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ABSTRACT

This research was done to evaluate the growth and yield of potato plants raised from seed tuber
pieces (STP) containing one, two, three and four eyes, for ascertaining whether seed tuber pieces
containing two eyes will sustain potato growth and yield indifferently from those of larger seed tuber
pieces containing more eyes. Results indicated that number of stolons and leaves per plant, leaf area, plant
fresh and dry weight, relative growth rate, net assimilation rate, crop growth rate, chlorophyll a, b as well
as total chlorophylls, Number of tubers and total tuber yield per plant were decreased with decreasing
number of eyes in the STP. However, final emergence percentage and total carotenoids content were not
significantly affected. Nevertheless, number of tubers and total tuber yield per plant did not differ
significantly neither between whole seed tubers and half seed tubers containing four eyes nor half STP
containing three eyes and quarter STP containing two eyes. However, all these parameters were
significantly lower in response to single-eye STP compared with those containing two eyes or more. From
the economic point of view, cultivation of quarter STP containing two eyes instead of half STP containing
four eyes represents 50 % conservation in the seed tubers used for only 13.5 % loss in tubers yield. So, it
could be concluded that the gain in net income became substantiated by cultivation of quarter STP
containing at least two eyes instead of larger seed tuber pieces, even that represents half of the seed tuber.
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INTRODUCTION

Globally, potato (Solanum tuberosum L.) is the
most important vegetable crop and the third-most
important food crops in terms of consumption after rice
and wheat. The crop is cultivated using seed tubers, the
characteristics of which profoundly affect the plant growth
and productivity. The cost of seed tubers constitutes 60-70
% of the total crop production cost (Mayakaduwa et al.,
2017), therefore, seed tubers should be used at the
minimum amount that substantiate good crop. So, it is a
common practice to cut seed tubers into pieces with
variations in the extent and type of cutting (Vanderzaag
and Demagante, 1989; Hossain et al., 2011; Mayakaduwa
etal., 2017; Diop et al., 2019).

Within seed tubers’ features, their physiological age
and weight/size have paramount influence on the
vegetative and yield potential of the plant. Appropriate
seed tuber size has very important implications on potato
production. Emergence, seedling vigour, subsequent plant
growth, and final yield are affected by seed tuber size. In
addition, the physiological status of seed tubers has a great
impact on the emergence, number of stems per plant,
number of tubers per stem, tuber size distribution and tuber
yield of the crop (Struik, 2007). Storage period and
conditions, along with some other factors, affect the
physiological age of the seed tubers (Caldiz et al., 2001)
whereas cutting and its extent affect seed tuber size/weight.

Though potato plants could be raised from a piece
of a tuber that has been cut into pieces with at least one eye
containing three buds (Beattie, 2010), research shows that
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larger seed pieces result in more total yield than smaller
ones (Adhikari, 2005; De Almeida et al., 2016, Ibrahim et
al, 2018, Webster et al., 2018). Nevertheless, cultivation of
large seed tuber pieces not only increase yield, but also
increase production cost, sometimes, to the extent that net
income becomes negative. Moreover, the benefit of larger-
sized seed pieces diminishes as the size of seed pieces
increases above certain limit (Iritani et al., 1983). This
occurs because the number of eyes on each seed tuber
increases only slightly as the tuber size increases. This
means that the larger the tuber, the fewer eyes there are on
a seed piece of the recommended size. So, there is a need
to determine the minimum seed tuber piece size containing
the number of eyes that does not compromise yield.

As it is more tedious to denote the seed tuber piece
by the number of eyes it contains, it is a common practice
to denote the tuber piece by its size/weight, though the first
factor is more important than the later. It is true that seed
tuber pieces of bigger size/heavier weight contain higher
amounts of food reserves that aid the plant in its early
establishment, but the vegetative makeup of the plant that
determines its tuber production capacity lies within eyes,
and originates from the buds it hosts. The number of eyes
in the seed tuber piece influences stem number per plant
(Nielson et al., 1989), which affects plant vegetative vigor,
consequently its tuber yield potential. Every eye on a seed
piece has the potential to produce at least one stem. In
potato commercial plantings, 2.5-3.5 stems per plant is
considered optimum for maximum performance (Bohl et
al., 1994). So, the seed tuber piece containing two eyes
hosting six buds is supposed to have the potential to fulfill
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the required number of stems per plant that ensures
satisfactory commercial yield.

So, the present investigation aimed to assess the
growth and yield of potato plants raised from seed tuber
pieces containing one, two, three and four eyes.
Specifically, the hypothesis to which the study is intended
to ascertain whether quarter STP containing two eyes will
sustain potato growth and yield indifferently from those of
larger STP. In doing so, production cost is minimized and
the yield is maintained, consequently, net income is
increased.

MATERIALS AND METHODS

Two field experiments were conducted at the
Experimental Farm of the Agric. Bot. Dept., Fac. of Agric.,
Mansoura University, Egypt during the two growing
seasons 2017/2018 and 2018/2019. Potato seed tubers, cv.
Spunta, were obtained from a local importing company
and ascertained by Potato and Vegetatively Propagated
Vegetables Department, Horticulture Research Institute,
A.R.C., Giza, Egypt, sorted and these between 35 and 45
mm were used as planting materials. Two days before
planting, seed tubers were cutted either in halves or
quarters longitudinally, from rose to heel, using sharp knife
which was dipped sequentially in 10 % sodium
hypochlorite solution, followed by distilled water before
cutting the next tuber. Cut tuber halves were sorted into
two categories, in one category the piece contains four eyes
(STP-4e) whereas the other contains three eyes (STP-3e) .
Likewise, Cut tuber quarters were sorted into two

Table 1. Mechanical and chemical analysis of the used soil.

categories, in one category the piece contains two eyes
(STP-2e) whereas the other contains only one eye (STP-
le). Whole seed tubers (WST) were also planted as
control. All pieces in each category were weighted,
counted, then weight is divided by number to estimate
mean weight of cut seed tuber piece in each category,
which was 27.8, 21.6, 14.7, 10.6 g/piece in STP-4e , STP-
3e, STP-2e , STP-1e, respectively, whereas that of WST
was 56.4 gftuber. Afterwards, cut seed tuber pieces were
spread in one layer above jute bags for two days before
planting in well-areated store at 20 °C and 85 % RH to
ensure the formation of protective suberin layer on cutted
surfaces.

Planting of seed tubers/pieces was done at 65 x 25
cm in 4 x 3 m plots , each containg four rows on
November 11, 12, during the first and second season,
respectively. The main physical and chemical
characteristics of the experimental soil were determined
according to Hoddinott and Lamb (1990) and presented in
Table (1). The experiment was laid out in a randomized
complete block design with three replicates. During soil
preparation, 150 Kg/ha of phosphorus as calcium super
phosphate (15.5% P,Os was added). Nitrogen fertilizer was
applied at the rate of 300 Kg of N/ha in the form of
ammonium nitrate (33.5% N) in three equal doses during
the growing season. Potassium sulphate (48% KO) was
added at the rate of 150 kg K-O/ha and applied at 40, 60
days after planting. Pest and disease control, weeding, and
irrigation were done according to the recommendations of
the Hort. Res. Inst., ARC, Egypt.

CS% FS% S% C% CaCOs% OM% TN%  APppm EKppm TSS %
2017/2018 10.7 27.8 28.1 334 2.6 2.2 0.17 22 218 0.18
2018/2019 104 26.7 29.8 331 2.8 2.3 0.19 25 223 0.17

*CS, Coarse sand; FS, Fine sand; S, Silt; C, Clay; OM, Organic matter; TN, total N; AP, available P; EK, exchangeable K; TSS, total soluble

solutes; determinations were according to Hoddinott and Lamb (1990).

Recorded parameters and analyses
Growth attributes

Number of emerged tubers was recorded at 30 days
after planting (DAP) to determine final emergence (%). At
50 DAP, no. of stolons was recorded in ten emerged seed
tubers/pieces per replicate. At 70 DAP, nine plants were
randomly selected, three from each replicate to determine
growth attributes represented by number of leaves, leaf
area/plant (determined by estimating the fresh weight of a
known area of leaf discs and estimated according to the
formula: Leaf area = Total area of leaf discs X Total fresh
weight of leaves per plant/ fresh weight of leaf discs) , and
fresh as well as dry weight. Another sample was taken 10
days later to estimate biomass and leaf area. Data of the
two samples were used to calculate relative growth rate
(RGR), net assimilation rate (NAR), and crop growth rate
(CGR) according to Radford (1967)'s formulae as follows:

RGR = (loge DW2 — loge DWh) /t2— 11
NAR = [(W2-Wi1)(loge Az — loge A1)] / [(Az — Az)(t2 — t1)]
CGR =[(W2-Wy) / (t2—t1)] / GA

where W1, Al and W2, A2 are DWs, leaf areas at time 1 and time 2,

respectively; GA = ground area.

Leaf photosynthetic pigments

One hundred mg of leaves, from the 3 fully
expanded leaf from the plant top of three randomly
selected plants per replicate, was grounded in acetone,
incubated overnight at 4 °C and then centrifuged 5 min at
10,000 rpm. Absorbance at 647, 663, and 470 nm was

measured on a T60 U UV-VIS Spectrophotometer (PG
Instruments, Leicestershire, England) to calculate
chlorophyll a, chlorophyll b, and carotenoids using the
following formulas of Lichtenthaler (1987):
Chl a =[(12.25 x Abs663) — (2.55 x Abs647)] x
V(mL)/weight (g).
Chl b =[(20.31 x Abs647) — (4.91 x Abs663)] x
V(mL)/weight (g).
Carots = [((1000 x Abs470) — (1.82 x Chl a) — (85.02 x
Chl b))/198] x V(mL)/weight (g).
Tchls content was estimated by adding the value of chl a to that of chl b.
Yield components and tubers quality

Yield and its components as well as tubers quality
parameters were estimated 120 DAP. Ten plants, selected
randomly from each replicate, were uprooted to estimate
tuber number, average tuber weight and yield per plant. In
addition, samples were taken from the tubers of three
plants per replicate to estimate number of eyes/tuber, tuber
specific gravity, dry matter percentage, protein percentage,
and starch as well as glycoalkaloids concentrations.

Tuber specific gravity, dry matter percentage and
starch concentration were determined according to Kumar
et al. (2005). The specific gravity was determined using the
following formula: Specific gravity = (weight in air) /
[(weight in air) - (weight in water)]. For estimation of dry
matter, ten tubers were cut longitudinally in two halves
from stem end to bud end, then chopped into small pieces.
Chopped pieces were put in aluminium boxes. The fresh
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weight was recorded and boxes were kept at 70 °C in a hot-
air oven till constant dry weight. The boxes were again
weighed and dry matter content was calculated.

Tuber protein percentage was determined according
to the method of Lowry et al. (1951) using Folin-Fenol
(1:2 viv) as a reagent and measuring the absorbance at 750
nm. Bovine albumin was used for the establishment of the
standard curve, through which protein was determined.
Starch estimation was carried out by making the tuber
tissues sugar-free by repeated extraction with 80 %
isopropanol, hydrolyzing the starch by 60 % perchloric
acid, and estimating glucose spectrophotometrically at 620
nm by using anthrone reagent according to Kumar et al.
(2005).

Total glycoalkaloids (GA) content was determined
spectrophotometrically by the method described by
Grunenfelder et al. (2006). Tuber tissue (500 mg) was
extracted with 10 ml of 80 % ethanol at 80 °C for 30 min,
filtered, reduced to 5 ml on rotary evaporator at 50 °C,
rinsed twice with 3 ml of 10 % (v/v) acetic acid and then
centrifuged at 10,000x g for 30 min at 10 °C. The pH of
the supernatant was adjusted to 9.0 with NH4OH, refluxed
at 70 °C for 25 min followed by overnight storage at 4 °C
and was centrifuged as earlier. After discarding the
supernatant, the resulting pellet was dissolved in 0.5 ml of
7 % (v/v) phosphoric acid. The total glycoalkaloids content
was estimated by adding 200 pl of extract to 1 ml of 0.03%
(w/v) phosphoric acid, allowing the contents to be settled
for 20 min, then the absorbance was measured at 600 nm.
The content of GA was quantified based on a-solanine
(Sigma Chemical Co., St. Louis, MO, USA) standard
curve and expressed as mg Kg* FW.

Statistical analysis:

Data were analyzed by one-way analysis of
variance. The statistical analyses were performed using the
procedures of SAS software (version 9.1). Duncan’s
multiple-range test was used for mean separations.
Differences at P < 0.05 were considered as significant.

RESULTS AND DISCUSSIONS

Results
Growth attributes

All recorded growth parameters except final
emergence were decreased in plants raised from seed tuber
pieces compared with those in plants raised from whole
tubers in both experimental seasons (Table 2). In addition,
these growth attributes were progressively decreased with
decreasing the size and number of eyes in the seed tuber
piece used for cultivation. Final emergence percentage was
not significantly affected by treatments, whereas all other
estimated growth attributes were significantly affected.
Number of stolons, number of leaves, leaf area, fresh
weight, dry weight, relative growth rate (RGR), net
assimilation rate (NAR), and crop growth rate of plants
raised from seed tuber pieces containing either number of
eyes (four, STP-4e; three, (STP-3e); two, STP-2e; one
(STP-1e) were lower compared with those of plants raised
from whole tuber pieces (WT). However, the decrease
recorded in STP-4e-raised plants with regard to number of
stolons, leaf area, RGR, NAR, and crop growth rate was
not significant during both seasons.

Compared with WT-raised plants, number of
stolons was decreased by 18.7, 21.8, 26.5 % and 23.8,
283, 34.3 % in STP-3e, STP-2e, STP-le-raised plants
during the first and second experimental season,
respectively. The corresponding decreases in plant dry
weight were 25.1, 27.7, 38.7 % and 28.5, 29.7, 39.7 %,
respectively. Likewise crop growth rate was decreased by
14.4, 17.3, 25.0 % and 13.6, 16.2, 22.7 %, respectively.
Also the results presented in Table (2) indicate that the
recorded growth attributes of plants raised from STP-3e
did not differ significantly from those of plants raised from
STP-2e. Moreover, growth attributes of plants raised from
STP-3e did not differ significantly from those of plants
raised from STP-4e.

Table 2. Growth attributes of potato plants raised from whole tubers (WT), seed tuber pieces having four eyes
(STP-4e), seed tuber pieces having three eyes (STP-3e), seed tuber pieces having two eyes (STP-2¢) and seed

tuber pieces having only one eye (STP-1e).
WT

STP-4e STP-3¢ STP-2¢ STP-1e  LSD (5 %)

2017/2018

Final emergence (%) 99.7 98.7 975 97.8 96.4 NS
No. of stolons/tuber 6.4 5.8% 5.2% 5.0 4.7° 09
No. of Ieaves/g)lant 12.72 11.2° 10.4b¢ 9.8 9.3¢ 14
Leaf area (cm?plant™) 31022 2942% 2830 2785 2736° 217
Fresh weight (g plant™) 235.12 182.4° 178.25 170.8° 151.6° 19.0
Dry weight (g plant?) 34.6° 25.9b 26,549 2570 21.2° 29
RGR (mg g d) 33.4° 31.6® 29.7° 30.8° 26.7° 2.1
NAR (mg cm? d?) 1.612 1.422 1.14° 1.17° 0.92¢ 0.20
Crop growth rate (g m? dt) 45.6 41.8% 39.0° 37.7% 34.2° 3.8
2018/2019

Final emergence (%) 99.5 98.2 97.8 97.5 97.0 NS
No. of stolons/tuber 6.72 6.0% 5.1° 4.8 cd 0.8
No. of Ieaves/g)lant 13.12 11.7° 10.2¢ 10.0« 9.0¢ 12
Leaf area (cm?plant™?) 30822 2886% 2750 2680 2625¢ 226
Fresh weight (g plant™) 241.6° 190.8 175.3¢ 161.2¢ 150.4¢ 14.8
Dry weight (g plant?) 35.0% 27.0° 25.0% 24,6 21.1¢ 25
RGR (mg g™ d'l) 32.8° 30.7% 30.0° 29.2b 26.1¢ 2.4
NAR (mg cm? d) 1.70° 1.53? 1.15b 1.02% 0.86° 0.25
Crop growth rate (g m? d?) 46.12 42.8% 39.8* 38.6° 35.6° 4.0

Different small letters within the same row indicate significant differences between means at P < 0.05 according to Duncan’s multiple-range test.

Photosynthetic pigments

Chlorophyll a (chl a), Chlorophyll b (chl b), and
total chlorophylls (tchls) in leaves of plants raised from
STP were significantly lower compared with those in
leaves of plants raised from whole seed tubers (Table 3).
Data also indicated that the lower the number of eyes in the

seed tuber piece, the lower the concentration of tchls in the
leaves of plants from which they arise. However, the
decrease recorded in chl b and tchls in leaves of plants
raised from STP-4e during the second season was not
significant. Total chlorophylls concentration was decreased
by 11.3, 21.9, 26.5, 29.5 % and 12.1, 17.0, 24.3, 27.6 % in
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leaves of plants raised from STP-4e, STP-3e, STP-2e,
STP-1e during the first and second experimental season,

respectively. On the other hand, total carotenoids
concentration was not significantly affected by treatments.

Table 3. Chlorophyll a (chl a), Chlorophyll b (chl b), total chlorophylis (tchls), and total carotenoids (tcarots)
concentrations in the leaves of potato plants raised from whole tubers (WTs), seed tuber pieces having
four eyes (STP-4e), seed tuber pieces having three eyes (STP-3e), seed tuber pieces having two eyes (STP-
2e) and seed tuber pieces having only one eye (STP-1¢).

WT STP-4e STP-3e STP-2e STP-1e LSD (5 %)

2017/2018

Chla (mg gt FW) 0.972 0.89° 0.76° 0.72¢ 0.70¢ 0.07
Chl b (mg g FW) 0.342 0.30° 0.26° 0.23¢ 0.20¢ 0.03
tchls (mg gt FW) 1.312 1.19° 1.02¢ 0.95% 0.904 0.12
Tcarots (mg g FW) 0.32 0.29 0.34 0.32 0.26 NS
2018/2019

Chla (mg gt FW) 0.922 0.83° 0.79¢ 0.70¢ 0.67¢ 0.06
Chl b (mg g FW) 0.30° 0.27% 0.25P 0.22% 0.20° 0.04
tchls (mg gt FW) 1.222 1.10% 1.04° 0.92% 0.87° 0.15
Tcarots (mg g* FW) 0.28 0.25 0.30 0.32 0.22 NS

Different small letters within the same row indicate significant differences between means at P < 0.05 according to Duncan’s multiple-range test.

Yield and its components

Plants raised from seed tuber pieces containing two
eyes or less produced significantly lower number of tubers
compared with those raised from whole seed tubers (Table
4). This is also true regarding the number of tubers formed
from plants raised from STP-3e, but the decrease was
significant only during the first season. Though plants
raised from STP-4e produced also lower number of tubers
compared with those raised from whole seed tubers, the
difference did not reach the significance level. There was a
converse relationship between number of tubers and tuber
weight in plants raised from not only whole tubers, but also
STP-4e and STP-3e, i.e. as the number of tubers decreased,
tuber weight is increased, reaching a maximum of 242.8
and 264.8 g/tuber in plants raised from STP-3e, during the
first and second season, respectively. On the other hand, as
the number of tubers is decreased in response to STP-2e
and STP-le, tuber weight is also decreased, reaching a

minimum of 166.4 and 175.0 g/tuber in plants raised from
STP-1e, during the first and second season, respectively.
Nevertheless, tuber yield per plant was progressively
decreased as the number of eyes in the seed tuber piece is
decreased. However, the decrease recorded in plants raised
from STP-4e was not significant during both experimental
seasons. Total tuber yield per plant was decreased by 9.7,
17.9, 42.3 % and 16.2, 24.7, 45.5 % in plants raised from
STP-3e, STP-2e, STP-le during the first and second
experimental season, respectively, compared with that of
plants raised from whole tubers (Table 4).

Plants raised from STP-2e produced 13.2, 16.9 %
fewer number of tubers compared with those raised from
STP-4e, during the first, second season, respectively. In
addition, total tuber yield per plant in STP-2e was
decreased by 10.3, 16.7 % compared with that in STP-4e,
during the first, second season, respectively.

Table 4.Yield components of potato plants raised from whole tubers (WT), seed tuber pieces having four eyes
(STP-4e), seed tuber pieces having three eyes (STP-3e), seed tuber pieces having two eyes (STP-2¢e) and

seed tuber pieces having only one eye (STP-1e).

WT STP-4e STP-3e STP-2e STP-1e LSD (5 %)

2017/2018

No. of tubers/plant 7.42 6.8? 6.6 5.9¢ 4.6¢ 0.8
Average tuber weight (g) 208.6° 231.7% 242.8% 214.8 166.4° 254
Tuber yield (g plant) 15432 1423 1392t 1276° 889¢ 125
2018/2019

No. of tubers/plant 6.92 6.5 6.2% 5.4° 4.4 0.9
Average tuber weight (g) 232.8 250.7% 264.8% 198.4¢ 175.0¢ 224
Tuber yield (g plant) 15142 1392 12680 1159 825¢ 128

Different small letters within the same row indicate significant differences between means at P < 0.05 according to Duncan’s multiple-range test.

Tuber quality

Tubers formed on plants raised from seed tubers
pieces containing either four or three eyes contained
significantly higher number of eyes compared with those
formed on plants raised from whole seed tubers (Table 5).
The number of eyes on tubers formed on plants raised from
STP-4e and STP-3e was increased by 14.8, 24.4 % and
16.3, 26.0 % compared with that on tubers formed on
plants raised from whole tubers during the first and second
season, respectively. On the other hand, the number of eyes
on tubers formed on plants raised from either STP-2e or
STP-1e did not differ significantly from that on tubers
formed on plants raised from whole tubers.

Starch concentration in the tuber was significantly
affected by treatments. Tubers formed on plants raised
from all types of seed tuber piece contained lower starch
concentration compared with those formed on plants raised
from whole seed tubers. However, the recorded decrease in
response to STP-4e during both seasons as well as due to
STP-3e during the first season was not significant. Other
tuber quality parameters, i.e., tuber specific gravity, dry
matter percentage, protein percentage, and glycoalkaloids
concentration did not significantly affected by treatments
(Table 5).
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Table 5. Quality attributes of potato tubers formed on plants raised from whole tubers (WT), seed tuber pieces
having four eyes (STP-4e), seed tuber pieces having three eyes (STP-3e), seed tuber pieces having two eyes
(STP-2¢) and seed tuber pieces having only one eye (STP-1e).

WT STP-4e STP-3e STP-2e STP-1le  LSD (5%)

2017/2018

No. of eyes/tuber 9.4° 10.8? 11.72 9.6 8.6 11
Tuber specific gravity 1.079 1.072 1.069 1.070 1.072 NS
Dry matter (%) 204 19.7 18.6 195 19.3 NS
Protein (%) 2.0 2.0 1.9 17 18 NS
Starch (mg gt FW) 190.82 186.4% 182.3% 173.1° 156.4° 116
Glycoalkaloids content (mg Kg-1 FW) 68.2 64.5 60.7 62.3 63.8 NS
2018/2019

No. of eyes/tuber 9.2° 10.7 11.62 9.8° 8.3 12
Tuber specific gravity 1.075 1.070 1.065 1.071 1.074 NS
Dry matter (%) 20.1 19.0 18.5 19.1 19.7 NS
Protein (%) 1.9 17 1.6 1.6 17 NS
Starch (mg gt FW) 200.28 196.42 180.3b 170.8% 167.0° 12.7
Glycoalkaloids content (mg Kg* FW) 65.5 66.0 64.8 64.0 62.7 NS

Different small letters within the same row indicate significant differences between means at P < 0.05 according to Duncan’s multiple-range test.

Discussion

The present investigation aimed to ascertain the
hypothesis that seed tuber pieces containing two eyes will
sustain potato growth and yield indifferently from those of
larger seed tuber pieces. Results of the present study
indicated that growth (Table 2) and yield (Table 4)
parameters were increased as the number of eyes in the
seed tuber piece is increased, even within the same size
category of the seed tuber. So, growth and yield of potato
plants are positively correlated with the number of eyes in
the seed tubers from which the plants arise. This positive
relationship is in line with the results of Arioglu (2009) and
Masarirambi et al. (2012). Higher number of eyes
containing more buds so, more stems are formed on large
seed tubers-raised plants contributing to higher growth
vigour and yield. Canopy coverage, main stem
number/hill, tuber number/hill, and tuber yield were
significantly increased with increasing number of eyes in
cut seed tuber pieces. These results are in conformity with
those of Cisneros and Herrera (1987) and Mahmood and
Gill (1984). Additionally, the higher number of eyes entails
a higher size of the seed tuber piece, hence higher amount
of reserved food materials that might have helped in early
shoot emergence, reducing the period required to produce
sprouts, advancing emergence, and sustaining plants
developed from larger seed tubers (Shakh et al., 2001).

Number of stems per plant as well as per unit area,
number of tubers per plant and per unit area, and tuber
yield per plant were significantly higher when tuber pieces
with double eyes were planted compared with cut tubers
with single eye (Mahmud et al., 2010). Conversely,
Planting of single eyed-pieces produced tubers of higher
weight compared with double-eyed pieces due to the
higher number of tubers produced in the later case. The
inter-plant competition for nutrition is higher as the number
of eyes in the seed tuber pieces is increased due to the
higher number of stems produced. Tuber production per
plant is directly correlated with the number of main stems
per plant and is affected by inter-plant competition
(Bushan et al., 2007). Several stems develop from the seed
tuber depending on its size and physiological age. Each
stem behaves as sparate potato plant since each has its own
root and shoot system (Struik, 2007). Mahmud et al. (2010)
concluded that cut seed tubers containing two eyes

cultivated at 40 X 15 cm spacing was the best for net
income according to a cost-benefit analysis.

Data of this study indicated that cultivation of two-
eyed seed tuber pieces produced significantly higher tuber
yield compared with one-eyed seed tubers, but
significantly indifferent yield compared with those of
three-eyed pieces. Considering that the two-eyed seed
tuber piece is a quarter seed tuber whereas the three-eyed
one is a half tuber, and both were exposed to similar
cultivation conditions, the indifferent yield between them is
supposed to be a certain factor that compensated for the
piece size, likely the extent of cutting in this case.
According to Allen (1979), reducing the number of
dormant buds is one of the major advantages of cutting
seed tubers, so it is assumed that increasing the extent of
cutting attenuated the degree of bud dormancy,
consequently increasing bud sprouting, forming more
stems, approaching that was resulted from the three-eyed
piece. Similar effect was recorded previously by
Vanderzaag and Demagante (1989) who found that the
number of stems produced from the seed tuber quarter was
equivalent to that produced from the seed tuber half in
cultivars Berolina and Perricholi. They also added that
there is another important yield-determining factor, which
is the canopy duration, leads to better prediction of yield
than the number of stems/ m?. In addition, If stem or plant
density is low, branching increases, enhancing canopy
cover, i.e., low stem density is compensated with vigorous
haulm growth (Fleisher et al., 2011; Shayanowako et al.,
2014).

Results of the present study indicated that
cultivation of the three-eyed pieces led to a reduced
number of tubers per plant, but tubers were of higher
weight compared with cultivation of the four-eyed pieces,
i.e., within this size range of the seed tuber piece, there is a
converse relationship between number of tubers produced
and the individual tuber weight. Similar results were
reported (Shakh et al., 2001; Mahmud et al., 2010). This is
attributed to the lower number of tubers produced in
response to cultivation of pieces having lower eye number,
thereby the individual tuber weight is increased. According
to Vanderzaag and Demagante (1989), tuber seed cutting is
a way to reducing the number of tubers produced, thereby
increasing tuber weight.
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On the other hand, results indicated that the

reduction in the number of tubers as a result of cultivating
the one-eye seed tuber pieces was also accompanied with a
reduction in the weight of the individual tuber. This may be
due to the severe growth reduction, including a reduced
number of leaves and a diminished leaf area of plants
raised from one-eye seed tuber pieces (Table 2),
consequently high competition between tubers on a
reduced amount of photosynthates (Li et al., 2016).
Results indicated that cultivation of STP-2e led to about
15.0 and 13.5 % decrease in tubers number and total tuber
yield/plant, respectively, over the two experimental
seasons, compared with STP-4e. Considering that the STP-
2e is half size compared with the STP-4e, it is evident that
cultivation of STP-2e instead of STP-4e represents 50 %
conservation in the seed tubers used at the expense of only
13.5 % loss in tubers yield. If also the fact that the price of
seed tubers is higher than that of the tubers sold as food,
the gain in net income became evident by cultivation of
quarter STP containing two eyes instead of half STP
containing four eyes.

CONCLUSION

The number of eyes in the seed tuber piece used for
cultivation affected growth and yield of potato plants.
Growth and yield of plants were decreased with decreasing
the number of eyes in the seed tuber piece. This was also
concomitant with a decline in chlorophyll concentration in
the leaves. Nevertheless, there was no significant
difference in total tuber yield per plant between plants
raised from quarter seed tuber pieces containing two eyes
and those raised from half seed tuber pieces containing
three eyes. Therefore, raising the potato crop from quarter
seed tuber pieces containing two eyes is recommended to
conserve the cost of seed tubers as this outcome outweighs
the yield loss.

ABBRECIATIONS

WT, seed tuber planted as whole; STP, seed tube
piece(s); STP-4e, seed tuber piece containing four eyes; STP-3e,
seed tuber piece containing three eyes; STP-2e, seed tuber piece
containing two eyes; STP-1e, seed tuber piece containing only
one eye; chl a, chlorophyll a; chl b, chlorophyll b; tchls, total
chlorophylls; tcarots, total carotenoids.
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