording of data
Experimental data were recorded from 30 days after planting (DAP) and continued
until harvest. Dry weights of different plant parts were collected after harvesting. The
following data were collected during the experimentation.
I.  Days to first emergence
ii.  Days to final emergence
iii.  Plant height at 30, 60 and 90 DAP
iv.  Number of leaves plant™ at 30, 60 and 90 DAP
v.  Number of stems hill?
vi.  Stem dry matter
vii.  Number of tubers hill*
viii.  Average weight of tuber hill*
iX.  Yield of tuber
X.  Tuber dry matter
xi.  Total soluble solid

xii.  Protein content

3.5.8 Experimental measurements
A brief outline of the data recording procedure followed during the study period is

given below:

i. Days to first and final emergence
After planting the potato tuber keenly observed the emergence twice in a day

(morning and afternoon) until final emergence.

ii. Plant height (cm)
Plant height refers to the height of the plant from ground levels to the tip of the tallest
stem. It was measured at an interval of 30 days starting from 30 DAP till 90 DAP.
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The height of each plant of each plot was measured in cm with the help of a meter

scale and mean was calculated.

iii. Number of leaves plant?
Number of leaves plant™ was counted at an interval of 30 days starting from 30 DAP
till 90 DAP. Leaves number plant* were recorded by counting all leaves from each

plant of each plot and mean was calculated.

iv. Number of stems hill*
Number of stems hill* was counted at an interval of 30 days starting from 30 DAP till

90 DAP. Stem numbers hill* was recorded by counting all stem from each plot.

v. Stem dry matter
First the fresh weight of haulm was taken. Then the samples of stem were dried in
oven at 72°C for 72 hours. From which the dry matter percentage of above ground

harvest was calculated with the following formula (Elfnesh et al., 2011).

Dry weight

Dry matter content (%) = x 100

Fresh weight

vi. Number of tubers hill*
Number of tubers hill* was counted at harvest. Tuber numbers hill"* was recorded by
counting all tubers from each plant.

vii. Average weight of tuber hill?

Average weight of tuber hill"* was measured by using the following formula-

Yield of tuber/plant
Number of tubers/hill

Average weight of tuber =

viii. Yield of tuber
Tubers of each plot were collected separately from which yield of tuber hill'* was

recorded in kilogram and converted to ton ha.

iX. Tuber dry matter
The samples of tuber were collected from each treatment. After peel off the tubers the
samples were dried in oven at 72°C for 72 hours. From which the weights of tuber

flesh dry matter content (%) were recorded.
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x. Total soluble solid

Total soluble solid of harvested tubers was determined in a drop of potato juice by
using Hand Sugar Refractor meter "ERMA" Japan, Range: 0-32% according to
(AOAC, 1990) and expressed as BRIX value.

Xi. Protein content
The amount of protein present in potato was calculated from total nitrogen present in
potato multiplied by 6.25 (conversion factor) (Ma and Zuazaga, 1942).

xii. Determination of nitrogen for protein content (%)

The Macro Kjeldahl method was used to determine the total Nitrogen in root, shoot
and grain of plant samples. Three steps were followed in this method. These are as

follows:-

A. Digestion: In this step the organic nitrogen was converted to ammonium
sulphate by sulphuric acid and digestion accelerators (Catalyst Mixture) at a
temperature of 360-440° C.

N + H2S04 = (NH4)2S04

B. Distillation: In this step, the solution was made alkaline from the distillation of

ammonia. The distilled ammonia was received in boric acid solution.
(NH4)2S04 + NaOH = NaSO4 + NH3 + H.0
2NH3 + H3BO3 = (NH4)3BO3

C. Titration: To determine the amount of NHs, ammonium borate was titrated
with standard sulfuric acid.

(NH4)3BO3 + H2S04 = (NH4)2S04 + H3BO3

Reagents: 4% Boric Acid solution, Mixed indicator (Bromocresol green and Methyl
red), 40% Sodium Hydroxide solution, Standard Sulphuric Acid solution 0.05 N and
0.05 N Na2COs solution.

Procedure: About 1.0 g of oven dried sample was weighed and then taken into a 250
mL Kjeldahl flask. Then 5g catalysts mixer (K2SO4:CuSO4.5H20:Se=100:1:1) was
added in to flask. Then about 25 mL concentrated H.SO4 was also added to the flask.
The flask was heated until the solution become clear and then allowed to cool and
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then about 120 mL of distilled water was added and 5-6 glass bead into the flask.
After digestion, 40% NaOH 125 mL was added to the conical flask and attached
quickly to the distillation set. Then the flask was heated continuously. In the
meantime, 25 mL of 4% boric acid solution and 2-4 drops of mixed indicator was
taken in a 500 mL receiver conical flask. After distillation, about 150 ml distillate was
collected into receiver conical flask. The distillate was then titrated with standard
H2SO4 taken from a burette until the green color completely turns to pink color at the
end point. The same procedure was followed for a blank sample. The result was

calculated using the following formula-
%N= (T-B) x Nx 1.4/S (Ma and Zuazaga, 1942)

Where, T= Titration value for sample (mL), B= Titration value for blank (mL), N=

Normality of H2SO4 (N), S= Weight of the sample (g), 1.4= conversion factor

Protein (%) = (%) N x 6.25 (Ma and Zuazaga, 1942)

3.6 Statistical Analysis

The data obtained for different characters were statistically analyzed following the
analysis of variance techniques by using MSTAT-C computer package program. The
significant differences among the treatment means were compared by Least
Significant Different (LSD) at 5% levels of probability (Gomez and Gomez, 1984).
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CHAPTER IV

RESULTS AND DISCUSSION

The experiment was conducted to find out the response of nitrogen and phosphorus on
the growth, yield, quality and protein content of BARI Alu-35. The results obtained
from the study have been presented, discussed and compared in this chapter through
table (s), figures and appendices. The analysis of variance of data in respect of all the
parameters has been shown in Appendix IX-XII. The results have been presented and
discussed with the help of table and graphs and possible interpretations given under

the following headings.

4.1 Days to first emergence

Effect of nitrogen

Days to first emergence were significantly influenced by the application of different
nitrogen levels; results revealed that, the duration of emergence decreased gradually
with increasing the level of nitrogen (Figure 1 and Appendix V). The control
treatment (No) took the maximum days (13.53 days) for first emergence, whereas, the
minimum days (9.71 days) was taken by Ns. Emergence depends on soil moisture,

soil temperature, seed temperature, disease and physiological age of seed.
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Nitrogen doses

No = 0 Kg, N1 = 75 Kg, N2 = 105 Kg, N3 = 135 Kg ha'
Figure 1. Effect of nitrogen on first days to emergence
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Effect of phosphorus

Days to first emergence were significantly influenced by the application of different
phosphorus levels; results revealed that, the duration of emergence decreased
gradually with increasing the level of phosphorus (Figure 2 and Appendix VI). The
control treatment (Po) took the maximum days (11.90 days) for first emergence,

whereas, the minimum days (11.28 days) was taken by Po.
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Figure 2. Effect of phosphorus on first days to emergence

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on days to first emergence of BARI Alu-35 (Table 1). The maximum duration for first
emergence (13.87 days) was recorded from NoPo treatment whereas; the minimum

duration (9.39 days) was recorded from the N3P» treatment.
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Table 1. Interaction effect of nitrogen and phosphorus on days to first
emergence, days to final emergence and plant height at different days

after planting

Treatments Days to first | Days to final Plant height (cm)

emergence emergence 30 DAP 60 DAP 90 DAP
Po 13.87 a 19.38 a 12.22 | 21.351 37411
No P1 13.55b 19.16 b 12.94 k 22.65 Kk 39.67 k
P2 13.18 ¢ 18.95 ¢ 13.72 23.93 41.93 ]
Po 12.67 d 18.58 d 14.47 i 25.301i 4425
N1 P1 1232 ¢ 18.31e¢ 15.22 h 26.58 h 46.55 h
P2 12.08 f 18.09 f 1594 g 27.95¢ 48.94 g
Po 11.12¢g 17.66 ¢ 16.75 f 29.29 f 51.24f
N2 P1 10.72 h 17.39 h 17.47 e 30.60 e 53.52¢e
P2 10.47 i 17.12i 18.25d 31.91d 55.82d
Po 9.94] 16.71 ] 18.94 ¢ 33.22¢ 58.11c
N3 P1 9.80 k 16.52 k 19.75 b 34.54 b 60.42 b
P2 9.391 16.24 | 20.47 a 35.92a 62.64 a
LSD (0.05) 0.05355 0.05355 0.05355 0.05355 0.05355

CV (%) 8.28 8.13 7.18 7.09 7.04

Significant level * * * * *

* - Significant at 5% level

Np = 0 Kg, N1 = 75 Kg, N2 = 105 Kg, N3 = 135 Kg ha; Po = 0 Kg, P = 69 Kg, P, = 92 Kg ha'*

4.2 Days to final emergence

Effect of nitrogen

Days to final emergence were significantly influenced by the application of different
nitrogen levels; results revealed that, the duration of emergence decreased gradually
with increasing the level of nitrogen (Figure 3 and Appendix V). The control
treatment (No) took the maximum days (19.16 days) for final emergence, whereas, the
minimum days (16.49 days) was taken by Na.
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Figure 3. Effect of nitrogen on final days to emergence

Effect of phosphorus

Days to final emergence were significantly influenced by the application of different
phosphorus levels; results revealed that, the duration of emergence decreased
gradually with increasing the level of phosphorus (Figure 4 and Appendix VI). The
control treatment (Po) took the maximum days (18.08 days) for final emergence,

whereas, the minimum days (17.60 days) was taken by Po.

18.2 -
18.1
18
D
2 17.9 -
S 17.8 -
CIE) .
o 17.7 -
2
© 17.6 -
o
17.5 -
17.4 -

17.3 -

P1
Phosphorus dose

Po = 0 kg, P1 =69 kg, P> = 92 kg ha*
Figure 4. Effect of phosphorus on final days to emergence
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Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on days to final emergence of BARI Alu-35 (Table 1). The maximum duration for
final emergence (19.38 days) was recorded from NoPo treatment whereas; the

minimum duration (16.24 days) was recorded from the N3P treatment.

4.3 Plant height (cm)
Effect of nitrogen
The plant height (cm) of BARI Alu-35 was significantly influenced by different doses
of nitrogen at 30, 60 and 90 DAP (Figure 5 and Appendix V). The results revealed
that at 30, 60 and 90 DAP, the treatment No produced the shortest plant (12.96 cm,
22.64 cm and 39.67 cm respectively) and the treatment N3 produced the tallest plant
(19.72 cm, 34.56 cm and 60.39 cm respectively). This increase in plant height might
be due to the fact that higher nitrogen concentration stimulated the assimilation of
carbohydrates and protein, which in turn enhanced cell division and formation of
more tissues that resulted in enhanced vegetative growth of the plant (Meyer and
Anderson, 1970).
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Figure 5. Effect of nitrogen on plant height at different days after planting

Effect of phosphorus

The plant height (cm) of BARI Alu-35 was significantly influenced by different doses
of phosphorus at 30, 60 and 90 DAP (Figure 6 and Appendix VI). The results
revealed that at 30, 60 and 90 DAP, the treatment Po produced the shortest plant
(15.60 cm, 27.29 cm and 47.75 cm respectively) and the treatment P, produced the
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tallest plant (17.09 cm, 29.93 cm and 52.33 cm respectively). Debasish et al. (2001)
reported that plant height significantly varied with different doses of phosphorus.
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P1
Phosphorus doses

Po=0Kg, P1 =69 Kg, P, =92 Kg ha'
Figure 6. Effect of phosphorus on plant height at different days after planting

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on plant height of BARI Alu-35 at 30, 60 and 90 DAP (Table 1). At 30, 60 and 90
DAP, the lowest plant height (12.22 cm, 21.35 cm and 37.41 cm respectively) was
observed from the NoPo treatment and the highest plant height (20.47 cm, 35.92 cm

and 62.64 cm respectively) was observed from N3P2 treatment.

4.4 Number of leaves plant

Effect of nitrogen

The number of leaves plant® of BARI Alu-35 was significantly influenced by
different doses of nitrogen at 30, 60 and 90 DAP (Figure 7 and Appendix VII). The
results revealed that at 30, 60 and 90 DAP, the treatment No produced minimum
number of leaves plant? (6.33, 17.33 and 25.33 respectively) and the treatment Ns
(11.33, 28.78 and 37.56 respectively) produced maximum number of leaves plant™.
This increase may be due to increased uptake of nutrients, which resulted in increased
synthesis of carbohydrates, which are utilized in building up of new cell. These results
are in conformity with the findings of Lal et al. (1982) and Singh et al. (1986).
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Figure 7. Effect of nitrogen on number of leaves plant? at different days after
planting

Effect of phosphorus

The number of leaves plant® of BARI Alu-35 was significantly influenced by
different doses of phosphorus at 30, 60 and 90 DAP (Figure 8 and Appendix VIII).
The results revealed that at 30, 60 and 90 DAP, the treatment Po produced minimum
number of leaves plant? (8.00, 22.08 and 30.17 respectively) and the treatment P
(9.33, 24.33 and 32.67 respectively) produced maximum number of leaves plant™.
Debasish et al. (2001) reported that the number of compound leaves per plant

increases with increased level of phosphorus.
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Figure 8. Effect of phosphorus on number of leaves plant? at different days after
planting
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Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on plant number of leaves plant? of BARI Alu-35 at 30, 60 and 90 DAP (Table 2). At
30 DAP, the lowest number of leaves plant® (6.00) was observed from the NoPo
treatment which was statistically similar with NoP1 (6.33), NoP2 (6.67), N1Po (7.33),
NP1 (7.67) and NP, (8.00) whereas, the highest number of leaves plant™ (12.67) was

observed from N3P treatment which was statistically similar with N3Py (11.00).

Table 2. Interaction effect of nitrogen and phosphorus on number of leaves

plant? at different days after planting, number of stems hill-* and stem

dry matter
Number of leaves plant™ Number of Stem dry
Treatments stems hill* | matter (%)
30 DAP 60 DAP 90 DAP
Po 6.00 g 17.00 g 25.00 h 1.00i 4.251
No P1 6.33 fg 17.33 ¢ 25.33 h 1.33 hi 535k
P2 6.67 efg 17.67g 25.67 h 1.67 ghi 6.91]
Po 7.33efg | 20.00fg | 28.00 gh 2.00 f-i 8.15i
N1 P1 7.67efg | 21.67ef | 29.33fg 2.33 e-h 9.18 h
P2 8.00d-g | 22.67 def | 30.67 efg | 2.67 d-g 10.22 ¢
Po 8.33c-f | 24.00 cde | 32.00 def | 3.00 c-f 12.26 f
N2 P1 8.67 cde | 25.33bcd | 33.33cde | 3.33b-e 13.31e
P2 10.00bcd | 26.67 bc | 34.67 bcd | 3.67 a-d 14.59d
Po 10.33bc | 27.33abc | 35.67bc | 4.00abc 16.67 ¢
\E P1 11.00ab | 28.67ab | 37.33ab 4.33 ab 17.87b
P2 12.67 a 30.33 a 39.67 a 4.67 a 18.87 a
LSD (0.05 2.130 3.356 3.570 1.285 0.05355
CV (%) 14.66 8.54 6.72 6.78 8.26

Significant level

*

*

*

*

*

* - Significant at 5% level

No = 0 Kg, N1 = 75 Kg, N2 = 105 Kg, N3 = 135 Kg ha; Po = 0 Kg, P; = 69 Kg, P, = 92 Kg ha'!
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At 60 DAP, the lowest number of leaves plant? (17.00) was observed from the NoPo
treatment which was statistically similar with NoP1 (17.33), NoP2 (17.67) and N1Po
(20.00) whereas, the highest number of leaves plant™ (30.33) was observed from N3P
which was statistically similar with N3P (28.67) and NsPo (27.33). At 90 DAP, the
lowest number of leaves plant™ (25.00) was observed from the NoPo treatment which
was statistically similar with NoP1 (25.33), NoP2 (25.67) and N1Po (28.00) whereas,
the highest number of leaves plant® (39.67) was observed from NsP, which was
statistically similar with N3Pz (37.33).

4.5 Number of stems hill

Effect of nitrogen

The number of stems hill* of BARI Alu-35 was significantly influenced by different
doses of nitrogen (Figure 9 and Appendix VII). The results revealed that the treatment
No produced minimum number of stems hill (1.33) and the treatment N3 (4.33)
produced maximum number of stems hill™. Anabousi et al. (1997) reported that stem

number per plant increases with increased level of nitrogen.
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No = 0 Kg, N = 75 Kg, N, = 105 Kg, N; = 135 Kg ha'*

Figure 9. Effect of nitrogen on number of stems hill*
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Effect of phosphorus

The number of stems hill™* of BARI Alu-35 was significantly influenced by different
doses of phosphorus (Figure 10 and Appendix VIII). The results revealed that the
treatment Po produced minimum number of stems hill* (2.50) and the treatment P,
(3.17) produced maximum number of stems hill™X. Debasish et al. (2001) reported that
increasing the level of phosphorus increases the number of stem per plant.

3.5 4

2.5 A

1.5 -

Stem number
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PO P1
Phosphorus doses

Po =0 Kg, P1 = 69 Kg, P, = 92 Kg ha't
Figure 10. Effect of phosphorus on number of stems hill-*

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on number of stems hill"* of BARI Alu-35 (Table 2). The minimum number of stems
per hill"* (1.00) was recorded from NoPo treatment which was statistically similar with
NoP1 (1.33), NoP2 (1.67) and N1Po (2.00) whereas; the maximum number of stems per
hill"* (4.67) was recorded from the N3P, treatment which was statistically similar with
N3Pz (4.33), N3Po (4.00) and N2P2 (3.67).
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4.6 Stem dry matter

Effect of nitrogen

The stem dry matter (%) of BARI Alu-35 was significantly influenced by different
doses of nitrogen (Figure 11 and Appendix VII). The results revealed that the
treatment No produced lower stem dry matter (5.50%) and the treatment N3 (17.80%)
produced higher stem dry matter. Singh and Singh (1994) reported that stem dry

matter content increased with increased application nitrogen.

20 -
18 -
16 -
14 -

=
N
I

Dry matter (%)
© o

6 .
4 -
2 .
0 -
N1 N2 N3
Nitrogen doses
No = 0 Kg, N; = 75 Kg, N, = 105 Kg, N3 = 135 Kg ha'*
Figure 11. Effect of nitrogen on stem dry matter
Effect of phosphorus

The stem dry matter (%) of BARI Alu-35 was significantly influenced by different
doses of phosphorus (Figure 12 and Appendix VIII). The results revealed that the
treatment Po produced lower stem dry matter (10.33%) and the treatment P> (12.65%)
produced higher stem dry matter. Debasish et al. (2001) reported the same result as

dry matter increased with increased level of phosphorus.
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Figure 12. Effect of phosphorus on stem dry matter

Interaction effect of nitrogen and phosphorus
Interaction of different doses of nitrogen and phosphorus showed significant variation
on stem dry matter (%) of BARI Alu-35 (Table 2). The minimum stem dry matter
(4.25%) was recorded from NoPo treatment and the maximum stem dry matter
(18.87%) was recorded from the N3P treatment.

4.7 Number of tubers hill!

Effect of nitrogen

The number of tubers hill* of BARI Alu-35 was significantly influenced by different
doses of nitrogen (Table 3). The results revealed that the treatment No produced
lowest number of tubers hill"* (4.67) and the treatment N3 (10.11) produced highest
number of tubers hill’t. The increased number of tubers per hill'* may be due to
increased absorption of nutrients which would have increased photosynthetic activity
as well as translocation of photosynthates for formation of tubers. Mulubrhan (2004)
reported that the application of nitrogen increased the tubers number of potato per unit

area.
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Table 3. Effect of nitrogen on number of tubers hill*, average weight of tuber

hill-* and yield of tuber

Treatments Number of tubers | Average weight of | Yield of tuber (t ha™)
hill tuber hill’* (g)

No 4.67d 47.66 d 25.63 d
N1 7.67c 56.53 ¢ 29.70 ¢
N2 8.67b 65.72 b 33.72b
N3 10.11a 74.39a 37.73a

LSD (0.05) 0.6947 0.03092 0.03092

CV (%) 15.70 9.04 8.09

Significant level * * *

* - Significant at 5% level

Np = 0 Kg, N1 = 75 Kg, N2 = 105 Kg, N3 = 135 Kg ha'®

Effect of phosphorus

The number of tubers hillt of BARI Alu-35 was significantly influenced by different
doses of phosphorus (Table 4). The results revealed that the treatment Po produced
lowest number of tubers hill* (7.08) and the treatment P2 (8.00) produced highest
number of tubers hill"* which was statistically similar with P (7.50).

Table 4. Effect of phosphorus on number of tubers hill, average weight of tuber

hill-* and yield of tuber

Treatments Number of tubers | Average weight of | Yield of tuber (t ha™)
hill tuber hill* (g)

Po 7.08b 59.18 c 30.45¢
P1 7.50 ab 60.88 b 31.70 b
P2 8.00 a 63.17 a 3293 a

LSD (0.05) 0.6017 0.02677 0.02677

CV (%) 15.70 9.04 8.09

Significant level * * *

* - Significant at 5% level

Po =0 Kg, P = 69 Kg, P, = 92 Kg ha't
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Jenkins and Ali (2000) reported that sufficient P in the soil is essential for early potato

development, tuber set, total number of tubers and tuber maturity.

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on number of tubers hill* of BARI Alu-35 (Table 5). The minimum number of tubers
hill’ (4.33) was recorded from NoPo treatment which was statistically similar with
NoP1 (4.67) and NoP2 (5.00) whereas; the maximum number of tubers hill* (11.00)
was recorded from the N3P, treatment which was statistically similar with N3P
(10.00).

Table 5. Interaction effect of nitrogen and phosphorus on number of tubers hill-,
average weight of tuber hill* and yield of tuber

Treatments Number of Average weight | Yield of tuber (t ha™)
tubers hill’* | of tuber hill* (g)

Po 4.33e 45.67 | 24.37 |

No P1 4.67 e 46.72 k 25.63 k

P, 5.00 e 49.60 26.89

Po 6.33d 54701 28.47 i

N1 P1 6.67d 56.16 h 29.67 h

P, 7.00d 58.74 g 30.95¢

Po 8.33¢ 63.92 f 3247 f

N2 P1 8.67 c 65.38 e 33.75¢e

P2 9.00 bc 67.86 d 34.93d

Po 9.33 bc 7242 ¢ 36.51c

N3 P1 10.00 ab 74.28 b 37.76 b

P2 11.00 a 76.47 a 38.93a

LSD (0.05) 1.203 0.05355 0.05355
CV (%) 15.70 9.04 8.09

Significant level * * *

* - Significant at 5% level

No = 0 Kg, N1 = 75 Kg, N2 = 105 Kg, N3 = 135 Kg ha’; Po = 0 Kg, P1 = 69 Kg, P, = 92 Kg ha*
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4.8 Average weight of tuber hill*

Effect of nitrogen

The average weight of tuber hill (g) of BARI Alu-35 was significantly influenced by
different doses of nitrogen (Table 3). The results revealed that the treatment No
produced lowest average weight of tuber hill'* (47.66 g) and the treatment Ns
produced highest average weight of tuber hill* (74.39 g). Zelalem et al. (2009)

reported that average tuber weight progressively increased with increasing N rate.

Effect of phosphorus

The average weight of tuber hill* (g) of BARI Alu-35 was significantly influenced by
different doses of phosphorus (Table 4). The results revealed that the treatment Po
produced lowest average weight of tuber hill? (59.18 g) and the treatment P,
produced highest average weight of tuber hill* (63.17 g). Zewide et al. (2012)

reported that P fertilization provided an increase in tuber mean weight up to 24.5%.

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on average weight of tuber hill* (g) of BARI Alu-35 (Table 5). The minimum average
weight of tuber hill (45.67 g) was recorded from NoPo treatment and the maximum
average weight of tuber hill™* (76.47 g) was recorded from the N3P treatment.

4.9 Yield of tuber

Effect of nitrogen

The yield of tuber (t ha) of BARI Alu-35 was significantly influenced by different
doses of nitrogen (Table 3). The results revealed that the treatment No produced
lowest yield of tuber (25.63 t ha') and the treatment N3 produced highest yield of
tuber (37.73 t hal). Application of more N increased size and number of tubers
ultimately enhancing total yield (Kumar et al., 2007).

Effect of phosphorus
The yield of tuber (t ha) of BARI Alu-35 was significantly influenced by different
doses of phosphorus (Table 4). The results revealed that the treatment Po produced

lowest yield of tuber (30.45 t ha') and the treatment P2 produced highest yield of
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tuber (32.93 t hal). Applied P has been found to increase the yield of small and

medium size tubers (Hanley et al., 1985).

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on yield of tuber (t ha') of BARI Alu-35 (Table 5). The minimum yield of tuber
(24.37 t hal) was recorded from NoPo treatment and the maximum vyield of tuber
(38.93 t ha!) was recorded from the N3P treatment.

4.10 Tuber dry matter

Effect of nitrogen

The tuber dry matter (%) of BARI Alu-35 was significantly influenced by different
doses of nitrogen (Table 6). The results revealed that the treatment Nz produced
lowest tuber dry matter (14.82%) and the treatment No produced highest tuber dry
matter (22.89%). Kandi (2011) reported a reduced percent dry matter of potato tubers

as nitrogen rates increased.

Table 6. Effect of nitrogen on tuber dry matter, total soluble solids and protein

content
Treatments Tuber dry matter Total soluble solids | Protein content (%)
(%) (%)
No 22.89 a 3.62d 3.82d
N1 19.51b 5.06c 5.26¢
N2 17.33¢ 6.44b 6.64 b
\E 14.82 d 7.30a 7.50 a
LSD (0.05) 0.03092 0.03092 0.03092
CV (%) 10.15 9.44 6.43
Significant level * * *

* - Significant at 5% level

No = 0 Kg, N = 75 Kg, N, = 105 Kg, N; = 135 Kg ha'*
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Effect of phosphorus

The tuber dry matter (%) of BARI Alu-35 was significantly influenced by different
doses of phosphorus (Table 7). The results revealed that the treatment P, produced
lowest tuber dry matter (17.68%) and the treatment Po produced highest tuber dry
matter (19.58%). Asefa (2005) has indicated that increasing rate of phosphorous
application significantly decreased specific gravity and dry matter content of potato

tuber.

Table 7. Effect of phosphorus on tuber dry matter, total soluble solids and protein

content
Treatments Tuber dry matter | Total soluble solids | Protein content (%)
(%) (%)
Po 19.58 a 5.26¢ 5.46¢C
P1 18.64 b 5.59 b 579b
P2 17.68 c 5.96 a 6.16 a
LSD (0.05) 0.02677 0.02677 0.02677
CV (%) 10.15 9.44 6.43
Significant level * * *

* - Significant at 5% level

Po=0Kg, P1 = 69 Kg, P, =92 Kg ha'*

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on tuber dry matter (%) of BARI Alu-35 (Table 8). The minimum tuber dry matter
(14.17%) was recorded from NsP2 treatment and the maximum tuber dry matter

(24.59%) was recorded from the NoPo treatment.

4.11 Total soluble solid

Effect of nitrogen

The total soluble solid (%) of BARI Alu-35 was significantly influenced by different
doses of nitrogen (Table 6). The results revealed that the treatment No produced
lowest total soluble solid (3.62%) and the treatment N3 produced highest total soluble
solid (7.30%).
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Effect of phosphorus

The total soluble solid (%) of BARI Alu-35 was significantly influenced by different
doses of phosphorus (Table 7). The results revealed that the treatment Po produced
lowest total soluble solid (5.26%) and the treatment P> produced highest total soluble
solid (5.96%).

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on total soluble solid (%) of BARI Alu-35 (Table 8). The minimum total soluble solid
(3.33%) was recorded from NoPo treatment and the maximum total soluble solid
(7.60%) was recorded from the NsP» treatment. Kandi (2011) reported a reduced

percent dry matter of potato tubers as nitrogen rates increased.

4.12 Protein content

Effect of nitrogen

The protein content (%) of BARI Alu-35 was significantly influenced by different
doses of nitrogen (Table 6). The results revealed that the treatment No produced
lowest protein content (3.82%) and the treatment N3 produced highest protein content
(7.50%).

Effect of phosphorus

The protein content (%) of BARI Alu-35 was significantly influenced by different
doses of phosphorus (Table 7). The results revealed that the treatment Po produced
lowest protein content (5.46%) and the treatment P> produced highest protein content
(6.16%).

Interaction effect of nitrogen and phosphorus

Interaction of different doses of nitrogen and phosphorus showed significant variation
on protein content (%) of BARI Alu-35 (Table 8). The minimum protein content
(3.53%) was recorded from NoPo treatment and the maximum protein content (7.80%)

was recorded from the NsP» treatment.
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Table 8. Interaction effect of nitrogen and phosphorus on tuber dry matter, total

soluble solids and protein content

Treatments Tuber dry matter | Total soluble solids | Protein content (%)
(%) (%)
Po 2459 a 3.331 3.531
No P1 22.92 b 3.61k 3.81k
P2 21.17c 391 411
Po 20.37d 4.631 4.83i
N1 P1 19.49¢ 4.95h 5.15h
P2 18.67 f 5.60¢g 5.80¢g
Po 1791 ¢ 6.10 f 6.30 f
N2 P1 17.35h 6.51e 6.71e
P2 16.72 i 6.72d 6.92d
Po 15.47 | 6.99 c 7.19¢c
N3 P1 14.81 k 7.31b 751b
P2 14.17 1 7.60 a 7.80a
LSD (0.05) 0.05355 0.05355 0.05355
CV (%) 10.15 9.44 6.43

Significant level

*

*

*

* - Significant at 5% level

No = 0 Kg, N1 = 75 Kg, N2 = 105 Kg, N3 = 135 Kg ha’; Po = 0 Kg, P1 = 69 Kg, P, =92 Kg ha*
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CHAPTER V

SUMMARY AND CONCLUSION

Different growth and yield parameters varied significantly due to difference in the
doses of nitrogen and phosphorus. Different doses of nitrogen had significant effect
on growth and yield of BARI Alu-35. Among the treatments, the treatment No took
the maximum days (13.53 days) for first emergence and N3 took the minimum days
(9.71 days). The treatment No took the maximum days (19.16 days) for final
emergence and N3 took the minimum days (16.49 days). At 30, 60 and 90 DAP, the
treatment No produced the shortest plant (12.96 cm, 22.64 cm and 39.67 cm
respectively) and the treatment N3 produced the tallest plant (19.72 cm, 34.56 cm and
60.39 cm respectively). At 30, 60 and 90 DAP, the treatment No produced minimum
number of leaves plant™® (6.33, 17.33 and 25.33 respectively) and the treatment N3
(11.33, 28.78 and 37.56 respectively) produced maximum number of leaves plant™.
Among the treatments, the treatment No produced minimum number of stems hill*
(1.33) and the treatment N3 (4.33) produced maximum number of stems hillt. The
treatment No produced lower stem dry matter content (5.50%) and the treatment N3
(17.80%) produced higher stem dry matter content. The treatment No produced lowest
number of tubers hill’ (4.67) and the treatment N3 (10.11) produced highest number
of tubers hillX. The treatment No produced lowest average weight of tuber hill™* (47.66
g) and the treatment N3 produced highest average weight of tuber hill* (74.39 g). The
treatment No produced lowest yield of tuber (25.63 t ha') and the treatment Ns
produced highest yield of tuber (37.73 t hat). The treatment N3 produced lowest tuber
dry matter content (14.82%) and the treatment No produced highest tuber dry matter
content (22.89%). The treatment No produced lowest total soluble solid (3.62%) and
the treatment N3 produced highest total soluble solid (7.30%). The treatment No
produced lowest protein content (3.82%) and the treatment N3 produced highest
protein content (7.50%).

Different doses of phosphorus had significant effect on growth and yield of BARI
Alu-35. Among the treatments, the treatment Po took the maximum days (11.90 days)
for first emergence and P> took the minimum days (11.28 days). The treatment Pg
took the maximum days (18.08 days) for final emergence and P. took the minimum
days (17.60 days). At 30, 60 and 90 DAP, the treatment Po produced the shortest plant
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(15.60 cm, 27.29 cm and 47.75 cm respectively) and the treatment P, produced the
tallest plant (17.09 cm, 29.93 cm and 52.33 cm respectively). At 30, 60 and 90 DAP,
the treatment Po produced minimum number of leaves plant™ (8.00, 22.08 and 30.17
respectively) and the treatment P> (9.33, 24.33 and 32.67 respectively) produced
maximum number of leaves plant™. Among the treatments, the treatment Po produced
minimum number of stems hill? (2.50) and the treatment P, (3.87) produced
maximum number of stems hill’. The treatment Po produced lower stem dry matter
content (10.33%) and the treatment P, (12.65%) produced higher stem dry matter
content. The treatment Po produced lowest number of tubers hill (7.08) and the
treatment P, (8.00) produced highest number of tubers hill't. The treatment Po
produced lowest average weight of tuber hill* (59.18 g) and the treatment P,
produced highest average weight of tuber hillt (63.17 g). The treatment Po produced
lowest yield of tuber (30.45 t ha') and the treatment P2 produced highest yield of
tuber (32.93 t hal). The treatment P, produced lowest tuber dry matter content
(17.68%) and the treatment Po produced highest tuber dry matter content (19.58%).
The treatment Po produced lowest total soluble solid (5.26%) and the treatment P
produced highest total soluble solid (5.96%). The treatment Po produced lowest
protein content (5.46%) and the treatment P> produced highest protein content
(6.16%).

Among the treatments, the treatment NoPo took the maximum days (13.87 days) for
first emergence and N3Pz took the minimum days (9.39 days). The treatment NoPo
took the maximum days (19.38 days) for final emergence and N3P took the minimum
days (16.24 days). At 30, 60 and 90 DAP, the treatment NoPo produced the shortest
plant (12.22 cm, 21.35 cm and 37.41 cm respectively) and the treatment N3P
produced the tallest plant (20.47 cm, 35.92 cm and 62.64 cm respectively). At 30, 60
and 90 DAP, the treatment NoPo produced minimum number of leaves plant™ (6.00,
17.00 and 25.00 respectively) and the treatment N3P, (12.67, 30.33 and 39.67
respectively) produced maximum number of leaves plant™. Among the treatments, the
treatment NoPo produced minimum number of stems hill* (1.00) and the treatment
N3Pz (4.67) produced maximum number of stems hillt. The treatment NoPo produced
lower stem dry matter content (4.25%) and the treatment N3zP2 (18.87%) produced
higher stem dry matter content. The treatment NoPo produced lowest number of tubers
hill"* (4.33) and the treatment N3P, (11.00) produced highest number of tubers hill™.
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The treatment NoPo produced lowest average weight of tuber hill’* (45.67 g) and the
treatment N3P, produced highest average weight of tuber hill' (76.47 g). The
treatment NoPo produced lowest yield of tuber (24.37 t hal) and the treatment NsP;
produced highest yield of tuber (38.93 t hal). The treatment N3P, produced lowest
tuber dry matter content (14.17%) and the treatment NoPo produced highest tuber dry
matter content (24.59%). The treatment NoPo produced lowest total soluble solid
(3.33%) and the treatment N3P. produced highest total soluble solid (7.60%). The
treatment NoPo produced lowest protein content (3.53%) and the treatment N3sP>

produced highest protein content (7.80%).

From the above results it can be concluded that,

e The application of nitrogen and phosphorus had positive effect on the growth,
yield and quality of BARI Alu-35.
e Application of 135 kg N ha* with 92 kg P ha produced better result for most

of parameters studied.

From the above conclusions, the following recommendations can be made:

v Effect of different doses of nitrogen and phosphorus may be studied for
growing potato crop.
v Beside nitrogen and phosphorus, the effect of other nutrients on the potato

crop as well as nutrient uptake by different varieties may also be studied.

47



CHAPTER VI
REFERENCES

Allison, M. F., Fowler, J. H. and Allen, E. J. (2001). Effects of soil and foliar-applied
phosphorus fertilizers on the potato (Solanum tuberosum L.) crop. J. Agric.
Sci. 137: 179-195.

Alva, A. (2004). Potato nitrogen management. J. Vegetable Crop Prod. 10: 97-130.

Alvarez-Sanches E., Etchevers, J. D., Ortiz, J., Nunez, R., Volke, V., Tijerina, L. and
Martinez, A. (1999). Boimass production and phosphorus accumulation of
potato as affected by phosphorus nutrition. J. Plant Nutr. 22: 105-117.

Anabousi, O. A. N., Hattar, B. I. and Sawwan, M. A. (1997). Effect of rate and source
of nitrogen on growth, yield and quality of potato. Dirasat. Agric. Sci. 24(2):
142-159.

Anand, S. and Krishnappa, K. S. (1988). Effect of different levels of N and K on the
growth, yield and quality of potato in sandy loam soil. Mysore J. Agric. Sci.
22: 83-88.

AOAC (Association of Official Analytical Chemist). (1990). Official Methods of
Analysis. Association of Official Analytical Chemist (15" edn), AOAC,
Washington, DC, USA.

Asefa, N. (2005). Response of two improved potato varieties to nitrogen and
phosphorus application. MSc. Thesis presented to the School of Graduate
studies, Haramaya University. Iran.

Baniuniene, A. and Zekaite, V. (2008). The effect of mineral and organic fertilizers on
potato tuber yield and quality. Latv. J. Agron. 11: 202-206.

BBS (Bangladesh Bureau of Statistics). (2013). Handbook of Agricultural Statistics.
Govt. of the People’s Republic of Bangladesh, Dhaka. pp. 62-64.

BBS (Bangladesh Bureau of Statistics). (2016). Handbook of Agricultural Statistics.
Govt. of the People’s Republic of Bangladesh, Dhaka. pp. 25-34.

Bennett, W. F. (1993). Plant nutrient utilization and diagnostic plant symptoms. In:
Nutrient Deficiencies and Toxicities in Crop Plants, Bennett, W. F. (Editor).
American J. Phytopathological Soc. 7(2): 1-7.

48



Berga, L., Gebremedhin, W., Terrisa, J. and Bereke, T. (1994). Potato agronomy
research. Proceedings of the 2" National Horticultural Workshop of Ethiopia,
December 1-3, 1992, Institute of Agricultural Research and Food and
Agriculture Organization, Addis Ababa, Ethiopia.

Berisha, D., Bardhi, N., Rusinovcic, I., Kelmendi, B. and Susaj, L. M. (2014). Effects
of phosphorus fertilization rates on several morphological and yield indicators
of potato (Solanum tuberosum L.) cultivar Agria. Online Inter. Interdisci. Res.
J. 4: 49-59,

Bhowmik, N. N. and Dandapat, A. (1991). Studies on yield parameters and yield of
potato (Solanum tuberosum L.) cultivars under varying levels of nitrogen.
Indian Agric. 35(1): 21-26.

Brown, C. R. (2005). Antioxidants in potato. American J. Potato Res. 82: 163-172.

Carl, J., Rsen, M., Mcnearney, R. and Peter, B. (2011). Effect of liquid fertilizer
sources and avail on potato yield and quality. Presented at the Indaho Potato
Conference, January 20.

Chaurasia, S. N. S. and Singh, K. P. (1996). Influence of N levels and haulm cuttings
on growth and yield of potato (Solanum tuberosum L.). Haryana J. Hort. Sci.
25(3): 140-145.

Cucci, G. and Lacolla, G. (2007). Effects of different fertilizing formulae on potato.
Italian J. Agron. 2(3): 75-80.

Darwish, T. M., Atallah, T. W., Hajhasan, S. and Haidar, A. (2006). Nitrogen and
water use efficiency of fertigated processing potato. Agr. Water Manag. 85:
95-104.

Das Gupta, D. K. and Ghosh, T. K. (1973). Effect of nitrogen on the growth and yield
of potato (Solanum tuberosum L.). Indian J. Agric. Sci. 43(4): 113-118.
Debasish, B., Sharma, B. N. and Saikia, M. (2001). Effect of phosphorous on growth
and tuber yield of potato raised from TPS transplants. J. Indian Soc. Agric.

Sci. 14(2): 136-139.

Deka, N. C. and Dutta, T. C. (1999). Response of potato to nitrogen and potassium in
acidic soils of Assam. Adv. Plant Sci. 12(2): 115-120.

Divis, J. and Barta, J. (2001). Influence of the seed-tuber size on yield and yield
parameters in potatoes. Rostlinna vyroba. 47(6): 171-175.

49



Ekel6f, J. (2007). Potato yield and tuber set as affected by phosphorus fertilisation.
MSc. Thesis, Swedish University of Agricultural Sciences.

El Gamal, A. M. (1996). Response of potatoes to phosphorus fertilizer level and
phosphorus biofertilizer in the newly reclaimed area. Asian J. Agric. Sci. 27:
77-87.

Elfnesh, F., Tekalign, T. and Solomon, W. (2011). Processing quality of improved
potatoes (Solanum tuberosum L.) cultivars as influenced by growing
environment and blanching. Afr. J. Food Sci. 5: 124-132.

FAO (Food and Agriculture Organization). (2009). Production Year Book No. 67.
Food and Agriculture Organization FAO, Rome, Italy. pp. 97-106.

FAOSTAT. (2010). World food and agriculture organization data of statistics. FAO,
Rome, Italy. http://faostat.fao.org/site/567/default.aspx#ancor.

Fernandes, A. M., Sorrato, R. P. and Pilon, C. (2015). Soil phosphorus increases dry
matter and nutrient accumulation and allocation in potato cultivars. American
J. Potato Res. 92: 117-127.

Fontes, P. C. R., Braun, H., Bussato, C., and Cecon, P. R. (2010). Economic optimum
nitrogen fertilization rates and nitrogen fertilization rate effects on tuber
characteristics of potato cultivars. Potato Res. 53: 167-179.

Freeman, K. L., Franz, P. R. and Jong, R. W. (1998). Effect of phosphorus on the
yield, quality and petiolar phosphorus concentrations of potatoes (cv. Russet
Burbank and Kennebec) grown in the krasnozem and duplex soils of Victoria.
Australian J. Exp. Agric. 38: 83-93.

Gabr, S. M. and Sarg, S. M. (1998). Response of some new potato cultivars grown in
sandy soil to different nitrogen levels. Alexandria J. Agric. Res. 43(2): 33-41.

Gathungu, G. K., Shibairo, S. I., Gidhiri, S. M., Mburu, M. W. K., Ojiambo, P. S. and
Kidanemariam, H. M. (2000). Effect of source, time and method of nitrogen
application on growth and yield components of potato in Kenya. African Crop
Sci. J. 8(4): 87-102.

Goffart, J. P., Olivier, M. and Frankinet, M. (2008). Potato crop nitrogen status
assessment to improve N fertilization management and efficiency: Past-
present-future. Potato Res. 51: 155-183.

50



Gomez, K. A. and Gomez, A. A. (1984). Statistical procedure for agricultural
research. Second Edn. Intl. Rice Res. Inst., John Wiley and Sons. New York.
pp. 1-34.

Grewal, J. S. and Trehan, S. P. (1993). Phosphorus and potassium nutrition of potato.
In Advances in Horticulture, Vol.7- Potato (Eds. Chadha K. L. and Grewal, J.
S.), Malhotra Publishing House, New Delhi. pp. 161-197.

Grewal, J. S., Sharma, R. C. and Saini, S. S. (1992). Agrotechniques for Intensive
Potato Cultivation in India. Publications and Information Division, India
Council of Agricultural Research, Krishi Anusandhan Bhavan, New Delhi. pp.
119-126.

Guler, S. (2009). Effect of nitrogen on yield and chlorophyll of potato (Solanum
tuberosum L.) cultivars. Bangladesh J. Bot. 38(2): 163-169.

Gupta, A. and Pal, K. (1989). Response of potato varieties to nitrogen fertilizer under
rain fed condition. Indian J. Agron. Sci. 34(4): 78-80.

Gupta, A. and Saxena, M. C. (1976). Effect of nitrogen and phosphorus fertilizer on
potato. Indian J. Agric. Sci. 21(3): 133-136.

Hahlin, M. (1992). Fosfor till potatis och efterféljande grodor. Ingar i SpoR
Potatisodlaren. 10(3): 42-43.

Hahlin, M. and Ericsson, J. (1981). Phosphorus and phosphorus fertilization. Swedish
University of Agricultural Sciences, Uppsala, p. 294.

Hanley, F., Jarvis, R. H., and Ridgman, W. J. (1985). The effects of fertilizers on the
bulking of Majestic potatoes. J. Agric. Sci. 65(2): 159-169.

Hassanpanah, D., Hosienzadeh, A. A., Dahdar, B., Allahyari, N. and Imanparast, L.
(2009). Effects of different rates of nitrogen and phosphorus fertilizers on
yield and yield components of Savalan potato cultivar mini-tubers. J. Food
Agric. Environ. 7(2): 115-118.

Hooda, R. S. and Pandita, N. L. (1980). Effect of methods and rate of nitrogen
application on growth, yield and quality of potato. Haryana J. Hort. Sci. 9(3):
95-100.

Hopkins, B. G., Rosen, C. J., Shiffler, A. K., and Taysom, T. W. (2008). Enhanced

efficiency fertilizers for improved nutrient management. Potato J. 7(1): 30-40.

51



Horton, D. (1987). Potatoes: Production, Marketing and Programs for Developing
Countries. West View Press, London. pp. 19-24.

Hossain, M. S. (2011). Yield potential, storage behavior and degeneration of potato
varieties in Bangladesh. Ph.D. thesis, Seed science and technology unit.
Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur-1706,
Bangladesh.

Houghland, C. V. (1960). The influence of phosphorus on the growth and physiology
of the potato plant. American Potato J. 37: 127-138.

lerna, A., Pandino, G., Lombardo, S. and Mauromicale, G. (2011). Tuber yield, water
and fertilizer productivity in early potato as affected by a combination of
irrigation and fertilization. Agr. Water Manag. 101: 35-41.

Jaggi, R. C., Dixit, S. P. and Bhardwaj, S. K. (1995). Nutrient uptake and tuber yield
of potatoes influenced by phosphate and FYM in an acid alfisol. J. Indian Soc.
Soil Sci. 43(3): 391-394.

Jamaati-e-Somarin, S., Zabihi-e-Mahmoodabad, R., and Yari, A. (2010). Vegetative
growth of potato (Solanum tuberrosum L.) cultivars under the effects of
different level of nitrogen fertilizer. Payam Noor University, Iran. Res. J. Biol.
Sci. 4(7): 107-114.

Jenkins, P. D. and Ali, H. (1999). Growth of potato cultivars in response to
applications of phosphate fertilizer. Ann. Appl. Biol. 135: 31-38.

Jenkins, P. D. and Ali, H. (2000). Phosphate supply and progeny tuber numbers in
potato crops. Annal. Appl. Biol. 136: 41-46.

Jenkins, P. D. and Nelson, D. G. (1992). Aspects of nitrogen fertilizer rate on tuber
dry-matter content of potato cv. Potato Res. 35(2): 127-132.

Kandi, M. A. S., Tobeh, A., Gholipoor, A., Jahanbakhsh, S., Hassanpanah, D. and
Sofalian, O. (2011). Effects of different nitrogen fertilizer rate on starch
percentage, soluble sugar, dry matter, yield and yield components of potato
cultivars. University of Mohagheghe Ardabili, Ardabili, Iran. Austr. J. Appl.
Sci. 5(9): 146-151.

Klein, L. B., Chandra, S. and Mondy, N. I. (1980). The effect of phosphorus
fertilization on the chemical quality of Katahdin potatoes. American Potato J.
57: 159-166.

52



Kleinkopf, G. E., Westermann, D. T. and Dwelle, R. B. (1981). Dry matter production
and nitrogen utilization by six potato cultivars. Agron. J. 73(5): 799-802.
Kolodziejczyk, M. (2014). Effect of nitrogen fertilization and microbial populations

on potato yielding. Plant Soil Environ. 60: 379-386.

Koochaki, A. and Sarmadnia, G. (2006). Crop Physiology. Ferdoosi University Press,
Mashad, Iran. pp. 55-72.

Kumar, B., Kumar, J., Singh, S. S. and Singh, M. V. (1996). Response of potato
varieties Kufri Lalima to nitrogen fertilization under eastern Uttar Pradesh
conditions. New Agriculturist. 7(1): 11-15.

Kumar, P., Pandey, S. K., Singh, B. P., Singh, S. V. and Kumar, D. (2007). Effect of
nitrogen rate on growth, yield, economics and crisps quality of Indian potato
processing cultivars. Potato Res. 50: 143-155.

Kumar, R. and Singh, H. (1979). Effect of different rates of nitrogen and phosphorus on
the growth and yield of potato (Var. Kufri Chandramukhi). Indian J. Agric. Sci.
24(4): 425-426.

Kumar, V., Singh, N., Malik, Y. S., Bhatia, A. K. and Nehra, B. K. (2002). Effect of
nitrogen and crop duration on bulking behaviour of potato cv. Kufri Sutlej.
Haryana J. Hort. Sci. 31(3): 159-161.

Kushwah, V. S. (1989). Effect of different levels of nitrogen and planting density on
production of seed potato (Solanum tuberosum L.). Indian J. Agric. Sci. 59(9):
61-65.

Lachman, J., Hamouz, K., Dvorak, P. and Orsak, M. (2005). The effect of selected
factors on the content of of protein and nitrates in potato tubers. Plat Soil
Environ. 51: 31-38.

Lal, S. S., Sahota, T. S. and Grewal, J. S. (1982). Response of potato to different
carriers and levels of nitrogen in the acidic soils of Meghalaya. Current
Agriculture. 6: 140-150.

Li, H., Parent, L. E. and Karam, A. (2006). Simulation modelling of soil and plant
nitrogen use in a potato cropping system in the humid and cool environment.
Agr. Ecosys. Environ. 115: 148-160.

Ma, T. S. and Zuazaga, G. (1942). Micro-Kjeldahl determination of nitrogen. A new
indicator and an improved rapid method. Ind. Eng. Chem. (Analytical
Edition), 14: 80-82.

53



Malik, Y. S., Bhatia, A. K., Singh, N., Nehra, B. K. and Khurana, S. C. (2002). Effect
of nitrogen, seed size and spacing on seed potato production in cv. Kufri
Sutlej. Potato Global Research and Development Proceedings of the Global
Conference on Potato, New Delhi. 2: 61-65.

Malik, Y. S., Singh, N., Nehra, B. K. and Khurana, S. C. (1998). Effect of spacing,
nitrogen and potash on potato variety Kufri Jawahar. Haryana J. Hort. Sci.
27(3): 207-210.

Meyer, B. S. and Anderson, D. B. (1970). Plant Physiology. East—West press Pvt. Ltd.
New Delhi. pp. 58-66.

Millard, P., & Marshall, B. 1986. Growth, nitrogen uptake and partitioning within the
potato (Solanum tuberosum L.) crop in relation to nitrogen application. J.
Agric. Sci. 107(02): 121-129.

Mondal, M. R. L, Islam, M. S., Jalil, M. A. B., Rahman, M. M., Alam, M. S. and
Rahman, M. H. H. (2011). Krishi Projukti Hatboi (Handbook of
Agrotechnology), 5th edition. Bangladesh Agricultural Research Institute,
Gazipur-1701, Bangladesh, p. 307.

Moreno, A., Moreno, M. M., Ribas, F. and Cabello, M. J. (2003). Influence of
nitrogen fertilizer on grain yield of barley (Hordeum vulgare L.) under
irrigated conditions. Spanish J. Agr. Res. 1(1): 91-100.

Mulubrhan, H. (2004). The Effects of Nitrogen, Phosphorus and Potassium
Fertilization on the Yield and Yield Components of Potato (Solanum
tuberosum L.) Grown on Vertisols of Mekelle Area, Ethiopia. M.Sc. Thesis
submitted to the Faculty of the Department of Plant Science, School of
Graduate Studies, and Haramaya University, Ethiopia. p. 83.

Nandekar, D. N., Sharma, T. R., Sawarkar, S. D. and Sharma, R. C. (1992). Influence
of time and methods of nitrogen application no potato production. Orissa J.
Hort. 20(5): 13-16.

Neumann, A., Torstensson, G. and Aronsson, H. (2012). Nitrogen and phosphorus
leaching losses from potatoes with different harvest times and following crops.
Field Crop Res. 133: 130-138.

Nielsen, T. H., Wischmann, B., Enevoldsen, K. and Moller, B. L. (1994). Starch
phophorylation in potato tubers proceeds concurrently with de novo
biosynthesis of starch. Plant Physiol. 105: 111-117.

54



Nizamuddin, M., Mahmood, M., Faroog, K. and Riaz, S. (2003). Response of potato
to various levels of NPK. Asian J. Plant Sci. 2: 149-151.

O’Brien, P. J., Allen, E. J. and Firman, D. M. (1998). A review of some studies into
tuber initiation in potato (Solanum tuberosum L.) crops. J. Agric. Sci. 130:
51-70.

Painter, C. G. and Augustin, J. (1976). The effect of soil moisture and nitrogen on
yield and quality of the Russet Burbank potato. American Potato J. 53(8): 75-
84.

Patel, J. C. and Patel, L. R. (2001). Effect of irrigation and nitrogen on yield attributes
in potato. J. Indian Potato Assoc. 28(4): 185-187.

Rendig, V. V. and Taylor, H. M. (1989). Principles of Soil-plant Interrelationships.
McGraw-Hill Publishing Company, New York, 100-101. pp. 185-186.

Rezaee, A. and Sultani, A. (1996). Potato cultivation. Mashad Jahade Daneshghahi
Press, Mashad, Iran. pp. 109-125.

Rosen, C. J. and Bierman, P. M. (2008). Potato yield and tuber set as affected by
phosphorus fertilization. American J. Potato Res. 85: 110-120.

Rosen, C. J., Kelling, K. A., Stark, J. C. and Porter, G. A. (2014). Optimizing
phosphorus fertilizer management in potato production. American J. Potato
Res. 91: 145-160.

Roy, S. K. and Jaiswal, V. P. (1998). Response of potato (Solanum tuberosum L.) to
planting dates and nitrogen. Indian J. Agron. 43(3): 84-88.

Sanderson, J. B. and White, R. P. (1987). Comparison of urea and ammonium nitrate
as nitrogen sources for potatoes. American Potato J. 64(4): 165-176.

Sanderson, J. B., MacLeod, J. A., Douglas, B., Coffin, R., and Bruulsema, T. (2002).
Phosphorus research on potato in PEI. In XXVI International Horticultural
Congress: Potatoes, Healthy Food for Humanity: International Developments
in Breeding, 619. pp. 209-217.

Satyanarayana, V. and Arora, P. N. (1985). Effect of nitrogen and potassium on yield
and yield attributes of potato (Var. Kufri Bahar). Indian J. Agric. Sci. 30(3):
192-195.

Schoenemann, J. A. (1977). Grading, Packaging and Marketing Potatoes, In: Potatoes
Production, Storing and Processing, (Ed.) Smith, O. 2nd Edition. The AVI
Publishing Company Inc., West Port, USA. pp. 470-505.

55



Sharma, G. S. and Singh, P. (1997). Effect of nitrogen and farmyard manure on
growth, nutrient content and uptake of potato. Haryana J. Agron. 13(1): 92-93.

Sharma, U. C. and Arora, B. R. (1987). Effects of nitrogen, phosphorus, and
potassium application on the yield of potato (Solanum tuberosum L.) tubers. J.
Agric. Sci. 108(2): 121-129.

Sheared, R. W. and Johnston, J. R. (1958). Influence of nitrogen, phosphorus and
potassium on the cooking quality of potatoes. Canadian J. Plant Sci. 38: 94-
100.

Shukla, D. N. and Singh, A. N. (1976). Effect of sources, rates and method of
nitrogen application on the yield and grade of potato. Indian J. Agric. Sci.
21(2): 98-99.

Singh, D. N., Sharma, P. K., Sahu, S. K. and Sontakke, B. K. (1986). Response of
potato to varying levels of nitrogen and potash under Eastern Ghat Land Zones
of Orissa. J. Indian Potato Assoc. 13(1-2): 55-64.

Singh, M. V. (1995). Nitrogen needs of potato when planted on different dates. J.
Indian Potato Assoc. 22(3-4): 101-104.

Singh, T. P. and Singh, R. P. (1994). Effect of rates and methods of nitrogen
application on biomass and tuber production of potato. Crop Res. Hissar. 8(3):
137-139.

Singh, V., Chaurasia, S. P. R. and Sharma, J. S. (2002). An economic analysis of farm
income distribution on potato specialized farms in Agra district of Uttar
Pradesh. India J. Agri. Eco. 57(4): 41-50.

Sommerfeld, T. G. and Knutson, K. W. (1965). Effects of nitrogen and phosphorus on
the growth and development of Russet Burbank potatoes grown in
southeastern Idaho. American Potato J. 42(12): 51-60.

Srek, P., Hejcman, M. and Kunzova, E. (2010). Multivariate analysis of relationship
between potato (Solanum tuberosum L.) yield, amount of applied elements,
their concentrations in tubers and uptake in a long-term fertilizer experiment.
Field Crop Res. 118: 183-193.

Taiz, L. and Zieger, E. (2003). Plant Physiology. 3™ Edition. Sinauer Associates,
Sunderland, Massachusetts, USA. pp. 688-690.

TCRC (Tuber Crop Research Center). (2004). Annual Report of 2003-04. Tuber
Crops Research Centre, Bangladesh Agricultural Research Institute, Gazipur-
1701. p. 13.

56



Tukaki, J. L. and Mahler, R. L. (1990). Evaluation of nutrient solution phosphorus
concentration in plantlet tuber production under greenhouse condition. J. Plant
Nutr. 13: 149-168.

Vaezzadeh, M.and Naderidarbaghshahi, M. (2012). The effect of various nitrogen
fertilizer amounts on yield and nitrate accumulation in tubers of two potato
cultivars in cold regions of Isfahan (Iran). Int. J. Agri. Crop Sci. 4(22): 168-
191.

Vos, J. (1995). The effects of nitrogen supply and stem density on leaf attributes and
stem branching in potato (Solanum tuberosum L.). Potato Res. 38: 71-79.

Wallace, T. (1993). The Diagnosis of Mineral Deficiencies in Plants by Visual
Symptoms. A Colour Atlas and Guide. Majesty Stationary Office, London.
Vol-94, pp. 150-155.

Westerman, D. T. (2005). Nutritional requirements of potatoes. American Potato J.
82: 101-107.

Westermann, D. T. and Davis, J. R. (1992). Potato nutritional management changes
and challenges into the next century. American Potato J. 69: 53-67.

Westermann, D. T. and Kleinkopf, G. E. (1985). Nitrogen requirements of potatoes.
Agron. J. 77: 116-121.

Wilcox, G. E., and Hoff, J. (1970). Nitrogen fertilization of potatoes for early summer
harvest. American Potato J. 47(3): 99-102.

Zabihi-e-Mahmoodabad, R., Jamaati-e-Somarin, S., Khayatnezhad, M. and Gholamin,
R. (2011). Effect of different density and nitrogen application rate on nitrogen
use efficiency of potato tuber. Pak. J. Biol. Sci. 11(15): 49-62.

Zamil, M. F., Rahman, M. M., Rabbani, M. G. and Khatun, T. (2010). Combined
effect of nitrogen and plant spacing on the growth and yield of potato with
economic performance. Bangladesh Res. Publ. J. 3: 102-107.

Zelalem, A., Tekalign, T. and Nigussie, D. (2009). Response of potato (Solanum
tuberosum L.) to different rates of nitrogen and phosphorus fertilization on
vertisols at Debre Berhan, in the central highlands of Ethiopia. African J.
Plant Sci. 3(2): 16-24.

Zewide, 1., Mohammed, A. and Tulu, S. (2012). Effect of different rates of nitrogen
and phosphorus on yield and yield components of potato (Solanum tuberosum
L.) at Masha District, southwestern Ethiopia. J. Soil Sci. 7: 146-156.

57



APPENDICES

Appendix |. Experimental location on the map of Agro-ecological Zones of

Bangladesh
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Appendix I1. Morphological characteristics of the experimental field

Morphology

Characteristics

Location

SAU Farm, Dhaka

Agro-ecological zone

Madhupur Tract (AEZ- 28)

General Soil Type

Deep Red Brown Terrace Soil

Parent material Madhupur Terrace
Topography Fairly level
Drainage Well drained
Flood level Above flood level

(SAU Farm, Dhaka)

Appendix I11. Initial physical and chemical characteristics of the soil
Characteristics Value
Mechanical fractions:
% Sand (2.0-0.02 mm) 22.26
% Silt (0.02-0.002 mm) 56.72
% Clay (<0.002 mm) 20.75
Textural class Silt Loam
pH (1: 2.5 soil- water) 59
Organic Matter (%) 1.09
Total N (%) 0.028
Available K (ppm) 15.625
Available P (ppm) 7.988
Available S (ppm) 2.066

(SAU Farm, Dhaka)
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Appendix 1V. Layout of the experimental field
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Appendix V. Effect of nitrogen on days to first emergence, days to final emergence

and plant height at different days after planting

Days to first | Days to final Plant height (cm)
Treatments emergence | emergence

30 DAP 60 DAP 90 DAP
No 13.53a 19.16 a 12.96 d 22.64d 39.67d
N1 12.36 b 18.33 b 1521 ¢ 26.61c 46.58 c
N2 10.77c 17.39¢ 17.49 b 30.60 b 53.53 b
N3 9.71d 16.49 d 19.72 a 34.56 a 60.39 a
LSD (0.05) 0.0392 0.0392 0.0392 0.0392 0.0392

CV (%) 8.28 8.13 7.18 7.09 7.04

Significant level * * * * *

* - Significant at 5% level

Np = 0 Kg, N1 = 260 Kg, N2 = 300 Kg, N3 = 340 Kg ha't

Appendix VI. Effect of phosphorus on days to first emergence, days to final

emergence and plant height at different days after planting

Days to first | Days to final Plant height (cm)
Treatments emergence | emergence

30 DAP 60 DAP 90 DAP
Po 11.90 a 18.08 a 15.60 ¢ 27.29 ¢c 47.75¢
P1 11.60 b 17.84 b 16.34 b 28.59 b 50.04 b
P2 11.28 ¢ 17.60c 17.09 a 29.93 a 52.33 a
LSD (0.05) 0.02677 0.02677 0.02677 0.02677 0.02677

CV (%) 8.28 8.13 7.18 7.09 7.04

Significant level * * * * *

* - Significant at 5% level

Po=0Kg, P1 = 69 Kg, P, =92 Kg ha'*
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Appendix VII. Effect of nitrogen on number of leaves plant? at different days after

planting, number of stems hill-* and stem dry matter

Number of leaves plant™ Number of | Stem dry matter

Treatments 30 DAP 60 DAP | 90 DAP | stems hill? (%)

No 6.33d 17.33d 25.33d 1.33d 550d

N1 7.67cC 21.44 c 29.33 ¢C 2.33¢C 9.18¢c

N2 9.00 b 25.33b 33.33b 3.33Db 13.39b

N3 11.33 a 28.78 a 37.56 a 4.33 a 17.80 a

LSD (0.05) 1.230 1.938 2.061 0.7420 0.0392
CV (%) 14.66 8.54 6.72 6.78 8.26

Significant level * * * * *

* - Significant at 5% level

Np = 0 Kg, N1 = 260 Kg, N2 = 300 Kg, N3 = 340 Kg ha't

Appendix VII1. Effect of phosphorus on number of leaves plant? at different days

after planting, number of stems hill* and stem dry matter

Number of leaves plant™ Number of | Stem dry matter

Treatments 30 DAP | 60 DAP | 90 DAP | stems hill* (%)

Po 8.00b 22.08b | 30.17b 250b 10.33 ¢

P1 8.42 ab 23.25ab | 31.33ab 2.83 ab 11.43b

P2 9.33a 24.33 a 32.67 a 3.17a 12.65a

LSD (0.05) 1.065 1.678 1.785 0.6426 0.02677
CV (%) 14.66 8.54 6.72 6.78 8.26

Significant level * * * * *

* - Significant at 5% level

Po=0Kg, P1 = 69 Kg, P, =92 Kg ha'*
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Appendix IX. Analysis of variance of the data on days to first emergence, days to

final emergence and plant height at different days after planting

Mean square
Source of | Degrees | Days to Days to Plant height (cm)
variation of first final 30 DAP 60 DAP 90 DAP
freedom | emergence | emergence
Replication 2 0.004 0.008 0.002 0.003 0.007
Factor A 3 25.695* 12.039* | 76.344** | 236.851** | 716.363**
Factor B 2 1.153* 0.0698* 6.750* 20.857* 62.929
(AxB) 6 0.012* 0.002* 0.002* 0.003* 0.006*
Error 22 0.001 0.001 0.001 0..01 0.001

* = Significant at 5% level, ** = Significant at 1% level

Appendix X. Analysis of variance of the data on number of leaves plant? at different

days after planting, number of stems hill* and stem dry matter

Mean square
Sl e LR i Number of leaves plant™ Number | Stem dry
VLD s of stems | matter (%)
freedom | 30 DAP 60 DAP 90 DAP hill-L
Replication 2 0.250 13.778 0.111 0.333 0.004
Factor A 3 40.917* | 219.481** | 248.111** | 15.00* | 253.844**
Factor B 2 5.583* 15.194* 18.778* 1.333* 16.093*
(AxB) 6 0.583* 0.898* 1.444* 0.001* 0.068*
Error 22 1.583 3.929 4.444 0.576 0.001

* = Significant at 5% level, ** = Significant at 1% level
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Appendix XI. Analysis of variance of the data on number of tubers hill, average

weight of tuber hill"* and yield of tuber

Mean square

Source of Degrees Number of Average weight | Yield of tuber (t ha™)
variation of tubers hill* | of tuber hill"* (g)
freedom
Replication 2 0.778 0.008 0.005
Factor A 3 50.694* 1198.094** 243.941**
Factor B 2 2.528* 48.091* 18.323*
(AxB) 6 0.194* 0.096* 0.003*
Error 22 0.505 0.001 0.001

* = Significant at 5% level, ** = Significant at 1% level

Appendix XII. Analysis of variance of the data on tuber dry matter, total soluble

solids and protein content

Mean square

Source of | Degrees | Tuber dry matter | Total soluble solids | Protein content
variation of (%) (%) (%)
freedom
Replication 2 0.004 0.006 0.006

Factor A 3 105.571** 23.479* 23.479*

Factor B 2 10.859* 1.450* 1.450*
(AxB) 6 0.805* 0.038* 0.038*
Error 22 0.001 0.001 0.001

* = Significant at 5% level, ** = Significant at 1% level
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PLATES

Plate 1. Experimental plot Plate 2: Land preparation

Plate 5. Data collection from plot Plate 6. Harvesting of potato
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Plate 7: Grinding of samples

Plate 9: Digestion and distillation of

samples
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Plate 8: Weighing of samples

Plate 10: Titration of samples



