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ABSTRACT 
  

The current study was achieved to evaluate the influence of different NPK formulas at (20:20:20, 
20:10:5 and 16:6:5), NPK rates at (2, 4 and 6 g/pot) and their interactions on vegetative growth and 
chemical compositions of golden photos (Epipremnum aureum). Two field experiments in a plastic 
greenhouse were conducted at the Nursery of Vegetables and Floriculture Department, Faculty of 
Agriculture, Damietta University, Egypt, during the two consecutive seasons of 2018 and 2019. The 
experiment was designed as a factorial in randomized complete block design, since the NPK formulas 
was the first factor and the NPK rates was the second factor. The obtained results cleared the 
importance of NPK formulas and rates on improving golden photos growth. Golden photos plants 
treated with NPK fertilizer formula of 16:6:5 at 4 g/pot gained significant increases in vegetative 
growth (vine length, vines number, leaf area, leaves number, fresh and dry weight), pigments content 
(chlorophyll a, b and carotenoids) and leaves macronutrients contents (N, P and K%). In general, 
these results may decrease the total NPK fertilization which needed for commercial production of this 
important foliage indoor plant through decreasing the NPK formula from 20:20:20 to 16:6:5 although 
increasing the NPK concentrations. Generally, from the previous results can reduce the use of 
compound fertilizers, especially nitrogen and phosphorus through the use of the least fertilizer 
equation content (16: 6: 5) and the use of fertilizer dose 4 g where there is no significant differences 
with the dose of 6 g so we recommend the use of 4 g /pot every three weeks where they reduce the 
economic cost. 
 
Keywords: Golden photos, Epipremnum aureum, NPK ratio, NPK dose, vegetative growth, chemical 

constituents 

 
Introduction 

Pothos (Epipremnum aureum L.) from Araceae is one of well-known foliage plants. It needs 
moderate circuitous light; endured splendid light, however, the extensive and direct sun light will burn 
the leaves (Dole and Wilkins, 2005). In addition, it's species are a prevalent house plant in calm 
locales, however has additionally turned out to be naturalized in tropical and sub-tropical timberlands 
around the world, (Govaerts, 2015). 

This important indoor plant has several common names like; Ceylon creeper, golden pothos, 
ivy arum, silver vine, money plant, taro vine and Solomon Islands ivy. It is likewise named devil's 
ivy, since it is practically difficult to execute and it remains green notwithstanding when kept in dark 
(Srivastava and Nidhi, 2014). Golden pothos is an evergreen vine developing and growing to reach a 
high elevation (20m tall), plus stems may be reach up to 4cm in diameter, climbing by the aerial roots 
which hold fast to any surface. The leaves are alternate with a heart shape in the immature plants; 
however irregularly shape in mature ones, up to 45 cm broad and 100 cm long; young leaf is much 
smaller, normally less than 20 cm long. 

This plant gives trailing vines when it climbs up any another plant and once it clamped, it 
produces much aerial roots and grow along it. When this plant is cultured as a pot plant, the leaves 
could reach up to 10 cm long. In mild areas, it is a well-known house plant with various cultivars 
chose for leaves with yellow, white, or light green variegation. It is frequently utilized in beautifying 
shows in strip malls, workplaces, and other open areas to a great extent since it requires little 
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consideration and is additionally alluringly verdant. In tropical nations, it is found in numerous 
gardens and parkes tends to go wild there.  

The high yield quantity and quality crops or ornamental plants growth could be achieved by 
providing ideal mineral fertilization. Mineral fertilization includes the absorption, supply and using of 
the essential elements needed for perfect yield and growth characteristics of the plants (Fageria et al., 
2010). Rates of N, P2O5 and K2O are considered as the real constraining components in plant growth, 
and development (Parry et al., 2005). Nitrogen is the most significant supplement component 
regarding plant physiology, development and sugar content (Almodares et al., 2008). It is a 
constituent of amino acids, chlorophyll, alkaloids, proteins and protoplasm. Phosphorus is the second 
most constraining element in plant production, assuming its most vital role inside plants in energy 
translocation and storage. It is a basic segment of nucleotides, nucleic acids, and coenzymes. Low 
accessibility is a constraining component to plant development (Fita et al., 2011). Potassium is very 
significant for maintaining osmotic balance, photosynthesis and phloem transport (Tripler et al., 
2006). Keeping up a balanced ferlilization formula and rates has a significant role in deciding plant 
susceptibility or resistance to pests and diseases (Fageria et al., 2010). Additionally, increasing 
fertilization process utilizes proficiency of plants and finally encourages the plant growth.  

The major aim of the current research is to maximizing the golden photos plant production by 
utilize different NPK formulas combined with different NPK rates on growth of this important foliage 
indoor plant under the greenhouses production in Egypt. 
 
Materials and Methods 
 

The current research was achieved at a greenhouse in the Nursery of Vegetables and 
Ornamental Department, Faculty of Agriculture, Damietta University, during the two consecutive 
seasons of 2018 and 2019. Two pot experiments was conducted by using uniform golden pothos 
plants [approximately 20 cm vine length, cultured in 16 cm plastic pots filled with a mixture of peat 
moss and sand (2:1)] purchased from a commercial nursery in Damietta. Purchased plants were 
transplanted to 30 cm plastic pots filled with a mixture of peat moss, sand and soil (1:1:1 v/v) at 15 
February in both seasons inside a plastic greenhouse .The mechanical and chemical properties of the 
pots culture mixture are shown in Table 1 according to Chapman and Pratt, (1978). 
 
 Table 1: Physical and chemical properties of experimental soil (average of two seasons)  

Mechanical analysis  Soil texture  

Clay (%)  Silt (%) Fine sand (%)  Coarse sand (%)  
Clay loamy  

46.40 31.30 15.90 5.10  

Chemical analysis 

pH E C 
m.mohs/ 

cm 

Organic matter 
(%) 

Soluble cations 
 (meq. / l)  

Soluble anions 
(meq. / l) 

Available (ppm) 

++Mg ++Ca +K  +Na -Cl -
3 HCO - -

4 SO N P K 

7.9 0.43 1.25  0.03 0.03 0.02 1.55 0.05 0.01 1.13 83 12.1 360 

 
Experimental design 

After two weeks from the transplanting process, all the cultured pots were pinched by removing 
the shoot tip (approximately 5 cm). After that, the experiment was conducted by applying 9 treatments 
in factorial experiment in randomized complete block design. Since the first factor was the NPK 
formulas under three levels (20:20:20, 20:10:5 and 16:6:5) while the second factor was the NPK 
concentrations under three levels (2, 4 and 6 g/pot). Each treatment consists of three replicates, each 
of which contained three pots. The fertilization process repeated every three weeks from 1 March to 1 
October. The sources of N, P and K formulas were (N) ammonium nitrate (33.5% N), (P) mono 
ammonium phosphate (15.5 P2O5) and (K) potassium sulfate (50% K2O). These treatments were 
added at the surface of soil as granules before irrigation.  
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Data recorded 
Data were recorded after three weeks from the last fertilization process (22 October in both 

seasons) as; 
 
A: Vegetative growth parameters 
1- Vine length (m) 
2- Vine number/plant 
3- Leaf area (cm2): leaf area was calculated for the fifth top leaf on the vine 
4- Leaves number/plant 
5- Vegetative fresh weight/ plant (g)  
6- Vegetative dry weight/ plant (g) 

 
B: Leaves pigments content (mg/100g FW) 
 
1- Chlorophyll a and b as described by Mazumder and Majumder (2003)  
2- Carotenoids which determined in fresh leaves according to Mackinney (1941) 

 
C: Plant chemical constituents (%) 
 
 1- Nitrogen and Phosphorus: were determined in dry samples according to the methods described 
by Chapman and Pratt (1978).  
2- Potassium: was determined in dry samples by using flame photometer according to the method 
described by Brown and Lilleland (1946). 
 
Statistical analysis 
 Data were statistically analyzed through using analysis of variance (ANOVA) according to 
Snedecor and Cochran (1980). Least significant difference (LSD) at 0.05 probabilities was utilizing 
according to Gomez and Gomez (1984) through the Statistix Version 9 computer program (Analytical 
Software, 2008). 
 
Results and Discussion 

1. Vegetative growth parameters 
Data reported in Tables (2 and 3) indicated that vegetative growth parameters of golden photos 

(vine length, vines number/plant, leaf area, leaves number/plant, fresh and dry weight) were 
significantly affected by the NPK formulas and rates. Also, it was clear that the tallest plant vines 
were recorded by applying NPK formula at 16:6:5 or 20:20:20 with non-significant difference 
between them in both seasons. In contrast, the NPK formula of 20:10:5 significantly produced the 
shortest vine length. On the other side, the NPK formula did not show any significant effects on vines 
number/plant in both seasons. But, applying the NPK formula 20:10:5 increased the leaf area without 
significant difference between it and the formula of 16:6:5 in that respect. In addition, the highest 
leaves number/plant was recorded when NPK formulas of 16:6:5 were used without any significant 
differences between them. On the other hand, the heaviest fresh and dry weights per plant were 
obtained with applying the NPK formula of 16:6:5, followed by the control one (20:20:20). 

Concerning the influence of NPK rates on the vegetative parameters data in Tables (2 and 3) 
showed that there was a positive relationship between increasing the NPK rate and increasing values 
of these parameters in most of cases. Since, using 4 g/pot or 6 g/pot had non-significant difference 
between them in both seasons, and significantly improved these parameters compared to control (2 g/ 
pot), in most of cases. 

As for interaction effects of NPK formulas and rates, it was obvious that applying NPK formula 
of 16:6:5 at 4 or 6 g/pot or 20:20:20 at 4 or 6 g/pot significantly produced the tallest vine lengths. But, 
it was different in case of vines number, leaf area, leaves number, fresh and dry weight, as applying 
the highest NPK concentrations of 4 or 6 g/pot with using any NPK formula increased these 
parameters in most of cases. Generally, adding 2 g/pot from any NPK formula significantly produced 
the lowest values of these characteristics.   
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Table 2: Effect of NPK formulas and rates on vine length, vines number and leaf area (cm2) of golden 
photos plants during the two seasons of 2018 and 2019. 

Treatments 
Vine length  (m) Number of vines/plant Leaf area (cm2) 

1st season 2nd season 1st season 2nd season 1st season 2nd season 

NPK formulas 
20:20:20 1.45 1.43 2.91 2.89 28.41 28.81 
20:10:5 1.40 1.37 2.90 2.91 32.51 32.91 
16:6:5 1.47 1.44 2.88 2.71 31.69 32.12 
LSD at 5% 0.03 0.04 0.07 0.21 1.85 1.85 

NPK rates (g/pot) 

2 1.42 1.41 2.78 2.65 25.37 25.77 
4 1.43 1.41 2.97 2.85 33.03 33.47 

6 1.44 1.43 2.95 3.02 34.21 34.61 

LSD at 5% 0.02 0.03 0.09 0.21 2.99 2.98 
Combination between NPK formulas and rates 

20:20:20 
 

2 1.42 1.41 2.86 2.75 25.23 25.63 
4 1.46 1.43 2.93 2.92 29.73 30.13 
6 1.46 1.44 2.93 3.02 30.27 30.67 

20:10:5 
2 1.41 1.39 2.78 2.72 25.03 25.43 
4 1.39 1.36 2.99 2.96 32.70 33.10 
6 1.41 1.41 2.95 3.04 39.80 40.20 

16:6:5 
2 1.44 1.37 2.70 2.47 25.83 26.23 
4 1.46 1.42 2.98 2.66 36.67 37.17 
6 1.51 1.48 2.97 3.01 32.57 32.97 

LSD at 5% 0.06 0.07 0.11 0.36 3.20 3.21 

 

Table 3: Effect of NPK formulas and rates on leaves number, fresh and dry weights of golden photos 
plants during the two seasons of 2018 and 2019. 

Treatments 
Leaves number Fresh weight g/plant 

Dry weight 
 g/plant 

1st season 
2nd 

season 
1st season 2nd season 1st season 2nd season 

NPK formulas 
20:20:20 46.11 46.22 121.62 122.26 22.51 22.64 
20:10:5 40.89 41.89 120.81 118.68 22.40 21.98 

16:6:5 44.11 44.11 127.13 126.00 23.34 23.33 
LSD at 5% 2.03 2.65 4.36 2.22 0.70 0.41 

NPK rates (g/pot) 

2 41.56 41.56 111.30 110.29 20.64 20.42 

4 43.56 44.78 128.24 127.34 23.55 23.58 

6 46.00 45.89 130.02 129.30 24.06 23.95 

LSD at 5% 2.77 2.02 6.35 3.60 1.06 0.69 

Combination between NPK formulas and rates 

20:20:20 
 

2 42.00 41.67 109.20 108.47 20.22 20.08 
4 47.67 48.00 126.40 127.47 23.39 23.60 
6 48.67 49.00 129.27 130.83 23.93 24.24 

20:10:5 

2 40.67 40.00 108.97 106.30 20.29 19.69 

4 39.00 43.33 124.50 123.40 23.03 22.87 
6 43.00 42.33 128.97 126.33 23.88 23.40 

16:6:5 

2 42.00 43.00 115.73 116.10 21.42 21.50 

4 44.00 43.00 133.83 131.17 24.23 24.28 
6 46.33 46.33 131.83 130.73 24.37 24.20 

LSD at 5% 3.52 4.59 7.56 3.84 1.22 0.70 

 
Furthermore, Watfa (2009) revealed that NPK formula (1:1:1) had a unbelievable effect on 

increasing height of Aleppo pine seedlings. Also, all the treatments of NPK fertilization increased the 
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stem diameter, root length, number of leaves and fresh weights of leaves, roots and stems. Also, 
Habib (2012) found that the highest NPK formula of 14:7:37 at rate of 4g gave the higher values of 
leaf area, shoots fresh and dry weight of Caryota mitis seedlings. However, Alfred et al. (2016) 
mentioned that all the NPK formulas and application rates enhanced yield and growth characters of 
cocoa when comparing with the control one. As, the effect of Nutrico 1 liquid fertilizer was similar to 
NPK (15: 15: 15) on cocoa stem growth and number mature and ripe pods. 

In addition, Das et al. (2018) found that cultivation of taro at different rates of NPK fertilizer 
plays a significant difference in case of growth parameters and plants fertilized with NPK attended 
maximum growth. 

 
2. Leaves pigment contents (mg/100g FW): 

Results in Table (4) showed effects of NPK formulas and rates on chlorophyll a, b and 
carotenoids contents. As for effect of NPK formula on chlorophyll a, it was obvious that there was 
insignificant difference on this parameter during the two seasons, but the control one still recorded 
higher values, followed by using 20:10:5 NPK formulas. In addition, similar results were obtained in 
case of carotenoids. On the other side, applying the NPK formula of 20:10:5 or 16:6:5 gave higher 
values for chlorophyll b content comparing with the control one (20:20:20). 

As for effect of NPK rates on chlorophyll a, b and carotenoids contents, it was clear that adding 
higher NPK rates of 4 or 6 g/pot increased the chlorophyll a, b and carotenoids content comparing 
with the control one (2g/pot) in both seasons. But, no significant difference was showed as response 
of chlorophyll a to NPK concentrations in the first and second seasons.  
 
Table 4: Effect of NPK formulas and rates on chlorophyll a, b, total chlorophyll and carotenoids of 

golden photos plants during the two seasons of 2018 and 2019. 

Treatments 
Chlorophyll a mg/100 g 

FW 
Chlorophyll b mg/100 g 

FW 
Carotenoids 
mg/100g FW 

season st1 season nd2 season st1 season nd2 season st1 season nd2 
NPK formulas 

20:20:20 8.497 8.365 6.471 6.461 4.403 4.416 
20:10:5 8.393 8.312 6.597 6.623 4.264 4.282 
16:6:5 8.351 8.327 6.579 6.619 4.399 4.353 
LSD at 5% 0.294 0.372 0.116 0.210 0.087 0.118 

NPK rates (g/pot) 
2 8.167 8.207 6.245 6.230 4.091 4.068 
4 8.434 8.352 6.604 6.659 4.429 4.432 
6 8.639 8.445 6.797 6.814 4.547 4.550 
LSD at 5% 0.476 0.569 0.134 0.222 0.110 0.103 

Combination between NPK formulas and rates 

20:20:20 
 

2 8.065 8.165 6.485 6.457 4.227 4.279 
4 8.720 8.553 6.410 6.481 4.453 4.453 
6 8.705 8.377 6.517 6.445 4.530 4.517 

20:10:5 
2 8.467 8.571 6.150 6.128 4.000 3.965 
4 8.063 7.954 6.680 6.685 4.320 4.373 
6 8.650 8.410 6.960 7.056 4.473 4.507 

16:6:5 
2 7.970 7.884 6.100 6.103 4.047 3.960 
4 8.520 8.548 6.723 6.812 4.513 4.471 
6 8.563 8.549 6.913 6.941 4.637 4.627 

LSD at 5% 0.509 0.840 0.200 0.357 0.151 0.181 

 
The interaction between NPK formulas and rates on pigments content showed that the NPK 

rates had the upper hand in that respect. Since, applying NPK at the higher rates of 4 or 6 g/pot 
resulted in higher values for these parameters in most of cases regardless the NPK formulas, though 
using NPK formula of 16:6:5 at 4 or 6 g/pot gave higher values for those parameters. In addition, it 
was clear that using the formula of 20:20:20 at 4 or 6 g/pot produced higher values of chlorophyll a, 
followed by the formula of 16:6:5 at 4 or 6 g/pot. Moreover, nitrogen is a constituent of many 
important molecules, including chlorophyll. 
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In addition, Rathore et al. (1985) found that higher nitrogen and phosphorus fertilization rates 
improved leaves chlorophyll content of African marigold. Habib (2012) reported that NPK 
fertilization rates significantly increased cholorophyll a and b contents of fishtail palm but decreased 
carotene content.  EL-Afifi et al. (2016) on cowpea plants indicated that the superior values of 
chlorophyll pigments were recorded when plants received 100% NPK from the recommended dose 
fertilizer (RDF) was used. On the other side, the weakest values were resulted with plants fertilized by 
50% RDF. Khandaker et al. (2017) on okra demonstrated that application of NPK shows the highest 
values regard chlorophyll content. Nasarudin et al. (2018) found that the effect of NPK on the 
chlorophyll contents of rice was investigated with a view to the enhancement of high yield 
production. 

 
3. Plant chemical constituents: 

Data in Table (5) showed influence of NPK formulas and rates on nitrogen, phosphorus and 
potassium percentages in golden photos leaves. Obviously, the application of NPK formulas of 
20:20:20 (control) gave the highest nitrogen percentages, followed by 16:6:5 without significant 
difference between them. Moreover, applying NPK rate at 6 g/pot gave the highest values of these 
characters. Similar trend was observed in case of phosphorus and potassium percentage. As for effect 
of NPK rates in that respects, there was a positive relationship between increasing the NPK rate and 
increasing values of these parameters, since 4 or 6 g/pot produced higher values. When looking for 
the interaction effects among NPK formulas and rates on those parameters, it was quite clear that 
NPK formula of 20:20:20 at rates 4 and 6 g/pot or 16:6:5 at 4 g/pot significantly gained higher values 
in most of cases for nitrogen, phosphorus and potassium percentages.  
 
Table 5: Effect of NPK formulas and rates on N, P and K % of golden pothos plants during the two 

seasons of 2018 and 2019. 

Treatments 
N% P% K% 

1st season 2nd season 1st season 2nd season 1st season 2nd season 

NPK formulas 
20:20:20 2.831 2.821 0.217 0.218 2.125 2.272 
20:10:5 2.594 2.571 0.161 0.163 1.124 1.100 
16:6:5 2.620 2.665 0.194 0.191 2.124 2.268 
LSD at 5% 0.213 0.190 0.043 0.046 0.209 0.161 

NPK rates (g/pot) 

2 2.346 2.378 0.166 0.165 1.739 1.907 
4 2.763 2.736 0.206 0.209 1.770 1.837 
6 2.936 2.942 0.201 0.199 1.864 1.896 
LSD at 5% 0.246 0.296 0.037 0.025 0.241 0.143 

Combination between NPK formulas and rates 

20:20:20 
 

2 2.893 2.883 0.187 0.188 2.230 2.263 
4 2.780 2.703 0.227 0.234 2.107 2.307 
6 2.820 2.876 0.237 0.233 2.037 2.246 

20:10:5 
2 1.993 1.998 0.133 0.130 0.953 0.953 
4 2.540 2.487 0.183 0.179 0.983 0.986 
6 3.250 3.227 0.167 0.180 1.437 1.360 

16:6:5 
2 2.153 2.253 0.177 0.177 2.033 2.013 
4 2.970 3.018 0.207 0.213 2.220 2.218 
6 2.737c 2.723c 0.200ab 0.183 2.120 2.083 

LSD at 5% 0.369 0.329 0.074 0.062 0.362 0.280 

 
However, Bumgarner et al. (2008) on Quercus rubra stated that fertilization increased the 

plants nutrient contents. Boughalleb et al. (2011) on Citrus sinensis and Citrus lemon seedlings 
observed that nitrogen percentage in the leaves was increased proportionally to the nitrogen rates 
which applied, while the phosphorous and potassium percentages were decreased. Also, Habib (2012) 
found that Caryota seedlings grown in composted peanut (CPN) growing medium and received 4 
g/pot NPK, recorded the superior values of nitrogen and phosphorus contents in leaves, whereas that 
grown in clay medium and fertilized with NPK at any rate contained the highest value of K. 
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Furthermore, EL-Afifi et al. (2016) reported that nitrogen and phosphorus gained higher values when 
the plants fertilized with 150% RDF. While; the lowest values were obtained in case of plants 
received fertilizers level (50% RDF). 
 
Conclusion 

In general, greater golden photos plant productivity like vines length, vines number, leaf area, 
leaves number, fresh and dry weights was achieved when NPK formulas of 16:6:5 with rate of 4 g/pot 
was used. Also, the superior leaves chemical constituents (chlorophyll a, b, carotenoids contents as 
well as N, P and k percentages) were obtained by the previous NPK formula and rate. 
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	ABSTRACT
	 
	1. Vegetative growth parameters
	Data reported in Tables (2 and 3) indicated that vegetative growth parameters of golden photos (vine length, vines number/plant, leaf area, leaves number/plant, fresh and dry weight) were significantly affected by the NPK formulas and rates. Also, it was clear that the tallest plant vines were recorded by applying NPK formula at 16:6:5 or 20:20:20 with non-significant difference between them in both seasons. In contrast, the NPK formula of 20:10:5 significantly produced the shortest vine length. On the other side, the NPK formula did not show any significant effects on vines number/plant in both seasons. But, applying the NPK formula 20:10:5 increased the leaf area without significant difference between it and the formula of 16:6:5 in that respect. In addition, the highest leaves number/plant was recorded when NPK formulas of 16:6:5 were used without any significant differences between them. On the other hand, the heaviest fresh and dry weights per plant were obtained with applying the NPK formula of 16:6:5, followed by the control one (20:20:20).
	Concerning the influence of NPK rates on the vegetative parameters data in Tables (2 and 3) showed that there was a positive relationship between increasing the NPK rate and increasing values of these parameters in most of cases. Since, using 4 g/pot or 6 g/pot had non-significant difference between them in both seasons, and significantly improved these parameters compared to control (2 g/ pot), in most of cases.
	As for interaction effects of NPK formulas and rates, it was obvious that applying NPK formula of 16:6:5 at 4 or 6 g/pot or 20:20:20 at 4 or 6 g/pot significantly produced the tallest vine lengths. But, it was different in case of vines number, leaf area, leaves number, fresh and dry weight, as applying the highest NPK concentrations of 4 or 6 g/pot with using any NPK formula increased these parameters in most of cases. Generally, adding 2 g/pot from any NPK formula significantly produced the lowest values of these characteristics.  
	Furthermore, Watfa (2009) revealed that NPK formula (1:1:1) had a unbelievable effect on increasing height of Aleppo pine seedlings. Also, all the treatments of NPK fertilization increased the stem diameter, root length, number of leaves and fresh weights of leaves, roots and stems. Also, Habib (2012) found that the highest NPK formula of 14:7:37 at rate of 4g gave the higher values of leaf area, shoots fresh and dry weight of Caryota mitis seedlings. However, Alfred et al. (2016) mentioned that all the NPK formulas and application rates enhanced yield and growth characters of cocoa when comparing with the control one. As, the effect of Nutrico 1 liquid fertilizer was similar to NPK (15: 15: 15) on cocoa stem growth and number mature and ripe pods.
	In addition, Das et al. (2018) found that cultivation of taro at different rates of NPK fertilizer plays a significant difference in case of growth parameters and plants fertilized with NPK attended maximum growth.
	2. Leaves pigment contents (mg/100g FW):
	Results in Table (4) showed effects of NPK formulas and rates on chlorophyll a, b and carotenoids contents. As for effect of NPK formula on chlorophyll a, it was obvious that there was insignificant difference on this parameter during the two seasons, but the control one still recorded higher values, followed by using 20:10:5 NPK formulas. In addition, similar results were obtained in case of carotenoids. On the other side, applying the NPK formula of 20:10:5 or 16:6:5 gave higher values for chlorophyll b content comparing with the control one (20:20:20).
	As for effect of NPK rates on chlorophyll a, b and carotenoids contents, it was clear that adding higher NPK rates of 4 or 6 g/pot increased the chlorophyll a, b and carotenoids content comparing with the control one (2g/pot) in both seasons. But, no significant difference was showed as response of chlorophyll a to NPK concentrations in the first and second seasons. 
	The interaction between NPK formulas and rates on pigments content showed that the NPK rates had the upper hand in that respect. Since, applying NPK at the higher rates of 4 or 6 g/pot resulted in higher values for these parameters in most of cases regardless the NPK formulas, though using NPK formula of 16:6:5 at 4 or 6 g/pot gave higher values for those parameters. In addition, it was clear that using the formula of 20:20:20 at 4 or 6 g/pot produced higher values of chlorophyll a, followed by the formula of 16:6:5 at 4 or 6 g/pot. Moreover, nitrogen is a constituent of many important molecules, including chlorophyll.
	In addition, Rathore et al. (1985) found that higher nitrogen and phosphorus fertilization rates improved leaves chlorophyll content of African marigold. Habib (2012) reported that NPK fertilization rates significantly increased cholorophyll a and b contents of fishtail palm but decreased carotene content.  EL-Afifi et al. (2016) on cowpea plants indicated that the superior values of chlorophyll pigments were recorded when plants received 100% NPK from the recommended dose fertilizer (RDF) was used. On the other side, the weakest values were resulted with plants fertilized by 50% RDF. Khandaker et al. (2017) on okra demonstrated that application of NPK shows the highest values regard chlorophyll content. Nasarudin et al. (2018) found that the effect of NPK on the chlorophyll contents of rice was investigated with a view to the enhancement of high yield production.
	3. Plant chemical constituents:
	Data in Table (5) showed influence of NPK formulas and rates on nitrogen, phosphorus and potassium percentages in golden photos leaves. Obviously, the application of NPK formulas of 20:20:20 (control) gave the highest nitrogen percentages, followed by 16:6:5 without significant difference between them. Moreover, applying NPK rate at 6 g/pot gave the highest values of these characters. Similar trend was observed in case of phosphorus and potassium percentage. As for effect of NPK rates in that respects, there was a positive relationship between increasing the NPK rate and increasing values of these parameters, since 4 or 6 g/pot produced higher values. When looking for the interaction effects among NPK formulas and rates on those parameters, it was quite clear that NPK formula of 20:20:20 at rates 4 and 6 g/pot or 16:6:5 at 4 g/pot significantly gained higher values in most of cases for nitrogen, phosphorus and potassium percentages. 
	Conclusion
	In general, greater golden photos plant productivity like vines length, vines number, leaf area, leaves number, fresh and dry weights was achieved when NPK formulas of 16:6:5 with rate of 4 g/pot was used. Also, the superior leaves chemical constituents (chlorophyll a, b, carotenoids contents as well as N, P and k percentages) were obtained by the previous NPK formula and rate.



