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ABSTRACT 

 
Zamioculcas zamiifolia is an ornamental potted foliage plant and a relatively new introduction to the world 

of interior plants. However, its low growth rate in conventional solid media is a constraint in mass 

propagation. The present study aimed at developing improved culture techniques that would enhance the 

growth and rapid propagation of the plant. Three experiments were conducted to find out the best type of 

vegetative cuttings, the effect of light on plant growth in a liquid (distilled water) medium, and to develop a 

new solid medium with nutrients to increase the growth rate. Basal leaflets without rachis were found to be 

the best cutting type for rapid propagation. Solid substrate was better than liquid medium for rapid rooting. 

Compost + sand + 0.75 g l-1 fertilizer nutrients can be recommended for rapid propagation of the plant. Plant 

growth was high in the light-exposed liquid medium compared to dark treatment. Interestingly, the liquid 

medium led to development of a miniature plant which could be introduced as a novel table-top ornament. 

The results of the present study would contribute immensely to the export industry of Z. zamiifolia.   
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INTRODUCTION 

 
Zamioculcas zamiifolia (Lodd.) Engl. 

(Commonly called Zz plant) (Figure 1a) is a 

tropical perennial, evergreen plant native to South 

Africa (Lopez et al., 2009). It is a stem-less 

herbaceous, monocotyledonous plant in the 

family Araceae (Feng et al., 2006; Wong, 2009). 

Z. zamiifolia was discovered in 1905 (Mayo et al., 

1998) and it is the only species belonging to the 

genus Zamioculcas (Chen et al., 2004; Wong, 

2009). The botanical name is derived from the 

superficial similarity of its foliage to that of the 

cycad genus Zamia (Reid and Cevallos, 2009).  

 

Growers in Florida were the first to venture into 

mass scale production  of Z. zamiifolia as an 

ornamental in the year 1999 (Harrison, 2009) and 

since then, it has   emerged as an important foliage 

plant for interiorscaping and a festive decorative 

plant (Wong, 2009; Brown, 2000; Chen et al., 

2002; Chen et al., 2004; Papafotiou and Martini, 

2009). Within three years from its first 

introduction, this plant has become so popular 

that it was named as the ‘plant of the year’ in 2002 

by the Florida Nurserymens’ and Growers 

Association (Harrison, 2009).  

 

The species is found to be naturally occurring in 

both dry grasslands as well as lowland forests, on 

rocky, lightly shaded terrain, but infrequently 

under deep shade (Mayo et al., 1998). It grows 

outdoors as long as the temperature does not fall 

below 15 oC, but the best growth is between 18 oC 

and 26 oC and with the relative humidity between 

50% and 95% (Chen et al., 2004; Reid and 

Cevallos, 2009). 

 

Z. zamiifolia is different from most other foliage 

plants being a stem-less, herbaceous forest plant 

that develops short sprouts from a thick 

underground tuber-like rhizome that stores water 

(Wong, 2009). Due to this rhizome, the plant can 

survive without water for longer periods. Though 

the rhizome is an attractive feature, it is 

unobserved due to its underground growth. The 

waxy and shiny leaves with extremely low rates 

of transpiration and fleshy stems also contribute 

to its drought tolerant ability. All the parts of the 

plant are poisonous if ingested by domestic 

animals as they contain rhaphides and/or druses 

of calcium oxalate (Wong, 2009).  

 

Z. zamiifolia is propagated through leaf cuttings 

(Lopez et al., 2009) and a well-drained, friable 

mixture is usually the preferred substrate (Wong, 

2009). It is conventionally grown in a peat-based 

solid medium. However, low growth rate in the 

medium is a constraint in mass propagation.  
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Over-watering may destroy the plant and damp 

soil will cause the rhizome to rot. The succulent 

bulb-like structures arising from the leaves may 

be potted to produce new plants (Reid and 

Cevallos, 2009). If this plant could also be grown 

in liquid media, the attractive rhizome can be 

made visible. In general, the use of liquid culture 

media for horticultural crops has another 

important advantage, i.e., they may tend to 

naturally form root-microbial (e.g. cyanobacteria) 

associations that could help reduce nutrient 

requirement, thus requiring only low or moderate 

levels of fertilizers, which support reduced 

disease incidences and increased plant growth for 

rapid propagation (Gosselin and Trudel, 1984; 

Rai et al., 2002; Chiu et al., 2005; Seneviratne, 

2012). Furthermore, light may affect plant root, 

and hence the overall growth of plant, when 

grown in liquid media. Hence, the current study 

was aimed at developing improved culture 

techniques that would enhance the growth and 

rapid propagation of Z. zamiifolia.      

 

 

MATERIALS AND METHODS 
 

Propagation methods  

The first experiment was designed to determine 

the best type of vegetative cuttings bearing 

leaflets at different maturity stages that would 

initiate roots rapidly during propagation in solid 

medium (Figure 1b). Six types of cuttings were 

harvested from stock plants growing in a net 

house with 70% shade: a basal leaflet without 

rachis (6.5 cm) [Figure 1 (b) – 1], two basal 

leaflets with rachis [Figure 1 (b) – 2], a middle 

leaflet without rachis [Figure 1 (b) – 3], two 

middle leaflets with rachis [Figure 1 (b) – 4], a 

terminal leaflet without rachis [Figure 1 (b) – 5], 

and two terminal leaflets with rachis [Figure 1 (b) 

– 6].  

 

All different types of cuttings were propagated in 

solid medium [(plastic pots of 11 cm diameter, 

filled with 50% leaf litter compost and 50% 

coarse sand mix, applied with distilled water (pH 

5.7 and EC 9.6 µS cm-1)]. The pots were kept in 

moist chambers inside the laboratory for rooting. 

Based on our preliminary observations, nutrients 

were not added to the media, as they reduce callus 

formation which is important for root initiation.  

Air temperature of the propagation environment 

was 28 °C with a 16-hour photoperiod (Lopez et 

al., 2009) under illumination from two cool-white 

florescent lights of ca. 3 μmol m-2 s-1 light 

intensity at foliage level. Four weeks after 

propagation, observations were made on callus 

and root initiation. 

Thereafter, two experiments were conducted to 

examine the effect of liquid media on rooting of 

Z. zamiifolia and to develop a liquid nutrient 

medium to increase the plant growth. Further, the 

liquid nutrient medium was coupled with the 

solid medium to test whether the plant growth 

could be further improved. As the first stage of 

this experiment, the best rooted cutting type 

selected from the first experiment was propagated 

in distilled water as the simplest liquid medium. 

Subsequently, it was compared with the solid 

medium as a reference, in order to investigate the 

effect of the medium on rooting properties. As the 

second stage, the best cutting type was again 

propagated and transferred into liquid nutrient 

media containing fertilizer at different 

concentrations (0.37, 0.75, and 1.5 g l-1 of N:P:K 

6:30:30 with micronutrients [0.05% Zn, 0.05% 

Cu, 0.02% B, 0.0005% Mo, 0.05% Mg, 0.1% 

Fe]). Distilled water was used as the control. 

Initial root number, root length and initial plant 

fresh weight were measured. The plants were 

grown at 28 °C under a 16-hour photoperiod for 

6 weeks. Then, final root number, root length, 

sprout length, leaf chlorophyll content 

(chlorophyll meter SPAD-502, China, Tiancheng 

et al., 2000), and plant fresh weight were 

measured to select the best concentration of 

fertilizer. Increases in root number, root length 

and plant fresh weight were expressed as a 

fraction to the initial values. Ten replicates were 

maintained for these experiments. 

 

Subsequently, the experiment was extended to 

evaluate the effects of the liquid and solid media 

on rooting and growth. For this, the best cutting 

type was transplanted into different media 

containing the best concentration of fertilizer, i.e., 

liquid medium (M1); sand + M1 (M2); leaf litter 

compost + sand, 1:1 (M3); and M3 + M1 (M4). 

The initial root and rhizome dry weight and initial 

plant dry weight were measured using ten random 

plants. The treated cuttings of the third stage were 

kept in the laboratory and were maintained at 28 

°C under a 16 hour photoperiod with cool-white 

fluorescent light. After 6 weeks, plant height, 

increase in root number and length, sprout (new 

shoot) length, leaf chlorophyll content, disease 

incidences (visual observation) and plant fresh 

and oven dry weights (65 oC to constant weight; 

ten replicates) were recorded. The increase in root 

+ rhizome dry weight and the increase in total 

plant dry weight were expressed as a fraction by 

dividing the increase of each parameter by its 

initial value. Visual observations of the other ten 

replicates were continued for up to 14 weeks, but 

they were not harvested and measured. 
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The third experiment was conducted to evaluate 

the effect of light on plant growth in liquid 

medium (distilled water). Nutrients were not 

added, as it is well known that chemical N 

fertilizers suppress N2 fixers that supply N to the 

microbial community. This tends to suppress 

biological control agents in the community due to 

reduced N supply with retarded biological 

nitrogen fixation. Hence, nutrient addition 

increases disease incidence (Seneviratne, 2012). 

The best rooted cuttings were transferred to 

twenty glass tubes filled with one-third of 

distilled water and plugged with cotton wool. The 

root zone of half (10) of the tubes were covered 

with aluminum foil to exclude light from the root 

zone. The remaining tubes were kept without the 

aluminum foil wrapping. The growing conditions 

of the propagation environment were 28 °C with 

a 16-hour photoperiod. Four weeks after the 

treatment, observations were made on the root 

number, root length and fresh weight of the rooted 

plants. The increase in root length and root 

number was expressed as a fraction of the initial 

value of each parameter and the increase in fresh 

weight was expressed as a percentage to the initial 

value.  

 

All these experiments were conducted at the 

Royal Botanic Garden, Peradeniya. 

 

 

 

Experimental design and data analysis 

All three experiments were arranged in 

completely randomized designs.  Data with 

percentage values were analyzed using the χ2 test. 

Other data were analyzed using ANOVA after 

normality and residual tests, and mean separation 

was carried out using Tukey’s HSD test at P < 

0.05. All data were analyzed using the SAS 

statistical software (SAS, 1998). 

 

 

RESULTS AND DISCUSSION 

 
Best vegetative cutting type  

Among the vegetative cutting types tested, the 

basal, middle and terminal leaflets without rachis 

(1, 3 and 5 cutting types, respectively) showed 

apparently better callus formation in solid 

medium, compared to the leaflet pairs with rachis 

(Figure 2). However, only the basal leaflet 

without rachis showed a significantly higher (P< 

0.05) callus formation than that of the cutting 

types with rachis. Root number (Figure 3a) was 

significantly higher (P<0.05) in the basal leaflet 

without rachis, middle leaflet without rachis and 

two terminal leaflets with rachis than in the other 

cutting types. Root length was significantly 

higher in the basal leaflet without rachis than the 

two basal leaflets with rachis, terminal leaflet 

without rachis and two terminal leaflets with 

rachis (P<0.05). 

 

 

 

Figure 1 (a).  Habit of Z. zamiifolia. (b) Different maturity stages and cutting types of Z. zamiifolia selected 

for rapid propagation. Treatment numbers: 1 - Basal leaflet without rachis, 2 – two basal leaflets with rachis, 

3 - middle leaflet without rachis, 4 – two middle leaflets with rachis, 5 - terminal leaflet without rachis, 6 – 

two terminal leaflets with rachis. 
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Figure 2.  Effect of the type of planting material on callus formation by Z. zamiifolia in solid medium. 

Treatment numbers are as given in Figure 1 (b). Treatment columns headed by the same letter are not 

significantly different at 5% probability level, according to χ2 test. Vertical bars show standard errors. 

 

 

 

Table 1. Effect of growing media on rooting properties of Z. zamiifolia 

 

 

Treatment 

 

 

Final root number per plant 

 

Final root length (cm plant-1) 

Solid medium (compost:sand, 1:1)  

 

3.75a ± 0.63 6.88a ± 1.14 

Liquid medium (distilled water)          4.35a ± 0.28 

 

4.13b ± 0.17 

Mean ± SE. Values in the same column followed by the same letter are not significantly different at 5% 

probability level, according to t test. 

 

 

Root length of the middle leaflet without rachis 

was not significantly different (P>0.05) from that 

of the two terminal leaflets with rachis, (Figure 

3b). Thus, the basal leaflet without rachis was 

selected as the best cutting type and maturity 

stage for rapid propagation, in terms of rooting. 

Lopez et al. (2009) reported that under relatively 

low light intensity, rapid propagation of Z. 

zamiifolia can also be achieved by apical leaflet 

cuttings.  

 

Suitable growing medium  

The results of the first experiment suggest that Z. 

zamiifolia can be rooted in liquid media (Table 1), 

although the solid medium was better than the 

liquid medium for root elongation. Root number 

was not significantly different between the two 

media. During the first 6 weeks, fresh weight 

increase and sprout length of rooted cuttings 

decreased as the concentration of fertilizer was 

increased (Table 2). This could be attributed to 

high concentrations of fertilizers which could be 

toxic to the plant, or to the detrimental effects of 

fertilizers on the beneficial plant root-microbial 

associations. For example, Siddiqi et al. (2002) 

observed that the accumulation of ammonium in 

the liquid medium caused a toxicity that reduced 

plant growth.  

 

Properties of rooting peaked at a concentration of 

0.75 g l-1 fertilizer, but the treatments were not 

significantly different (P>0.05, Table 2).  

Chlorophyll content was also the highest in the 

same treatment and it was not significantly 

different only from 1.5 g l-1 fertilizer. Initial 

sprouting was low at 0.75 g l-1 fertilizer, which 

was also reflected from the increase in plant fresh 

weight. Necrosis of leaves due to diseases was 
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lower in distilled water (33%) and 0.75 g l-1 

fertilizer (36%) than in 1.5 g l-1 fertilizer (55%). 

As such, the treatment with 0.75 g l-1 fertilizer 

was selected as the best nutrient medium for 

further testing, based on low disease incidence 

and high chlorophyll content. Even after 14 

weeks, visual growth was better in the same 

treatment than other treatments indicating its 

suitability. 

 

After transplanting in different growing media, it 

was found that the M4 treatment (i.e. compost + 

sand + M1) produced significantly higher 

increase in plant dry weight compared to the other 

treatments (Table 3). Root + rhizome dry weight 

and chlorophyll content in sprouts were also 

higher in M4, though not significantly different 

from the other treatments (P>0.05). Treatment 

M1 showed sprout initiation only after 13-14 

weeks. Thus, M4 (compost + sand + 0.75 g l-1 

fertilizers) medium can be recommended for 

rapid propagation of Z. zamiifolia. There is no 

literature available on improved culture media for 

rapid propagation of Z. zamiifolia. 

 

(a) 
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Figure 3. Effect of the type of planting material on (a) root number, and (b) root length of Z. zamiifolia in 

the solid medium. Treatment numbers are as for Figure 2. Treatment columns with the same letter are not 

significantly different at 5% probability level, according to Tukey’s HSD test. Vertical bars denote standard 

errors 
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Effect of light on root zone 

Root length and fresh weight increases were 

significantly higher in light-exposed treatment 

compared to dark treatment (Fig. 4). This could 

be attributed to the growth of algae and N2 fixers 

on the light-exposed root system (Figure 5a). 

Plant growth improvements due to root-N2 fixing 

cyanobacterial associations in liquid media have 

been reported in wheat, corn, bean, sugar beet and 

rice (Svircev et al., 1997). Another possibility is 

the development of chloroplasts in the light-

exposed roots. This needs further investigation to 

confirm whether it is due to cyanobacterial 

associations or chloroplast development, or both. 

A novel table-top miniature plant  

Initial sprouting and fresh weight increase were 

relatively high in the distilled water, though not 

significant (P>0.05, Table 2). It has been reported 

that over-watering might destroy this plant and 

damp soil would cause the rhizome to rot in solid 

media (Wong, 2009).  However, such negative 

effects were not observed in the liquid media. 

When the root system was exposed to light in 

distilled water, root length and plant growth were 

increased significantly (P<0.05, Figure 4), 

possibly due to reasons mentioned above. The 

liquid medium made the rhizome and the root 

system visible (Figure 5b).  

 

Table 2. Effect of fertilizer concentration on growth of Z. zamiifolia in liquid medium after 6 weeks 

 

Treatment Plant fresh 

weight increase 

(g g-1)# 

Root 

number 

increase 

per plant 

Root length 

increase  

(cm cm-1)# 

Sprout length  

(cm plant-1) 

Chlorophyll 

content of 

rooted cuttings 

(SPAD) 

Distilled water 0.309a          0.914a       1.988a           4.02a             43.8b 

0.37 g l-1            0.238ab        1.115a       1.577a           4.44a             45.4b 

0.75 g l-1 0.165ab        1.322a       2.03a             1.70bc           57.7a 

1.5 g l-1 0.092b 1.264a 1.12a 0.80c 53.6ab 

MSD (0.05) 0.155 0.885 1.383 2.55 12.1 

CV (%) 41.0 40.9 3.8 49.6 12.9 

Values in the same column followed by the same letter are not significantly different at 5% probability 

level, according to Tukey’s HSD test. #Given as a fraction to the initial value. MSD - Minimum Significant 

Difference. CV - Coefficient of Variation. 

 

 

Table 3. Effect of growing media on chlorophyll content of sprouts and plant growth of Z. zamiifolia after 

6 weeks 

 

Growing medium Sprout chlorophyll 

content (SPAD) 

Total plant dry weight 

increase (g g-1)# 

Root + rhizome  dry 

weight increase (g g-1)# 

 

M1 (0.75 g l-1 fertilizers) ND 0.54b 0.134a 

M2 (0.75 g l-1 fertilizers + sand) 27.0a 0.81b 0.139a 

M3(compost + sand) 30.1a 1.31b 0.125a 

M4 (compost + sand   

+ 0.75 g l-1 fertilizers) 

30.8a 2.30a 0.210a 

MSD (0.05) 4.17 4.42 4.42 

CV (%) 18.0 35.8 31.1 

Values in the same column followed by the same letter are not significantly different at 5% probability 

level. ND - Not Detected, due to no sprout formation. #Given as a fraction to the initial value. MSD - 

Minimum Significant Difference. CV - Coefficient of Variation. 
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Figure 4. Effect of light on the root zone and growth of Z. zamiifolia during 4 weeks (Different letters 

indicate significant differences between dark and light treatments).  

 

 

Figure 5. (a) Growth of algae and/or chloroplast development in the light-exposed root system in liquid 

media, (b) plant with a frond, the rhizome and roots, and (c) novel table-top miniature plant of Z. zamiifolia.
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However, plant growth was constrained due to 

lack of nutrients in distilled water. This may have 

led to the development of miniature Z. zamiifolia 

plants, which could be introduced as a novel 

table-top plant (Figure 5c). 

 

In conclusion, growth rate of Z. zamiifolia can be 

increased for rapid propagation, when basal 

leaflets without a rachis are grown in compost + 

sand medium with 0.75 g l-1 of fertilizer in liquid 

medium. However, the plant will need to be re-

potted in a medium like coir dust for exporting. 

Miniature ornamental plants can be developed in 

distilled water with light. The results of the 

present study would contribute immensely to the 

export industry of Z. zamiifolia. 
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