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Abstract

This experiment was performed to investigate the effect of Azolla and rice 
straw mixed compost in peat substitution on Dieffenbachia amoena. Factorial ex-
periment based on a completely randomized design with two factors of nutrient 
solution in 2 levels (1- without solution, 2- with 130 mg N L-1, 32 mg P L-1 and 
117 mg K L-1) and 5 levels of Azolla and rice straw mixed compost (0, 15, 30, 45 
and 60 %) was done in 3 replications, with 3 plants per treatment in greenhouse 
conditions. Azolla and rice straw mixed compost was replaced with peat in the 
control. Compost was prepared from a volumetric mixture of 50 % Azolla and 50 
% rice straw. Azolla and rice straw mixed compost replaced peat in the control 
treatment. The control bed contained 10 % perlite: 30 % vermiculite: 60 % peat 
(volume percentage). Growth factors including height, diameter, number of leaves, 
chlorophyll index, fresh leaf weight, fresh stem weight, leaf dry weight, stem dry 
weight, leaf area, physical and chemical characteristics of growth medium and 
nutrients were measured. The results showed that the use of 45 % Azolla and rice 
straw mixed compost in replacement with peat (with formula 10 % perlite: 30 % 
vermiculite: 45 % Azolla and rice straw mixed compost: 15 % peat), in addition 
to improves the growth factors of Dieffenbachia amoena plant, reduces the con-
sumption of peat by up to 75 %. 

http://jornamental.iaurasht.ac.ir/article_678930.html
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INTRODUCTION 
The spread of Azolla in the wetlands and paddy fields has caused environmental problems 

for aquatic organisms, and the cultivation of rice farmers, and in large areas rice farmers are forced 
to collect and transport it outside the farm (Hashemloian and Azimi, 2009). It is estimated that 
about 1 to 1.5 tons of straw is produced per hectare of rice land (Asadi et al., 2009). In some cases, 
remained straw was burned and addition to environmental pollution, destroys large amounts of or-
ganic matter, or in some places, this amount of straw is left in the paddy fields after harvest and it 
pollutes the surface and groundwater of the region by releasing nitrate (Mousavi Shalmani et al., 
2017). The favorable climatic conditions of Guilan province caused Azolla to grow well and cover 
most of the wetlands, including 50% of the 20,000 hectares of Anzali wetland, and be considered 
as a serious problem in these ecosystems (Salehzadeh and Naeemi, 2017). Azolla filiculoides have 
a very high growth rate, and even in non-optimal conditions can block the entry of light into the 
seal by creating a dense mass, leading to weakening or even disappearance of submerged plants 
and related communities (Janes et al., 1996), This species symbiosis with nitrogen-fixing cyanobac-
teria to obtain atmospheric nitrogen and has great potential for vegetative reproduction under ad-
verse conditions (Fernández-Zamudio et al., 2013). These traits have led to A. filiculoides being 
one of the most dangerous invaders in freshwater habitats and their biodiversity (Champion et al., 
2010). The mineral profile of Azolla indicates 0.34% phosphorus, 2.71% potassium 1.64% calcium 
and other minerals in trace levels (Anitha et al., 2016). Soilless cultivation is a method of cultiva-
tion that uses materials other than soil as a plant rooting medium (Barrett et al., 2016). Today, 
many house plants are grown in soilless growth media using peat as the rootstock (Savvas and 
Gruda, 2018). Research by Chen et al., (1988) showed that during the application of agricultural 
waste compost, peat and compost mixtures had the best results in all measured parameters. Bugbee 
and Frink (1989) reported was obtained that as a result of replacement of 10, 20, 30, 40, and 50% 
(by volume) of sewage sludge compost in parsley flower bed, the dry weight of the stem increased 
significantly and the highest growth was in the growth bed containing 30% compost. Some studies 
have shown that organic wastes such as municipal wastes, sewage sludge, animal manure, paper, 
pruning and mushroom litter and any other green wastes after composting can be replaced with 
peat in the growth medium with very good results (Jayasinghe et al., 2010). The results of appli-
cation of Azolla compost in Ficus benjamin growth medium showed that adding 100 g of compost 
can provide suitable nutritional conditions for the plant in an 11-month growth period (Khomami 
and Dehkaei, 2010). It is possible to grow dieffenbachia very well in different growth media, but 
to prevent root damage, you should use a growth medium that is well ventilated and has a little 
solute. This plant needs a growth media with a pH of 5 to 6 (Mahboub Khomami, 2007). Due to 
the applicability of Azolla compost in the growth medium (Khomami and Dehkaei, 2010), the pos-
sibility of using a mixture of rice straw and Azolla in the growth medium was considered to make 
the resulting mixture more economical. 

 
MATERIALS AND METHODS 

Azolla was collected from the wetlands of this province. After mixing the Azolla and rice 
straw with an equal volume ratio (50 %: 50%), they were dumped in 1-cubic-meter (1 × 1 × 1) 
wooden boxes with pores for providing aerobic conditions and microbial activity (Fig. 1). The 
temperature was measured in the center of the compost mass by a thermometer every 3–5 days, 
and the material was removed from the boxes and adjusted to create good ventilation, and the 
moisture content of the mass was adjusted; this operation continued for 4 months until the tem-
perature stability and maturity of the compost mass was sustained. After producing rooted cuttings 
of Dieffenbachia amoena (Fig. 2) and preparing Azolla and rice straw mixed compost, Factorial 
experiment was conducted based on completely randomized design with two factors, nutrient so-
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lution in 2 levels (1- without solution, 2- with 130 mg N  L-1, 32 mg P L-1 and 117 mg K L-1) and 
Azolla and rice straw mixed compost in 5 levels (zero, 15, 30, 45 and 60 %) and 3 replications, 
with 3 plants per treatment in greenhouse conditions. Azolla and rice straw mixed compost was 
replaced with peat in the control. The control bed consisted of 10 % perlite: 30 % vermiculite: 60 
% peat (volume percentage). Nutritional solution was given at a ratio of 130 mg L-1 nitrogen, 32 
mg L-1 phosphorus 117 mg L-1 potassium, with compounds of H2PO4, KNO3 and Ca (NO3)2 at 
a rate of 200 cm3 per pot once every 10 days. Irrigation was done during the week, depending on 
the type of bed and the needs of the plant, so that the water coming out of the pot drainage was not 
high. After a growth period of 7 months, plant growth factors such as height, diameter, number of 
leaves, leaf chlorophyll content index, fresh and dry weight of leaves, dry and fresh weight of 
stem, leaf area, physical and chemical properties of substrate and leaf nutrients were measured 
(Table 1). Leaf chlorophyll content index was measured with CCM-200 chlorophyll meter. 

Fig. 1. Boxes for producing Azolla and rice straw mixed 
compost.

Fig. 2. Image of pots containing dieffenbachia.

The total nitrogen was determined by the procedure proposed by Bremner and Mulvaney 
(1982) after digesting the samples with concentrated H2SO4 and HClO4 (9:1 v/v). Each ground 
sample was ashed in a muffle furnace at 550 °C to determine the other nutrients (Horwitz, 1980). 
Total P was analyzed according to Murphy and Riley (1962) by a spectrophotometer (CECIL 2041). 
According to Houba et al., (1989), the total K was analyzed by a flame photometer (JENWAY 
PFP7). The total organic carbon was measured according to the method proposed by Nelson and 
Sommers (1982). According to the method proposed by Munter and Grande (1981), Ca, Mg, Fe, 
Cu, and Zn were determined in the plants and substrate samples by inductively coupled plasma 
atomic emission spectroscopy.  

 
Measurement of physical properties  

Physical properties such as total porosity, bulk density, air-filled porosity, and container ca-
pacity were measured using Fonteno’s (1996) method. The pH and EC of the extract (1:5) were 
measured by EC meter and pH meter of Metrohm 644 and Metrohm 691, respectively (Verdonck 
and Gabriels, 1992). 

 
Growth factors 

These traits were measured at the end of the experiment to evaluate the effects of the treat-
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ments, which including: Plant height (the height from the surface of the pot at the end of the ter-
minal leaf pod measured by a ruler), stem diameter (approximately the crown diameter of the plant 
was selected as the measurement criterion) by a caliper; fresh and dry weight of shoots: (the plants 
were placed in an oven at 75 °C for 48 hours to dry, then their dry weight was calculated); leaf 
area (determined by video level meter (Model MK2 area meter made in England)).  

 
RESULTS 
Growth factors 

The results of analysis of variance showed that the effect of compost content on height, di-
ameter, number of leaves, chlorophyll index, fresh and dry weight of leaves, fresh and dry weight 
of stem, defenbachia leaf area was significant (Table 2), therefore, in the following, we will com-
pare the means. 

 
Height 

Considering the significant effect of compost content on plant height, Fig. 3 showed that 
the application of 30 to 60 % composts in compared to the control, significantly increased the plant 
height. The highest increase obtained in 60% compost. But significant difference not observed be-
tween 30 to 60 % compost levels. 

 
Diameter 

Considering the significant effect of compost content on plant diameter, Fig. 4 showed that 
the application of 30 to 60 % composts in compared to the control, significantly increased the plant 
diameter. The highest increase obtained in 60 % compost. But significant difference not observed 
between 30 to 60 % compost levels. 

 
Number of leaves 

Mean comparison effect of compost levels (Fig. 5) indicates a significant increase in the 
number of leaves about 30 % to 60 % of compost application compared to the control and the 
highest amount is at 30 % compost, but between 30 % to 60 % compost significant difference was 
not observed. 

 
Fresh leaves weight 

Mean comparison effect of compost levels on fresh weight of dieffenbachia leaf (Fig. 6) 
showed that in terms of fresh weight of the stem, the highest weight of more than 45% of compost 
was obtained, but no significant difference was observed between this level and control and 15 
and 30 % levels. 

 
Dry leaves weight  

Mean comparison effect of compost levels on dry levels weight (Fig. 7) showed that 30 to 
60 % of compost levels in the growth medium produced the highest leaf dry weight in dieffenbachia 
and had a significant difference with the control, but there was a significant difference between 
these levels. was not observed. 

 
Leaf area 

Comparison of Mean effect of compost content on leaf area (Fig. 8) shows that 30 to 60 % 
levels of compost compared to the control significantly (5 % probability level) increased the studied 
factor and the highest amount was related to 45 %. It is compost. But no significant difference was 
observed between 30 to 60 % level.  
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Fig. 3. Height of dieffenbachia. Fig. 4. Diameter of dieffenbachia stem.

Fig. 5. Number of dieffenbachia leaves. Fig. 6 . Fresh weight of dieffenbachia leaves.

Fig. 7. Dry weight of dieffenbachia leaves. Fig. 8. Area of dieffenbachia leaves.
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Chlorophyll content index 
Comparison of mean effect of compost levels on the leaf chlorophyll index (Fig. 9) showed 

that levels of 30 to 60 % of leaf chlorophyll content index were significantly higher than the control 
and no significant difference was observed between 15 % compost and control. 

Fig. 9. Chlorophyll content index in dieffenbachia leaves.

Physical properties of growth media 
Examination of the average physical properties of growth media used for dieffenbachia 

growth showed that the mass specificity of treatments added to Azolla and rice straw mixed com-
post was significantly lower than peat (Table 4). The bulk density increased with the addition of 
Azolla and rice straw mixed compost, as observed in studies by Mahboub Khomami et al. (2019 
a). This led to a gradual decrease in total porosity and a change in the distribution of porosity in 
the substrates, and as a result, its Air-fill porosity decreased and Container capacity increased 
(Table 4). In this experiment, the percentage of air-fill porosity of the peat is higher than the optimal 
level, while the percentage of air-fill porosity is ideal in compost replacement treatments. Cavins 
et al. (2000) stated that the optimum EC for a growing environment is between 0.76 and 1.25 dS 
m-1, so 30 and 45 % compost levels are in this range (Table 3). 

 
Effect of compost on leaf nutrients 

Analysis of variance of nutrients in dieffenbachia leaves (Table 4) showed that the effect 
of compost on nitrogen, phosphorus, potassium, magnesium, iron and manganese was significant. 
Accordingly, the results of table 6 show that increase the levels of Azolla and rice straw mixed 
compost significantly increased the levels of nitrogen, phosphorus, potassium, magnesium, iron 
and manganese in leaves compared to the control and 60 % of compost had the highest level of 
these elements in leaves. Our results are consistent with Setiawati et al. (2017) who showed that 
the combination of Azolla compost with soil increases soil phosphorus, the amount of plant phos-
phorus in rice. Their study suggested the benefits of Azolla pinata compost to increase the nutrient 
content of soil and rice plants. 
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Treatment N  
(%)

P 
 (%) K (%) Ca 

 (%)
Mg  
(%)

Fe  
(ppm)

Mn 
(ppm)

Control 0.18d 0.05d 0.20e 0.09f 0.11d 38.5e 14.3d
15 % Azolla and rice straw mixed compost 0.61c 0.15c 0.40d 0.34e 0.22c 59.6d 35.8c
30 % Azolla and rice straw mixed compost 0.58c 0.26b 0.46cd 0.62cd 0.32b 67.8c 60.1b
45 % Azolla and rice straw mixed compost 0.70b 0.34a 0.62b 0.72ac 0.43a 129.0b 85.1a
60 % Azolla and rice straw mixed compost 0.88a 0.26b 0.74a 0.82a 0.45a 180.7a 82.6a
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Table 6.  Comparison of the average effect of compost levels on some nutrients in dieffenbachia leaves.

*In each column, means with the similar letter(s) are not significantly different (P < 0.05) using the LSD test.

DISCUSSION 
Despite the increase in nutrients with increasing compost levels, the highest amount was 

observed in 60% of compost, but this increase did not correspond to the increase in growth factors. 
It seems that the factor affecting plant growth is not only the levels of nutrients and other factors 
such as the physical properties of the growth medium can be more effective. According to Fonteno 
et al. (1981), an ideal growth medium should have a porosity of more than 85 %. In this experiment, 
these conditions are not provided for Dieffenbachia amoena with increasing compost replacement 
instead of peat, the bulk density of the substrates increased. As the bulk density increases, the num-
ber of coarse porosity decreases and the root capacity for deformation, substitution in the growth 
medium limited and longitudinal growth increases (Taylor and Ratliff, 1969). Air-fill porosity de-
creased less than peat when Azolla and rice straw mixed compost increased, which is according to 
Beeson’s observations (Beeson, 1996). Water content is very important in the physical parameters 
of growth media (Marfa et al., 1998). Water should be available in substrates with minimal energy 
levels, but air in the root zone should also be sufficient (Inbar et al., 1993). Yeager et al. (2007) 
has provided the optimal physical properties for plant growth in an ideal growth medium by de-
scribing Container capacity between 45% to 65 % and air-fill porosit between 10 % and 30 %. 
Through the combination of peat with Azolla and rice straw mixed compost, the percentage of bed 
Air-fill porosity was improved and Azolla and rice straw mixed compost as a bed component that 
has a high water holding capacity, brought the results to an acceptable level. Schaetzl and Thomp-
son (2015) stated that the optimum pH range is between 5.0 and 7.7, and compost-containing sub-
strates are in the desired range. Water should be available in substrates with minimal energy levels, 
but air in the root zone should also be sufficient (Inbar et al., 1993). Verdonck (1992) presents the 
optimal physical properties for plant growth in an ideal growth medium as follows: Container ca-
pacity between 55 to 75 % and air-fill porosity between 20 and 30%. In this experiment, the per-
centage of air-fill porosity of the peat is higher than the optimal level, while the percentage of 
air-fill porosity is ideal in compost replacement treatments. Substrate porosity decreased with in-
creasing Azolla and rice straw mixed compost. Decreased porosity due to the addition of Azolla 
compost and various biofertilizers has been reported by Forghan and Mahboub Khomami (2018). 
Peat-based substrates generally have a total porosity of 85 to 95%, depending on their actual par-
ticle size and mass (Michiels et al., 1993). Through the combination of peat with Azolla and rice 
straw mixed compost, the percentage of bed air-fill porosity was improved and Azolla and rice 
straw mixed compost as a bed component that has a high container capacity, brought the results to 
acceptable level. The results are consistent with the results of other researchers in relation to the 
replacement of organic matter compost with peat (Jayasinghe et al., 2010; Mahboub Khomami et 
al., 2019a; Mahboub Khomami et al., 2019b; Massaa et al., 2018). 
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CONCLUSION   
The results showed that in addition to the favorable effect of Azolla and rice straw mixed 

compost on plants, 50 % of rice straw is also consumed in combination with Azolla in the form of 
compost, which can solve some of the problems caused by their accumulation or burning. On the 
other hand, the absence of differences between nutrient solution and non-solution treatment indi-
cates that compost alone can meet diphenbachia’s nutritional needs for at least 7 months. The 
results showed that the use of 45% Azolla and rice straw mixed compost in replacement with peat 
(with formula 10 % perlite: 30 % vermiculite: 45 % Azolla and rice straw mixed compost: 15 % 
peat), in addition to improves the growth factors of Dieffenbachia amoena plant, reduces the con-
sumption of peat by up to 75 %.  

 
ACKNOWLEDGEMENTS 

We thank the colleagues of Lahijan Ornamental Plants Research Station for their help. 
 

Literature Cited  
Anitha, K.C., Rajeshwari, Y.B., Prasanna, S.B. and Shilpa Shree, J. 2016. Nutritive evaluation of 

Azolla as livestock feed. Department of Livestock Production and Management, Veterinary 
College, Bengaluru- 560 024. 

Asadi, P., Sam Daliri, M. and Mobaser, H.R. 2009. The effect of straw management on yield and 
ratoon agronomic indices of rice cultivars in Amol. New Agricultural Findings, 1: 1-11. (In 
Persian) 

Barrett, G.E., Alexander, P.D., Robinsonb, J.S. and Bragg, N.C. 2016. Achieving environmentally 
sustainable growing media for soilless plant cultivation systems – A review. Scientia Hor-
ticulturae, 212: 220–234. 

Beeson Jr, R.C. 1996. Composted yard waste as a component of container substrates. Journal of 
Environmental Hortigrowth, 14: 115-l2l. 

Bremner, J.M. and Mulvaney, C.S. 1982. Nitrogen total. In: Page, A. L., Miller R. H., Keeney D.R. 
(Eds.), Methods of soil analysis: American Society of Agronomy, Madison, pp. 575-624. 

Bugbee, G.J. and Frink, C.R. 1989. Composted waste as a peat substitute in peat-lite media. Hor-
ticultural Science, 24: 625-627. 

Cavins, T.J., Whipker, B.E., Fonteno, W.C., Harden, B., McCall, I. and Gibson, J.L. 2000. Moni-
toring and managing pH and EC using the PourThru extraction method. North Carolina 
State, Horticulture Information Leaflet 590, pp 1–17. 

Champion, P.D., Clayton, J.S. and Hofstra, D.E. 2010. Nipping aquatic plant invasions in the bud: 
Weed risk assessment and the trade. Hydrobiology, 656: 167–172. 

Chen, Y., Inbar, Y. and Harda, Y. 1988. Composted agricultural wastes as potting media for orna-
mental plants. Soil Science, 145 (4): 298-303. 

Chen, J., McConnell, D.B., Robinson, C.A., Caldwell, R.D. and Huang, Y. 2002. Production and 
interior performances of tropical ornamental foliage plants grown in container substrates 
amended with compost. Compost Science and Utilization, 10 (3): 217-225. 

Fernández-Zamudio, R., Cirujano, S., Sánchez-Carrillo, S., Meco, A. and García-Murillo, P. 2013. 
Clonal reproduction of Azolla filiculoides Lam.: Implications for invasiveness. Limnetica, 
32: 245–252. 

Fonteno, W.C. 1996. Growing media: Types and physical/chemical properties. In: Reed DW (ed) 
Water, media, and nutrition of greenhouse crops. Ball Publications, Batavia, pp 93–122. 

Fonteno, W.C., Cassel, D.K. and Larson, R.A. 1981. Physical properties of three container media 
and their effect on poinsettia growth. Journal of American Society for Horticultural Science, 
106 (6): 736-741. 

Effect of Nutrient Solution and Azolla and.../ Mahboub Khomami et al.



Journal of Ornamental Plants, Volume 11, Number 1: 1-12, March, 2021 11

Effect of Nutrient Solution and Azolla and.../ Mahboub Khomami et al.

Forghan, K. and Mahboub Khomami, A. 2018. Effect of Azolla compost and various biofertilizers on 
growth and quality of zinnia flower (Zinnia elegans). Journal of Ornamental Plants, 8 (2): 111-
119. 

Hashemloian, B.D. and Azimi, A.A. 2009. Alien and exotic Azolla in Northern Iran. African Journal 
of Biotechnology, 8 (2): 187-190.  

Horwitz, W. 1980. Official methods of analysis of the association of official analytical chemists, 13th 
edn. Association of Official Analytical Chemists, Arlington. 

Houba, V.J.G., Van der Lee, J.J., Novozamsky, I. and Walinga, I. 1989. Soil and plant analysis, a series 
of syllabi, part 5, soil analysis procedures. Wageningen Agricultural University, Wageningen.  

Inbar, Y., Hadar, Y. and Chen, Y. 1993. Recycling of cattle manure: The composting process and char-
acterization of maturity. Journal of Environmental Quality, 22: 857-863. 

Janes, R.A., Eaton, J.W. and Hardwick, K. 1996. The effects of floating mats of Azolla filiculoides 
Lam. and Lemna Kunth minutes on the growth of submerged macrophytes. In: Management 
and Ecology of Freshwater Plants; Caffrey, J.M., Barrett, P.R.F., Murphy, K.J., Wade, P.M., 
Eds .; Springer: Dordrecht, The Netherlands, pp. 23–26. 

Jayasinghe, G.Y., Liyana Arachchi, I.D. and Tokashki, Y. 2010. Evaluation of containerized substrates 
developed from cattle manure compost and synthetic aggregates for ornamental plant produc-
tion as a peat alternative. Resources, Conservation and Recycling, 54: 1412-1418. 

Khomami, A.M. and Dehkaei, M.N.P. 2010. Effect of composted azolla in different growth media on 
growth and nutrient elements compasition in Ficus benjamina plant cv. Starlight. Seed and 
Plant Production Journal, 4: 417-430. ( In Persion) 

Mahboub Khomami, A. 2007. Nutrition of ornamental plants (Vol. 1). Haghshenas Publications. (In 
Persion) 

Mahboub Khomami, A., Ajili Lahiji, A., Alipoor, R. and Hojati S.I. 2019 a. The effect of peanut shells 
as a substitute for peat in potting media on growth and nutrition of Begonia rex. Journal of Or-
namental Plants, 9 (3): 213-221. 

Mahboub Khomami, A., Padasht, M.N., Ajili Lahiji, A. and Mahtab, F. 2019 b. Reuse of peanut shells 
and Azolla mixes as a peat alternative in growth medium of Dieffenbachia amoena ‘Tropic 
Snow’. International Journal of Recycling of Organic Waste in Agriculture, 8: 151–157. 

Marfa, O., Tort, J.M., Olivella, C., Caceres, R. and Martinez, F.X. 1998. Cattle manure compost as 
substrate. II. Conditioning and formulation of growing media for pot plants and bag cultures. 
In: Proceedings of the ISHS. International Symposium on Composting and Use of Composted 
material, 5-11 April 1997. Szmidt, Auchincruive, Scotland. Acta Horticulturae, 469: 305-312. 

Massaa, D., Malorgiob, F., Lazzereschia, S., Carmassib, G., Prisaa, D. and Burchi. G. 2018. Evaluation 
of two green composts for peat substitution in geranium (Pelargonium zonale L.) cultivation: 
Effect on plant growth, quality, nutrition, and photosynthesis. Scientia Horticulturae, 228: 213–
221. 

Michiels, P., Hartmann, R. and Coussenes, C. 1993. Physical properties of peat in an ebb/flood irri-
gation system. Acta Horticulturae, 342: 205-219. 

Mousavi Shalmani, M.A., Lekzian, A., Khorasani, R., Khavazi, K. and Mohati, S.M. 2017. Evaluation 
of DMPP efficiency in nitrification inhibition under different levels of wheat straw using N15 
isotopic tracer. Journal of Soil Research (Soil and Water Sciences), 1 (3): 19-32. (In Persian) 

Munter, R.C. and Grande, R.A. 1981. Plant tissue and soil extract analysis by ICP-atomic emission 
spectrometry. In: Barnes RM (ed) Developments in atomic plasma spectrochemical analysis. 
Heyden and Son Ltd., London, pp 653–672. 

Murphy, J. and Riley, J.P. 1962. A modified single solution method for the determination of phosphate 
in natural waters. Analytica Chimica Acta, 27: 31–36.  

Nelson, D.W. and Sommers, L.E. 1982. Total carbon and organic carbon and organic matter. In: Page 
AL, Miller RH, Keeney DR (Eds.). Method of soil analysis. American Society of Agronomy, 

https://www.worldcat.org/search?q=au%3AAssociation+of+Official+Analytical+Chemists&qt=hot_author
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Khomami%2c+A.+M.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Dehkaei%2c+M.+N.+P.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Seed+and+Plant+Production+Journal%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Seed+and+Plant+Production+Journal%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Seed+and+Plant+Production+Journal%22


Journal of Ornamental Plants, Volume 11, Number 1: 1-12, March, 2021 12

Effect of Nutrient Solution and Azolla and.../ Mahboub Khomami et al.

Madison, pp. 539-579.  
Salehzadeh, A. and Naeemi, A.S. 2017. Biodiesel production from Azolla filiculoides (water fern). 

Tropical Journal of Pharmaceutical Research, 13: 957-960. 
Savvas, D. and Gruda, N. 2018. Application of soilless culture technologies in the modern greenhouse 

industry - A review. eJHS 5: 280–293. https://doi.org/10.17660/eJHS. 2018/83.5.2. 
Schaetzl, R.J. and Thompson, M.L. 2015. Soils. Cambridge University Press, New York. 
Setiawati, M.R., Damayani, M. Herdiyantoro, D. Suryatmana, P. Anggraini D. and Khumairah, F.H. 

2017. The Application dosage of Azolla pinnata in fresh and powder form as organic fertilizer 
on soil chemical properties, growth and yield of rice plant. The 1st International Conference 
and Exhibition on Powder Technology Indonesia, 030017-1–030017-5. 

Taylor, H.M. and Ratliff, L.F. 1969. Root elongation rates of cotton and peanuts as a function of soil 
strength and soil water content. Soil Science, 108: 113-119. 

Verdonck, O. 1992. ISHS - commission for plant substrates. Acta Horticulturae, 302: 169-179. 
Verdonck, O. and Gabriels. R. 1992. I. Reference method for the determination of physical properties 

of plant substrates. II. Reference method for the determination of chemical properties of plant 
substrates. Acta Horticulturae, 302: 169- 179. 

Yeager, T.H., Bilderback, T.E., Fare, D., Gilliam, C., Lea-Cox, J.D., Niemiera, A.X., Ruter, J.M., Tilt, 
K., Warren, S., Whitwell, T. and Wright, R.D. 2007. Best management practices: Guide for 
producing nursery crops, 2nd edn. S. Nursery Assoc, Atlanta.

How to cite this article: 
Mahboub Kkhomami, A., Padasht Dahkaei, M., Alipoor, R., and Hojati, S. 2021. Effect of nutrient      
solution and Azolla and rice straw mixed compost on nutrition and growth of Dieffenbachia amoena in 
potting medium. Journal of Ornamental Plants, 11(1), 1-12. 
URL: http://jornamental.iaurasht.ac.ir/article_678930_4e2d6f3cf48d93aa79907f5385c3f210.pdf


