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ABSTRACT

Non-destructive observations of growth of single tubers on individual potato plants (cv. Pentland
Crown) grown in field revealed a great variation in total numbers of tubers per plant, total tuber
volume per plant, volumes of individual tubers and growth behavior of each tuber. The largest
tuber at any one time was not necessarily the largest at the next time. No relationship was found
between the duration of the grand period of growth of tuber and its growth rate. Some tubers
increased in volume, stopped and then resumed growth. Mixtures of Naphthalene Acetic Acid 45
mg/l (NAA) + 6-Benzyl Amino Purine 4.5 mg/l (BAP) had a dual effect by increasing tuber number
and tuber size per plant when applied via the leaves in different times. The mixture of NAA + BAP
increased tuber number per plant at pre-tuberization by 39.1 % and at-tuberization by 13.1 % and
decreased the number by 21.9 % at post-tuberization stage compared with control. The mean
number of tubers per plant in pre-tuberization treatment was greater than that in at- and post-
tuberization treatments by 27 % & 47 % respectively. The percentage increase in total volume of
tuber per plant (yield) compared with control treatments were 14.8 %, 39.5 % and 13.8 %
respectively. It is concluded that the application time with mixture of NAA + BAP to potato plants
at-tuberization stage was the best to increase tubers yield.
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INTRODUCTION

It has been reported that there is a great variation in
the total number and the size of tubers per potato
plant (Wurr, 1977; Ahmed & Sagar, 1981b). Many
workers have also reported that the size of individual
tubers on a single potato plant varies to a great
extent on the time of harvest (i.e. Clark, 1921; Kirijthe,
1955; Hewitson, 1967; Moorby, 1967, 1968; Gray,
1973; Wurr, 1977; Ahmed & Sagar 1981b, Engels &
Marschner, 1986 a, b, c; and Struik et al., 1988). For
instance, Clark (1921) and Ahmed & Sagar (1981b)
showed that both the duration of the main period of
growth and growth rates vary and act independently
to determine the final size of each tuber. Kirijthe
(1955) assumed that the first formed tuber within a
hill was always the largest; the differences in tuber
size within a hill were dependent on the spread of
time of tuber formation. Moorby (1968) has deduced
from results of '* C tracer studies that individual
tubers showed different rates of growth relative to
each other such that the largest at one harvest may
not necessarily be the largest at a sequent harvest.
Plaisted (1957) reported a logarithmic relationship
between mean tuber weight and time. Moorby and
Milthorpe (1975) concluded that the rate of growth of

total tuber volume per plant (the rate of bulking) is
exponential for the first two to three weeks but then
becomes almost linear. Similarly, Gray (1973)
showed that tubers grew linearly over their early
stages and assumed that the largest tuber at the time
of initial measurements was the first to be initiated.
Moreover, Wurr (1977), from measurements of the
growth of individual tubers, showed that some tubers
followed an approximately sigmoid curve, some grew
linearly and some showed periods of growth
interrupted by periods when the tubers grew slowly, if
at all. Further, he added that the time over which
tuber formation occurred was not important. Strunik
et al., (1999) reported that tuber formation is a plastic
and complex with physiological and genetic control
are involving in tuber formation.

Growth of the tuber is primarily the results of cell
division and subsequent cell enlargement of the
stolon tips (Artschwager, 1924; Reev, Tim & Weaver,
1973a). Oparka (1985) showed no relationship
between the node of origin of a tuber and the amount
of * C which entered it.

Many reports have argued the involvement of several
growth regulating substances in tuberization and in
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tuber development (e.g., Van Staden & Dimalla,
1976, 1977; Ahmed & Sagar, 1981a; Melis & Van
Staden, 1984; and Ahmad et al., 1999).

In vitro, many studies have confirmed the success
about the effect of Plant Growth Regulators (PGRs)
on callus induction and plant regeneration in culture
of potato (Esna-Ashari & Villers, 1998; Nowak et al.,
1999; Khatun et al., 2003; Yasmin et al., 2003;
Hossain et al., 2006; Shirin et al, 2007). The explants
of potato plant cultured on Murashige & Skoog (1962)
medium (MS) without growth regulator did not
produce any callus (Abd Elaleem et al., 2009). While,
Shirin et al., (2007) found that 2,4-D at 3 mg/l as an
auxin most effective for callus induction in four potato
cultivars compared with other growth regulators. Abd
Elaleem et al., (2009) obtained the best degree for
callus formation from tuber segments as an explants
cultured on MS medium supplemented with 2,4-D at
3 mg/l or 2,4-D in combination with BA both at 2 mg/l.
Dragicevic et al., (2008) found that potato shoots
grown in vitro in continuous darkness or in long days
(LDs) that IAA alone stimulated stolon formation in
LDs, both in presence or absence of GA; and
stimulated tuber formation in dark-grown shoots, but
could not overcome the inhibitory effect of LDs.

Shoots, roots and callus were formed from tuber
discs of potato, cultivar Desiree, when grown in vitro
on the basal medium of MS supplemented with 2,4-D
(0.5 mg/l) and/or BAP (1 mg/l) (Esna-Ashari & Villers,
1998).

Many workers succeeded on the induction of micro
tubers on MS medium using different Plant Growth
Regulators (PGRs) (Rosell et al., 1987; Nowak et al.,
1999). Rosell et al., (1987) found mass production
was obtained on plantlets growing from nodal potato
cuttings cultured in vitro on MS medium under
continuous light of 5000 Lux at 24-25 °C.

Many researchers have successfully studied the
effect of exogenous application of PGRs on potato
yield grown under field or laboratory conditions
(Okazawa, 1960; Krauss & Marschner, 1976; and
Ahmed & Sagar, 1981a). Caldiz et al., (1998) used
many different PGRs like BAP, GA3, and BAP + GA3
in two experiments with two potato cultivars; they
found those sprayed with BAP maintained ground
cover and photosynthesis for longer and those
sprayed with GA; for a shorter period. Ahmad et al.,
(1999) concluded that potato plants responded well
to the L- Tryptophan concentrations of 10° and 10°
M respectively in increasing tuber yield compared
with control plants. Similar results were found by
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Dragicevic et al., (2008), they found in potato shoot
cultures in vitro that IAA alone stimulated tuber
formation in dark-grown shoots.

Therefore, from these conclusions more work is
needed to understand the behavior of individual tuber
per potato plant. This research examines the effects
of mixture of NAA + BAP treatments when applying in
different times on the growth of individual tubers
using a non-destructive method of tuber volume
measurement compared with control plants under
field conditions.

MATERIALS AND METHODS

Big job has been done by using sixty individual plants
distributed into six treatments under field conditions
as the following: 80 chitted tubers of potato cv.
Pentland Crown each of 50-60 g fresh weight and
from which all buds removed, except the apical buds
were planted separately 10 cm deep in sand in pots
of 20.3 cm diameter. Pots were placed in
greenhouse, the minimum temperatures were 15°C
(day) and 10°C (night) and the relative humidity was
maintained between 60 % to 70 %.

63 days after planting, 60 uniform plants with single
shoots (13-18 cm high) were transferred to special
growth units. These plants were at the stolon
initiation stage. These units were plastic pots 28 cm
in diameter, the base (bottom) of which had been cut
at height of 11 cm the bases of these rings were then
closed with a thick polythene sheet which had a
circular hole (1 sz) in the center. Each plant was
placed in a pit which had been prepared in the ridges
of the potato field at the Pen-y-ffridd experimental
station, Bangor, Gwynedd, U.k. The tops of the rings
were at the soil level. The mother tuber was gently
detached from the selected plants and the roots were
passed through the hole in the polythene sheet and
buried in the soft wet soil of the pit. The upper
chamber was filed with dry sand which was covered
with non-absorbent cotton wool. Hard board (30 cm x
15 cm) covered with polythene sheet was secured
onto the top of the rings to protect the dry sand from
rain. Each board contained a notch in the middle to
allow the shoots to pass through the cover without
damage (Fig. 1). The system was similar to that used
by Ahmed (1978). Tubers were subsequently
identified by using plastic covered rings in different
colors which were secured onto the stolons (Fig.1). In
this experiment, for convenience tubers were
identified from the largest to the smallest referred to
as 1, 2, 3, 4, etc. the sixty units were planted in four
ridges in the middle of the potato field (75cm x 50 cm
) and distributed for six treatments in completely
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random design (CRD) (Table 1). One week after
transplanting the foliage of the ten plants of
treatment T1 were selected and sprayed with distilled
water while the ten plants of treatment T2 were
selected and their foliage sprayed with a mixture of
NAA 45 mg/l + BAP 4.5 mg/l at the pre tuberization
stage. Tween 20 (0.01 %) was used in both solutions
as a wetting agent. Four weeks after transplanting, a
similar treatment was given to separate plants at the
tuberization stage (T3 & T4) and on eight weeks after
transplanting, another was carried out on plants post-
tuberization (T 5 & T 6). Each plant was sprayed
individually gently with 50 cm® of the appropriate
solution using a Hill All Purpose Hand Spray No. 34.

Measurements of individual tubers were made
carefully in four times: 6, 11, 13 and 17 weeks after
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transplanting. Dividers were used to measure the
length and diameter of each tuber and volume was
calculated by: v= (ab®)/6 where v = volume, a
length of tuber, a = diameter of tuber (Hewitson,
1967; Gray, 1973; Ahmed, 1978; Parka & Davies,
1985). At each of reading a domestic vacuum cleaner
was used to extract the dry sand which was replaced
after the appropriate observations had been made.
An electric generator was used to generate the power
for this purpose. The operations of each
measurement were done over a period of two days.
On 17 weeks after transplanting all the plants were
harvested separately and the final volume of each
labeled tuber was measured.

plant

—— bamboo stick
wooden  siuke

Fi6. 1

RESULTS:

All the plants in each treatment were fully tuberized
six weeks after transfer onto the observation pots,
and all survived until harvest time. Tuber number per
plant ranged from 3 (plant 10) to 16 (plant 7) in
treatment T1, from 6 (plant 1, 7) to 36 (plant 5) in T2,
from 4 (plant 3, 5) to 13 (plant 2) in T3, from 4 (plant
10) to 40 (plant 5) in T4, from 6 (plants 3, 10) to 21
(plant 5) in T5 and from 3 (plants 6,7) to 19 (plant 1)
in T6. In general, spraying with the mixture of NAA +
BAP increased tuber number per plant when applied
pre and at tuberization stage compared with post-
tuberization and control treatments. The mean
number of tubers per plant in treatment T2 (pre-
tuberization) was greater than that in T4 (at
tuberization) and T6 (post tuberization) by 27 % & 47

pelythene sheat

hardboard

oil surf level

50
cotton wool (non-absorbent
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sand

stolon
tuber

ring
polythene sheet

plant roots

Apparatus used for sand-soil culture in the field experiment.

% respectively (Tables 2 & 3). The percentage
increase in total volume of tuber per plant (yield)
compared with control treatments were 14.8 %, 39.5
% and 13.8 % respectively.

In general, at harvest time there were no significant
differences between treatments at p 0.05 in all
parameters. However, the analysis of percentages
and standard deviation (SD) showed clear
differences between treatments (Table 2).

It is concluded that the application time with mixture
of NAA + BAP to potato plants at-tuberization stage
was the best to increase tubers yield.

Mean Volume: The post tuberization treatment T6
produced the highest mean volume per tuber per
plant (268.5 cm3) and for treatment T4 it was (242.9


https://www.researchgate.net/publication/225147495_The_growth_of_individual_tubers?el=1_x_8&enrichId=rgreq-414d53ee01cf4a17f4422860cb0160ac-XXX&enrichSource=Y292ZXJQYWdlOzI0NzkyMDU3OTtBUzoxODA2NzMwMDQ0NDk3OTJAMTQyMDA4NzIwOTI3Mw==

cm3). Similar results were obtained for the mean
volume of tuber per plant for treatments T1, T2, T3
and T5 (Table 2).

At the harvest time, the mean total volume of tubers
per plant in treatment T4 was greater than that in
treatment T6 or T2. The percentage increase in yield
(total volume/plant) compared with the control
treatments were 14.8 % in T2 39.5 % in T4 and 13.8
% in T6 (Table 2). Data indicate that the response of
the individual tuber per plant to PGRs in T6 (treated
at post-tuberization) was higher than in T4 (treated at
tuberization) and T2 (treated at pre-tuberization), and
indicate dependence on time of application. In control
treatments, T1 and T3 were very similar in the mean
volume per tuber, but it was greater than the mean
volume of treatment T5.

The growth of individual tubers in each

treatment:

a) Pre-tuberization treatments: Plant no 10 was
selected to represent the 10 plants in the control
treatment (T1) and plant 1 was selected to represent
the 10 plants that received plant regulators treatment
(T2).

On the control plant (Fig. 2) all the tubers grew
normally during the recorded period, tubers T1 & T2
showed sigmoid curve while tuber T3 showed linear
course, and tuber T2 scored the highest volume at
harvest time (450 cm3). By contrast, four tubers in
plant 1 (Fig. 3) which were sprayed with PGRs
showed greater growth rates after week 6 until the
end of experiment. Tubers T1, T3 & T4 showed
sigmoid curve and tubers T2, T5 & T6 showed linear
course after application with hormones. Tubers T3 &
T5 scored higher volume than tubers T2 & T4 at
harvest time. While tuber T1 scored the highest
volume at final record (455 cm3).

b) At tuberization treatment: Plant 3 was selected
to represent control treatment (T3), and plant 7 was
selected to represent PGRs treatment (T4). On the
control plant (Fig. 4) most tubers developed normally
from the time of first recording to the end of the
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experiment. Most tubers showed linear course and
one showed sigmoid course in their growth. Tuber T2
scored higher volume than tuber T3 at final record.
Tuber T1 scored the highest volume at harvest time
(about 500 cms). In contrast, all tubers on plant 7
(treated with PGRs) showed higher growth rate after
the treatment which carried out before week six (Fig.
5). Most tubers showed linear course in their growth.
Tuber T2 scored the highest volume at the final
record (610 cm®). However, after week 11 one new
tuber was initiated on plant 7.

c) Post-tuberization treatment: Plant 10 was
selected to represent the control treatment (T5), and
plant 6 was selected to represent PGRs treatment
(T6). Control plant (Fig. 6) most tubers developed
slowly and no marked effect was observed on the
growth of the tubers of plant 10 which had been
treated with distilled water. However, Some tubers
showed linear course (e.g. tubers T1 & T2) and some
showed sigmoid course in their growth (tubers T3 &
T4). Tuber T1 was the largest at the first recording,
was also the largest at harvest (about 325 cm®).
Tuber T3 was larger at the first recording than tuber
T4 but in the 2" 3" and final recording tuber T4
scored higher growth rate than tuber T3. In contrast,
all tubers on plant 6 (treated with PGRs) showed
higher growth rate after the treatment and showed
increased growth during the treatment period, and
tuber T1 recorded the highest volume (more than 850
cm3). Tuber T3 scored the second value at harvest
time. While tuber T2 scored third value at final record
(570 cm®). There was no inhibition for the tuber
growth following application of PGRs to all the treated
plants in this treatment (Fig.7).

Usually, PGRs treated plants had higher volumes per
tuber than those on untreated plants. Plants treated
with mixture of NAA + BAP at post-tuberization had
fewer small tubers than plants which treated pre- or
at tuberization. Treatment T6 produced larger tubers
than treatments T2 & T4.
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DISCUSSION

First of all it is better to discuss the behavior of the
individual tubers on control plants in treatments T1,
T3 and T5.

Observations of growth of each tuber on individual
plants grown under field and greenhouse conditions
revealed a very high variation in tuber number, tuber
volume and growth rate of tubers. All the plants were
from same variety: every mother tuber was similar to
others in size, chitted in the same conditions, planted
in the same greenhouse and transplanted into the

same field in similar units on the same day.
Theoretically, it can be presumed that tuber
production in each plant/treatment should be

relatively uniform. In reality, however, it was not.
Every plant in each treatment contained very large
variation between tubers, whether in number, size or
in the behavior of their growth.

The individual tubers on field grown plants showed
different courses of growth patterns at different times.
For example, tuber (T3) on Fig. 2 and tuber (T1) on
Fig. 4 followed a linear course, this agree with (Gray,
1973) who showed that tubers grew linearly over their
early stages and assumed that the largest tuber at
the time of initial measurements was the first to be
initiated, tubers (T1) and (T2) on Fig.2 and tubers
(T3) & (T4) on Fig. 6 followed sigmoid course, and
tuber (T5) on Fig. 6 followed a slow course: some
times, tubers which stopped growth resumed growth
again as with tuber (T5) on Fig. 6. Similar results
have been reported by Wurr (1977) who showed that
some tubers followed an approximately sigmoid
curve, some grew linearly and some showed periods
of growth interrupted by periods when the tubers
grew slowly, if at all. It is obvious from these
observations that the time over which tuber formation
occurred was not important, this agrees with Wurr
(1977).

The results from the present study do support the
suggestion by Moorby (1968) that the individual
tubers of a plant show different rates of growth
relative to each other, such that the largest tuber at
any time need not necessarily be the largest on any
future occasion.

It is difficult to determine one factor is behind tuber
formation and tuber growth. Various factors are
affecting tuber formation and tuber growth like
environment (Burt, 1964; Ahmed, 1978), interaction
between endogenous hormones (Kumar & Wareing,
1974), exogenous hormones, Dragicevic et al,

303

Agric. Biol. J. N. Am., 2010, 1(3): 296-306

(2008), found in potato shoot cultures in vitro that
IAA alone stimulated tuber formation in dark-grown
shoots. While, Strunik et al., (1999) reported that
tuber formation is a plastic and complex with
physiological and genetic control are involving in
tuber formation.

Furthermore, Krijthe (1955) assumed that tuber
formation is generally completed within two or three
weeks, so the number of tubers present on week 3
after initiation is never exceeded later. However,
these conclusions are in disagreement with some of
the results as some tubers were initiated even after
week 3 (e.g., Fig. 6).

It is difficult to regulate tuber formation or tuber
growth by addition PGRs. But from our results in this
study, it is evident that the large tubers were more
responsive to the mixture of NAA + BAP than the
small tubers, which may be related to the high level
of endogenous hormones in small tubers. With
external PGRs these endogenous ones, suppression
of growth takes place: the higher the concentration of
PGRs applied, the greater the reduction in growth.
Van Staden & Dimalla (1977) found that the stolon
tips and the smallest little tubers contained higher
levels of at low concentration cytokinins than the
large tubers. Similar results have been reported by
Wurr et al., (1980). It seems reasonable to suggest
that in general, direct application of PGRs as an
auxin and cytokinins via plant leaves accelerated the
volume increase of tubers at post-tuberization stage
much better than at pre and at tuberization stages.
This agree with Esna-Ashari & Villiers (1998), who
found that shoots, roots and callus were formed from
tuber discs of potato, cultivar Desiree, when grown in
vitro on the basal medium of (MS) supplemented with
2, 4-D and BAP.

Total volume of tubers per plant was increased by
40 % by hormones supplied at the tuberization stage.
Meanwhile, application at the pre-tuberization stage
also increased the number of tubers per treatment by
39 % as compared to the control treatment.
Theoretically, it may be said that the mixture of auxin
and cytokinin (NAA +BAP) in this study may have
increased cell division and cell size of the stolon tips
directly (tuberization) or modified the level of
endogenous growth substances indirectly. Any
increase in sink (i.e. tuber number per plant) will tend
to reduce the individual tuber growth rate unless
more assimilates are transported to the tubers
(Laycock, 1971).
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Despite the high variation, it is evident from the
present results that mixture of NAA + BAP had a dual
effect of increasing tuber number and tuber size per
plant when applied via the leaves. In most cases, if
the field study is repeated on a larger scale with
similar technique and with more cultivars, and the
results are confirmed it may then be possible to
suggest that carefully timed spraying of the tested
mixture may be used to control the time of
tuberization, tuber size or number of tubers per plant.

CONCLUSIONS:

The mode action of PGRs when applied
exogenously, either have direct action to increase cell
division and cell enlargement of stolon tips and
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tubers, or they have indirect action by activating the
endogenous hormones.

Application with PGRs to potato plants were found
much helpful to increase potato yield when they
spray in the right concentration, in the right way, at
the best time and at the best age of plant. Use PGRs
in agriculture are much cheaper and easier technique
comparing with the traditional methods of fertilizer
application.

No doubt further work is required to ascertain
whether this mixture has an effect on the
endogenous ratio of promoting/inhibiting hormones in
the potato plants.

Table 1. The basic design of field experiment.

Treatments NAA + BAP (mg/l) Time of application Date of treatment

T 0+0 pre-tuberization  one week after tuberization
T2 45+ 4.5 = = = == =

T3 0+0 at tuberization  four weeks after tuberization
T4 45+45 === ===

T5 0+0 post-tuberization  eight weeks after tuberization
T6 45+45 === ===

Table 2. some parameters at final harvest of plants grown in

the field. Mean of 10 plants in each treatment.

Treatments Total no. of Mean No of  Mean volume mean Total volume % increase

Tuber per tre- tubers/plant per tuber at of tubers/plant cm®  in volume

atment harvest (cm®)
T1 87 8.7 195.8 1703.5 100.0
T2 121 121 161.6 19554 114.8
T3 84 8.4 196.9 1654.0 100.0
T4 95 9.5 2429 2307.6 139.5
T5 105 10.5 184.3 1935.2 100.0
T6 82 8.2 268.5 2201.7 113.8
SD 15 1.5 39.7 260.5 --
Table 3. Final total of tubers on each plant grown in the field after treatment with mixture of NAA + BAP at different
times.
Treatments Plants

1 2 3 4 5 6 7 8 9 10 Mean SD
T1 11 5 6 10 6 11 16 13 5 3 8.7 4.3
T2 6 9 13 8 36 8 6 10 10 15 121 8.9
T3 8 13 4 9 4 10 9 8 10 9 8.4 2.7
T4 5 8 6 8 40 5 5 8 6 4 95 108
T5 11 10 6 9 21 7 13 13 9 6 10.5 4.5
T6 19 5 10 10 7 3 3 7 4 14 8.2 5.2
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