Minufiya J. Agric. Res. Vol. 32 No.6: 1757 - 1775 (2007)

RESPONSE OF POTATO PLANTS TO SOME GROWTH
REGULATORS APPLICATION

Sally. A. Midan'; Sabah M. EI-Gamal® and A.A. Gendy?
(1) Horticulture Dept.
(2) Botany Dept. Faculty of Agriculture, Minufiya University

(Received: Oct., 31, 2007)

ABSTRACT: Two field experiments were carried out during the winter
seasons of 2005/2006 and 2006/2007 as an attempt to investigate the effect
of jasmonic acid (JA) at 10 mg/l, salicylic acid (SA) at 10 mg/l, gibberellic
acid (GA;) at 20 mg/l and indol acetic acid (IAA) at 20 mg/I with different
methods of application on growth, chemical composition and yield and its
quality. The obtained results revealed that, growth regulators (GRs)
treatments significantly increased plant height, leaf number, root length, dry
weight of roots, stems and leaves as well as the concentration of chlorophyll
(a + b), carotenoids, total carbohydrates, N, P and K in the leaves. Moreover,
dry matter, specific gravity, starch, tuber size grades and yield and its
components showed significant increases. Foliar spray treatments
recorded the highest values of dry weights (stems and leaves), chl (a+b),
carotenoids, total carbohydrates, N, P and K contents and total tubers yield.
The dry matter, starch and specific gravity were increased with tuber seeds
soaking in GRs. The interaction between GRs and their application methods
had a significant effect, and the application of IAA, JA and GA, as tuber seed
soaking and/or foliar spraying gave the relatively higher tuber yield with
good quality.

Key words: Growth regulators, Methods of application, Jasmonic acid,
Chemical and quality of potato tuber, tuber yield.

INTRODUCTION

Potato (Solanum tuberosum, L.) is one of the most important and
popular vegetable crops grown in Egypt for local consumption and export.

There are many factors might limit potatoes plant behaviour, which of
them are growth regulators. Jasmonate has been shown to elicit both
inhibitors and to be of promotive effects on plant morphology and
physiology (Arteca, 1996). Thus, 1 uM JA in the growth medium enhanced
axiliary shoots and adventitious root growth of plant stem node cultures
(Dermastia et al., 1994). It has also been reported that the addition of JA to
potato stem node culture medium enhanced water, Ca, P and K ions

1757



Sally A. Midan; Sabah M. El-Gamal and A.A. Gendy

transport (Ravnikar et al, 1995 a) and induced starch accumulation
(Ravnikar et al., 1995 b). Besides, JA treatment in potato resulted in an
increase of active cytokinin content, without drastic changes of photosynthetic
pigments (Dermastia et al., 1994).

Salicylic acid was found to have an antioxidant effect and could
overcome the deleterious effect of different stresses on plant, so it acting as
chelating agent and protect plant growth from stress (Oota, 1972). Besides,
salicylic acid was reported to be of a positive effect on soybean yield (Zhao
et al., 1995). However, Bardisi (2004) reported that spraying garlic plants
with salicylic acid at 50 ppm recorded maximum values of plant height,
number of leaves / plant, diameter of both neck and bulbs, total dry weight /
plant and N, P and K uptake.

Gibberellic acid and indole acetic acid were frequently reported in the
literature to affect water relations and amino acids synthesis (Midan, 1978
and Midan et al., 1982) and to enhance the synthesis of chlorophyll and total
sugars in treated plants (Arteca, 1996). Besides, gibberellic acid was
reported to directly implicate in promotion of germination (Groot et al.,
1988). Hassan et al. (2005) reported that, spraying GA; caused a remarked
promotion in leaf mineral status, yield and fruit quality in apricot trees
compared with control treatment. Desouky (2006) found that, foliar
application of gibberellic acid at 200 ppm produce the best vegetative
growth, flowering yield and quality of Pelargonium grandifiorum Willd plants.

The present investigation aims to evaluate the impact of the recent some
growth regulators, along with their methods of application, on potato
growth, chemical constituents and tubers yield and their quality.

MATERIALS AND METHODS

Two field experiments were conducted at the Experimental Farm, Faculty
of Agriculture, Minufiya University, Shibin EI-Kom during the winter seasons
2005/2006 and 2006/2007 to study the effect of some growth regulators
applied either as tuber soaking or foliar spray and as the combination of
both on potato growth, chemical constituents of leaves and tubers, yield as
well as tuber quality .

The potato tuber seeds of Diamont cv. were kindly given by the exporters
union of Horticultural Crops. Seed tubers of 35 — 50 mm in size were sown on
5™ of October. in the two seasons. The experimental design was a split plot
system with four replications as methods of application were arranged as
main plots, while growth regulators treatments were considered as sub-
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plots. Each sub-plot consisted of five rows each of 5§ m long and 75 cm
apatrt.

The experiment included 15 different treatments (5 GRs x 3 methods) as
follows: [1]. Potato tuber seeds soaking treatments: potato tuber seeds were
soaked for haif hour before planting with the assigned concentrations of
growth regulators, i.e., jasmonic acid (JA) at 10 mg/l, salicylic acid (SA) at 10
mg/l, gibberellic acid (GA;) at 20 mg/l and indole acetic acid (IAA) at 20 mgl/l.
Besides the distiled water as a control. Tween 20 (5%) was used as wetting
agent. The molecular structures of growth regulators are shown in Fig. (1).
[2]. Foliar spray treatments. The plants were sprayed at 40 days from sowing
in the above mentioned assigned concentrations of growth regulators. [3].
Potato tuber seeds soaking + foliar spraying treatments: potato tuber seeds
were soaked for half hours in the above mentioned concentrations of growth
regulators. Further more, plants were sprayed with the above mentioned
concentrations of growth regulators at 40 days plant age.

The molecular structures of the growth regulators are shown in fig (1)
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Fig.(1) The structures of growth regulatores
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Nitrogen, Potassium and Phosphrous were added in doses of 350 kg
ammonium sulphate (20.6% N), 100 kg potassium sulphate (48.0% K,0), 250
kg Calcium superphosphate (15.5% P.Os)per feddan. N and K were divided
and equally added as side dressing at 30 and 60 days from planting. Calcium
superphosphate was added during soil preparation. Other agricultural
practices were done.

The plant samples were taken after 75 days from planting, five plant
samples were randomly taken from each sub-plot hence the following data
were recorded: 1- Vegetative growth characters: plant height (cm), number
of leaves , root length and dry weight of roots, stems and leaves. 2-
Chemical constituents: 2.1.photosynthetic pigments were determined in the
leaves using the method described by Wettestein (1957). 2.2. Total
carbohydrates in leaves were estimated colorimetrically using the phenol
sulfuric acid according to the method of Dubios et al. (1956), 3- N, P and K
concentrations: Total nitrogen was determined in dry leaves using
microkjeldahl methods as described by Ling (1963), while P and K were
determined as mentioned by A.O.A.C. (1990). 4- Tuber quality after harvest: 4.1.
Starch content and dry matter%: starch content was determined using the
method of A.0.A.C. (1990). Tuber dry matter (%) was determined by drying
the tuber slices at 65°C for 72 hours according to the method of A.O.A.C.
(1990). 4.2. Specific gravity of tubers was estimated by the following
equation (Smith, 1976).

Weight of tubers in air

Specific gravity =
weight of tubers in air — weight of tubers in water

4.3.Total carbohydrates in tubers was estimated colarimetrically using the
phenol sulfuric acid method as described by Dubios et al. (1956). 5- yield
and its components: Each experimental unit was harvested individually after
120 days from planting and the following yield data were recorded: 5.1.
Average tuber number / plant. 5.2. Average tuber weight (g). 5.3. Total tuber
yield / plant and per feddan. 5.4. The percentage of different tuber size
grades: Tubers were graded according their size to large > 55; 45 — 55; 35 ~
45 and < 35 mm in diameter (Fattahalla, 1997).

All obtained data were subjected to statistical analysis with the help of
COSTAT-C program, and L.S.D. at 5% level was calculated according to
Gomez and Gomez (1984).
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RESULTS AND DISCUSSION

1. Vegetative growth characters:

All growth regulators caused a significant increase in plant height, leaf
number/plant, root length, dry weight of roots, stems and leaves as
compared with control plants (Table 1). In this connection, GA; at 20 mg/i
followed by IAA at 20 mg/l then jasmonic acid at 10 mg/l showed the highest
records for all studied growth characters. These results agreed with the
finding of Nilsamranchit et al. (1996), Desouky et al. (1999) and Desouky
(2006). Broughton (1970) proposed that the increment in plant growth
characters resulting from GA; applications might be explained by their
promotive effect on cell division and cell elongation on potato. However,
Saniewski et al. (1990) concluded that exogenous gibberellins taken up
stems or those synthesized under the influence of exogenous ones, led to
the elongation of all stem internodes of tulip. Besides, IAA was also noticed
by Gherroucha et al. (2003) to be of a significant effect on wheat plant
height, number of leaves and proliferate. Zaghlool et al. (2001) demonstrated
that foliar application of salicylic acid (SA) stimulated plant growth. Malamy
and Klessing (1992) reported that, SA reversing of ABA induced stomatal
closure, leaf abscission and growth inhibition. Zaghlool (2002) mentioned
that exogenous application of GA; counteract the inhibiting effect of
endogenous ABA and enhancement of |AA.

Concerning the effect of the application methods, data show no
significant differences among them regarding their effect on growth
parameters except dry weights of stems and leaves which had a significant
increase when plants foliar spray of GRs (Table 1). The interaction between
GRs and their application method caused a significant effect on all tested
growth characters (Table 1). Thus, the highest values of roots and hallum
dry weight were recorded from GA; and/or IAA foliar spraying treatments.
The lowest values in this respect were found in control plants. Both GA; and
IAA were previously reported to be more effective in increasing growth of
treated plants. These results are in agreement with those obtained by
Nilsamranchit et al. (1996) and Desouky et al. (1999), Gherroucha ef al.
(2003), Hassan et al. (2005) and Desouky (2006).
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Table (1). Some vegetative growth characters of potato plants as affected by some growth regulators, along with

their methods of applications, during the two grow‘m seasons.
Seasons I 2005/2006 Season

GR Growth regulators

i

2006/2007 Season
Characters Plant Leaf Root dwt of | dwt of | dwt.of | Plant Leaf Root dwt of | dwt. of | dwt of
Treatments height |{number/| length roots stems | leaves | height | number/{ length roots stems | leaves
M GR | (cm) plant {cm) | (g/plant) | (g/plant) | (g/plant)] (cm) plant (cm) | (g/plant) | (g/plant) | (g/plant)
Control] 75.0 75.00 110 521 14.67 28.30 720 76.00 10.0 6.00 18.87 38.04
Seed tuber JA 770 76.67 1.0 5.74 17.37 33.32 75.0 86.33 11.0 6.55 20.31 4543
soaking SA 76.0 77.67 10.0 5.73 16.16 31.39 73.0 81.67 12.0 6.32 1948 44 .30
GA3 80.0 92.00 13.0 6.40 18.52 32.75 87.0 95.00 14.0 6.55 23.38 48.54
1AA 82.0 90.00 12.0 6.40 17.51 32.83 84.0 93.00 13.0 6.20 22.55 47.34
Control} 77.0 790 9.5 5.89 14.00 28.21 720 75.0 10.0 5.30 18.37 38.39
Foliar JA 81.0 80.0 13.0 6.55 15.75 3348 780 81.0 12,0 5.40 20.02 4545
s i SA 82.0 82.0 10.0 6.20 16.71 30.54 77.0 85.0 12.0 541 18.38 44.10
Praying | cas | 900 98.0 14.0 780 | 2806 | 4000 | 910 | 1000 | 140 840 | 3330 | 5556
1AA 84.0 95.0 120 7.55 2768 39.28 87.0 98.0 13.0 8.40 32.16 54.59
Controlj 75.0 740 9.3 8.30 15.30 30.41 74.0 75.0 9.0 5.60 20.37 39.07
JA 78.0 82.0 113 6.31 17.31 36.20 80.0 85.0 10.67 540 21.42 43.28
SA 78.0 76.0 11.0 6.38 16.15 34.25 790 83.0 12.67 540 21.18 46.31
GA3 86.0 1004 15.0 7.73 21.38 33.73 83.0 105.0 150 8.40 26.52 4894
I1AA 88.0 98.0 14.0 7.44 20.00 3245 85.0 100.0 15.0 8.40 25.16 48.21
Soakedf 78.0 82,27 11.40 5.90 16.85 3N.72 78.2 864 120 6.32 20.92 4473
Foliar 82.6 86.80 11.66 6.80 20.44 34.30 81.0 87.8 12.2 6.58 2445 47.62
S and 81.0 86.08 1213 6.63 18.03 33.41 80.2 89.6 1247 6.64 22.93 46.16
Controlf] 75.67 76.00 9.88 5.47 14.66 28.97 72.67 75.33 9.67 5.63 19.20 38.50
JA 78.70 79.56 1M.77 6.20 16.81 34.33 77.67 83.22 11.22 5.78 20.58 46.39
SA 78.67 78.56 10.33 6.10 16,34 32.06 76.33 83.22 1222 5.7 19.68 44.90
GA3 85.33 96.80 14.00 7.30 22.65 35.49 87.00 100.00 14.33 7.78 271.73 51.01
1AA 84.67 94.33 12.67 7.43 21.73 34.85 85.33 97.00 13.67 7.67 26.62 50.05
M ns. n.s. ns. ns. 2.26 200 ns. ns. ns. ns. 1.64 1.20
G 14 388 11 1.0 1.60 214 1.64 324 1.3 1.20 210 1.26
MxG 241 6.56 1.9 1.2 2.58 3.90 278 5.46 1.60 1.50 4.42 1.60
hods of application
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2. Chemical constituents:

2.1. Photosynthetic pigments:

All studied GRs treatments increased the concentration of Chl. (a + b)
and carotenoids as compared to control plants (Table 2). The best results in
this concern, were obtained from GA; treatment followed by IAA then SA.
These results coincide with those of Midan, (1982) and Desouky ef al. (1999),
working on onion and pelagonium respectively. Mohamed (1993) found that
the effect of GA,; spray treatment on pigments revealed the existence of high
chlorophyll and carotenoid concentrations which might be relates to the
increased photosynthetic activity in apple leaf. The method of GRs
application seems also to significantly affect chlorophyll (a + b) and
carotenoids (Table 2). The highest concentration of bio-chemical
constituents being achieved by the foliar spraying of GRs. These results
were insistently observed in both growing seasons. Results could be easily
explained as foliar spraying with GRs directly affected plant leaves
metabolism, the part received the active ingredients of sprayed GRs.

As regards to the interaction effect, the highest values in Chl. (a + b) and
carotenoids were obtained in plants received GA; and/or |AA as foliar
spraying. Gibberellic acid and IAA were previously mentioned by Midan
(1978) to activate chlorophyll synthesis. Additionally, GA, may increase
chlorophyll content through enhancing the accumulation of fresh and dry
matter in treated plants (Poskuta et al., 1975).

2.2. Total carbohydrates:

The total carbohydrates in potato plant leaves was significantly
increased using all of the tested GRs comparing to control (Table 2).
Gibberellic acid and IAA both at 20 mg/l and salicylic acid at 10 mgll,
generally achieved the highest contents. The enhancing effect of GA; , IAA
and salicylic acid on carbohydrates content is quite expected as these
compounds promote chlorophyll content in plant leaves. Brown and Ho
(1986) showed that gibberellic acid stimulated 6-amylase which promote the
conversion of starch to sugar and other hydrolytic enzymes promoting
hydrolysis of storage reserves. Zhao et al. (1995) stated that SA increased
photosynthetic rate in soybean. '

Concerning the effect of application methods on total carbohydrates,
foliar spraying achieved the highest values. Foliar spraying was previously
noticed to enhance chlorophyll content, thus its favourable effect on
carbohydrates content being logic.
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Table (2). Photosynthetic pigments, total carbohydrates and mineral concentrations in potato leaves as affected by

some growth regulators, along with their methods of agplications, during the two growing seasons.

Seasons 1 2005/2006 Season 2006/2007 Season

Characters Chl. a + b [CarotenoidTotal carb. Chil. a + b CarotenoidTotal carb.}

Treatments (mg/g (mg/g {(mg/g N% P% K% (mg/g (mglg {(mg/g N% P% K%
[ GR § dwt) dwt) d.wt) d.wt) dwt) d.wt)

Controf] 5.27 3.70 194.78 25 0.41 27 7.10 3.86 192.33 26 0.52 27
Seed tuber JA 5.50 4.07 212.57 34 047 4.2 7.80 4.28 213.94 35 0.58 40
soaking SA 6.92 449 205.60 3.0 043 3.0 7.52 4,39 219.98 30 0.55 30
GA3 9.51 583 24915 3.2 047 33 10.70 547 254.89 32 0.57 40

1AA 8.27 4.57 24541 29 0.46 3.2 9.32 4.81 230.09 31 0.56 33

Control]  6.60 322 | 19544 | 26 0.42 29 7.00 407 | 21062 | 27 0.54 27
Foliar JA 6.80 421 22463 | 37 0.49 37 6.05 455 | 23555 | 38 0.62 a1
by SA 9.16 408 | 23234 | 34 | o045 31 958 483 | 25258 | 35 0.56 30

Praying | cas | 11.50 5.62 29319 | 35 0.48 35 11.20 578 | 31039 | 37 0.60 40
A | 1023 584 | 28477 | 29 0.46 33 10.88 595 | 30320 | 36 0.59 33

voll

Control] 5.3 303 | 19049 | 25 | 040 27 5.96 382 | 19712 | 25 0.50 27
i ol JA 6.26 333 | 21276 | 34 | o04s 33 6.39 404 | 22875 | 33 0.56 35
ng SA 7.00 3.81 22783 | 28 | o042 29 6.63 414 | 23325 | 30 0.53 29
soran) Gas | 783 487 | 24080 | 32 | 045 | 31 7.67 528 | 25519 | 3.3 0.55 33
Praying | o 9.51 347 | 25550 | 3.4 0.45 3.0 9.07 478 | 26554 | 32 0.54 30

Means of (Soaked] 7.09 453 224.50 3.0 045 33 849 4.56 22225 31 0.56 34
methods | Foliar 8.86 4.60 246.10 3.22 046 33 8.94 5.00 26247 35 0.58 34
(M) S and 7.25 3.64 227.30 3.0 044 3.0 714 441 235.37 341 0.54 341

Control] 5.93 332 193.60 283 0.41 238 6.69 3.92 200.00 26 0.52 27

Means of | ™, 6.19 3.87 21670 | 350 | 047 37 6.75 429 | 22508 | 35 0.59 39
re%' u"“‘m“' SA 7.69 413 | 22192 | 310 | o043 30 7.91 439 | 23527 | 32 0.55 30
) Gas | 951 544 | 26405 | 330 | 047 33 9.86 551 | 27349 | 34 0.57 38
AA 9.34 453 | 26192 | 300 | o046 3.2 9.76 518 | 26628 | 33 0.56 32

0.46 0.85 7.87 ns. ns. 0.09 0.49 0.80 1.79 ns. ns. ns.
0.59 0.31 13.59 0.25 0.011 0.09 0.69 0.60 5.02 0.23 0.02 0.24
0.60 0.41 2044 n.s. n.s. 1.0 0.72 0.80 23.30 n.s. n.s. n.s.

Apuag ‘y'y pue jewe9-|3 ‘W yeqes ‘uepiy 'y Ajjes
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Besides, the interaction between GRs and their methods of application
recorded a significant effect on total carbohydrates in plant leaves (Table 2).
Foliar spraying with GA; andlor IAA gave superior records comparing to
other treatments. Gibberellin was also reported by Arteca (1996) to stimulate
photosynthesis and photosynthesates accumulation. Mohamed (1993) reported
that GA, spray treatment induced increases of individual sugars and starch
concentrations as well as the specific activity of aldose 6-P reductase and
sucrose synthetase in apple leaves.

3. N,P and K concentrations:

All the tested GRs treatments caused obvious increments in N, P and K
(%) as compared with the untreated plants. On the other hand, control plants
had the lowest percentage of such elements. The highest percentage of
elements was produced by using jasmonic acid followed by GA;. Such
resuits would be reasonably explained by the finding of Ravnikar et al. (1995
b) and Desouky et al. (1999) on potato and pelargonium plants, respectively.
These resuits are in agreement with those obtained by Ravnikar et al. (1995
a) who reported that the addition of JA to potato stem node culture medium
enhanced Ca, P and K ions transport. Such results would be reasonably
explained by the finding of Desouky et al. (1999) on pelargonium plants,
Hassan et al., (2005) on canino apricot trees and Desouky (2006) on
Pelargonium grandifiorium. As for, the effect of seed tuber soaking
treatments, foliar spraying or the combination of both, data show no
significant differences among them regarding their effect on mineral
concentrations. Generally, the interaction of GRs and their method of
application caused non-significant effect on the tested mineral
concentration (Table 2).

4. Potato tubers quality:

4.1. Starch and dry matter contents:

Jasmonic acid, SA, GA; and IAA caused an increase in starch and dry
matter contents in potato tubers (Table 3). In general, jasmonic acid at the
rate of 10 mg/l recorded the maximum values of starch and dry matter
contents in tubers. Obtained results go along with those of (Ravnikar et al.,
1995 b). As regards to the effect of methods of GRs application on starch
and dry matter content in potato tubers, the obtained data clear that soaking
tuber seeds in all tested GRs caused an increase in these biochemical
constituents. Pre-planting soaking tubers produced the less amounts of
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Table (3). Some chemical constituents and some tubers quality parameters as affected by some growth reguilators,

along with their methods of aEEIications, during the two growing seasons.

Seasons 2005/2006 Season 2006/2007 Season
Characters Specific Total Specific Total
Treatments Starch % [Dry matter% p':fmy carbohydrates | Starch% Dry matter’q pr:&ty carbohydrates
) GR g mg/g dry weight] g (mglg dry weight)}
Control] 10.46 16.55 1,057 12238 123 16.10 1.050 1274
cedtuber] YA 16.15 2238 1.087 1814 15.53 21.28 1.086 1848
kN T sa 14.80 19.37 1.078 140.9 1457 18.85 1.070 145.1
s 91 GA3 | 1212 18.28 1.066 151.1 14.70 18.85 1.067 155.1
IAA 14.70 19.26 1.077 170.9 14.34 18.56 1.069 175.0
Control| 11.12 16.99 1.058 1243 10.77 1621 | 1.054 127.8
Foliar JA 13.75 19.31 1.066 210.6 14.60 19.64 1.065 213.7
. SA 12.39 18.18 1.063 160.6 12.45 19.22 1.065 164.4
spraying | gas | 1314 19.16 1.068 1742 11.85 19.22 1.062 174.4
1AA 12.28 17.90 1.064 201.4 1443 16.22 1.075 205.0
d tuber] CONtOT| 10.43 16.40 1.055 1198 10.14 16.07 1.055 1236
oakin JA 13.25 18.77 1.070 185.6 11.59 17.64 1.061 177.3
Bt foﬁgr SA 12.31 17.74 1.062 140.4 13.36 19.22 1.072 1447
Aovaning | GA3 | 1376 19.03 1.071 154.1 13.39 19.22 1.060 145.0
Praying | |aa 11.79 16.27 1.060 174.8 12.22 16.22 1.060 149.1
Means of | Soaked] 13.65 19.17 1.073 1534 14.07 18.73 1.068 157.4
methods | Foliar | 1254 18.31 1.064 174.2 1276 18.10 1.064 177.1
™M |sandFl 1231 17.64 1.064 154.9 12.14 17.67 1.062 147.9
Means of | Comtrol|  10.67 16.65 1.057 1223 10.71 16.13 1.053 126.2
growth | JA 14.38 20.15 1.074 1925 1391 19.52 1.071 1919
dators| SA 1317 18.43 1.068 147.3 13.46 19.10 1.069 151.4
reg ©) GA3 13.0 18.82 1.068 159.8 13.31 19.10 1.063 1582
IAA 12.92 17.81 1.070 182.3 13.56 17.00 1.068 176.4
M 0.997 n.s. 0.005 333 1.07 n.s. 0.006 2.90
LSD.5%| G 1.26 1.3 0.006 307 1.08 0.92 0.006 3.00
MxG ]l 161 1.7 0.010 5.21 1.23 1.00 0,012 5.30

M : Methods of application
GR : Growth regulators
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vegetative growth, thereby it permits much more quantities of stored starch
in tubers. The interaction between the two studied factors significantly
increased both studied bio-chemical constituents (Table 3). So, the highest
content of both starch and dry matter being obtained due to soaking tubers
in Jasmonic acid.

4.2. Specific gravity:

In general, increases in specific gravity were noticed due to all of the
tested GRs application (Table 3). These results are true in both growing
seasons. Results could be explained as a result of increasing dry matter and
starch content due to GRs.

Besides, soaking treatment being superior in increasing specific gravity
comparing to spraying ones. Soaking treatment was previously reported to
produce less amounts of vegetative growth and caused an increase in
storage starch amounts, thereby it could increase specific gravity. However,
the interaction between studied GRs and their methods of application
achieved significant effect on specific gravity in potato tubers (Table 3 ). The
highest value of specific gravity was obtained due to soaking tuber seeds in
Jasmonic acid.

4.3. Total carbohydrates concentration in tubers:

The total carbohydrates in tuber was significantly Increased using all of
the treated GRs compared with control (Table 3). The highest values were
obtained from JA followed by IAA then GA; in the two growing seasons. The
enhancing effect of 1AA, jasmonic acid and GA; on carbohydrates content is
quite expected as these compounds promote chlorophyll content in plant
leaves (Table 2). Pavnikar et al. (1995 b) reported that JA enhanced axillary
shoots, adventitious root growth of potato and induced accumulation of
starch. As for the methods of GRs application, foliar spraying achieved the
highest values in this connection. Besides, the interaction effect between
GRs and their method of application on carbohydrates in the tubers data
showed that foliar spraying with JA and/ or I1AA gave superior records
comparing to other treatments.

5. Yield and its components:
5.1. Average tuber number per plant:

Comparing to control, generally all of the tested GRs significantly
increased tuber number/plant. In general, 1AA at the rate of 20 mg/l followed
by GA; at 20 mg/l achieved the highest values (Table 4). Mostafa et al. (2001)
reported that spraying trees with GA; at 25 or 50 ppm tended to increase
yield as number of fruits / tree. Increasing the number of tubers per plant
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Table (4). Yield and its components of potato plants as affected by some growth regulators, along with

their methods of applications, during the two growin seasons.

Seasons 2005/2006 Season 2006/2007 Season
Characters Average [ Total { . Large | Tuber | Tuber Average| Total Large | Tuber | Tuber
TN S0 | 051 | | | s | | i | e | ! | s | mhor | s | s | o
size - - al - -
M Gr | phant | "8 p:;) oofed 1™ | mm | mm | <35 ] Plnt tonffed 1™ | mm | mm | ¥
Control 610 87.03 | 5160 | 1032 | 5260 | 1604 | 29.20 215 6.50 81.5 5283 | 1057 54.0 1538 283 230
Seed JA 6.67 11790 | 7840 | 1568 | 67.80 | 24.03 738 0.78 6.78 1156 | 7803 | 1561 69.8 2116 8.40 0.64
tuber SA 653 9090 | 6283 | 1243 | 5577 | 2547 | 1805 0.71 7.02 86.2 601.7 | 1203 69.6 19.77 9.80 0.83
soaking GA3 675 9050 | 6737 | 1347 | 6163 | 297 | 13.21 1.19 733 97.6 6827 | 13.65 54.7 1947 | 2490 094
IAA 725 109.50 | 7867 | 1573 | 66.70 | 2084 | 1223 | 0231 7.98 1010 | 8033 | 16.07 60.8 19.3 19.16 0.74
Control 6.05 86.3 5220 | 1045 | 49.40 | 1750 | 30.77 233 6.50 821 §33.7 | 1067 | 5410 | 1655 | 27.26 208
Foliar JA 6.66 1130 | 7540 ) 1508 | 6574 | 25.60 759 107 6.70 1135 | 7593 | 1525 | 6580 | 2289 9.88 146
spraying SA 6.75 98.2 660.0 | 1431 5490 | 2420 | 1947 143 742 98.5 7223 | 1445 | 5290 | 20.52 | 2478 180
GA3 668 973 7207 | 13.21 5930 | 2420 | 1572 0.79 7.68 94.0 7227 | 1445 | 5400 | 2023 | 2456 121
1AA 7.68 1142 | 8747 | 1683 | 6198 | 2340 | 1267 1.95 8.03 1102 | 8793 1759 | 56.30 | 20.33 | 20.34 3.03
Seed Control 6.17 86.0 5300 { 1060 | 5473 | 1832 | 2454 | 241 633 853 5400 | 1053 | 5280 | 1742 | 2753 225
tuber JA 6.60 10267 | 7053 | 1411 7194 | 21.15 6.28 0.63 6.59 1131 7433 | 1487 | 69.30 | 2225 754 091
soaking SA 6.30 96.7 5943 { 11.89 69.24 20,67 9.82 027 6.93 89.14 620.0 12.40 65.08 21.80 | 121 0.81
and foliar GA3 691 99.2 6503 { 13.01 65.80 | 2260 | 10.90 0.80 7.69 86.9 666.7 | 1333 | 6221 2228 | 1440 111
sprayil IAA 7.23 1172 | 8340 | 1668 | 6585 | 23.46 9.1 148 7.60 1013 | 7703 | 1541 6065 | 2297 | 1468 1.69
M of Soaked 6.66 9917 | 677.7 | 1363 | 6090 | 2207 | 16.02 1.01 7.27 9638 | 6793 | 1359 | 6178 | 1902 | 1811 1.09
hod Foliar 6.76 10180 | 7063 | 1398 | 5826 | 2298 | 1724 1.51 7.03 9966 | 7235 | 1448 | 5662 | 2010 | 21.36 1.92
SandF § 6.64 10035 | 6628 | 1326 | 6551 | 2124 | 1215 1.12 726 9515 | 668.1 13.31 62.01 21.34 | 1529 1.35
Control 6.11 8644 |52267| 1046 | 5224 | 17.29 | 28.17 229 6.44 8300 | 53400 | 1059 | 5363 | 1645 | 1. 71 221
Means of JA 6.64 11119 |747.77| 1496 | 68.49 | 2359 7.09 083 6.69 11407 | 76097 | 1524 | 68.30 | 2210 8.61 1.00
growth SA 653 9527 |62750| 1266 | 6000 | 2345 | 1576 0.80 712 9128 | 64800 | 1295 | 6253 | 20.70 | 1563 115
regulator GA3 6.78 9567 |68157| 1323 | 6224 | 2329 | 13.28 092 7.57 9280 | 690.70 | 1381 5697 | 20.66 { 21.29 1.09
1AA 739 11363 |83180] 1641 6484 | 257 | 1137 1.23 787 10417 | 81763 | 1636 | 5325 | 20.87 | 18.06 1.82
M ns. ns. 2598 | 046 228 1.2 269 025 ns, ns. 44.75 0.70 518 120 1.98 0.04
L.$.D.5% G 0.64 1243 | 3943 | 089 332 292 299 024 053 6.99 4728 0.89 332 292 201 020
MxG ns ns. 5440 | 123 458 3.02 412 0.30 ns. ns. 66.76 | 123 4.58 3.09 269 0.04

M : Methods of application

GR : Growth regulators
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Response of potato plants to some growth regulators application

could be explained as a result of stimulative growth that followed |AA and
GA; appilication. IAA and GA, were also reported by Desouky et al. (1999)
and Desouky (2006) to increase fruits number of such plants. There were no
significant effect due to the method application of GRs on number of tubers
!/ plant. However, the interaction between the two studied factors had no
significant effect on this yield component (Table 4).

5.2. Average tuber weight:

The average tuber weight was significantly increased using all of the
tested GRs. In general, jasmonic acid, IAA and GA; recorded the highest
values of average tuber weight, as salicylic acid came the later (Table 4). The
less number of tubers per plant that followed jasmonic acid application may
be explained due to the increase in tubers weight as the share of every tuber
from assimilates being high. The methods of GRs application exerted no-
significant effect on average tuber weight. The interaction between GRs and
their application methods attained also no significant effect in this respect.
These results being true in both growing seasons.

5.3. Total tubers yield:

It can be noticed that total tubers yield per plant and per feddan were
significantly affected by applied GRs (Table 4). The highest values of total
tubers yield were obtained from plants treated with 1AA followed by JA and
GA;, since salicylic acid ranked as the last. These results were insistently
observed in both seasons. Indol acetic acid and GA; may affect total tubers
yield in a positive manner via their previously mentioned positive effect on
number of tubers per plant and average tuber weight. Meanwhile, jasmonic
acid may cause its stimulative effect on total tubers yield through its
positive effect on average tubers weight. These results are in agreement
with those obtained by Abou-Raya et al. (2000) who mentioned that pear
trees sprayed with GA, at full bloom increased weight and size cf fruit.
Moreover, it was suggested by Broughton (1970) that GA; increased fruit
size throught stimulating both cell divistion and ceil enlargement. An
enhancing effect of studied phytohormons on elongation of cell, formation
of parthinocarpy fruits cambial activity and building of protein and nucleic
acids (RNA and DNA), were reported by Phinney and West (1961).

The application method of GRs significantly affected total tuber yieid.
The highest values of total yield measured per plant or per feddan were
obtained in case of foliar spraying followed by seed tuber soaking.
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The interaction of GRs and their methods of application showed a
significant effect on total yield per plant and per feddan. The highest values
of total yield per plant and per feddan were obtained in plants treated with
IAA as foliar spraying.

5.4. The percentage of tuber size grades:

All studied GRs increased the percentage of large tubers (>55 and 45-55
mm) comparing to control (Table 4). On the other hand, GRs caused a
significant decrease in the percentage of medium tubers size (3545 mm)
and small potatoes (< 35 mm). These results were insistently observed in
both growing seasons. Growth regulators were frequently reported to
enhance photosynthesis and consequently photosynthesates accumulation,
reasons that could explain the increase in the percentage of large tubers
(Arteca, 1996). The application methods of GRs induced significant influence
on tuber size percentage (Table 4). In general, tuber seed soaked + foliar
spraying treatments significantly increased large tuber size (>55mm). The
interaction between the two studied factors attained significant effect on
tuber size grades (Table 4). The highest percentage of large tubers size (> 55
mm) was obtained by using JA at 10 mg/l in different application methods
comparing to other treatments. Meanwhile, the highest percentage of
medium (3545 mm) or small (> 35 mm) tubers was obtained when seed
tubers were soaked or foliar sprayed as well as seed tuber soaking + foliar
spraying by water.

Finally, from the a forementioned results, it could be concluded that the
application of plant growth regulators promoted growth characters,
increased chemical constituents as well as yield and its components.
Therefore, it can be recommended that the use of plant growth regulators
especially jasmonic acid, indol acetic acid and gebberellic acid as foliar
spray or seed tuber soaking to obtain the highest yield and good quality of
potato .
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