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ABSTRACT 

This study was carried out at the Experimental Nursery of the 

Ornamental Horticulture Department, Faculty of Agriculture, Cairo 

University, Giza, during the two successive seasons of 2000 and 2001, with 

the aim of investigating the effect of chemical, organic and bio-fertilization 

treatments on the growth and chemical composition of Joseph’s coat 

(Amaranthus tricolor L.) plants. 

The treatments included fertilization with PK (P at 6 g calcium 

superphosphate, and K at 3 g potassium sulphate / 25-cm clay pot), 

combined with: (1) N fertilization at the rates of 6 or 12 g ammonium 

sulphate /pot (N1 and N2, respectively), (2) Bio-fertilization (Bio), (3) Bio. + 

half the previous N fertilization rates (½ N1 or N1), (4) Cattle manure (CM) 

at the rate of  710 cm
3
/pot (equivalent to 40 m

3
/feddan), or (5) Bio + CM at 

355 cm
3
/pot (equivalent to 20 m

3
/feddan). Control plants received PK 

fertilization only. The bio-fertilizer was applied to the soil as a liquid 

inoculum containing Azospirillum brasilense, Klebsiella pneumonia and 

Pseudomonas putida. Most of the fertilization treatments increased the 

different vegetative growth and flowering characteristics. Among the 

different treatments, combining Bio with CM (i.e. PK + Bio + ½ CM) was 

the most effective one, giving the highest values for plant height, stem 

diameter, leaf area, number of flower stalks/plant, fresh and dry weights of 

leaves and stems/plant, as well as the the highest contents of chlorophyll 

“a”, total chlorophylls (a+b), carotenoids and anthocyanin in the leaves. 

Also, this treatment (PK + Bio + ½ CM) gave the highest content of total 

carbohydrates in the leaves, stems, flowers and roots (in most cases). On the 

other hand, PK+N2 gave the highest numbers of branches /plant, and the 

longest flowering stalks, while the highest number of leaves was found on 

plants fertilized using PK + N2 or PK + ½ CM + bio-fertilization. PK + N1 

+ Bio gave the highest roots fresh weight in both seasons. Plants fertilized 

with PK + N2 had the highest N content in the leaves (in both seasons), 

stems and flowers (in the first season), as well as the highest P content in the 

roots (in both seasons) and stems (in the second season). 

It was concluded that, for best vegetative growth and flowering of 

Amaranthus tricolor, L. the plants should be fertilized using the previously 
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described mixture of PK, bio-fertilization and half of the full dose of organic 

(cattle) manure.  

Key words: Summer annual flowering plants, chemical, organic, bio-

fertilization treatments, joseph’s coat, Amaranthus tricolor  

L. plants. 

 

 

INTRODUCTION 

Joseph’s coat (Amaranthus tricolor L.) is an annual plant belonging to the 

Amaranthaceae family. It is one of 14 Amaranthus species that grow in Egypt. In 

addition to its use as a landscape plant, it is used in China as a medicinal plant to 

improve vision and to strengthen the liver. Also, its ash is mixed with rapeseed oil, 

and used in the manufacture of an ointment applied externally as a dressing for broils 

and itching (Hu, 1959). The use of A. tricolor L.plants as a source of natural pigments 

used for colouring foods, beverages and bread products has been recognized by 

several scientists [Cai, et. al. (1998), and Lehmann (1990)]. The Amaranthus genus 

contains species and genotypes that can be used as high quality multipurpose high-

potential crops for modern agriculture, for food, feed, and forage uses, and also as an 

ornamental plant because of its rich colourful leaves, inflorescences, stems and seeds 

(Paredes-Lopez, 1994). Leaves and grains are used for food in parts of South and 

Central America, Africa and Asia. Amaranth plants are high in protein, and their 

amino acid composition is complementary to that of wheat. 

As in all other horticultural crops, fertilization is one of the main factors 

affecting growth and productivity of Amaranthus tricolor plants. For many years, 

there has been an increasing demand for the use of organic manures and bio-fertilizers 

as alternatives to conventional chemical fertilization. The use of these types of 

fertilizers alleviates the dangers of using chemical fertilizers, including aquifer 

pollution, and chemical residues in plant tissues that are consumed by humans. In 

addition to helping in the production of safe organically- grown horticultural products, 

application of organic manures is also known to improve several soil characteristics, 

including its water holding capacity, resistance to compaction, and cation exchange 

capacity. This makes it feasible to use these fertilizers in newly reclaimed desert areas 

where the poor sandy soil may not be suitable for growing economically important 

horticultural crops. Furthermore, the substitution of chemical fertilization, at least 

partly, with organic manures or bio-fertilizers may result in a reduction of production 

costs. The effect of organic manures on the growth and productivity of ornamental 

and medicinal plants has been investigated by several researchers (Mohamed, 2003) 

on Catharanthus roseus, Sakr (2005) on Cassia acutifolia, and many others]. Also, 

the use of biofertilizers, with or withour chemical or organic fertilizers, has been 

studied by many workers [Abdou and El-Sayed (2002) on Carum carvi, and Hafez 

(2003) on Borago officinalis].  

This study was conducted with the aim of investigating the effect of chemical, 

organic and bio-ferilization treatments on the growth, flowering and chemical 

composition of Amaranthus tricolor L. plants. 
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MATERIALS AND METHODS 

This study was carried out at the Experimental Nursery of the Ornamental 

Horticulture Department, Faculty of Agriculture, Cairo University, Giza, during the 

two successive seasons of 2000 and 2001, with the aim of investigating the effect of 

chemical, organic and bio-ferilization treatments on the growth and chemical 

composition of Amaranthus tricolor L.  plants. 

Seeds of of Amaranthus tricolor L. were obtained from the Nursery of the 

Ornamental Horticulture Department. On April 1
st
, 2000 and 2001 seasons, the seeds 

were sown in well-prepared seed beds with a loamy clay soil and peatmoss. On 15
th

 

May 2000 and 2001 seasons, the seedlings, with a height of 5-7 cm, were transplanted 

into 25-cm clay pots filled with a sandy soil. The chemical characteristics of the 

potting sandy soil are shown in Table (A).  

The pots received different chemical, organic and bio-fertilization treatments 

which included the application of phosphorus and potassium (PK) fertilization, 

combined with: (1) Nitrogenous fertilization at the rates of 6 or 12 g ammonium 

sulphate /pot, (2) Bio-fertilization, (3) Bio-fertilization + N fertilization at 3 or 6 g 

ammonium sulphate/pot/season, (4) Cattle manure at the rate of 710 cm
3
/pot 

(equivalent to 40 m
3
/feddan), or (5) Cattle manure at 355 cm

3
/pot (equivalent to 20 

m
3
/feddan) + bio-fertilization. Control plants received PK fertilization only. 

Phosphorus fertilization was added to all plants in the form of calcium 

superphosphate (15.5% P2O5), which was mixed into the soil two weeks before 

planting the seedlings, at the rate of 6 g /pot. On the other hand, potassium 

fertilization was added in the form of potassium sulphate (48% K2O) at the rate of 3 g 

/pot, divided into two equal doses, which were applied after 2 and 4 weeks from 

planting. Plants receiving N fertilization were supplied with the above-mentioned 

rates of ammonium sulphate (20.5% N), divided into 3 equal doses applied at 3-week 

intervals, starting two weeks after transplanting. Plants receiving bio-fertilization were 

supplied with a composite inoculum (containing Azospirillum brasilense, Klebsiella 

pneumonia and Pseudomonas putida) in the form of a liquid culture, which was 

applied at the time of planting at the rate of 10 ml/pot. An additional dose of 10 

ml/pot of the liquid culture was applied one month after planting (on 15
th

 June 2000 

and 2001, seasons. The bacterial count of the composite inoculum (as described by 

Hegazi et al., 1998) is shown by the data in Table (B). In plants receiving cattle 

manure (CM) treatments, the tested rates (40 or 20 m
3
/feddan) were added to the soil 

15 days before planting. The physical and chemical characteristics of the cattle 

manure used in this experiment are shown in Table (C). 

The layout of the experiment was a randomized complete blocks design, with 

8 treatments (including the control) and 3 blocks (replicates), each consisting of 5 pots 

/ treatment. 

            At the termination of each season, on the 1
st
 of October, 2000 and 2001. data 

were recorded on plant vegetative growth characterisctics, including plant height 

(cm), stem diameter (cm) at a height of 5 cm from the soil surface, number of 

branches /plant,  number of leaves /plant, leaf area (cm
2
) of the 4

th
 leaf from the top of  
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Table A.  Chemical characteristics of the sandy soil used for potting Amaranthus 

tricolor L. plants in the 2000 and 2001 seasons. 
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Table B. The bacterial count of the composite inoculums used for bio-

fertilization of Amaranthus tricolor L. plants in the 2000 and 2001 

seasons. 

Bacteria Log No. ml
-1

 Log No. seed
-1

 

Total bacterial count 7.56 6.08 

      Azospirillum brasilense 6.96 5.48 

Pseudomonas  putida 7.40 5.92 

Klebsiella pneumonia 7.00 5.52 

 

 

 

 

Table C.  Physical and chemical characteristics of the cattle manure used for 

fertilization of Amaranthus tricolor L. plants in the 2000 and 2001 

seasons. 
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the plant (using a Licor portable area meter, model LI 3000), as well as the fresh and 

dry weights of leaves, stems and roots/plant. Also, data were recorded on the 

flowering characteristics, including number of flower stalks /plant, stalk length, as 

well as the fresh and dry weights of flower stalks /plant. The data recorded on 

vegetative growth and flowering were statistically analyzed. An analysis of variance 

(ANOVA) was carried out, and the means were compared using the “Least Significant 

Difference (LSD)” test at the 0.05 level, as described by Steel and Torrie (1980). 

Chemical analysis of fresh leaf samples was also conducted to determine their 

contents of pigments [chlorophyll “a”, chlorophyll “b”, total chlorophylls (a+b) and 

carotenoids], using the method described by Saric et al. (1967). In addition, samples 

of leaves, stems, roots and flowers were oven-dried at a temperature of 70°C for 24 

hours, and their content of total carbohydrates was determined using the method 

outlined by Dubois et al. (1956). Also, the nutrients were extracted from dried tissue 

samples ( leaves, stems, roots and flowers) using the method described by Piper 

(1947), then the nutrient extracts were chemically analyzed to determine the contents 

of nitrogen (using a modified Micro-Kjeldahl apparatus, as described by Pregl, 1945), 

phosphorus (using the method described by Jackson (1967), and potassium [using, 

flame-photometer (Philips, model PU 9100X), as recommended by Chapman and 

Pratt (1961)]. 

RESULTS AND DISCUSSION 

I. Vegetative growth 

1. Plant height 

The results recorded in the two seasons (Table 1) show that most of the 

fertilization treatments caused significant increases in plants height, compared to the 

control plants. In both seasons, all treatments that included the application of chemical 

nitrogenous fertilization or organic (cattle) manure increased plant height 

significantly, compared to the control. On the other hand, the only treatment that had 

only a slight (insignificant) effect on plant height was the application of PK + bio-

frtilization only. The general increase in plant height as a result of the different 

fertilization treatments is in agreement with the findings of Dahiya et al. (1998) on 

African marigold (Tagetes erecta),. This increase in plant height may be a result of 

both the greater number of cells formed and an increased elongation of the individual 

cells, Marschner (1999). 

When bio-fertilization was combined with chemical N fertilization (PK + ½ 

N1 + bio-fertilization or PK + N1 + bio-fertilization), plant height was significantly 

increased (compared to plants receiving PK + bio-fertilization only). However, the 

values recorded when bio-fertilization was combined with chemical N fertilization 

were not significantly higher (and were even lower in most cases) than those obtained 

from plants fertilized with PK+N1 or PK+N2 (with no biofertilization). This indicates 

that there was no advantage (in terms of increasing plant height) for mixing N 

fertilization with bio-fertilization, compared to using N fertilization alone. A similar 

conclusion was reached by Sakr (2005) on Cassia acutifolia Delile plants. 
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In contrast, the results in Table 1 show that in general, mixing bio-fertilization 

with the application of cattle manure (PK + ½ CM + bio-fertilization) gave the best 

results in both seasons. In most cases (especially in the first season), plants receiving 

this treatment were significantly taller than those fertilized with PK + bio-fertilization 

or PK + CM (i.e., when bio-fertilization and cattle manure were used separately). 

These results indicate that organic fertilization may be essential for the action of the 

bacteria used in bio-fertilization, and that bio-fertilizers can be used to reduce the 

need for organic fertilization by half. Similar results have been reported by Sakr 

(2005) on Cassia acutifolia Delile plants. 

2. Stem diameter 

The data presented in Table 1 show that in most cases, plants receiving the 

different fertilization treatments had thicker stems than the control plants. The only 

exception to this general trend was recorded in the second season, with plants 

fertilized using PK+bio-fertilization having insignificantly thinner stems than the 

control plants. The favourable effect of the fertilization treatments was generally 

clearer in the first season, with most of the treatments causing significant increases in 

stem diameter. On the other hand, only two treatments (PK+N2 and PK+ ½CM + bio-

fertilization) increased stem diameter significantly in the second season, compared to 

the control. The general increase in stem diameter as a result of application of the 

fertilization treatments is in agreement with the findings of Chandrikapure et al. 

(1999) on marigold. 

The results presented in Table 1 also show that among the different treatments, 

the least effective one (in terms of increasing stem diameter) was PK+bio-fertilization 

only. On the other hand, combining bio-fertilization with chemical or organic 

fertilization gave significantly thicker stems than those obtained when bio-fertilization 

was used alone. 

Also, the recorded data show that, although chemical N fertilization gave 

higher values when applied at the high rate (PK+N2) than at the low rate (PK+N1), the 

difference between the stem diameters recorded with the two rates were insignificant. 

Moreover, when chemical N fertilization was combined with bio-fertilization, the 

recorded values were slightly (insignificantly) lower than those obtained from plants 

receiving N fertilization only. This clearly indicates that, although there was no 

advantage (in terms of stem thickness) for combining chemical N fertilization and     

bio-fertilization, compared to using chemical N fertilization alone, yet it can be 

concluded that substituting half of the N fertilization rates with bio-fertilizers may be 

more economical, since it did not cause a significant reduction in stem thickness.  

On the other hand, combining organic fertilization (using cattle manure) with 

bio-fertlization gave higher values than those obtained in plants supplied with CM 

without bio-fertilization. In fact, plants fertilized with PK + ½ CM + bio-fertilization 

gave the highest stem diameters recorded in both seasons. The favourable effect of 

this treatment was more pronounced in the second season, with plants fertilized using 

PK + ½ CM + bio-fertilization having significantly thicker stems than those receiving 

most of the other fertilization treatments.  
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3. Number of branches /plant 

The data in Table 1 show that branching of Amaranthus tricolor L. Plants 

were significantly affected by the different fertilization treatments. In both seasons, 

most treatments significantly increased the number of branches/plant, compared to the 

control plants. This promotion of branching as a result of the different fertilization 

treatments is in agreement with results reported Dahiya et al. (1998) on (Tagetes 

erecta), and Sakr (2005) on Cassia acutifolia Delile plants plants. 

Among the different treatments, plants fertilized with PK+N2 gave the highest 

numbers of branches in both seasons. The favourable effect of this treatment was 

more pronounced in the first season than in the second, with plants fertilized using 

PK+N2 giving a significantly higher number of branches in the first season, compared 

to plants supplied with most of the other treatments. Substituting part (half) of the 

chemical N fertilization treatment with bio-fertilization (i.e. supplying the plants with 

PK + ½ N1 + bio-fertilization instead of PK + N1, or PK + N1 + bio-fertilization 

instead of PK + N2) slightly reduced the number of branches/plant.  

The results presented in Table 1, also show that using bio-fertilization without 

chemical N or organic manure (PK+ bio-fertilization only) was the least effective 

treatment for increasing the number of branches, as it gave insignificantly higher 

values than the control (in both seasons). 

4. Number of leaves /plant 

 It can be seen from the data in Table 1 that the formation of leaves was 

significantly promoted by most of the tested fertilization treatments. Only one 

treatment (PK + bio-fertilization) gave a number of leaves that was significantly lower 

than that of control plants in the second season.  

In both seasons, raising the rate of chemical N fertilization (with or without 

biofertilization) caused significant increases in the number of leaves/plant. However, 

substituting half of the chemical N fertilization rates with biofertilizers caused 

significant decreases in the number of leaves/plant, compared to using chemical N 

fertilization alone. On the other hand, when cattle manure (CM) was used for 

fertilization of Amaranthus tricolor plants, replacing half of the CM with                   

bio-fertilization (i.e., using PK + ½ CM + biofertilization instead of PK + CM) caused 

a significant increase in the number of leaves/plant (in both seasons). The favourable 

effect of mixing bio-fertilization with organic manure is in agreement with the 

findings of Sakr (2005) on Cassia acutifolia Delile plants. 

In the first season, the highest number of leaves was obtained on plants 

fertilized with PK + N2, followed by plants fertilized with PK + ½ CM + bio-

fertilization. In the second season, the same two treatments gave the highest numbers 

of leaves/plant, but their order was reversed, i.e. plants fertilized with PK + ½ CM + 

bio-fertilization had the highest number of leaves, followed by plants fertilized with 

PK + N2.  
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5. Leaf area 

The results recorded in the two seasons (Table 1) show that in most cases, leaf 

area was not significantly affected (compared to the control) when the plants were 

supplied with chemical N fertilization (with or without bio-fertilization), or with       

bio-fertilization alone. The only exception to this general trend was recorded in the 

first season, with plants fertilized using PK + N1 giving significantly larger leaves 

than the control. A similar increase in leaf area of Amaranthus tricolor as a result of N 

fertilization was reported by Nawawi et al. (1986). 

On the other hand, leaf area showed a significant increase (compared to the 

control) when the plants were supplied with organic fertilization (CM). Moreover, this 

increase in leaf area was more pronounced when CM was combined with bio-

fertilization. In fact, plants fertilized with PK + ½ CM + bio-fertilization gave the 

largest leaves in both seasons. 

6. Fresh and dry weights of leaves /plant 

The data in Table 2 show that most of the tested fertilization treatments 

significantly increased the fresh and dry weights of leaves /plant, compared to the 

control. Supplying the plants with PK + bio-fertilization was the only treatment which 

never had any significant effect on the fresh or dry weights of leaves (in both 

seasons). In addition, results recorded in the first season showed that the dry weight of 

leaves was not significantly affected by fertilization using PK + CM, while in the 

second season, it was not significantly affected by fertilization using PK + N1 or PK + 

½ N1 + bio-fertilization.  

It is also clear from the data in Table 2 that, in general, using combinations of 

bio-fertilization and chemical N fertilization, or bio-fertilization and cattle manure 

(CM), were more effective than using N fertilization or CM alone. The data also show 

that when half the rates of chemical N fertilization or CM were replaced by               

bio-fertilization, the fresh and dry weights of leaves /plant were increased 

considerably. These findings clearly indicate that bio-fertilizers can be used 

effectively as a partial substitute for traditional chemical and organic fertilizers. This 

would reduce the yield production cost, and minimize the pollution of the agricultural 

environment. The beneficial effectof combining mineral N and bio-fertilizers was also 

reported by Mahfouz (2003) on Majorana hortensis, and Sakr (2005) on Cassia 

acutifolia, while the promotive effect of combining organic manures and biofertilizers 

has ben detected by Mohamed (2003) on periwinkle. 

Among the different treatments that were tested, application of PK + ½ CM + 

bio-fertilization gave the highest fresh and dry weights of leaves /plant, whereas the 

least effective treatment (i.e., giving the lowest values) was PK + bio-fertilization.  

7. Fresh and dry weights of stems /plant 

The data presented in Table 2 show that most of the fertilization treatments 

significantly increased the fresh and dry weight of stems /plant in both seasons, 

compared to the control plants. The only treatment that had no significant effect on 

the fresh and dry weights of stems /plant was the application of PK + bio-fertilization. 
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Table 2.   Effect of chemical (NPK), organic and bio-fertilization on the fresh and 

dry weights (g /plant) of leaves, stems and roots of Amaranthus tricolor 

L. plants during the 2000and 2001seasons. 

Treatments Fresh weight  Dry weight  

2000 2001 2000 2001 

 Leaves 

Control (PK) 8.44 13.25 1.24 2.15 

N1 36.79 38.57 7.97 6.64 

N2 35.72 37.31 7.21 9.70 

Bio  11.32 15.76 2.17 1.91 

½ N1 + Bio  54.78 52.08 10.75 8.28 

N1 + Bio  70.73 72.23 15.17 14.80 

CM 24.62 60.40 4.93 12.09 

½ CM + Bio 72.81 86.13 16.27 30.98 

LSD (0.05) 8.38 7.24 5.58 6.22 

 Stems 

Control (PK) 25.21 29.93 2.58 2.42 

N1 68.34 90.39 11.33 16.25 

N2 108.20 103.30 25.36 21.22 

Bio  23.11 17.68 6.33 5.09 

½ N1 + Bio  57.63 71.52 9.49 11.94 

N1 + Bio  88.71 90.17 14.36 15.57 

CM 91.65 165.90 16.98 20.58 

½ CM + Bio 155.50 251.30 27.54 34.90 

LSD (0.05) 9.32 17.40 5.04 8.06 

 Roots 

Control (PK) 13.25 10.36 1.75 2.95 

N1 26.67 29.88 13.68 10.69 

N2 48.81 56.37 14.27 17.75 

Bio  15.76 18.59 3.15 2.91 

½ N1 + Bio  40.58 32.29 16.52 9.92 

N1 + Bio  75.39 34.43 48.43 7.87 

CM 73.53 22.80 18.82 5.01 

½ CM + Bio 59.19 32.12 11.64 6.42 

LSD (0.05) 11.05 5.09 6.61 7.69 

N1 or N2 = 3 or 6 g ammonium sulphate, 

 CM = Cattle manure,  

Bio = Bio-fertilization. 
 

The data in Table 2, also show that replacing half of the chemical N 

fertilization rates with bio-fertilization had no advantage over using the whole rates of 

N without bio-fertilization. In fact, using bio-fertilization in combination with half of 

the chemical N rates instead of using the whole rates (i.e., PK + ½ N1 + bio-

fertilization instead of PK + N1, or PK + N1 + bio-fertilization instead of PK + N2) 

generally resulted in a decrease in the recorded values. 
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In contrast, cattle manure (CM) was more effective when half of the used rate 

was replaced with bio-fertilization, compared to using the whole CM rate without      

bio-fertilization. In fact, using PK + ½ CM + bio-fertilization was more effective than 

any other fertilization treatment for increasing the fresh and dry weights of stems 

/plant (in both seasons). 

8. Fresh and dry weights of roots /plant 

The data presented in Table 2 show that, in general, the fresh and dry weight 

of roots was significantly increased by the different fertilization treatments. However, 

fertilization using PK + bio-fertilization (without chemical N fertilization or cattle 

manure) caused only slight (insignificant) increases in the values recorded in the first 

season, compared to the control. In the second season, the favourable effect of 

fertilization on roots fresh weight was more evident, with all of the tested treatments 

giving significant increases in the fresh weight of roots, compared to the control. On 

the other hand, only two treatments (PK + N1, or PK + N2) significantly increased the 

dry weight of roots in the second season, while all other treatments had no significant 

effect on roots dry weight, compared to that of control plants. 

Among the different fertilization treatments, using PK + N1 + bio-fertilization 

gave the highest roots fresh weight in both seasons, whereas the highest roots dry 

weight was obtained from plants fertilized using PK + N2. 

The above results are in agreement with the findings of Mohamed (2003) on 

periwinkle, and Sakr (2005) on Cassia acutifolia plants.  

II. Flowering 

1. Number of flower stalks /plant 

The results recorded in the two seasons (Table 3) show that, in general, the 

number of flower stalks /plants was significantly increased by most of the tested 

fertilization treatments. The favourable effect of the different fertilization treatments 

on flower production is in agreement with the findings of Correa-Junior et al. (1999) 

on Chamomilla recutita plants, and Gouda (2002) on Tagetes erecta. 

Among the different treatments tested, the most effective one was the 

application of PK + ½ CM + bio-fertilization. This treatment gave the highest value in 

the second season. In the first season, only one other treatment (PK + N2) gave a 

slightly higher value than that recorded on plants fertilized with PK + ½ CM +           

bio-fertilization. 

2. Stalk length 

It can be seen from the results recorded in the two seasons (Table 3) that in 

most cases, stalk length was increased by the different fertilization treatments, 

compared to the control.  

It is also clear from the presented data that chemical N fertilization (especially at 

the higher rate) without bio-fertilization was more effective than organic fertilization 

for increasing stalk length. Replacing   half  of   the chemical nitrogenous  fertilization     
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Table 3. Effect of chemical (NPK), organic and bio-fertilization on flowering 

characteristics in Amaranthus tricolor L. plants during the 2000 and 

2001 seasons. 

Treatments 

Number of 

flower stalks 

/plant 

Stalk length 

(cm) 

Stalks fresh 

weight 

(g /plant) 

Stalks dry 

weight 

(g /plant) 

2000 2001 2000 2001 2000 2001 2000 2001 

Control (PK) 1.33 1.58 20.19 24.22 6.70 10.60 2.16 2.15 

N1 4.13 3.97 28.77 29.07 22.13 35.29 4.22 6.70 

N2 6.25 3.83 32.78 33.08 39.91 30.48 7.07 5.34 

Bio  2.33 2.33 26.09 15.50 17.12 12.85 2.60 2.36 

½ N1 + Bio  4.17 3.67 26.70 27.39 37.55 23.83 7.27 5.58 

N1 + Bio  4.83 4.33 29.31 27.69 34.55 29.09 6.13 5.10 

CM 4.67 3.50 28.00 27.62 25.77 25.40 5.23 3.22 

½ CM + Bio 6.22 4.50 25.13 29.19 26.89 33.03 4.46 3.04 

LSD (0.05) 2.15 2.20 6.14 4.80 8.91 11.23 1.61 1.69 

N1 or N2 = 3 or 6 g ammonium sulphate.    CM  = Cattle manure.    Bio  = Bio-fertilization. 

  

rates, or half of the cattle manure (CM) rate, with bio-fertilization was not beneficial 

in terms of giving significantly longer flower stalks.  

Among the different fertilization treatments, the most effective one for 

increasing stalk length was application of PK + N2, which gave the longest stalks in 

both seasons.  

3. Fresh and dry weights of flower stalks /plant 

The results recorded in the two seasons (Table 3) show that in both seasons, 

most of the fertilization treatments significantly increased the fresh and dry weights of 

flower stalks /plant. However, the relative effectiveness of the treatments (compared 

to each other) varied from one season to the other. In the first season, the three most 

effective treatments for increasing stalks fresh and dry weights/plant were those which 

included the high N fertilization rate, or bio-fertilization combined with half of the 

two N fertilization rates (viz., PK + N2, PK + ½ N1 + bio-fertilization and PK + N1 +       

bio-fertilization), with no significant difference between these three treatments. Also, 

in the second season, the highest fresh and dry weights of stalks /plant were obtained 

with fertilization using PK + N1. However, the second highest fresh weight of stalks 

/plant in the second season was obtained from plants fertilized using PK + ½ CM +                 

bio-fertilization, while the second highest dry weight of stalks/plant was obtained 

from plants fertilized using PK + ½ N1 + bio-fertilization. Fertilization with PK + N2 

gave the third highest values for fresh and dry weights in the second season. From the 

above results, it can be concluded that in most cases, chemical N fertilization (with or 

without bio-fertilization) was more effective than cattle manure for increasing the 

fresh and dry weights of flower stalks /plant. 

The increase in the fresh and dry weights of flower stalks formed by plants 

receiving most of the fertilization treatments is in agreement with results reported by 

Hammam (1996) on anise (Pimpinella anisum). 
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 III. Effect on chemical composition 

1. Leaf pigments content 

a. Chlorophyll (a, b and total chlorophylls) content 

Chemical analysis of fresh leaf samples (Table 4) has shown that in most 

cases, the different fertilization treatments increased the contents of chlorophyll “a”, 

chlorophyll “b” and total chlorophylls in leaves of Amaranthus tricolor. The general 

increase in the chlorophylly content as a result of applying the different fertilization 

treatments is in agreement with the findings of Mohamed (2003) on periwinkle, and 

Sakr (2005) on Cassia acutifolia. 

Among the different treatments, fertilization with a combination of                 

bio-fertilization and cattle manure (i.e., PK + ½ CM + bio-fertilization) gave the best 

results in terms of chlorophyll synthesis and accumulation in leaves. In both seasons, 

this treatment gave the highest chlorophyll “a” and total chlorophylls (a+b) contents. 

These results are in agreement with those reported by Sakr (2005) on Cassia 

acutifolia. On the other hand, the highest chlorophyll “b” content recorded in the first 

season was obtained from plants fertilized with PK + N1, whereas the highest 

chlorophyll “b” content in the second season was obtained from plants fertilized with 

PK + N2.  

 

b. Carotenoids  

The data in (Table 4) show that in both seasons, the highest carotenoids 

content was found in the leaves of plants fertilized with a combination of bio-

fertilization and organic manure (i.e., PK + ½ CM + biofertilization). This increase in 

the carotenoids content as a result of supplying the plant with a mixture of organic 

(cattle) manure and bio-fertilization is similar to that reported by Sakr (2005) on 

Cassia acutifolia. On the other hand, all the other treatments gave results that varied 

from one season to the other, since they decreased the recorded values in the first 

season, but increased them in the second season, compared to the control.  

c. Anthocyanin 

The anthocyanin content in leaves of Amaranthus tricolor was increased by 

the different fertilization treatments, compared to the control (Table 4). In both 

seasons, the highest anthocyanin content was obtained as a result of fertilization using 

PK + ½ CM + bio-fertilization, followed by PK + N1 + bio-fertilization, then PK + 

CM. On the other hand, the least effective treatment for increasing the anthocyanin 

content was the application of bio-fertilization without any chemical N fertilization or 

cattle manure (i.e. using PK + bio-fertilization). 

From the above results, it is clear that, in general, using a combination of       

bio-fertilization and cattle manure (CM) was the most suitable treatment for 

increasing the content of the different leaf pigments (chlorophylls, carotenoids and 

anthocyanin). This may be explained by the fact that organic manures may result in 

acidity of the soil, leading to higher availability of the nutrients needed for 

anthocyanin synthesis. Also, decomposition of organic manure as a result of micro-

organism activity may result in the release of micronutrients into the soil, which are 

involved in the synthesis of pigments.  
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2. Total carbohydrates contents in leaves, stems, flowers and roots: 

The results of chemical analysis of the different plant parts (Table 5) show that 

in most cases, the total carbohydrates contents in the leaves, stems, flowers and roots 

were higher in plants receiving the different fertilization treatments than in the control 

plants. A generally favourable effect of different fertilization treatments on the 

carbohydrates content in plant tissues has also been observed by Gouda (2002) on 

Amaranthus tricolor, and Sakr (2005) on Cassia acutifolia. 

Among the different treatments, fertilization with a combination of                 bio-

fertilization and cattle manure (PK + ½ CM + bio-fertilization) gave the best results in 

terms of synthesis and accumulation of carbohydrates. In both seasons, this treatment 

gave the highest total carbohydrates contents in the roots and flowers. Also, this 

treatment gave the highest total carbohydrates contents in the leaves and stems in the 

second season. A promotion in the carbohydrates content in plants receiving mixtures 

of organic and bio-fertilization has also been reported by Sakr (2005) on Cassia 

acutifolia. On the other hand, in the first season, the highest total carbohydrates 

contents in the leaves and stems were obtained in plants fertilized using PK + N1 + 

bio-fertilization).  

 

Table (5): Effect of chemical (NPK), organic and bio-fertilization on the total 

carbohydrates (% D.W.) in the leaves, stems, flowers and roots of 

Amaranthus tricolor L. plants during the 2000 and 2001 seasons. 

Treatments 
Total carbohydrates percents 

Leaves Stems Roots Flowers 

2000 2001 2000 2001 2000 2001 2000 2001 

Control (PK) 13.96 13.44 14.92 8.60 15.46 9.80 10.09 6.50 

N1 16.14 15.77 16.24 10.31 17.47 11.01 15.10 11.20 

N2 15.84 15.98 15.87 12.43 16.24 9.50 16.30 9.80 

Bio  15.00 14.50 15.81 10.52 16.50 12.00 12.01 10.91 

½ N1 + Bio  15.77 17.33 16.24 11.08 17.15 15.50 15.00 12.30 

N1 + Bio  19.10 19.50 16.33 13.69 18.01 11.22 15.66 11.91 

CM 14.99 17.01 15.80 15.71 18.50 17.17 12.23 11.80 

½ CM + Bio 16.54 20.00 15.98 18.01 24.66 22.01 17.05 13.01 

N1 or N2 = 3 or 6 g ammonium sulphate,       CM = Cattle manure,       Bio = Bio-fertilization.  

 

3. Nutrient contents in leaves, stems, flowers and roots 

a. Nitrogen  

The data presented in Table 6 show that in both seasons, fertilization of Amaranthus 

tricolor plants with PK + N2 gave the highest N content in the leaves. The increase in 

the leaf N content as a result of chemical N fertilization is similar to that reported by 

Yadav et al. (1999) on Tagetes erecta. Also, this treatment (PK + N2) gave the highest 

N contents in the stems and flowers in the first season. On the other hand, the highest 

N content in the roots (in both seasons) was found in plants fertilized with PK + bio-

fertilization. In the second season, the highest N content in the stems was obtained in 

plants fertilized using PK + CM, while the highest N  
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Table 6.  Effect of chemical (NPK), organic and bio-fertilization on the nitrogen, 
phosphorus and potassium (% D.W.) in the leaves, stems, roots and 
flowers of Amaranthus tricolor L. plants during the 2000and 2001 
seasons. 

Treatments Nitrogen Phosphorus Potassium 

2000 2001 2000 2001 2000 2001 

 Leaves 

Control (PK) 2.48 2.08 0.110 0.108 1.78 1.50 

N1 1.96 2.16 0.090 0.110 1.14 1.01 

N2 2.68 2.96 0.117 0.103 1.27 1.10 

Bio  1.88 2.28 0.085 0.080 1.48 1.75 

½ N1 + Bio  2.04 1.56 0.092 0.077 1.69 1.14 

N1 + Bio  2.20 2.08 0.098 0.104 1.37 2.52 

CM 2.52 1.88 0.119 0.102 1.78 2.31 

½ CM + Bio 2.44 2.16 0.115 0.105 1.52 2.26 

 Stems 

Control (PK) 1.09 1.35 0.062 0.077 2.23 1.23 

N1 1.12 0.83 0.052 0.041 1.56 1.70 

N2 1.66 1.14 0.078 0.077 1.80 1.65 

Bio  0.83 0.94 0.056 0.056 2.28 2.41 

½ N1 + Bio  0.94 1.04 0.090 0.042 1.92 1.71 

N1 + Bio  1.04 0.62 0.041 0.068 1.75 1.97 

CM 0.62 1.87 0.051 0.044 1.99 2.05 

½ CM + Bio 0.83 0.94 0.078 0.045 1.71 1.95 

 Roots 

Control (PK) 0.88 0.72 0.072 0.063 1.06 2.75 

N1 1.04 0.60 0.063 0.058 1.35 2.58 

N2 1.08 0.64 0.080 0.084 1.14 1.60 

Bio  1.24 1.56 0.054 0.080 2.16 2.84 

½ N1 + Bio  0.64 1.12 0.051 0.079 1.91 2.29 

N1 + Bio  0.48 0.52 0.054 0.059 1.61 2.20 

CM 0.60 0.64 0.047 0.075 2.67 2.50 

½ CM + Bio 0.44 0.92 0.046 0.071 1.80 1.68 

 Flowers 

Control (PK) 2.04 1.30 0.080 0.102 2.23 1.36 

N1 1.15 1.40 0.098 0.111 1.45 1.15 

N2 2.44 1.56 0.093 0.115 1.64 1.35 

Bio  2.20 1.72 0.095 0.116 1.45 1.44 

½ N1 + Bio  1.88 1.64 0.073 0.107 1.67 1.40 

N1 + Bio  1.28 1.00 0.067 0.084 1.57 1.86 

CM 1.08 1.24 0.071 0.092 2.03 1.67 

½ CM + Bio 1.16 1.72 0.084 0.087 1.79 1.57 

N1 or N2 = 3 or 6 g ammonium sulphate,  

CM = Cattle manure,    

 Bio = Bio-fertilization.  
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content in the flowers was obtained when bio-fertilization was applied with or without 

organic manure (i.e., in plants fertilized with PK + bio-fertilization, or PK + ½ CM + 

bio-fertilization). In general, results recorded with the other fertilization treatments 

varied considerably from one season to the other, and from one part of the plant to the 

other.  

b. Phosphorus  

It can be concluded from the data in Table 6 that, in general, the phosphorus content 

in the different parts of Amaranthus tricolor plants showed no clear response to the 

different fertilization treatments. However, in some cases, chemical N fertilization, 

especially when used without bio-fertilization, appeared to have some favourable 

effect on the P content of the different plant parts. For example, fertilization of the 

plants with PK + N2 gave the highest P content in the roots (in both seasons), and the 

highest P content in the stems in the second season. Also, fertilization using PK + N1 

gave the highest P content in leaves in the second season and the highest P content in 

flowers in the first season. The increase in the P content of plants receiving chemical 

N fertilization is in agreement with the findings of Yadav et al. (1999) on Tagetes 

erecta.  

c. Potassium  

The data presented in (Table 6) show that the effect of the tested fertilization 

treatments on the K content in different parts of the plant varied from one season to 

the other. In the first season, most of the treatments decreased the K contents of the 

leaves, stems and flowers, but increased the K content of the roots, compared to the 

control. In the second season, the K contents in the leaves and flowers were also 

decreased by fertilization using PK + N1 or PK + N2, but were increased by most of 

the other treatments, compared to those of control plants. The K content of the stems 

was increased by all the treatments in the second season, whereas the K content of the 

roots was decreased by most of treatments, compared to the control. 

Among the different treatments, fertilization of the plants using PK +             

bio-fertilization appeared to be more effective than the other treatments for increasing 

the K contents in the stems and roots, as it gave the highest K content in the stems in 

both seasons, the highest K content in the roots in the second season, and the second 

highest K content in the roots in the first season (with PK + CM giving the highest 

value). 

             Conclusively, from the above results, it is clear that chemical N fertilization is 

not necessary for the successful cultivation of Amaranthus tricolor, as the best results 

were obtained from plants fertilized with PK + ½ CM + bio-fertilization. This 

treatment gave the highest values for most of the growth and flowering characteristics, 

thus eliminating the need for chemical N fertilizers, and decreasing by half the rates of 

organic manure applied. In addition to optimizing plant growth, using a mixture of 

bio-fertilization and cattle manure also reduces the risks of chemical pollution to the 

aquifer. 
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 واوى و العضوى و الحيوىإسخجابت النباحاث الحوليت الصيفيت الوزهرة لوعاهالث الخسويد الكي

  (.Amaranthus tricolor L)نباحاث األهرنخس  –أوالً 

 عفج إسواعيل الوعداوى

 قسن بساحين الزينت، كليت الزراعت، جاهعت القاهرة ، ج.م.ع.

 

 

الجٌزة، تجارب قسم بساتٌن الزٌنة بكلٌة الزراعة، جامعة القاهرة، مشتل أجرٌت هذه التجربة فً 
دراسة تأثٌر معامالت التسمٌد الكٌماوى و العضوى بهدف  ٠٢٢٢و  ٠٢٢٢لمتتالٌٌن موسـمٌن االخالل 

. و تضمنت (.Amaranthus tricolor L)و الحٌوى على النمو و التركٌب الكٌماوي لنبات األمرنتس 
جم سـوبر فوسفات  ٦)الفوسفاتى عن طرٌق إضافة  PKالمعامالت التسمٌد الفوسفاتً و البوتاسى 

باإلشـتراك مع:  سم( ٠٢جم سـلفات بوتاسٌوم/إصٌص فخار  ٣لبوتاسى عن طرٌق إضافة كالسٌوم،و ا
على  N2و  N1جم كبرٌتات أمونٌوم/إصٌص       ) ٢٠أو  ٦بمعدلى  ً( التسـمٌد النٌتروجٌن٢)

أو  N1 ٠/٢)  + نصف معدالت النتروجٌن السابقة Bio( ٣، ) (Bio)( التسـمٌد الحٌوي ٠التوالً(، )
N1( ،)4 ) سماد الماشٌة(CM)  ( ٢/فدان(، أو )٣م 4٢/إصٌص )تعادل ٣سم ٠٢٢بمعدلBio +   

CM  فدان(. أما نباتات المقارنة فتم تسـمٌدها تسـمٌد فوسـفاتى ٣م ٠٢/إصٌص )تعادل ٣سم ٠٢٢بمعدل/

و بوتاسى فقط. هذا و قد أضٌف التسمٌد الحٌوى للتربة فى صورة لقاح سائل ٌحتوى على بكتٌرٌا 
Azospirillum brasilense  وKlebsiella pneumonia                    وPseudomonas 

putida . أدت أغلب معامالت التسمٌد إلى زٌادة فى صفات النمو الخضرى و التزهٌر المختلفة. و من
هو   (PK + Bio + ½ CM)أى معاملة  CMو  Bioبٌن المعامالت المستخدمة كان الجمع ما بٌن 

ت فعالٌة حٌث أعطت أعلى القٌم إلرتفاع النباتات و قطر الساق و مساحة الورقة و عدد أكثر المعامال
الحوامل الزهرٌة/نبات و األوزان الطازجة و الجافة لألوراق و السٌقان/نبات، كما أعطت أعلى 

ى المحتوٌات من الكلوروفٌل "أ" و الكلوروفٌالت الكلٌة )أ + ب( و الكاروتٌنوٌدات و األنثوسٌانٌن ف
أعلى محتـوى من الكربوهٌدرات الكلٌة  ((PK + Bio + ½ CMاألوراق. كذلك أعطـت هذه المعاملة 

فى األوراق و السٌقان و األزهار و الجذور )فى أغلب األحوال(. و من جهة أخرى أعطت معاملة 
PK+N2 و أطول الحوامل الزهرٌة فى حٌن تم الحصول على أعلى عدد  أعلى عدد من األفرع/نبات 

. و أعطت PK + ½ CM + Bioأو  PK + N2من األوراق على النباتات المسمدة بإستخدام معاملة 
أعلى األوزان الطازجة للجذور فى الموسمٌن. أما النباتات المسمدة   PK + N1 + Bioالمعاملة 
 فأعطت أعلى محتوى نتروجٌن فً األوراق )فً الموسمٌن( و السٌقان و األزهار PK + N2بإستخدام 

)فى الموسم األول(، و كذلك أعلى محتوى فوسفور فً الجذور )فً الموسمٌن( و السٌقان )فى الموسم 
 الثانى(.

مما سبق تم إستنتاج أنه للحصول على أفضل نمو خضري و تزهٌر فى نباتات األمرنتس، 
و  (PK)اسٌة ٌوصى بتسـمٌد النباتات بإستخدام الخلٌط السـابق وصفه من األسـمدة الفوسفاتٌة و البوت

 التسمٌد الحٌوي و نصف المعدل الكامل من السماد العضوي )سماد الماشٌة(.

 


