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ABSTRACT

This investigation was carried out during 2007 and 2008 on Polianthes tuberosa cv. Double grown in plastic pots of
30 cm diameter at Antoniades Research Branch, Horticulture Institute, Ministry of Agriculture, Alexandria, Egypt. The
study was a trial to investigate the effect of different levels of nitrogen (zero, 0.9 and 1.8 g/plant), sprays of different
concentrations of two antioxidants materials (ascorbic acid at zero, 125 and 250 ppm and diphenylamine at zero, 100 and
200 ppm were used four times) and their combinations (27 treatments) on the vegetative growth, flowering, corms
production and some chemical analysis of tuberose (Polianthes fuberosa L.) cv. “Double” plants, Results revealed that
using nitrogen alone at 0.9-1.8 g/plant/season gave the maximum values of number of leaves / plant and corms diameter.
Also, adding nitrogen at 1.8 g/plant combined with ascorbic acid at 125-250 ppm gave the maximumn values of dry weight
of leaves/plant and of the essential oil percentage in the flowers. Besides, using nitrogen (1.8 g/plant) combined with
diphenylamine at 100-200 ppm ted to obtain the maximum values of leaves area/plant and cormels number/plant, On the
other hand, adding ascorbic acid at 250 ppm combined with diphenylamine at 100 ppm gave the tallest and earliest
flowering plants and the maximum number of flowers per spike. Furthermore, using the three factors together (0.9-1.8 g
nitrogen, 125-250 ppm ascorbic acid and 100-200 ppm diphenylamine) gave the maximum values of rachis length, dry
weight of flowers/spike, flowering period, corms dry weight, leaves total chlorophyll, and percentage of carbohydrate and
nitrogen of the new corms. It can be generally, recommended io treat the tuberose plants with nitrogen at 1.8
g/plant/scason and spraying their foliage four times at vegetative growth period with ascorbic acid ai 250 ppm and
diphenylamine at 100-200 ppm to give good improvements of the vegetative growth, flowering characteristics, corms
production and essential oil percentage of tuberose. *
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INTRODUCTION

Tuberose  (Polianthes  tuberosa L.) is
economically considered as one of the most
important florist crop in the floriculture industry for
focal and Arabian markets. It is also a landscape
plant in the home garden, specimens for exhibition,
and is used as lovely white colour cut flowers for
their fragrance and long vase life. Besides, the
natural flower oil of tuberose remains as one of the
most expensive of the perfumer's raw materials.

Nitrogen is an essential element for plant
growth as a constituent of all proteins such as amino
acids, many enzymes and energy transfer materials
such as chlorophyll, adenosine diphosphate and
adenosine triphosphate. Growing plant must have
nitrogen to form new cells, and the rate of growth
then becomes very nearly proportional to the rate at
which nitrogen is supplied. Photosynthesis can
produce soluble sugars from CO, and H,0, but the
process can not go on to the prodiction of proteins
without the presence of nitrogen. Thus, a severe
shortage of nitrogen will halt the growth process and
reproduction (Bidwell, 1974).

Supplying the plants with adequate quantities of
mitrogen at the right time tends to increase cell

mymber and size with an overall increase in
vegetative growth production (Thompsond and
Troeh, 1975).

Yadav ef al. (2005 a) reported that increasing
the nitrogen level from 10 to 30 g/m® led to
significant increase all the growth parameters of
tuberose cv. Double. Application of 20 g N/m* was
optimum for the different growth parameters.
Rathore and Singh (2009) indicated that, the
maximum vegetative growth and spike production
of tuberose was observed in treatment received
nitrogen at 320 kg/ha (32 g /m?).

Antioxidants are substances which can prevent
ot slow the oxidative damage of the cell. When cells
use oxygen, they naturally produce free radicals (by-
products) which can cause damage. Antioxidants act
as “free radical scavengers” and hence prevent and
repair damage done by these free radicals. Well
known antioxidants include a pumber of epzymes
and other substances such as ascorbic acid (vitamin
(), diphenylamine, vitamin E and beta-carotene etc.
that are capable of counteracting the damaging
effects of oxidation. Recently husbandry inputs
involve the use of antioxidants which may play a
role in the regulation of plant development,
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flowering and chilling or disease resistance had
been studied (Sing er al., 2004).

Ascorbic acid is known as a growth regulating
factor that influences many biological processes.
Price (1966) reported that ascorbic acid increased
nucleic acid content especially RNA. It also
influenced the synthesis of enzymes, nucleic acids,
protein and as a biological antioxidant. In addition,
it acts as coenzyme in metabolic changes (Fadl ef
al, 1977).

Shalata and Neumann (2006) reported that
stress increased the accumulation of lipid
peroxidation products produced by interactions with
damaging active oxygen species in roots, stems and
leaves, Additional ascorbic acid partially inhibited
this response.

Abd El-Aziz et af. (2009) found that, the
maximum plant height, number of leaves, fresh and
dry weight of leaves of gladiolus were obtained by
using ascorbic acid at 100 ppm, while using
ascorbic acid at 200 ppm pave the maximum
number and fresh weight of cormels, spike length,
number of florets and fresh and dry weight of
florets.

Diphenylamine [(C¢Hs): NH] is an aromatic
antioxidant amine, a plant growth regulator and a
fungicide. Beside, it has been used in a test for
nitrates and for scald control on apples (Carrasco et
al. 2005).

Abou Dahab and Abd El-Aziz (2006) reported
that, the foliar spraying of diphenylamine at 50 or
100 ppm significantly increased plant growth of
Philodendron erubescens plants. (in terms of plant
height, number of leaves/plant, stem diameter, root
length, leaf area, as well as fresh and dry weights of
the different plant paris).

The objective of this investigation was to study
the effect of different levels of nitrogen and two
antioxidants {ascorbic acid and diphenylamine) and
theit combinations on the vegetative growth,
flowering, corms and cormels production and some
chemical analysis of Polianthes tuberosa: L. cv.
"Double".

MATERIALS AND METHODS

The present sindy was carried-out during the
two successive seasons of 2007 -and 2008 at
Antoniades Research Branch, Horticulture Research
Institute, A, R.C. Alexandria, Egypt.

Tuberose (Polianthes tuberosas L.y cv.
"Double” corms were planted in plastic pots of 30
cm diameter at a depth of 8 cm from the medium
surface, on May 13, in the first season (2007) and on
May 22, in the second one (2008). The averages
diameter, volume and fresh weight of the chosen
cortns were 325 cm, 4348 ml and 38.13 g
respectively. The pots were filled with 2 mixture of
sand and organic manure at the ratio of 3:1 by
volume respectively (Dahiya ef al, 2001). The
analysis of the used medium are presented in Table
(A).

There are 27 treatments which are all the
possible combinations of three levels of nitrogen
(zero, 0.9 and 1.8 g N/plant), ascorbic acid (zero,
125 and 250 ppm) and diphenylamine (zero, 100
and 200 ppm). Diphenylamine [(CsHs); NH] was
brought from a commercial laboratory for chemicals
in Alexandria as a powder product with a purity of
98 %. Ascorbic acid and diphenylamine are used as
antioxidant materials. Ammonium nitrate (33.5 %
N) was used as a source of nitrogen fertilizer. The
amount of nitrogen were divided into four equal
doses, where the first one was added to the pot soil
one week afier planting, the other doses were
applied as a top-dressing at 30, 60 and 90 days from
planting time.

The concentrations of the two other materials
(antioxidants) were sprayed early in the moming
four times (at 30, 45, 60 and 75 days from the
sprouting) on the plant foliage until the run-off point
using "Sticks" at a rate of one ml/] in all sprays as a
surfactant substance.

Monocalctum superphosphate (15.5% P,0s) at
431 g P,Os/plant and potassium sulphate (50%
K;0) at 2.2 g K,;O/plant were mixed with the used
medium for all plants just before planting, to cover
the plant requirements for phosphorus and
potassium (Singh er. al., 2004). Besides, Mg and Fe
fertilizers were sprayed four times at three weekly
intervals at 150 and 75 ppm respectively as reported
by Taha (2005).

The experiment layout was designed to provide
a factorial experiment in complete randomized
blocks containing three replicates, each replicate
contained 27 different treatments. Four plants were
used as a plot for each treatrent in each replicate.
The means of the individual factors and their
interactions were compared by L.S.D. test at 5%
level of probability (Snedecor and Cochran, 1974).

Table A: Mechanical analysis and some chemical properties of the used growth medium.

Mechanical analysis

Chemical properties

Clay Sikt Sand Texture H EC TotalN  Avsail P Exch. K
(%) ) (%) P ds/m) _ (%) (ppm) (mg/1000g soil)
Sandy soil 7.6 1.62 0.01 6.01 1.40

4.1 2.4 93.5
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The following data were recorded: plant height, -

leaves number, leaf area and dry weight, time taken
to showing color, number of florets per spike,
flowering duration, florets dry weight, rachis length,
spike dry weight, florets essential oil percentage
(after Guenther, 1961), corm diameter, corms and
cormels number, total chlorophyll (after Rami and
Porath, 1980) and carbohydrate (afier Dubios ef al.,
1956) and nitrogen contents {after Chapmann and
Pratt, 1961) of the new corms.

RESULTS AND DISCUSSION

1. Vegetative growth

Plant height:

The analysis of variance showed that, only the
F- values of nitrogen, diphenylamine and the
interactions  between  ascorbic acid and
diphenylamine were significant in both seasons,
while the F- values for the other factors/ treatments
were not significant. Generally, data on means of
plant height of the two seasons in Table (1) clear
that, using nitrogen or diphenylamine each aione or
ascorbic acid combined with diphenylamine led to

significant increase in the plant height of tuberose
plants compared with the other treatments. These
results may be probably due to the role of the used
materials  (nitrogen, ascorbic acid and
diphenylamine) at specific concentrations by the
formation of new cells, increasing the rate of ccll
division, and acceleration of many biological
processes in plants, consequently the plant height
could be increased. Besides, the tallest plants (87.49
c¢m = mean of the two seasons) was found by using
ascorbic acid at 250ppm combined with
diphenylamine at 100ppm, compared with using
nitrogen or diphenylamine alone. These results may
be due to the synergistic effects of the two
antioxidants at proper concentrations on plant
growth as a result of their involvement in the main
metabolic  processes  especially  carbohydrate
metabolism, improved bigsynthesize activity and
DNA replication which led to enhance the cell
division and/or enlargement, consequently the plant
height could be increased, as reported by Noctor and
Foyer (1998).

Table 1: Means of the plant height (cm) of Polianthes mberosa: L. cv, "Double" as influenced by the
addition of the different levels of nitrogen, diphenylamine and the combinations between ascorbic
acid and diphenylamine during the two seasons of 2007 and 2608.

Treatments 2007 2008 Means
Main effect of nitrogen
0.0 (control) 8373 85.02 84.38
0.9 g/plant 84.04 85.78 84.91
1.8 g/plant 85.77 87.45 86.61
L.S.Dges 1.74 : 1.95
Main effect of diphenylamine
0 (control) 82.37 83.08 82.73
100 ppm 85.63 87.63 86.63
200 ppm 85.55 87.55 86.55
L.8.D g0s 1.74 1.95
Effect of interaction between ascorbic acid (Asc.) and dipheaylamine (DPA)
Asc{ppm) 0 DPA (ppm) 0 79.11 771.75 78.43
100 85.89 88.63 87.26
200 85.73 88.19 86.96
125 0 8542 87.57 86.50
100 84.88 85.41 85.15
200 8542 86.31 85.87
250 0 8257 83.91 83.24
100 86.13 88.85 §7.49
200 85.52 88.15 86.34
LSD 005 3.02 3.39

* L.5.D g5 = Least Significant Differences at 0.05 probability.
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Number of leaves per plant:

The analysis of variance showed that, only the
F- values of nitrogen were significant in both
seasons, while the F values for the other factors/
treatments were not significant. Generally, using the
highest rate of nitrogen (1.8 g/plant) alone gave the
largest number of leaves per plant comparing with
the other treatments. But, there were no significant
differences in the number of leaves per plant
between the two nitrogen levels namely 0.9 and/or
1.8 g/plant during the two seasons (Table 2). These
results may be probably due to the importance of
adding nitrogen at a suitable level on plant growth.
Nitrogen is an essential component in chlorophyll
molecule and is therefore necessary for
photosynthesis, proteins and carbohydrates
formation and meristematic activity which increase
the initiation of leaves primordial, consequently the
leaves number per plant would be more as reported
by Parthiban et al. (1992).

Leaf area per plant:

Data presented in Table (3) clear that, the
maximum expansion of Polianthes tuberosa leaves
was obtained by adding nitrogen at the highest rate
{1.8g/plant) combined with diphenylamine at 100
ppm, followed by the highest rate of nitrogen
combined with ascorbic acid at 250 ppm compared
with the other treatments during the two seasons,
These results may be due to that supplying the
plants with adequate quantities of N and
diphenylamine led to increase leaves expansion and
size or both as a result the leaves area could be
increased (Thompsond and Troch, 1975). Besides,
Luwe (1996) reported that the antioxidants have the
ability to prevent the environmental stress damage
on plant growth and to increase the leaves area by
increasing cell elongation and expansion.

Leaves dry weight:

Generally, data presented in Table (3) show
that, the highest significant values of the dry weight
of the leaves per plant was obtained by using the
highest level of nitrogen (1.8g/plant) combined with
ascorbic acid at 250ppm during the two seasons
which increase the leaves dry weight by 90.2% and
85.9%, compared with the control treatment in the
first and the second season, respectively. These
results may be due to the role of each used factor on
activation the vegetative growth. Nitrogen lead to
increase the photosynthesis efficiency and thus the
biosynthesizes of proteins and carbohydrates could
by increased, leading to increase the leaves number
and size thus the accumulation of dry matter in the
leaves could be increased. Beside, ascorbic acid acts
as co-enzyme in the enzymatic reactions by which
carbohydrates, fats and proteins are metabolized and
involved in photosynthesis as reported by Helsper et
al, (1982). Consequently, using the two factors
combined at the suitable concentrations gave the
highest accumulation of the dry matter of the leaves,
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compared with the other factors/treatments

(Belorkar et al,, 1993).

Table 2: Means of the number of leaves per plant
‘of Polianthes tuberosa: L. cv. "Double" as
influenced by the addition of the different
fevels of nitrogen during the two seasons of
2007 and 2008.

Nitrogen levels 2007 2008 Means
0.0 {control) 65.00 69.33 67.17
0.9 g/plant 80.72 88.14 84.43
1.8 g/plant 82.56 89.51 86.04
L.S.Dgos 4.78 5.25

L.8.D 0s= Least Significant Differences at 0.05 probability

I1- Flowering characteristics

Flowering time:

The analysis of variance showed that, only the
F- values of ascorbic acid, diphenylamine and the
interactions between them were significant in both
seasons, while the F- values for the other factors/
treatments were not significant. Generally, data of
means of flowering time of the two seasons in Table
(4) clear that, using any level of the experimental
antioxidants (ascorbic acid and/or diphenylamine)
alone led to a significant reduction in the time
{days) needed for flowering, compared with the
contro! treatment. Besides, all the combinations
between the ascorbic acid and diphenylamine
significantly reduced the time needed for flowering,
compared with the control treatment. Furthermore,
the application of ascorbic acid at 250 ppm
combined with diphenylamine at 100 ppm gave the
minimum time needed for flowering of tuberose,
compared with the other treatments in the two
seasons. These results may be due to that presence
of any of the used antioxidant can serve as a source
of energy and enhance synthesis of auxins, organic
materials (Bonner, 1942) or enzymes (Patil and Lall,
1973) and other materials which are essential for
increasing the vegetative growth rate and
accumulation of flowering materials, consequently
the flowering could be hasten.

_ Number of florets per spike:

The analysis of variance showed that, only the
F- values of nitrogen, diphenylamine and the
interactions between nitrogen and ascorbic acid and
ascorbic acid and diphenylamine were significant in
both seasons, while the F wvalues for the other
factors/treatments were not significant. Data in
Table (5) indicate that, using nitrogen at 1.8 g/plant
or diphenylamine alone at a rate of 200 ppm gave
the highest significant increase in the number of
florets per spike during the two seasons. These
results may be due to the effect of adding N-
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fertilizer or spraying the diphenylamine at the
suitable doses on improving the vegetative growth
and accumulation of the row materials which
needed for the formation of good spikes which had
many florets. Furthermore, using any of
combination between ascorbic acid and nitrogen or
ascorbic acid and diphenylamine resuited in a
significant increase in the number of florets,

- compared with the control treatment, during the two

seasons (Table 5). These results may be due to the
effect of the used factors at a specific concentration
on improving the vegetative growth of tuberose
plants, consequently the production and
accumulation of the biosynthesizes would be
increased and thus more florets could be initiated
and developed on the spike.

Table 3;: Means of the leaf area per plant (cm®) and leaves dry weight per plant (g) of Polianthes
tuberosa: L, cv. "Double” as influenced by the combinations between the different levels of nitrogen,
ascorbic acid and diphenylamine during the two seasons of 2007 and 2008.

Nitrogen Ascorbic acid Diphenylamine Leaf area /plant Leaves dry weight
g/plant (ppm) (pptm) 2007 2008 2007 2008
0 0 0 1134.13 1310.16 11.14 12.26
100 2058.17 2118.17 14.39 15.63
200 2162.03 2645.12 13.32 14.44
125 0 2811.10 3485.67 14.84 17.61
100 2270.64 2321.75 12.81 13.30
200 3082.43 3009.91 13.76 15.43
250 0 2128.72 2530.97 14.40 15.35
100 2220.44 222526 13.46 14.82
200 2503.57 2821.40 12.38 12.62
0.9 0 0 2270.44 2471.80 14.75 1572
100 3338.00 3877.54 18.33 19.28
200 3470.02 3853.72 18.54 20.77
125 0 2905.74 2845.83 18.39 20.53
100 3066.16 3115.90 19.05 19.58
200 2689.31 3231.17 18.78 20.42
250 0 3266.21 3284.16 19.17 20,12
100 3274.64 3730.68 1837 21.16
200 2397.11 3183.82 19.84 22.14
18 0 0 1632.35 1700.49 13.91 14.01
100 3720.15 4210.77 20.94 22.34
200 3029.23 3482.47 17.20 19.71
125 0 2982.54 3420.59 20.56 22.74
100 3120.92 3661.90 17.67 19.49
200 327831 3526.77 16.14 1727
250 0 3509.58 3924.04 21.19 2279
100 3008.44 3422.18 17.56 19.35
200 2857.30 3286.06 19.36 22.00
L.S.D0.05 for N= 207.74 162.48 0.91 0.69
LSDO0.05for A= 207.74 162.48 0.91 0.69
L.S.D 0.05 for D= 207.74. 162.48 NS NS
1.5.D 0.05 for NxA = 359.81 281.43 NS NS
L.S.D 0.05 for NxD = 359.81 28143 1.58 NS
L.S.D 0.05 for AxD = 359.81 281.43 1.58 1.19
L.S.D 0.05 for NxAxD = 623.21 487.45 2.74 2.07

L.8.D q05= Least Significant Differences at 0.05 probability.
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Table 4: Means of the flowering time (days) of Polianthes tuberosa« L. ¢v. "Double" as influenced by the
addition of the different levels of ascorbic acid, diphenylamine and their combinations during the

two seasons of 2007 and 2008.
Treatments 2007 2008 Means
Main effect of ascorbic acid
0.0 (control} 115.50 115.38 115.44
125 ppm 112.99 112.39 112.69
250 ppm 112.68 111.47 112.08
L.8D g 1.57 1.87
Main effect of diphenylamine
0 (control) 11599 115.56 115.78
100 ppm 11233 1i1.82 112.08
200 ppm 112.86 111.85 112.36
L.8.D g5 1.57 1.87
Effect of interaction between ascorbic acid (Asc.} and diphenylamine (DPA)
Asc.(ppm} 0 DPA (ppm) 0 122.31 123.54 122.93
100 112.25 111.71 111.98
200 111.94 110.88 111.41
125 0 112.77 110.96 111.87
100 113.27 113.25 113.26
200 112.94 112.95 112.95
250 0 112.87 112.18 112.53
100 111.46 110.50 110.98
200 113.71 111.73 112.72
L.S.D ygs 2,72 3.24

L.5.D o5 = Least Significant Differences at 0.05 probability

Flowering duration:

Generally, data of flowering duration of the two
seasons In Table (6) clear that, using any level of
nitrogen combined with any level of the used
antioxidants led to increase the flowering duration,
compared with the control treatment. Furthermore,
the addition of ascorbic at 250 ppm and
diphenylamine at 200 ppm in presence of the
highest level of nitrogen (1.8 g/plant) gave the
longest flowering duration on the plant which led to
increase the flower duration with 9.69 and 11.26
days over the control treatment in the first and
second seasons respectively. These results may be
due to that using the antioxidants (ascorbic acid and
diphenylamine) at suitable concentrations act as
scavengers, helping to prevent cells and tissues
damage and delay of the flowers senescence,
furthermore, the role of nitrogen at a proper level in
keeping the high water potential of flower cells, thus
the florets could take a long period to reach the
fading stage, as reported by Amarjeet ef al., (1996).
Florets dry weight per spike:

Generally data presented in Table (6) indicate that,
adding of nitrogen at the highest level (1.8 g/plant)
combined with ascorbic acid at 250 ppm and
diphenylamine at 160 ppm gave the highest values
of the florets dry weight per spike, comparing with
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the other treatments during the two seasons. The
previous results may be related to the effect of
nitrogen, ascorbic acid and diphenylamine at
suitable levels on improving the vegetative growth
characteristics, which led to increase the florets
number and/or their size or both, consequently, the
florets dry weight per spike could be increased.
Similar trend of results was found by Waaly ef al,
(2002) on Antholyza aethiopica.

Rachis length:

Data of the two experimental seasons in Table
(6) show that, the longest rachis length by the
flowering spike was obtained from treating the
tuberose plant with 1.8g N combined with ascorbic
acid at 250 ppm and diphenylamine at 00 ppm
which led to increase the length of the rachis per
flowering spike with 18.12 and 18.03 cm over the
control treatment in the first and second season
respectively. These results may be due to the
synergistic effects of using ascorbic acid and
diphenylamine at specific levels in the presence of a
suitable concentration of nitrogen on enhancing the
photosynthesis process, leading to increase the
activity of the apical meristem and stimulate cell
division and elongation of the spike, consequently
the length of the rachis per spike could be increased
as reported by Singh and Uma (1996).



Alex. J, Agric. Res.

Vol. 56, No. 1, pp. 49-63, 2011

Table 5: Means of the number of florets per spike of Pollanthes tuberosa: L. cv. "Double” as influenced
by the addition of the different levels of nitrogen, diphenylamine and the combinations between
nitrogen and ascorbic acid and/or ascorbic acid and diphenylamine during the two seasons of

2007 and 2008.
Treatments 2007 2008 Means
Main effect of nitrogen
0.0 (control) 21.17 20.76 20.97
0.9 g/plant 22.16 22.54 2235
1.8 gfplant 2295 23.10 23.03
L.S.Dgps .90 101
Main effect of diphenylamine
0 {control} 20.46 20.43 20.45
100 ppm 22.68 22.80 22.74
200 ppm 23.14 23.16 23.15
L.S.D s 0.90 1.01
Effect of interaction between nitrogen (N) and ascorbic acid (Asc.)
N (g/plant) 0 Asc. (ppm) ¢ 19.69 18.94 19.32
125 22.23 2223 22.23
250 21.59 21.09 21.34
0.9 0 22.59 23.06 22.83
125 22.00 2229 22.15
250 21.88 2227 22.08
1.8 0 22.77 23.05 2291
125 22.55 22.72 22.64
250 23.53 23.54 23.54
LS8S.Dges 1.56 1.74
Effect of interaction between ascorbic acid {(Asc.) and diphenylamine (DPA)
Asc.(ppm) ¢ DPA (ppm) 0 18.61 18.27 18.44
100 22.33 22.54 22.44
200 24.10 2423 2417
125 0 22.42 22.87 22.65
100 21.55 2150 21.53
200 22.81 22.87 22.84
250 0 20.36 20.14 20.25
100 24.15 2438 24.27
200 2249 22.38 2244
L.8.D g5 1.56 _ 1.74
L.S.D o035 = Least Significant Differences at 0.05 probability
Spike dry weight: physiological roles of the nitrogen and

Data presented in Table (6) indicate that, using
the highest levels of nitrogen (1.8g/plant) combined
with diphenylamine at 200ppm gave the maximum
dry weight of tuberose spike, compared with the
other treatments during the two seasons. These
results may be due to the biological and

[

diphenylamine on improving the rate of vegetative
growth and their effects on the dry weight of spike
as a result of their effects on increasing the spike
length and/or spike diameter or both, consequently
the spike dry weight could be increased.

55



Vol. 56, No. 1, pp.49-63, 2011

Alex. ). Agric. Res.

Table 6: Means of the flowering duration (day), florets dry weight (g), rachis length per spike (¢m) and
spike dry weight (g) of Polianthes tuberosa+ L. cv. '"Double” as influenced by the combinations
between the different levels of nitrogen, ascorbic acid (Asc.) and diphenylamine (DPA) during the

two seasons of 2007 and 2008.

Nitrogen Ase. DPA Flowering duration Florets dry weight  Rachis length per spike  Spike dry weight

g/plant {(ppm) (ppm) 2007 2008 2007 2008 2007 2008 2007 2008
0 0 0 16.28 16.44 1.84 1.82 17.32 16.19 445 438
100 19.96 18.69 2,44 2.46 30.39 31.28 6.38 6.42

200 21.68 22.30 2.64 2.61 29.42 2083 6.43 6.42

125 0 21.88 21.50 242 247 28.81 27.50 626 6.25

100 21.14 23.22 2.89 3.09 26.06 24.83 6.56 7.12

200 23.72 24.26 278 290 25.86 27.83 6.73 6.94

250 0 21.65 20.03 224 231 27.44 2733 582 5.88

100 23.75 25.81 2.75 2.74 30.86 30.33 6.24 6.30

200 19.49 20.02 2.76 2.82 24.97 23.11 6.65 6.91

0.9 0 0 17.18 1642 2.31 233 23.25 2333 587 6.06
100 20.82 20.61 2.98 3.03 3108 30.83 7.12 7.01

200 23.44 24.28 3.12 3.13 31,17 31.50 7.68 7.96

125 0 20.26 18.85 2.76 21 30.47 30.17 7.53 172

100 2043 21.83 245 2.57 2789 27.78 6.47 6.80

200 22.01 23.40 3.10 3.14 27.89 29.28 7.54 7.68

250 ¢ 17.99 18.13 237 233 2872 28.28 6.00 6.13

100 21.95 23.29 2.81 2.83 3347 32.06 7.14 7.36

200 22.71 23.72 2.91 2.82 29.00 29.83 7.38 7.39

1.8 0 ¢ 1917 18.87 2,20 2.12 22.53 22.33 527 5.10
100 20.67 20.19 2.81 2.72 32.25 31.39 6.66 6.86

200 19.95 19.91 342 3.57 3217 32.00 8.50 9.09

125 0 21.54 20,10 2.78 2.84 27.58 27.78 6.82 7.23

100 20.14 19.25 2.81 2,81 28.72 28.28 7.28 7.50

200 22.19 23.28 2.81 2.85 30.78 30.50 6.65 6.87

250 1] 19.19 19.76 2.58 2.54 26.33 25.89 6.65 677

100 24.11 26.61 342 3.59 3544 34.22 7.64 791

200 25.97 27.70 2.96 3.03 30.33 30.00 6.92 7.09

LSDO0O0Sfor N= N.S N.S .15 0.13 0.95 0.96 023 0.22
LS.D0.05for A= 1.06 0.94 N.§ N.S 0.95 0.96 0.23 0.22
LS.D0.0S for D= 1.06 0.94 0.15 0.13 0.95 0.96 0.23 0.22
L.S.D 0.05 for NxA = 1.84 1.64 0.26 0.13 N.§ N.S 0.40 N.S
L.S.D 0.05 for NxD = N.5 N.S N.S N.S 1.65 1.66 N.S N.S
L.8.D 0.05 for AxD = 1.84 1.64 0.26 0.23 1.65 1.66 040 0.38
L.8.D 0.05 for NxAxD = 3.18 2.83 0.45 0.39 2.86 2.87 0.7¢ 0.66

L.8.D ¢.05= Least Significant Differences at §.05 probability.

HI- Corm production

Corms diameter: The analysis of variance showed
that only the F- values of the main effects of
nitrogen, ascorbic acid and diphenylamine were
significant in both seasons, while the F- values for
the other treatments were not significant. Generally,
data of the two experimental seasons in Table (7)
show that, using each of nitrogen or ascorbic acid or
diphenylamine alone had significant effect on corm
diameter, compared with the control treatment.
Besides, the maximum increase in the corm
diameter was found by using nitrogen alone at (.9
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g/plant, compared with using ascorbic acid and/or
diphenylamine each alone. These results may be due
to the role of the used substances (nitrogen, ascorbic
acid or diphenylamine) which had a positive effect
on photosynthesis and respiration rates and leaf
carbohydrate and this will reflect on the nutrients
uptake and transport, consequently produced good
plants with many leaves which can store large
amount of food in the corm, thus the corm diameter
could be increased. These results are in agreement
with those found by Gonzalez et al., (1994) on
Allium cepa.
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Table 7: Means of the new corms diameter of Polianthes tuberosa« L. cv. ""Double” as influenced by the
addition of the different levels of nitrogen, ascorbic acid and diphenylamine during the two seasons

of 2007 and 2008.
Treatments 2007 2008 Means
Main effect of nitrogen
0.0 {control) 2.84 2.85 2.85
0.9 g/plant 3.24 3.16 3.20
1.8 g/plant 3.15 3.07 3.11
L.S.D ges 0.13 0.17
Main effect of ascorbic acid
0 (control) 2.96 2.90 2.93
125 ppm 3.18 314 3.16
250 ppm 3.10 3.04 3.07
LS.Dggs 0.13 0.17
Main effect of diphenylamine

0 (control} 297 2.93 2.95
100 ppm 3.09 2.99 3.04
200 ppm 3.18 316 317
LSDgos 0.13 0.17

L.8.D g0s = Least Significant Differences at 0.05 probability.

Corms dry weight:

Generally, data presented in Table (8) show
that, using nitrogen at 1.8 g/plant combined with
ascorbic acid at 250 ppm and diphenylamine at 200
ppm gave the maximum increase of corms and
cormels dry weight, compared with the other
treatments, during the two seasons. These resuits
may be due to the role of the used materials at the
suitable concentrations in the stimulation of the
vegetative growth (Wally et al, 2002) and increase
the amounts of metabolites by plant, which in turn
accelerate the back translocation and accumulation
of organic matter in the new corms and finally
reflexed on the corms dry weight (Aberg, 1961).
Similar results were obtained by El-Sayed {1991) on
potato, Bardisi (2004) on garlic and Carrasco et al.,
{2005) on potato.

Number of the new cormels per plant:

The analysis of variance showed that only the
F- values of nitrogen and the interaction between
nitrogen and diphenylamine were significant in both
seasons, while the F values for the other treatments
were not significant. Data presented in Table (9)
indicate that using the third level of nitrogen (1.8
g/plant) combined with 200 ppm of diphenylamine
gave the maximum number of new cormels per
plant, compared with the other treatments during the
two successive seasons. These results may be
attributed to that using nitrogen combined with
diphenylamine at the suitable concentrations led to
improve the formation of chlorophyll and

carbohydrates in the tissue of tuberose leaves, hence
plant growth was in turn could be improved,
accordingly resulted in more back translocation and
accumulation of carbohydrates and proteins in the
new corms, which led to initiate more cormels per
plant. Subsequently, the cormels number per plant
could be increased These results are in agreement
with those obtained by Aiello et al., (1997) on iris,
Jhon et al, (1997) on gladioli, Singh and Singh
{2005) and Yadav er al. (2005 b) on tuberose.

IV- Chemical analysis

Total chlorophyll content:

Using nitrogen at 0.9 g/plant combined with
ascorbic acid at 250 ppm and diphenylamine at 100
gave the maximum increase of the chlorophyll
content in the leaves, compared with the other
treatments during the two seasons (Table 10). These
results may be attributed to the direct role of
nitrogen in the biosyanthesis of the green pigment,
hence using nitrogen at a proper rate activate the
synthesis of chlorophyll. Beside, the used
antioxidants have the ability on keeping the
chlorophyll from degradation and delaying its
senescence, consequently the total chlorophyll
content in tuberose leaves could be increased. The
previous results are in agreement with the findings
of Shoala (2000} on Lavendula multifida, Hassanein
(2003) on Foeniculum vulgare and Abou Dahab and
Abd El-Aziz (2006) on Philodendron erubescens
plant.
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Table 8: Means of the dry weight of corms and cormels (g) of Polianthes tuberosa« L. cv. "Double" as
influenced by the combinations between the different levels of nitrogen, ascorbic acid (Asc.) and
diphenylamine (DPA) during the two seasons of 2007 and 2008.

Nitrogen Asc. DPA Corms and cormels dry weight
g/plant (ppm) {ppm) 2007 2008
0 0 0 30.47 30.82
100 36.46 37.80
200 42.11 45.10
125 0 42,38 47.06
100 44.85 43.69
200 42.27 43.16
250 0 38.06 41.42
100 49.24 5242
200 37.66 37.42
0.9 0 0 45.86 47.35
100 55.24 58.60
200 49.61 52.15
125 0 55.47 61.86
100 51.28 5221
200 61.88 64.83
250 0 56.76 58.27
100 5229 57.05
200 49.20 51.39
18 0 0 44.92 46.92
100 53.98 58.16
200 56.67 59.79
125 0 49.39 54.33
100 49.44 51.33
200 53.96 56.14
250 0 47.57 48.94
100 44.09 45.46
200 68.20 70.00
LS.D0.05 for N= 271 2.67
L.S.D0.05 for A= 271 2.67
LS.D0.05for D= 271 2.67
LSDO0.05Sfor Nx A= 4.69 N.S
L.S.D0.0Sfor NxD= 4.69 4.63
LSDO0OSforAxD= N.S N.S
LSDO0O5for NxAxD= 8.13 8.01

L.8.D o0s= Least Significant Differences at 0.05 probability.

Total carbohydrates content:

The presented data in Table (10) indicate that,
using nitrogen at 0.9 g/plant combined with ascorbic
acid at 250 ppm and diphenylamine at 100 ppm
gave the maximum significant increase in the
percentage of the total carbohydrate content in
produced corms compared with the other treatments,
during the two experimental seasons. These results
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may be probably due to that adding the used
materials at the suitable levels couid be involved in
the main metabolic processes especially with energy
transfer coenzymes, carbohydrate metabolic and
improved photosynthetic activity, consequently the
amount of the stored carbohydrates in the new
corms could be increased. These results are in
agreement with those found by Gonzalez ef al.,
(1994) on Allium cepa..
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Table 9: Means of the number of new cormels per plant of Policnthes tuberosa: L. cv. "Double™ as
influenced by the addition of the different levels of nitrogen and the combinations between
nitrogen and diphenylamine during the two seasons of 2007 and 2008.

Treatments 2007 2008 Means
Main effect of nitrogen
0.0 (control) 29.83 30.07 29.95
0.9 g/plant 32.31 32.31 323
1.8 g/plant 36.89 37.78 37.34
L.S.Dgos 2,64 2.85
Effect of interaction between nitrogen (N) and diphenylamine (DPA)
N (g/plant) 0 DPA (ppm} 0 2992 31.31 30.62
100 30.06 30.24 30.15
200 29.53 28.65 29.09
0.9 0 32.72 32.50 3261
100 32.53 32.76 32.65
200 31.69 31.69 31.69
1.8 0 3428 3572 35.00
100 33.17 33.06 33.12
200 43.22 44.56 43.89
L.S.D s 4.56 4.93

L.8.D> 0,05 = Least Significant Differences at 0.05 probability.

Nitrogen content:

The maximum increase in the N content in the
produced corms, during the two experimental
seasons was obtained from using the combination
between the highest level of the three experimental
factors, compared with the other treatments (Table
10). These results may be due to adding the used
materials together (nitrogen, ascorbic acid and
diphenylamine) at specific concentrations led to
increase N-content of the new corms through
increasing their absorption, consequently formation
of enzymes, nucleic acid and protein could be
increased, as a result the nitrogen content of the
new corms would be increased. Similar trend of
results were foud by Hardeep et al, (2004) on
tuberose and Abd El-Aziz er al, (2009) on
Gladiolus plants.

Essential oil percentage:

Data of the two seasons presented in Table (10)
clear that, using nitrogen at 1.8 g/plant combined
with ascorbic acid at 125 ppm gave the maximum
value of essential oil in the flowers, compared with
the other treatments. This result may be due to the
effects of nitrogen and ascorbic acid on enhancing
the enzymes system of biosynthesis of the essential
oil, or due to the effect of the used materials at the
proper concentrations on increasing the number or
the size of the oil glands per cm? or both of them, as
a result the oil percentage of the flowers could be
incresed. These results are in agreement with those
obtained by Al-Shareif (2006) on Carum carvi and
Said-Al Ahl et af. (2009 a and b) on oregano.

59



Vol. 56, No. 1, pp.49-63, 2011 . Alex. J. Agric. Res.

Table 18: Means of the total chlorophyll content (a+b) of the leaves (ing/g fresh weight), carbohydrate
and nitrogen content of new corms (%) and the essential oil percentage (%) of the flowers of
Pollanthes tuberosa: L. cv. "Double” as influenced by the combinations between the different
levels of nitrogen, ascorbic acid (Asc.) and diphenylamine (DPA) during the two seasons of 2007

and 2008.
Nitrogen  Ase. DPA Total chiorophyll Carbohydrate Nitrogen content Essential oil
content content percentage

gelant — Gem) (P To0T 2008 2007 2008 2007 2008 2007 2008

0 0 0 46.46 49.19 1097 12.10 1.65 2.03 0.223 0.244

100 58.90 60.21 1289  14.54 1.95 2.27 0.253 0.263

200 74.65 82.36 1204 13.95 1.83 2.16 0.238 0.255

125 0 65.92 72.03 12.03 13.38 1.85 222 0.232 0.250

100 65.51 67.99 12.92 15.07 1.93 2.30 0.241 0.273

200 60.61 65.45 13.07 15.28 2.10 243 0.260 0.286

250 0 62.55 67.90 1280 1414 1.90 2.24 0.251 0.265

100 67.17 72.23 11.69 13.33 1.91 228 0.282 0.297

200 63.18 62.83 13.34 15.35 2.00 243 0273 0.284

0.9 0 0 57.33 61.98 11.74 i3.17 1.87 2.27 0.231 0.255

100 73.74 80.31 1266 14.38 2.00 2.30 0.262 0.275

200 58.57 59.66 13,28 15.25 1.96 2.33 0.282 0.289

125 0 68.76 72.55 1147 12,67 1.81 2.20 0.256 0.268

100 67.22 68.22 13.29 1541 2.04 2.35 0.264 0.271

200 74.50 82.55 13.72 15.66 2.10 247 0.277 0.281

250 0 64.01 71.53 12.87 14.65 1.99 233 0.249 0.261

160 76.60 84.04 13.83 15.70 1.97 233 0.259 0.263

200 70.57 74.74 13.00 1510 2,00 233 0.270 0.274

1.8 0 0 63.67 69.13 12.G1 13.75 1.92 2.33 0.266 0.290

100 73.55 79.34 1332 1510 1.98 2.30 0.293 0.328

200 67.95 68.81 12.65 14.15 2.03 233 0.287 0.319

125 0 71.85 77.16 1250 13.76 2.03 243 0.332 0.354

100 70.56 72.58 13.00 15.07 2.00 233 0.279 0.304

200 68.92 70.88 12.19  13.55 2.00 2.33 0.269 0.292

250 0 68.03 75.38 1332 15.08 2.00 229 0.282 0.296

100 . 67.45 67.87 13.45 1562 197 2.30 0322 0.349

200 71.70 78.50 13.00  14.50 213 2.5 0.290 0312
L8S.D0.05for N= 3.22 3.17 030 0.17 0.04 0.04 - -
LSDGQ.05for A= 3.22 3.17 0.30 0.17 0.04 0.04 - -
L.S.D 0.05 for D= 3.22 3.17 0.30 0.17 0.04 0.04 - -
LSDO0.05S for NxA= N.§ NS 0.53 0.30 NS NS - -
L.S.D0.05for NxD= N.§ N.S 0.53 0.30 0.07 0.06 - -
LSDO0O5SforAxD= 5.58 5.49 0.53 0.30 NS 0.06 - -
LSD0O0Sfor NxAxD~= 9.67 9.50 0.91 0.52 0.13 0.11 - -

L.S.D g5 = Least Significant Differences at 0.05 probability,
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