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Abstract

Six modern varieties of potatoes (Diamant, Cardinal, Granola, Felsina, Pro-
vento and Asterix) were investigated for their growth parameters and yield to
determine their suitability for production in Bangladesh. Results indicate sig-
nificant variations among the varieties in the yield and morphological charac-
teristics and no difference in the number of main stems per hill. Among the
six studied varieties, Asterix produced the greatest yield (29.60 t/ha), the
greatest number of tubers per hill (13 tubers/hill), the largest percentage
(84%) of medium sized tubers (28 - 55 mm diameter), and the greatest plant
height (61.33 cm). Diamant performed second after Asterix with a yield of
28.33 t/ha, and a plant height of 59.0 cm. Felsina produced the lowest yield
(25.13 t/ha) and the lowest number of tubers per hill (8.67 tubers/hill). In a
farmers’ perception study, where farmers scored the yield and resistance to
diseases and insect damage of the six varieties, from 1 to 6 (6 being the highest
and 1 being the lowest), Asterix was the most preferred variety by farmers
with scores of 6, 5.67 and 5.83 for yield, disease resistance and insect resis-
tance respectively. Provento was the least preferred by farmers with a score of
overall performance of 4. The results of this study indicate that Asterix and
Diamant have the potential to be grown successfully by the farmers in Ban-
gladesh.
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1. Introduction

According to the Bangladesh Bureau of Statistics, potato production in Bangla-
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desh has increased from 10.85 ton/ha in 1992 to 19.9 ton/ha in 2016, making it
the 4™ most important food crop in the country after rice, maize, and wheat [1].
In 2016, the country produced 9.47 million tones of potatoes, making Bangla-
desh the 7™ largest potato producer in the world [1]. Potato also contributes 55%
of the total vegetable production in Bangladesh [2]. This increase of potato pro-
duction is due to its easy production in various climatic conditions [3]. In fact,
potato ranks third in the world’s production and consumption after wheat and
rice, which rank first and second respectively [4]. It grows well and is considered
a staple food in at least 40 countries around the world [5]. The increase in Ban-
gladesh production of potato is also due to its high yield (16,540 kg/ha in potato,
3,600 kg/ha in rice and 2,400 kg/ha in wheat) [6], and to its high nutritional val-
ue. With a concentration of 2.1% protein, one serving of potato provides as
much protein as one serving of wheat (7.5 g/serving) and more protein per
serving than rice (5.2 g/serving) [7]. Potato is also rich in vitamin C and B, min-
erals, and amino acids (leucine, tryptophan and isoleucine) [7] [8].

Despite the increase in production, the yield of potatoes in Bangladesh is still
lower than that in other countries [9]. In 2006, potato yield in Bangladesh was
14.38 tons/ha compared to 35.27; 36.57; 40.05; 40.20; and 44.10 tons/ha in Den-
mark, Germany, Netherlands, France, and the United States of America (USA)
respectively, for the same year [10] [11]. One of the reasons causing this low
yield of potato in Bangladesh is the use of low yielding varieties, the low resis-
tance of these varieties to insects and diseases, and the lack of availability of
quality seed tubers [12] [13]. Therefore the objective of this study was to eva-
luate six new and imported varieties of potato for yield and resistance to diseases
and insects under the climatic conditions of Bangladesh. Other varieties and
some of the varieties investigated in this project were studied by other investiga-
tors [14]-[20]. The investigators reported great plant height in Diamant and
Cardinal; great number of main stems per hill in Ajax, Famosa, Elvira, Mirka
and Cardinal; great tubers’ weight per hill in Kufri Dewa; and great tubers’ yield
per hectare in Granola. This study aims to study the six varieties together for
comparative results on plant height, number of main stems per hill, number of
tubers per hill, tubers’ weight per hill and tubers’ yield per hectare. The goal is to
determine which variety (or varieties), among the investigated varieties, is best
in most of the criteria of interest and is therefore recommended for production

in Bangladesh.

2. Materials and Methods
2.1. Background Information on the Study Site

The experiment was conducted at the Domar Foundation Seed Potato Produc-
tion Farm, Bangladesh Agricultural Development Corporation (BADC) in Nil-
phamari. The site was located in North of Bangladesh (24°22' North latitude,
88°35' East longitude, and 18.6 m altitude).

The soil is classified as Active Teesta Flood Plain [21]. The texture of the soil
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is sandy, with an average pH of 5.6. The climate is subtropical monsoon charac-
terized by three seasons: a hot and humid summer from March to June, a cool
and rainy monsoon season from June to October, and a cool and dry winter
from October to March. The most favorable season for growing potato at the site
is winter. Therefore the experiment was conducted from December 8, 2008 to
March 5, 2009. The mean maximum and minimum temperatures were 29°C and
9°C respectively, during that period. The mean relative humidity, wind speed,
daily sunshine, total precipitation and total evaporation were 57%, 1.26 m/s, 6.19

h/day, 31 mm and 51 mm respectively.

2.2. Plant Material

Six Dutch varieties of potato were selected for this study: Diamant and Provento,
supplied by co-operative Agrico; Asterix and Felsina, supplied by Bluemoon In-
ternational; and Cardinal and Granola, supplied by Tuber Crops Research Cen-
tre (TCRC) of Bangladesh Agricultural Research Institute (RARI).

Medium sized seed tubers (28 - 55 mm) were placed in heated trays in BADC.
They were ventilated and treated with defused light to enhance sprouting. The
ventilation units were used for passing air and light for 10 days, and were placed
at the upper side of the cold storage side wall, at 8 ft intervals. Warm air was
supplied for heating potato tubers.

When the sprouts of the tubers were about 2.5 cm (12 days after the beginning
of the sprouting enhancement period), the sprouted tubers were treated with
Provax (3 g/kg seed) to control seed borne diseases and prepare the seed tubers

for planting.

2.3. Experimental Design

The experiment was laid out in a randomized complete block split-plot design,
with six potato varieties as the main plots. Individual plots (3 m x 3 m) consisted
of 6 raised beds 3 m long and 0.4 m wide. A spacing of 60 cm was maintained
between rows and the potato seeds were placed 20 cm apart within the rows. A
0.5 m space was left between the plots. Thirty six potato seeds, from each of the 6
varieties, were planted in each block with a total of 6 plots and 216 sample
plants. Blocks were 20.5 m long and 3 m wide. The blocks were replicated 6

times.

2.4. Plant Cultivation, Fertility Management, and Pest Control

Manure and fertilizers were applied to the experimental land based on the soil
test analysis and the recommendations of the Domar Foundation Seed Potato
Production Farm. Before final land preparation, Cowdung and Mustard oilcake
were broadcasted in each plot at the rate of 5,443 kg/ha and 50 kg/ha respective-
ly. Gypsum (CaSO,), Magnesium Sulfate (MgSO,), Zinc Sulfate (ZnSO,) and
Boric acid (H,BO,) were broadcasted and incorporated, during land preparation,

at the respective rates of 98; 98; 15 and 7 kg/ha as recommended by the soil test-

DOI: 10.4236/as.2017.811095

1317 Agricultural Sciences


https://doi.org/10.4236/as.2017.811095

T. E. Eaton et al.

ing laboratory. Recommended rate (247 kg/h) of Triple Super Phosphate (TSP)
(CaH,P,0;) and half recommended rate of Urea (CH,N,O) (148 kg/h) were side-
dressed, in furrows on both sides of the seed beds and mixed with the soil. The
remaining portion of the urea was side-dressed and mixed with the soil 35 days
after planting. The plots were flood irrigated and manually weeded as needed.

To prevent infestation with Late blight and aphids, plants were sprayed with
Ridomil gold (2 g/L water) and Metasystox (2 g/L), 35 days after planting.

2.5. Harvesting

Haulms were pulled manually at the maturity level, 80 days after planting. The
tubers were kept underground for 10 more days for skin hardening, and then

harvested manually.

2.6. Data Collection (Plant Height, Number of Stems per Plant,
Number of Tubers per Plant, and Yield)

Ten hills from each plot were randomly selected for data collection of plant
height, number of stems per plant and number of tubers per plant. Plant height
was measured from the base of the plant to the terminal bud. Tubers collected
from each plot (90 plants in 9 m?®) were weighed, in kg, for yield determination
in kg/ha. The weight obtained per 9 m” was then converted to kg/ha. The values

were averaged and used in the statistical analysis.

2.7. Tuber Grade

Once weighed, the tubers collected from each plot were sorted and classified into
three grades: grade C potatoes with a diameter less than 28 mm, grade B pota-
toes with a diameter between 28 and 55 mm, and grade A potatoes with a di-
ameter greater than 55 mm. Potatoes from each grade and plot were weighed
(Wg). Wt is the weight of all tubers from the same plot. To determine the per-
centage of potatoes of each grade within a plot, the following formula was
used: % of potatoes grade M = (Wg,/Wt) x 100. M = Grade A, B, or C. For each
plot, the sum of the percentages of all grades equals 100.

2.8. Farmers’ Preference

In Bangladesh, farmers’ participatory research of different crops was recently in-
troduced by Bangladesh Agricultural Research Institute (BARI) to help farmers
determine their preferred varieties that are suitable for their own plant growth
conditions and socio-economic criteria. The BARI collects and processes the da-
ta on farmers’ preferences and disseminates the results to other farmers so they
make informed decisions on variety selection of crops.

In this experiment, varieties of potato, at the vegetative stage, were evaluated
by 30 potato growers. The thirty farmers were divided into six groups of five
farmers. Every group of farmers scored the potato plants based on the number of

stems per plant, leaf characteristics, disease and insect resistance, expected yield
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and overall preference. The scores ranged from one to six with six indicating the
best variety for a particular criteria and one indicating the worst variety for the

criteria. Scores’ data were then collected and statistically analyzed.

2.9. Statistical Analysis

The data obtained on the plant growth parameters, yield, and farmers’ prefe-
rences, was processed by analysis of variance (ANOVA) using MSTAT-C pro-
gram [22]. The significance of differences among the treatments’ means were
evaluated by least significant difference (LSD) test (P = 0.05). Mean of the treat-
ments were separated with Duncan’s New Multiple Range Test at P = 0.05 [23].

3. Results and Discussion
3.1. Plant Height

The statistical analysis indicates significant variations among the potato varieties
in respect of plant height (Table 1). Asterix and Diamant produced the tallest
plants (61.33 and 59 cm respectively), followed by Provento, Felsina, and Car-
dinal (54.83, 53.83, and 53.3 cm respectively). Granola produced the shortest
plants (51.17 cm). These differences in plant height among the varieties may be
caused by plant genetics and the quality of the plant material. No statistical dif-
ferences in plant height were found among Cardinal, Granola and Felsina, or
between Diamant and Provento.

Our results are similar to those reported by other investigators [14] [15] and
[16]. Hossain ef al [15] found taller plants (56 - 60 cm) in the varieties Ajax, Es-
tima, Diamant and Nicola. In another experiment, Hossain et al [16] reported

greater height (60 - 68 cm) in Ajax, Famosa, Elvira, Mirka and Cardinal.

3.2. Number of Main Stems per Hill

The number of stems per hill ranged from 4.67 to 6.17 among varieties, and was
not statistically different from one variety to the other (Table 1). Numerically
maximum number of main stems per hill was produced in Asterix (6.17) fol-
lowed by Granola (5.5), and Diamant (5.17). Lowest number of stems per hill
(4.67) was found in Cardinal, Felsina and Provento.

Our results are similar to those reported by Bashar [14]. Cardinal was re-
ported to produce 5.2 main stem per hill [14]. Diamant was reported to produce

5.17 main stems per hill [17].

3.3. Number of Tubers per Hill

There were significant differences in the number of tubers per hill among varie-
ties (Table 1). Asterix, generating the greatest number of stems per hill (13
stems/hill), was not significantly different from Granola (10.83 stems/hill), but
was significantly different from all the other varieties: Felsina (8.67), Diamant
(9.67), Cardinal (9.67) and Provento (9.83) (Table 1).
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3.4. Tubers’ Weight per Hill

Significant variations were observed, in tuber weight per hill, among the varieties
(Table 1). In general the average weight ranged from 375 g to 443.80 g. The
highest weight of tubers per hill was generated by Asterix (443.80 g), which was
not statistically different from that of Diamant, Cardinal and Granola, with a
weight/hill of 424.80, 405.00, and 420.00 g respectively. Felcina and Provento
were not statistically different and exhibited the lowest weigh/hill among all va-
rieties.

Variation among different varieties, in regard to the weight of tubers per
plant, may be due to the genetics, the management practices, the seed quality, or
the agro-ecological conditions of the experimental sites. Carrasco et al [19]
found an average weight of tubers per plant of 350 g and 570 g in F,,, and Vik-
ing respectively. The varieties Kufri Dewa and Diamant were found to generate a
weight of 440.3 g and 406 g respectively [20].

3.5. Tuber Yield per Hectare

Significant variations, in yield of tuber per hectare, were observed among the va-
rieties investigated in this experiment (Table 1). The variety Asterix showed the
highest yield (29.60 t/ha), which was not statistically different from that of Di-
amant, Cardinal and Granola, with a yield of 28.33; 27.00; and 28.00 t/ha respec-
tively. Felsina and Provento exhibited the lowest yield of 25.13 and 25.40 t/ha,
among all varieties, but were not statistically different from Cardinal and Gra-
nola (Table 1).

In our study, the variety Diamant generated a higher yield than that reported by
numerous investigators. A yield of 23.43; 22.3; 26.5; and 22.81 t/ha was reported by
Ahmad [24], Anonymous [25] [26] and Hossain et al [27] respectively.

Our findings are different from those reported by Shafayet er al [28], who
found that a highest yield was observed in Granola (27.82 t/ha) followed by As-
terix (26.83 t/ha) and Provento (26.33 t/ha).

Table 1. Means of yield and plant growth parameters of six modern varieties of potato.

Name of the  Plant height Number of main Number of = Tuberyield Tuber yield per ha

varieties (cm) stems per hill ~ tubers per hill  per hill (g) (ton)
Diamant 59.0ab 5.17 9.67b 424.80a 28.33a
Cardinal 53.3c 4.67 9.67b 405.00abc 27.00ab
Granola 51.17c 5.50 10.83ab 420.00ab 28.00ab
Felsina 53.83c 4.67 8.67b 375.00c 25.13b
Provento 54.83bc 4.67 9.83b 380.67bc 25.40b
Asterix 61.33a 6.17 13.00a 443.80a 29.60a
CV(%) 7.39 12.43 10.05 8.89 8.93

Means followed by different letters within columns are significantly different by Duncan’s new multiple
range test (P = 0.05).
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This differences in the yield among varieties might be related to the genetic,
the quality of the potato seed, or to better adaptability of the variety to the cli-

matic conditions of the experimental site.

3.6. Grade of Tubers (by Weight Percentage)

Medium sized (28 - 55 mm diameter) (Grade B) tubers are desirable for better
storage. Significant variations, among the six varieties, were observed in the
production percentage (by weight) of different grades of tubers.

The percentage of Grade B potatoes (Figure 1) was higher, in all the varieties,
than the percentage of Grade A or Grade C potatoes. The range of the weight of
Grade B tubers was between 67.8% and 84.2% of total weight of all grades of the
same variety. The highest percentage of Grade B tubers was produced by the va-
riety Asterix (84.2%) followed by Felsina (75.2%), Granola (72.2%), Cardinal
(70.8%), Provento (69.2%) and Diamant (67.8%) (Figure 2).

Regarding Grade C tubers, Diamant produced more Grade C tubers (24.40%)
than any of the other varieties (Figure 3). Cardinal, Provento, Granua, and Fel-
sina produced a percentage of 23.20; 21.40; 20.20 and 18.40% of Grade C tubers
respectively. Asterix produced the smallest percentage (11%) of Grade C tubers
(Figure 3).

The highest percentage (11.80%) of Grade A tubers was produced by Diamant

Cardinal Granula

am
S
%

Asterix Provento Felsina

Figure 1. Medium sized potatoes of all varieties.

100.00%
84.20%

80.00% g7g80% 70-80% 72.20% 75.20%  69.20%

60.00% -
40.00%
20.00% -
0.00% -

Diamant Cardinal Granula Felsina Provento Asterix

Variety Percentage of Grade B
tubers (%)

Figure 2. Variations among varieties in the percentage of Grade B tubers.
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(
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e

Figure 3. Variations among varieties in the percentage of Grade C tubers.

14.00%

12.00% 11.80%

10.00% 2.40%

— 8.00% 7.60%

o~ 0,
£ - 6.40%
g 6.00% 4.80%
2 4.00%
2.00%
0.00%

Diamant Cardinal Granula Felsina Provento Asterix

Variety Percentage of Grade A

Figure 4. Variations among varieties in the percentage of Grade A tubers.

(Figure 4). Provento, Granula, Felsina, and Cardinal produced a percentage of
9.40%, 7.60%, 6.40% and 6% of Grade A tubers respectively (Figure 4). Asterix
generated to lowest percentage of grade A potatoes (4.8%) (Figure 4).

Hossain et al. [29] reported that the varieties Elvira and Patrones produced a
percentage of 77% to 80% Grade B potatoes.

These differences, in the percentage of different grades, among varieties might
be due to the adaptability of the variety to the climatic conditions of the experi-
mental site, the genetics of the variety or the quality of the potato seed.

3.7. Farmers’ Preference

Participation of the farmers in this study was very useful in identifying the varie-
ties that are preferred by the farmers. This farmers’ participation will help far-
mers adopt the new profitable varieties instead of land races, old or obsolete va-
rieties [30]. Significant differences were found among the scores of farmers’ pre-
ference on different traits of the varieties (Table 2).

Highest scores on plant height was obtained in Asterix (6.00) followed by
Cardinal (5.00). No statistical difference was found among Diamant (4.67),
Granola (4.50), Felsina (4.33) and Provento (4.17); or among Diamant, Granola,
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Table 2. Farmers’ preferences: Scores of different traits of six modern varieties of potato
at the vegetative stage, during the experimental period.

Farmers’ scores

Variety
Plant height ~ Leaf = Disease Insect  Expected yield Overall performance

Diamant 4.67bc 5.33a 4.33b 5.50ab 4.83bc 4.67bc
Cardinal 5.00b 4.67b 4.50b 5.00bc 5.00b 5.00b
Granola 4.50bc 4.67b 5.00ab 5.00bc 4.00d 4.33cd
Felsina 4.33¢c 4.00c 4.83b 4.83¢c 4.5bcd 4.67bc
Provento 4.17¢ 5.33a 4.67b 5.33abc 4.33cd 4.00d
Asterix 6.00a 5.50a 5.67a 5.83a 6.00a 5.83a

CV (%) 10.63 10.95 13.09 10.49 10.90 11.34

Means followed by different letters within columns are significantly different by Duncan’s new multiple
range test (P = 0.05).

Felsina and Provento (Table 2). In regard to plant height, Provento scored low-
est among all varieties, followed by Felsina, Granola and Diamant. Asterix
scored the highest.

The variety Asterix (5.50) got the highest preference in regard to leaf characteris-
tics, and was not statistical different from Diamant (5.33), nor Provento (5.33). No
statistical difference was found between Cardinal (4.67) and Granola (4.47). Felsina
(4.00) was the least preferred variety by farmers, in term of leaf characteristics.

In regard to resistance to diseases, Asterix (5.67) scored the highest, and was
not statistically different from Granola. No statistical difference was found
among Diamant, Cardinal, Granola, Felsina, and Provento.

Regarding resistance to insects, Asterix (5.83) scored the highest, and was not
statistically different from Diamant (5.50) or Provento (5.33). No statistical dif-
ference was found among Diamant, Cardinal, Granola and Provento. Also, no
statistical difference was found among Cardinal, Granola, Felsina and Provento.
Felsina (4.83) scored the lowest in terms of resistance to insect damage.

Significant differences were found among the varieties in terms of expected
yield. Asterix (6) scored the highest, followed by Cardinal (5.0). No statistical
difference was found among Cardinal, Diamant and Felsina, among Diamant,
Felsina and Provento, and among Granola, Felsina, and Provento. Granola
(4.00) scored lowest in expected yield among the varieties.

On the basis of all the characteristics of potato plant, Asterix (5.83) was
ranked first, followed by Cardinal (5.0). No statistical difference was found be-
tween Diamant (4.47), Cardinal (5.00), and Felsina (4.67), among Diamant,
Granola, and Felsina, or between Granola and Provento (4). Provento was the

least preferred variety of potato by farmers.

4. Conclusions

Our results indicate that Asterix potato is a good candidate for production in
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Bangladesh. It produced the tallest plant, the greatest number of tubers per hill,
the greatest weight of tubers by hill and the highest yield. It also produced the
greatest percentage of medium sized potatoes and is resistant to insects and dis-
eases, per comparison to the other varieties. Asterix also is the most favorite va-
riety by farmers. Felsina and Provento, on the other hand, exhibited small plants,
low weight of tubers per hill, and low yield, per comparison to the other varie-
ties. They also have low resistance to diseases and insects compared to Asterix,
and they are the least favorite varieties, among the investigated varieties, by far-
mers.

Because of its large plants, high yield and high resistance to insects, Diamant
can do well, under the growth conditions of Bangladesh, with some disease
management regime, as its resistance to diseases is low.

It is thus recommended that farmers in Bangladesh grow Asterix for its high
yield and resistance to diseases and insects. Diamant is the second best candidate

for potato production in Bangladesh if disease management tools are available.

5. Limitation of the Study

The varieties studied in this project were new and their production duration was
not known according to our research. All tubers were harvested at the same
time. Some of the varieties may have needed to be harvested earlier or later than
the time of harvest used. Harvesting tubers earlier than needed may affect tu-

bers’ weight per hill and tubers’ yield per hectare.
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