Hortscience Journal of Suez Canal University, 2020

Effect of Different Ratios Nano-Fertilizer and Gibberellic Acid on the Vegetative
Growth and Chemical Compositions of Codiaeum Variegatum (L.) cv. Gold Dust

Mostafa Zaghloul'; Yehia M. Abd El-Fattah'; Mohamed M. Khedr?" and Mohamed A. Elsadek’
"Hort. Dept., Fac. Agric., Suez Canal University, Ismailia Egypt
? Ismailia Directorate of Agriculture, Ismailia, Egypt

Received: 11/5/2020

Abstract: A pot experiment was conducted in greenhouse and nursery at Ornamental Farm Faculty of Agriculture, Suez
Canal University, Ismailia Governorate Egypt, during the two seasons of 2018 and 2019. The aim of this work is to
study the effect of different treatments of Hyper feed Nano-fertilizer NPK (19:19:19) Nano-fertilizer rates (0, 1.5, 3.0,
4.5 g/L) added every 15 days with irrigation water drench on the pot with 400 m/L and monthly foliar application with
Gibberellic acid (GA3) at (0, 100, 200 and 300 ppm) either alone or in combination from the 1¥ of May to the 1% of
October on the vegetative growth and some chemical constituents of Codiaeum variegatum (L.) cv. Gold dust plants.
The results showed that Nano-fertilizer plus GA; was the most effective compound to improving all growth parameters
of Codiaeum plants, followed by Nano-fertilizer, while GA; was the second in order. Among Nano-fertilizer treatments,
the highest level of Nano-fertilizer at 4.5 g/L was optimum for growth of Codiaeum plants. Nano-fertilization every 15
days with Hyper feed Nano-fertilizer NPK (19:19:19) at 4.5 g/l combined with foliar spray of both GA; at 300 ppm
resulted in the highest significant values for plant height, stem diameter, number of leaves/plant, leaf area and fresh and
dry weights of plant, fresh and dry weights of leaves, stems and roots/plant. Data also showed that the previously
mentioned combination resulted in the highest contents of N, P, K, Total carbohydrates, and Total chlorophyll in
Codiaeum leaves.
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INTRODUCTION

Production of foliage plants has grown steadily Nano-fertilizers would be a revolution in the field

throughout the world due to their attractive foliage
growth and leaf colors which varying in shape, size and
growth habit etc. In addition, foliage plants production
continues to increase rapidly worldwide for outdoor and
indoor ornamentation and decoration. However, the
production of these plants using the usual fertilization
methods is insufficient to meet current demand. The
Nano-fertilization and growth regulators such as
Gibberellic acid (GA3) were used as a recent and fast
the growth to introduce the required stock plants of the
foliage plants to the market in a short time.

Codiaeum variegatum cv. Gold dust commonly
known as Croton and sometimes called Joseph's coat,
belongs to the Family Euphorbiaceae, is one of the most
popular ornamental indoor plants because of colorful
foliage colors and various leaf shapes This plant is
essential in decoration for purifying interior air (Esmail,
2008; Elsadek et al., 2012).

Fig. (1): Codiaeum variegatum cv Gold Dust

of agriculture. The use of Nano-fertilizers to control
food supply can be an economical powerful tool for
sustainable agriculture and the environment, with rising
Nano-strategies indicating a high surface area-to-
volume ratio (Subramanian et al, 2015). Nano-
fertilizers improve the availability of nutrients to the
growing plants that improves chlorophyll formation,
photosynthesis rate, dry matter production and improves
overall plant growth (Salama, 2012; Suriyaprabha et al.,
2012; Jameel and Al-Tai, 2018).

Additionally, previous study reported that
monthly fertilization on containerized Magnolia
grandiflora L. transplants with Hyper feed Nano-
fertilizer NPK (19:19:19) at the medium level 3g/pot
was optimum for growth of magnolia transplants
(AbdelKader et al., 2016). However, Nano-TiO, treated
Spinacia oleracea seed produced plant recorded more
dry weight, higher photosynthetic rate, chlorophyll-a
formation compared to the control (Zheng et al., 2005).
This improvement translocation of photosynthesis from
source (leaves) to sink (economic part of the plant it
may be grain, tuber, bulb, stem, fiber and leaves)
resulting in improved yield and quality parameters from
Nano-fertilizers treated plants compared to control or
traditional fertilizers treated plants (Bozorgi, 2012).

On the other hand, the stimulating impact of
gibberellic acid (GA;), which is known to be one of the
endogenous growth regulators, could be attributed to its
unique roles in plant growth and development as reported
by many researchers. GA;is the principal component
in Gibberella culture (Chandran ef al., 2020). Meanwhile,
the effect of GA; on the growth of various plants has
been reported by (Leopold, 1964) who stated that GA; is
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capable of modifying the growth pattern of treated plants
by affecting levels of DNA and RNA, cell division and
expansion,  biosynthesis of enzymes, protein,
carbohydrates and photosynthetic pigments.

On different ornamental plants, several studies
examined the beneficial effects of GA; at the range of
50-300 ppm including: chrysanthemum (Schimidt et al.,
2003), Araucaria hetrophylla (Gul et al., 2006), Iris
nigricans Dinsm (Al-Khassawneh et al, 2006),
Codiaeum variegatum (Shedeed et al, 1991; Eid and
Abou-Leila, 2006; Soad et al., 2010), Stevia rebaudiana
Bertoni (Salama, 2008), Cryptostegia grandiflora
(Hussein, 2009), Schefflera arboricola (El-Sayed, 2014;
Sardoei and Asil, 2014), Cupressus macrocarpa
(Ashour, 2018), Gladiolus grandiflorus (Farooq et al.,
2020) and they indicated that vegetative growth
characteristics, contents of nutrients, photosynthetic
pigments, total indoles and total soluble phenols were
prompted significantly by applicationGA; as well as
they concluded that GAsis used to regulate plant growth
by increasing cell division and elongation.

The objective of this study was to investigate the
effect of Hyper feed Nano-fertilizer and Gibberellic acid
on the vegetative growth and chemical composition of
Codiaeum variegatum.cv. Gold Dust.

MATERIALS AND METHODS

Pot experiments were carried out in greenhouse
and nursery at Ornamental Farm at Faculty of
Agriculture, Suez Canal University, Ismailia
Governorate Egypt, during two seasons 2018 and 2019.

The objective of this study was to investigate the
effect of either Nano fertilization, Gibberellic acid
(GA;) alone or in combination on the vegetative growth
and chemical constituents of Codiaeum variegatum (L.)
cv. Gold Dust. On March, 1* for both seasons 8-10 cm
long cuttings having 2-3 leaves were taken from
terminal parts of Croton shoots, of the healthy stock
plants grown well in the Farm of Department of
Horticulture, Faculty of Agriculture and were planted in
pots (10 cm) filled with fertile soil. At the end of March,
under the greenhouse conditions (44% shade and full
sun, Relative humidity percentage (RH: 58-60%) rooted
cuttings were replanted in 18 cm pots filled with a
mixture of compost, sand at the proportion of 1:2 (V: V)
in both seasons Table (A). Uniformly plants were
selected for the experiments, were taken from healthy
plants grown in the nursery of the Faculty of
Agriculture, Suez Canal University.

Table (A): Some physical and chemical characteristics of the experimental media

Mechanical Analysis

Sand (%) Clay (%) Loam (%) Texture
76.2 15.9 7.9 Sandy Loam
Chemical Analysis
Density "0.C (%) "OM (%) 'SP (%)  E.C(dsm™) PH (1:2.5)
1.36 0.963 1.66 30 3 7.68
Total N (%) Total P (%) Total K (%)
0.532 0.347 0.10
Soluble cations (meq-L'l) Soluble anions (meq-L'l)
S04~ cr HCO3 Na" K" Mg* Ca**
22.3 6.0 4.20 3.0 0.5 13 16

*Q.C: Organic Carbon,*0O.M: Organic Matter,*S.P: Saturation Point,*E.C: Electrical Conductivity

On May 1* the plants were irrigated with the
dose of Hyper feed every 15 days with irrigation water
drench on the pot with 400 m/L while, GA; was applied
as a foliar application with 30 days interval starting one
day after Hyper feed application for five months, the
plants irrigated when needed. This study included the
following treatments: four levels of Nano-fertilizer
Hyper feed 0, 1.5, 3, and 4.5 g/L and four levels of
spraying of GA; 0, 100, 200 and 300 ppm and their
interaction at factorial experiment in a completely
randomized block, Using 16 treatments, each was
replicated three times, five plants per replication, thus
15 plants were used in each treatment design. Uniformly
plants  were  selected for the experiment,
Nanotechnology-fertilizer =~ namely = Hyper  feed
motawazen was obtained from the company BIO
NANO TECH at Mansoura-Dakahlia-Egypt, which
recorded in Table (B). While, Growth regulator as

Gibberellic acid 40% (Berelex sachets, one sachet
contains one gram of the active ingredient Gibberellic
acid) and attained from Shoura Chemicals at Cairo-
Egypt.

At the 1% of October of each season the following
parameters were determined in the two successive
seasons: Plant height (cm), number of branches/plant,
Stem diameter (mm), number of leaves/plant, Root
length (cm), Leaf area (cm?) and fresh (F.W) and dry
(D.W) weights of leaves, stem and roots/plant (g).

Chlorophyll a and b were determined according
to (Von Wettstein, 1957), total carbohydrates in the dry
leaves were estimated after (Herbert et al., 1971), N%
according to (Ling, 1963) and P% was determined in
dry leaves according to (Chapman and Pratt, 1962). K%
was determined by flame Photometer according to the
method described by (Page et al., 1982).
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The data were computed and analyzed using
COSTAT program and the differences between the
means of treatments were determined by using LSD test
after (Heinisch, 1962).

Table (B): Some chemical properties of Nano-

fertilization
Hyper Feed (19-19-19)

Content %

Total Nitrogen (N) 19
Phosphor P,04 19
Potassium K,O 19

Fe 0.48

Mg 0.80

Mn 0.24

Zn 0.35

B 0.05

Cu 0.08
Amino Acid 1.15
Algae Extract 0.52

Mo 100 ppm
Co 100 ppm

RESULTS AND DISCUSSION

Effect of Hyper feed Nano-fertilization and GA; on
the vegetative growth of Croton plant:

Plant height (cm):

Data in Table (1) and Fig. (1), show that all
treatments with Hyper feed, GA; and their
combinations significantly increased the plant height
compared to control plants. With regard to the results
of both seasons, it was clear that the tallest plants were
produced from plants fertilized with Hyper feed at
4.5g/LL and sprayed with GA; at 300 ppm. This
treatment was the most effective for the production of
tallest plants as 60.30 cm compared to15.48 cm for
control in the first season. This was true in the second
season. The differences between all treatments were
significant This may be due to a significant increase in
the length of the main stem internodes and/or
internodes length with respect to the main effect of
Nano-fertilizers in modification of plant gene
expression and associated biological pathways which
ultimately affect plant height as reported by
(Ghormade et al., 2011), and increasing plant height
may be due to the direct potential effect of GA; on
both cell division and cell enlargement as mentioned
by (Lokesh et al, 2018) on Stevia rebaudiana
Bertoni.. These results are in line with those obtained
by (AbdelKader et al., 2016) on Magnolia grandiflora
L, (Soad et al., 2010) on Codiaeum variegatum, they
found that the highest values of growth variables were
obtained by using Hyper feed (19:19:19) Nano NPK
and using GA;.

Stem diameter (mm):

Data presented in Table (1) show nearly the same
trend as that of plant height that all treatments of Hyper
feed, GA; and their combinations significantly
increased the stem thickness for the Croton plants
compare to control. In both seasons, Data show that
highest dose of Hyper feed (4.5 g/L) combined with
highest ratio of GA; at 300 ppm gave the thickest
stemas 11.56 mm compared to 3.21 for control in the
first season. The same trend has been achieved in the
second season. On the other hand, the differences
between all treatments and the control plants were
significant Concerning to the main effect of Nano-
fertilizer (Suppan, 2017 and Singh, 2017a) indicated
that, Nano-fertilizer enhance stem diameter through,
increasing the meristimatic activity and stimulation of
cell elongation in plants andin this respect, (AbdelKader
et al., 2016) on Magnolia grandiflora plants reported
that mean stem diameter was increased by using Hyper
feed. Also, the effect of spraying GA; on increasing the
stem diameter may be due to the direct possible effect of
GA; on cellular processes, by stimulating cell division,
lengthening cells cause increased growth as indicated by
(Sardoei and Asil, 2014 and El-Sayed, 2014) on
Schefflera arboricola plants.

Number of branches/plant:

Data presented in Table (1) show that all
treatments of Hyper feed, GA; and combination
between them significantly increased the number of
branches for the Croton plants over control in both
seasons. With respect to both seasonal data also reveals
the most effective treatment were the high level of
Hyper feed (4.5 g/L) combined with high concentration
of GA; at 300 ppm gave the highest number of branches
as 12, 13.67 compared to 2, 2 for control in both
seasons, respectively. The differences between all
treatments were significant. Similar results were
obtained by (Qureshi et al., 2018), which indicate that
Nano-fertilizers significantly improve overall growth of
the plant which eventually affect number of branches of
plant. Moreover, The effect of spraying GA; on
increasing the number of branches may be attributed to
its impact on stimulating enzymes and proteins
biosynthesis, cambial activity cell division and cell
elongation as indicated by (Ashour, 2018) on Cupressus
macrocarpa plants.

Root length (cm):

In the first season, the data of the response of root
length to different ratios of Nano-fertilizer and GA;,
revealed that applying Hyper feed at 4.5 g/L plus GA; at
300 ppm were the most effective treatment for increasing
root length to the maximum value of 34.23 cm for Croton
plant (Table 2), the same trend has been achieved in the
second season. This treatment significantly increased root
length over control. Increasing the root length could be
due to reflection of the better vegetative growth of treated
plants as affected by Nano-fertilizers as mentioned by
(Singh, 2017b). On the other hand, (Ashour, 2018) on
Cupressus macrocarpa found that GA; increased the root
length of plants.
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Figure (1): Effect of different ratios of Nano-fertilizer and GA; on some vegetative growth parameters of Codiaeum
variegatum (L.) cv. Gold Dust plant during 2018 and 2019 seasons

Number of leaves/plant:

Data in Table (2) and Fig. (1), indicate that the
application of different ratios of Hyper feed, GA; and
combination between them significantly increased the
number of leaves of Croton plants over the control. In
the first season, the treatment with Hyper feed at 4.5 g/L
mixed with GA; at 300 ppm gave the highest number
which were 117 leaves/plant compared to 16 for control.
This was true in the second season. The differences
between these treatments were significant in both
seasons. Generally, using all ratios of Nano-fertilizer
markedly increased the number of leaves/plant. Such
increase may be due to the effect of this Nano-fertilizer
on increasing plant height and metabolites needed for
increasing leaf formation, as mentioned by (Singh,
2017b). Furthermore, the effect of spraying GA; on
increasing the number of leaves may be attributed to its
direct possible impact on enhancing the formation of
leaves. Similar results were obtained by (Abdel Kader et
al., 2016) on Magnolia grandiflora L. and (El-Sayed,
2014) on Schefflera arboricola plants found that Hyper
feed and GA; increased the number of leaves/plant.

Leaves area (cmz):

Data confirmed also, similar trend of results
when the leaf area is concerned since the highest levels
of Nano-fertilizer plus GAj ratios elongated the leaf
area as shown in Table (2). It can be seen that, in the
both seasons, the largest leaf area was recorded with
fertilizing plants with 4.5 g/L of Hyper feed plus 300
ppm of GA; for Croton plants. In this regard,

(AbdelKader et al, 2016), reported that leaf area was
increased by the use of Hyper feedon Magnolia
grandiflora L plants. Also, (Sardoei and Asil, 2014) on
Schefflera arboricola L. plants indicated that leaf area
was significantly affected byspraying GAs;.

Fresh and dry weight of leaves/plant (g):

The fresh and dry weight of leaves of Croton
plants are presented in Tables (3 and 4) and Fig. (1),
indicate that in both seasons, the different ratios of
Nano-fertilizer also GA; which were used in this study
had significant effects on fresh and dry weight of leaves.
Nano-fertilization with Hyper feed (4.5 g/L) and
spraying (300 ppm) GA; markedly increased the fresh
and dry weights of leaves of Croton plants compared to
control and other treatments. Such increments were
significant when compared to control. These increases
over control were 37.10, 8.18 g and 38.21, 10.83 in both
seasons for Croton plants over control 2.63, 0.66 and
2.58, 0.62, respectively. In this connection, (Singh,
2017b) reported that Nano-fertilizer enhance leaf area
index, number of leaves/plant, dry matter production
and rate of the photosynthesis which result more
production and translocation of photosynthets to
different parts of the plant. Similar results were reported
by (Jameel and Al-Tai, 2018) on sweet fennel, cumin
and anise and (Mahmoodi et al, 2018) on Borago
officinalis L. As well as, (El-Khateeb et al., 2010) on
Calia Secundiflora found that GA; gave marked
increases in the fresh and dry weights of leaves, it can
be attributed to the increase both plant height and
number of leaves/plant.
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Table (1): Effect of Nano-fertilizer Hyper feed and GA; on the vegetative growth of Codiaeum variegatum (L.) cv. Gold Dust plant during 2018 and 2019 seasons

First season 2018

Parameters
Plant height number of branches/plant stem diameter

GA; Zero 100 200 300 Mean Zero 100 200 300 Mean Zero 100 200 300 Mean
Hyper Feed ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano
Zero 15.48 18.53 21.5 24.66  20.04 2 333 5 6 425 3.21 3.89 4.26 5.46 4.21
1.5 gm/L 20.33 3046  34.51 38.31 30.90 3.33 4 4.67 7 4.58 4.29 5.65 5.85 6.41 5.55
3 gm/L 25.63 4143 4553 4920 4045 5 4.67 5.33 8 5.75 5.15 6.24 7.76 8.38 6.88
4.5 gm/L 30.43 50.30 5640 6030  49.63 6.33 8.67 11 12 9.50 6.30 9.11 10.32 11.56 9.32
Mean GA; 2297 3518 3949  43.12 4.17 5.17 6.5 8.25 4.74 6.22 7.05 7.95
L.S.D. at 0.05 for Nano 0.186 0.594 0.106
L.S.D. at 0.05 for GA; 0.212 0.730 0.101
L.S.D. at 0.05 for NanoxGA; 0.426 1.460 0.199

Second season 2019

Zero 16.51 1947 2253 2573  21.06 2 4 5 7 4.5 3.51 3.86 4.44 6.46 4.57
1.5 gm/L 21.53 31.65 3538 3926  32.00 3.67 4 5 7.33 5 4.67 5.46 5.88 8.46 6.12
3gm/L 26.50 4250  46.63  49.70  41.33 433 4.67 5.33 8.33 5.67 5.71 6.82 7.88 10.40 7.70
4.5 gm/L 3147 5143 57.43 61.30 5041 6.33 8.67 11 13.67 9.92 6.54 9.23 10.73 13.52 10.01
Mean GA; 24.00  36.26  40.50 44.0 4.08 5.33 6.58 9.08 5.11 6.34 7.23 9.71
L.S.D. at 0.05 for Nano 0.192 0.681 0.094
L.S.D. at 0.05 for GA; 0.282 0.562 0.144

L.S.D. at 0.05 for NanoxGA; 0.564 1.123 0.907
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Table (2): Effect of Nano-fertilizer Hyper feed and GA; on the vegetative growth of Codiaeum variegatum (L.) cv. Gold Dust plant during 2018 and 2019 seasons

First season 2018

Parameters
No. of leaves/plant Leaves area (cm)? Root length (cm)

GA; Zero 100 200 300 Mean  Zero 100 200 300 Mean Zero 100 200 300 Mean
Hyper Feed ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano
Zero 16 22 26 32 24 6090 6551 7163 7777 6895 833 1150 1427 1723 12.83
1.5 gm/L 21 36 43 53 3825 8659 10680 11254 127.74 10842 1340 2047 2253 2433 20.18
3 gm/L 27 62 74 84 6175 9245 13243 137.54 14241 12621 1840 2557 2730 29.10 2509
4.5 gm/L 33 92 106 117 87 9748 14750 15138 157.54 13848 23.40 30.13 3230 3423 30.02
Mean GA; 2425 53 6225 715 8436 113.06 11828  126.36 1588  21.92 2410 2623
L.S.D. at 0.05 for Nano 0.381 0.198 0.112
L.S.D. at 0.05 for GA; 1.264 0.129 0.100
L.S.D. at 0.05 for NanoxGA; 2.528 0.259 0.199

Second season 2019
Zero 16 22 26 33 2425 6354 6836 7648  79.87 7206 923 1240 1573 1930 1417
1.5 gm/L 23 36 44 55 39.50  89.49 10950 11561 129.68 111.07 13.77 2147 2340 2567 21.08
3 gm/L 28 64 72 83 61.75 9562 13548 139.87 14537 129.09 1940 2623 2827 3040 26.08
4.5 gm/L 34 94 108 118 8850 9921 149.64 155.69 158.76 140.82 2447 31.50 33.57 3543 31.24
Mean GA; 2525 54 6250 7225 86.97 115.64 12191  128.42 16.72 2290 2524 27.70
L.S.D. at 0.05 for Nano 0.853 0.967 0.112
L.S.D. at 0.05 for GA; 0.869 0.719 0.141
0.889

L.S.D. at 0.05 for NanoxGA; 1.737 1.439
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Table (3): Effect of Nano-fertilizer Hyper feed and GA; on the vegetative growth of Codiaeum variegatum (L.) cv. Gold Dust plant during 2018 and 2019 seasons

First season 2018

Parameters
Leaves F.W (g) Stem F.W (g) Roots F.W (g)

GA; Zero 100 200 300 Mean  Zero 100 200 300 Mean Zero 100 200 300 Mean
Hyper Feed ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano
Zero 2.63 528  7.18 9.22 6.08 1.68 1.86 2.42 3.89 2.46 1.69 2.26 2.64 4.11 2.68
1.5 gm/L 4.33 6.19 9.16 11.22  7.73 2.61 4.24 6.24 8.54 5.41 2.47 4.83 6.84 7.75 5.47
3 gm/L 8.21 15.17 19.13 2522 16.98 3.55 9.23 11.50 15.25 9.88 3.63 8.12 12.15 1523 9.78
4.5 gm/L 10.16  29.19 33.19 37.10 27.42 4.47 20.22 26.12 29.18 19.99 4.54 17.09 21.08 25.12 16.96
Mean GA, 6.33 13.96 17.21  20.69 3.08 8.89 11.57 14.22 3.08 8.07 10.68  13.05
L.S.D. at 0.05 for Nano 1.349 0.822 0.491
L.S.D. at 0.05 for GA; 0.698 0.758 0.644
L.S.D. at 0.05 for NanoxGA; 1.397 1.517 1.283

Second season 2019

Zero 2.58 528 7.25 10.24 6.34 1.43 2.41 2.86 4.22 2.73 1.60 2.59 3.22 4.26 2.92
1.5 gm/L 4.17 6.25 9.18 12.19 7.94 2.85 4.21 6.20 9.27 5.63 2.81 5.13 7.29 9.49 6.18
3 gm/L 8.28 15.10 19.30 26.25 17.23 3.88 9.57 11.17 16.24 10.21 3.95 8.87 12.60 16.23 10.41
4.5 gm/L 11.25 29.13 33.17 3821 27.94 5 20.55 26.74 31.26 20.89 4.83 17.88 21.83 27.07 179
Mean GA, 6.57 13.93 17.22 21.72 3.29 9.18 11.74 15.25 3.30 8.61 11.24 14.26
L.S.D. at 0.05 for Nano 0.348 0378 0.263
L.S.D. at 0.05 for GA, 0.713 0.535 0.368

L.S.D. at 0.05 for NanoxGA, 1.427 1.070 0.735
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Table (4): Effect of Nano-fertilizer Hyper feed and GA; on the vegetative growth of Codiaeum variegatum (L.) cv. Gold Dust plant during 2018 and 2019 seasons

First season 2018

Parameters
Leaves D.W (g) Stem D.W (g) Roots D.W (g)

GA; Zero 100 200 300 Mean  Zero 100 200 300 Mean Zero 100 200 300 Mean
Hyper Feed ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano
Zero 0.66 1.17  1.35 1.54 1.18 0.53 0.64 0.87 1.20 0.81 0.44 0.53 0.74 0.95 0.66
1.5 gm/L 1.68 250  2.67 3.16 2.53 0.76 1.62 1.89 2.36 1.66 0.67 1.35 1.48 1.56 1.27
3 gm/L 1.89 3.78  4.36 5.66 3.92 0.98 2.80 3.84 4.29 2.98 0.83 1.84 2.62 3.76 2.26
4.5 gm/L 2.18 6.14 749 8.18 5.99 1.37 5.71 6.20 7.71 5.25 1.27 4.14 5.75 6.29 437
Mean GA, 1.60 3.40  3.99 4.64 0.91 2.69 3.20 3.89 0.80 1.96 2.65 3.14
L.S.D. at 0.05 for Nano 0.093 0.078 0.104
L.S.D. at 0.05 for GA, 0.079 0.083 0.054
L.S.D. at 0.05 for NanoxGA, 0.157 0.166 0.107

Second season 2019

Zero 0.62 1.19 141 1.61 1.21 0.55 0.67 0.83 1.21 0.82 0.47 0.57 0.74 0.95 0.68
1.5 gm/L 1.71 249  2.80 4.24 2.81 0.81 1.57 1.91 3.52 1.95 0.63 1.36 1.43 2.65 1.52
3 gm/L 1.93 3.81 436 6.5 4.15 0.99 2.81 3.24 5.72 3.19 0.87 1.76 2.29 4.67 2.40
4.5 gm/L 2.26 6.51 7.29 10.83  6.72 1.42 5.15 6.85 9.27 5.68 1.23 4.6 52 8.81 4.96
Mean GA; 1.63 3.50 397 5.80 0.94 2.55 3.21 493 0.79 2.07 242 4.27
L.S.D. at 0.05 for Nano 0.147 0.056 0.074
L.S.D. at 0.05 for GA, 0.108 0.073 0.075
L.S.D. at 0.05 for NanoxGA; 0213 0.151 0.151
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Fresh and dry weight of stem (g):

Data in Tables (3 and 4) revealed that the
application of different ratios of Nano-fertilizer and
GA; increased the fresh and dry weight of stems for
Croton plants when compared with control. However,
the highest rate of Hyper feed as 4.5 g/L and about GA;
as 300 ppm gave the heaviest fresh and dry weight of
the stem as 29.18, 7.71 g for Croton plants in the first
season. This was also true in the second season. The
differences between these treatments were significant in
both seasons. The increase in the vegetative weight may
be attributed to the increase in the plant height and
leaves number of treated plants. These results are in
agreement with (Mahmoodi et al, 2018) on Borago
officinalis L. and (Salama, 2012) on Phaseolus vulgaris
L. and Zea mays L. indicated Nano-fertilizers increase
availability of nutrient to the growing plant which
increase chlorophyll formation, photosynthesis rate, dry
matter production and result improve overall growth of
the plant. Moreover, (El-Sayed, 2014) on Schefflera
arboricola found that the application of GA; increased
the fresh and dry weight of stems.

Fresh and dry weight of roots (g):

The fresh and dry weight of roots as affected by
different levels of Nano-fertilizer and GAj; are presented
in Tables (3 and 4). The data indicate that Hyper feed
4.5 g/L and GA; 300 ppm gave the heaviest fresh and
dry weight of roots/plant of Croton as (25.12, 6.29 g)
and (27.07, 8.81 g) in the first and second seasons. In
this respect, (Mohamadipoor et al, 2013), on
Spathyphyllum illusion plant revealed that application of
Nano-fertilizer as drench method is better to increase
fresh and dry weight of roots because of more activity
of root for nutrient uptake from medium, as well as
(Ashour, 2018) on Cupressus macrocarpa plants
showed that the application of GAj; increased the fresh
and dry weight of roots.

Chemical compositions
N, P and K % in leaves:

The percentage of N, P and K in leaves of
Croton plant are shown in Table (5). The results
indicate that application of different levels of Nano-
fertilizer and GAj; increased N, P and K % in the
leaves. The highest percentages of N, P and K in the
leaves were recorded in the plants fertilized with
combination of Hyper feed at 4.5 g/L and GA; at 300
ppm as 4.72, 0.97, 4.93% and 4.76, 0.98, 4.98% for
Croton in the both seasons, respectively compared to
1.25, 0.35, 3.13% and 1.23, 0.38, 3.17% with control.
Similar conclusions were reported by Kaviani and
Negahdar (2016) on Buxus hyrcana Pojark and (Sabir
et al., 2014) on grapevines that Nano-fertilizer notably
enhanced the concentrations of N, P, K in leaves. In
addition, (El-Sayed, 2014) on Schefflera arboricola
plant concluded that GAj increased N, P and K content
in the leaves. This increase in mineral composition can
be due to the role of GAj; in stimulating protein
synthesis (Eid and Mazher, 2004), as a result of the
increase in plant production, the uptake of N, P and K
increased.

Chlorophyll a, b and carbohydrates content in
leaves:

Data in Tables (6 and 7) showed that the
application of different levels of Nano-fertilizer and
GA; at any levels increased chlorophyll a, b and
carbohydrates content in the leaves of Croton plant in
both seasons. The highest contents percentage of
Chlorophyll a, b and carbohydrates were obtained from
the plants fertilized with mixture of Hyper feed at 4.5
g/L and GA; at 300 ppm. The same trend has been
achieved in both seasons. Logically, a higher content of
chlorophyll and total carbohydrates would accurately
mean better photosynthesis, hence more assimilates
accumulated with the final result of better growth and
quality of plant produced. The obtained results are in
agreement with those reported by (Kaviani and
Negahdar, 2016) on Buxus hyrcana Pojark and
(Tarafdar et al., 2014) on Pennisetum americanum
whose found chlorophyll content in leaves was
increased with Nano-fertilization. Also, (El-Sayed,
2014) on Schefflera arboricola plant indicated that GA;
increased the total carbohydrates %.

CONCLUSION

From the above results, it could be concluded
that the effect of combination of Hyper feed at 4.5 g/L
plus GA; at 300 ppm on Codiaeum variegatum (L.) cv.
Gold Dust plant gave the best growth among the other
treatments. The control plant gave the least records in
this concern. It could be recommended that the
application of Hyper feed at 4.5 g/L every 15 days plus
monthly foliar spray of GA; at 300 ppm are important to
increase the vegetative growth and to improve the
quality of Codiaeum variegatum (L.) cv. Gold Dust
plant.
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Table (5): Effect of Nano-fertilizer Hyper feed and GA; on the chemical compositions of Codiaeum variegatum (L.) cv. Gold Dust plant leaves during 2018 and 2019 seasons

First season 2018

Parameters
N % P % K%

GA; Zero 100 200 300 Mean  Zero 100 200 300 Mean Zero 100 200 300 Mean
Hyper Feed ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano
Zero 1.25 1.43 1.63 1.82 1.53 0.35 0.43 0.45 0.47 0.43 3.13 3.32 342 3.81 342
1.5 gm/L 2.53 3.03 3.18 3.32 3.01 0.52 0.72 0.74 0.77 0.69 3.94 4.14 4.31 4.42 4.20
3 gm/L 2.75 347  3.67 3.87 3.44 0.55 0.83 0.84 0.87 0.78 4.04 4.51 4.55 4.63 443
4.5 gm/L 2.92 426 4.52 4.72 4.11 0.67 0.93 0.95 0.97 0.88 4.12 4.72 4.82 4.93 4.65
Mean GA, 2.36 3.05 325 3.43 0.52 0.73 0.75 0.77 3.81 4.17 4.28 445
L.S.D. at 0.05 for Nano 0.012 0.001 0.004
L.S.D. at 0.05 for GA, 0.014 0.001 0.005
L.S.D. at 0.05 for NanoxGA, 2.810 2.432 3.109

Second season 2019

Zero 1.23 1.58 1.75 1.96 1.63 0.38 0.44 0.46 0.48 0.44 3.17 3.37 3.48 3.86 3.47
1.5 gm/L 2.63 3.08 3.13 3.38 3.05 0.54 0.73 0.75 0.78 0.70 3.98 4.18 4.33 4.46 4.24
3 gm/L 2.86 3.58 3.73 3.92 3.52 0.56 0.84 0.86 0.88 0.79 4.07 4.54 4.56 4.74 4.48
4.5 gm/L 2.98 434 462 4.76 4.18 0.68 0.94 0.96 0.98 0.89 4.15 4.78 4.87 4.98 4.69
Mean GA; 2.42 3.14 331 3.51 0.54 0.74 0.76 0.78 3.84 4.22 4.31 4.51
L.S.D. at 0.05 for Nano 0.018 0.002 0.029
L.S.D. at 0.05 for GA, 0.018 0.002 0.026

L.S.D. at 0.05 for NanoxGA, 3.550 4213 5.154
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Table (6): Effect of Nano-fertilizer Hyper feed and GA; on the chemical compositions of Codiaeum variegatum (L.) cv. Gold Dust plant during 2018 and 2019 seasons

First season 2018

Parameters
T.C % leaves T.C % Roots T.C % Stem

GA; Zero 100 200 300 Mean  Zero 100 200 300 Mean Zero 100 200 300 Mean
Hyper Feed ppm  ppm  ppm ppm Nano ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano
Zero 8.33 9.52 9.72 9.92 9.37 6.12 7.43 7.62 7.71 7.22 4.13 5.72 5.81 5.91 5.40
1.5 gm/L 10.28 11.81 1234 1242 11.72 8.52 9.12 9.82 9.91 9.35 6.52 7.33 7.51 7.62 7.25
3 gm/L 1034 13.52 14.72 1491 13.38 8.73 10.43 10.62 10.81 10.15 6.74 7.74 7.83 7.92 7.56
4.5 gm/L 1047 15.61 16.52 16.83 14.86 8.93 11.53 11.61 12.72 11.20 6.93 8.52 8.72 9.81 8.10
Mean GA, 9.86 12.62 13.33 13.52 8.08 9.63 9.92 10.29 6.08 7.33 7.47 7.82
L.S.D. at 0.05 for Nano 0.005 0.010 0.004
L.S.D. at 0.05 for GA; 0.003 2.349 0.003
L.S.D. at 0.05 for NanoxGA, 1.720 4.698 2.176

Second season 2019

Zero 8.64 9.56 9.77 9.99 9.49 6.18 7.55 7.68 7.78 7.30 4.18 5.77 5.88 5.99 5.46
1.5 gm/L 10.68 11.85 1236 1247 11.84 8.56 9.16 9.87 9.98 9.40 6.56 7.36 7.57 7.68 7.30
3 gm/L 10.89 13.56 14.78 1497 13.55 8.77 10.46 10.67 10.88 10.20 6.74 7.77 7.88 7.98 7.60
4.5 gm/L 1098 15.67 16.58 16.89 15.03 8.98 11.55 11.64 12.79 11.24 6.97 8.59 8.78 9.89 8.56
Mean GA, 1030 12.66 13.38 13.58 8.12 9.68 9.97 10.36 6.12 7.37 7.53 7.89
L.S.D. at 0.05 for Nano 0.006 0.004 0.005
L.S.D. at 0.05 for GA; 0.004 0.005 0.004
L.S.D. at 0.05 for NanoxGA, 2.780 3.293 2.701

T.C=Total carbohydrate
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Table (7): Effect of Nano-fertilizer Hyper feed and GA; on the Photosynthetic pigments of Codiaeum variegatum (L.) cv. Gold dust plant during 2018 and 2019 seasons

First season 2018

Parameters
Chloro. (a) Chloro. (b) mg/l Total Chloro. (a+b) mg/l

GA; Zero 100 200 300 Mean  Zero 100 200 300 Mean Zero 100 200 300 Mean
Hyper Feed ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano ppm ppm ppm ppm Nano
Zero 0.92 094 095 1.05 0.97 0.61 0.71 0.76 0.81 0.73 1.53 1.64 1.71 1.86 1.69
1.5 gm/L 1.12 .18 1.22 1.26 1.20 0.85 1.01 1.07 1.13 1.02 1.97 2.19 2.28 2.39 2.21
3 gm/L 1.14 1.33 143 1.49 1.35 0.92 1.18 1.24 1.27 1.16 2.06 2.51 2.66 2.73 2.49
4.5 gm/L 1.16 1.53  1.62 1.73 1.51 0.95 1.33 1.37 1.43 1.27 2.11 2.86 2.99 3.16 2.78
Mean GA, 1.09 .25 131 1.38 0.84 1.06 1.11 1.16 1.92 2.30 2.41 2.54
L.S.D. at 0.05 for Nano 0.015 0.008 0.003
L.S.D. at 0.05 for GA, 0.007 0.002 0.004
L.S.D. at 0.05 for NanoxGA, 4.660 4.860 2.310

Second season 2019

Zero 0.95 097 099 1.08 1.00 0.66 0.74 0.78 0.84 0.76 1.61 1.68 1.74 1.92 1.74
1.5 gm/L 1.13 .19 1.24 1.28 1.21 0.87 1.04 1.10 1.15 1.04 2.03 2.23 2.34 2.43 2.26
3 gm/L 1.15 135 145 1.48 1.36 0.96 1.21 1.26 1.29 1.18 2.11 2.56 2.71 2.77 2.54
4.5 gm/L 1.17 1.56  1.66 1.77 1.54 0.99 1.36 1.39 1.46 1.30 2.16 2.92 3.05 3.24 2.85
Mean GA; 1.10 1.27 134 1.41 0.87 1.09 1.13 1.19 1.98 2.35 2.46 2.59
L.S.D. at 0.05 for Nano 0.004 0.004 0.019
L.S.D. at 0.05 for GA, 0.005 0.004 0.011
L.S.D. at 0.05 for NanoxGA; 3.260 2.701 2282

Chloro: Chlorophyll
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