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ABSTRACT 
 
 Zeolite is a natural super porous mineral and is a part of a group of hydrated alumino silicates. It has been 
claimed that addition of zeolite to soil during cultivation can enable better plant growth, improve the efficiency 
of nitrogen and potassium fertilizers, improve water infiltration and retention, improve crop yield, retain 
nutrients for long-term use by plants, improve soil quality, reduce loss of nutrients from soil, and can help in the 
absorption of toxic metals from soil and so make them less available for uptake and accumulation in crops. 
Bangladesh is an agriculture-based country, which in recent years is becoming more and more dependent on 
high-cost chemical fertilizers and ground water for cultivation of crops. The resultant effect has been high crop 
prices, which are becoming less and less affordable to the mass people. As such, application of zeolite to soil 
during the cultivation period has the possibility of using less chemical fertilizers and less irrigation. The 
objective of this study was to determine the synergistic effect of zeolite application in combination with other 
fertilizer (calcium and magnesium rich) under controlled conditions on the flowering of Solanum melongena L. 
(Solanaceae), known in English as eggplant and locally as baegun, which is a popular and widely consumed 
vegetable item in the country and as well examine the potentiality of the fertilizer alone on growth of S. 
melongena and Citrus aurantiifolia (English: key lime). Accordingly, seedlings were planted in earthen pots 
containing soil mixed with cow dung and varying doses of zeolite, and the fertilizer was applied after a certain 
period of 74th day following plantation and the flowering recorded from day of fertilization (as zero day) till the 
24th day. It was observed that all groups showed improved flowering after fertilization while moderate zeolite 
concentrations resulted in significant effect on flower induction of plants compared to non-zeolite. At the same 
time, fertilizer when separately studied on its ability to increase plant height and average leaf area in S. 
melongena till 90th day of transplantation demonstrated better lateral branching till 60th day. Moreover, in case 
of key lime, this fertilizer increased plant height till 40th day and lateral branching from 50th to 90th day. The 
results suggest that zeolite, if applied to soil, at least for cultivation of eggplants may have dual beneficial 
effects, the first in terms of increased flowering, and the second, possibly to serve to hold fertilizer from 
leaching which may benefit farmers to save fertilizer cost; the calcium and magnesium rich fertilizer can 
improve growth of both S. melongena and C. aurantiifolia. 
 
Key words: Zeolite, flowering, Solanum melongena, height, calcium, Citrus aurantiifolia  
 
Introduction 
 
 Zeolite is a natural super porous mineral and is a part of a group of hydrated alumino silicates. It has been 
claimed that addition of zeolite to soil during cultivation can enable better plant growth, improve the efficiency 
of nitrogen and potassium fertilizers, improve water infiltration and retention, improve crop yield, retain 
nutrients for long-term use by plants, improve soil quality, reduce loss of nutrients from soil, and can help in the 
absorption of toxic metals from soil and water and so make them less available for uptake and accumulation in 
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crops. Zeolite carries a negative charge balanced by freely moving cations with positive charges. As a result, it 
provides an ideal substrate for trapping of positive cations like nitrogen-rich ammonium and potassium 
containing fertilizers, which can then be released when required by the plants. This can lead to more efficient 
use of fertilizers. The amount of fertilizer necessary can be reduced because of its more efficient utilization; also 
the fertilizer lasts longer in soil helping plants to grow better. An additional benefit of zeolite is that unlike other 
soil additives like gypsum or lime, it does not break down. As a result, repeat additions of zeolite to soil can 
substantially improve soil quality and help water retention and availability, resulting in use of less water for 
irrigation purposes. 
 Bangladesh is an agricultural country with the majority of the population residing in the rural areas of the 
country. The increase in population has caused shrinkage of agricultural land, causing the country to be 
dependent on more food production from increasingly less and less arable land. In turn, the situation is 
compelling farmers to becoming heavily dependent on soluble chemical fertilizers and pesticides to increase 
crop output. The use of soluble chemical fertilizers can lead to pollution of nearby water bodies, can waste 
nutrients, and can cause the soil to lose its natural fertility with time. Such loss of natural fertility can make the 
farmer heavily dependent on chemical fertilizers, and increasing amounts of fertilizer needs to be used every 
year to get the same output of crops. Chemical fertilizers leach into the ground and surface water, where they 
can cause increased algal bloom in the water bodies and consequent depletion of oxygen, leading in turn to 
massive death of aquatic species leading to fish shortages and loss of ecological balance. 
 Zeolite can have a positive effect in this aspect because of its afore-mentioned capacity to hold nutrients 
and make them available to plants as per the requirement of the plant (Lai and Eberl, 1986). Beneficial results 
from application of clinoptilolite (a type of zeolite) reportedly have been crop yield increases (Baikova and 
Semekhina, 1996; Loboda, 1999; Castaldi et al., 2005); decrease in fertilizer requirements (Loboda, 1999); 
immobilization of heavy metals in contaminated soils (Oste et al., 2002; Rehakova et al., 2004); and reduction 
of heavy metals uptake by plant roots (Gworeke, 1992; Chen et al., 2000). 
 In the perspective of Bangladesh, use of zeolite during cultivation of various edible crops can have a 
number of advantages like use of lesser amounts of water and fertilizer, improved crop yields, and leading to 
reduced or no arsenic uptake in crops (to be noted that groundwater in Bangladesh is contaminated with arsenic 
in the majority of districts), and so saving the country both in health-related costs as well as improved health 
conditions of the people.  
 We have observed in a previous study on height and flowering of Solanum melongena L., that zeolite can 
significantly improve the growth under control conditions (Azam et al., 2012), which was the first part our 
series of studies on applications of zeolite. In continuation of our previous study, this study was designed to 
monitor (i) S. melongena plants with zeolite and a fertilizer to determine whether they synergistically can 
improve flowering in eggplants, and (ii) simultaneously run another trial on freshly transplanted eggplants (S. 
melongena) and key lime (C. aurantiifolia), the latter locally named as “Kagozi lebu”, only with the specific 
fertilizer to observe the effect of this fertilizer on growth of these species. As the vegetable, eggplant and the 
fruit, key lime both have high consumer demand and are profitable crops for the growers in Bangladesh; our 
objectives were to investigate the possible role of synergism of zeolite with a fertilizer versus using the fertilizer 
alone.  
 
Materials and Methods 
 
 Zeolite was purchased from Nusagre CV, JI. Pinang Raya No. 32, Taman Yasmin, Bogor 16161, Indonesia 
and the fertilizer used was named Miracle Fertilizer (MF) and supplied by Advance Agro Tech. A compositional 
analysis conducted at the Soil Resources Development Institute Research Section of the Government of 
Bangladesh showed that the zeolite contains 1.57% total nitrogen, 0.97% phosphorus, 1.06% potassium, 0.18% 
sulfur, 0.004% zinc, 0.57% calcium, 0.001% copper, 0.004% boron, 1.21% magnesium, 0.01% manganese, 6.03 
parts per million (ppm) chromium, 4.33 ppm nickel and a pH of 8.7, and MF contained 1.83% total nitrogen, 
0.13% phosphorus, 0.30% potassium, 0.42% sulfur, 0.023% zinc, 17.98% calcium, 4.87% magnesium, 0.013% 
Manganese, 0.01% Boron and a pH of 8.3.  Total nitrogen was determined by the micro-Kjeldahl method, 
phosphorus and boron determined with the spectrophotometric molybdovanadate method, potassium was 
determined by flame photometry, magnesium, calcium, manganese, nickel and chromium determined by atomic 
absorption spectrophotometric method, and sulfur determined by turbidimetric method.  
 In the first part of our experiments with eggplant, we applied MF (specifically calcium and magnesium 
rich), on top of soil in all groups of eggplants to observe the effect of flowering in presence and absence of 
zeolite synergistically from the age of 74th day of plantation to the 98th day following plantation. Eggplants were 
cultured in earthen pots with a single plant per pot and ten plants per group. The pots of various groups 
contained soil with cow dung (CD) in the presence and absence of various doses of zeolite (ZL). The total 
weight of soil-cow dung and zeolite mixture was 5 kg per pot. Group 1 pots contained 4 kg of soil and 1 kg of 
CD. Group 2 pots contained 3.75 kg soil plus 1 kg of CD plus 0.25 kg of ZL. Group 3 pots contained 3.5 kg of 
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soil plus 1 kg of CD plus 0.5 kg of ZL. Group 4 pots contained 3.25 kg of soil plus 1 kg of CD plus 0.75 kg of 
ZL. Group 5 pots contained 3 kg of soil plus 1 kg of CD plus 1 kg of ZL. The average pH of the prepared soil-
CD-ZL mixture was 7.2. Garden soil used in this experiment was collected from the field and it was classified as 
fine-mixed. Different soil compositions were individually finely homogenized before pouring into the pot. 
Following transplantation, plantlets were irrigated with tap water daily as per required. Pots were kept in the 
open at ambient temperature. MF was applied at five day intervals on top of the soil to all groups of plants at 5g 
per plant starting from the 74th day of transplantation. The number of flowers per plant was counted at 4 days 
interval from the date of first MF application till the 24th day after fertilization and the results are expressed as 
mean ± SEM. Significance was determined using the Least Significant Difference (LSD) test and was 
considered significant at P<0.05.  
 In the second part of our experiment, key lime plants and eggplant seedlings (collected from a nursery), 
were transplanted in earthen pots with a single plant per pot, five plants per group and two groups each.  Various 
groups and corresponding treatments have been shown in the legends to relevant Figures. Each earthen pot 
contained 5kg homogenized garden soil. Inter-culture operations like weeding were done when necessary. After 
10 days of transplantation, 5gm of MF was applied on top of the soil on each plant in treatment groups at 5 days 
interval. Data on plant height (cm), leaf area (cm), average leaf number per plant, and average branch number 
per plant were collected at 10 days interval till 90 days and are expressed as mean ± SEM.   
 
Results and Discussion 
 
 Results from the first part of our experiment on effects of combination of fertilizer and zeolite on eggplant 
showed that MF, when added to soil and cow dung (control, group 1), showed increased number of flowers per 
plant at 8th, 12th, 20th and  24th day following first MF application, than previous periods when MF was not 
applied. In case of ZL-containing groups, flowering of eggplants improved from the 8th day till the 24th day 
following first date of MF application versus previous periods when MF was not applied. All zeolite plus MF 
containing groups started showing significantly higher number of flowers per eggplant on the 4th day versus 
Group 1 (control plants, i.e. plants grown in the presence of soil and CD only). On the other hand, the variation 
between control and ZL plus MF containing groups was not significant on the 8th, 16th and 20th day following 
MF application. At lesser concentration of Zeolite, like in Group 2 and Group 3, eggplants showed significantly 
less flowering than others. However, by the 12th day following addition of MF, more or less all ZL groups of 
plants had positive effect on flowering, which was significantly higher than the control group.  Eggplants from 
Group 3 and Group 4 also exhibited less flowering versus Group 1 from the 8th day of first fertilization till the 
24th day. In contrast, Group 5 eggplants, with higher concentration of zeolite, exhibited a tendency to more 
flowering than rest of the zeolite-containing groups from the 4th till the 24th day after first fertilization, but the 
results were not statistically significantly. The results are shown in Table 1 and suggest that since increased 
flowering was occurring when the eggplants were supplemented with MF, a calcium- and magnesium-rich 
fertilizer like MF may have synergistically beneficial effects with zeolite in the cultivation of this vegetable.  
 Bagdasaroov et al. (2004) explained that for soil amendment zeolite is an excellent carrier regulator and it 
can stabilize mineral fertilizers. In addition, Junrungreang et al. (2002) found that chemical fertilizer with 
zeolite improve soil chemical properties and growth of sugarcane. In his experiment, combination of higher 
doses of chemical fertilizer and as well higher doses of zeolite showed highest effect of height, diameter and 
yield of sugarcane.  
 
Table 1: Variation of Flowering in eggplants (S. melongena) after applying MF along with Zeolite. 

Average number of flower (mean ± SE) per plant (fertilizer application date taken as day zero) 

Groups Zero day 
(74th day after 

plantation) 

4th day 8th day 12th day 16th day 20th day 24th day 

Group 1 12.00±1.90a 10.30±1.989a 18.30±2.40a 12.40±3.20a 11.80±1.4a 15.30±9.1a 13.40±2.29a 

Group 2 3.00±2.05a 12.70±2.049b 15.70±1.63a 10.50±1.34a 11.4±1.67a 14.00±2.46a 12.10±2.46b 

Group 3 14.10±2.45ac 12.80±2.555b 16.50±2.67a 10.40±2.59a 10.7±1.88a 12.70±2.67a 9.30±1.52b 

Group 4 9.80±1.91a 8.20±2.22ab 13.60±1.93a 10.20±1.62ab 8.11±1.92a 12.40±2.33a 10.40±1.62a 

Group 5 10.70±1.36a 16.00±2.42ab 16.00±2.4a 12.40±2.31ab 11.3±1.02a 15.70±1.48a 13.00±1.87a 

NB: Treatments denoted by the same letter in a column were not significantly different (P<0.05) using the LSD test. 

 
 From the experiments with MF alone (to observe the effects of growth of eggplants and key lime), we 
found that this fertilizer possessed different roles in their growth including plant height, number of leaves per 
plant, leaf area and number of branches per plant. Treatment group of key lime plants showed increased plant 
height from 10th day (46.0 cm) of transplantation till 40th day (56.0cm), over control and then dropped slightly 
than control, which continued for nearly 20 days. From 60th day of transplantation, average plant height began to 
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increase and increased till 90 days but remained lower than key lime plants of control group (Figure 1).  For 
eggplants, fertilizer (MF) application showed positive effect on increasing plant height from 10th day (20 cm) till 
90th day (66.0 cm) of transplanting with a regular uprising trend than control (Figure 5). On the basis of foliation 
in eggplants, no effect on leaf number increase was observed in treatment group compared to control group from 
10th day of transplantation to 50th day but from 60th day, it suddenly increased and continued till 90th day, which 
was greater than the control group (Figure 6). In addition, the fertilizer did the same effect in key lime plants. 
We did not find any influence in increase of leaves per plant for key lime treatment group versus control, rather 
the control group showed slight increases in number of leaves per plant from 80th to 90th day of plantation 
(Figure 2). Considering the average leaf area per plant, we did not observe any significant differences between 
control and treatment group of key lime plants from 10th till 90th day from plantation (Figure 3). For eggplants, 
the fertilizer application caused a continuous increase in the average leaf area per plant from 10th day to 40th day 
after planting, and then showed a downward trend till 90th day, except a slight break at 60th day of plantation 
(Figure 7). 
 

 

 
 
Fig. (above): Effect of MF on key lime plant height (1), foliation per key lime plant (2), leaf area (3), branching 

per plant (4) of control (Group-F) and treatment group (Group-E). 
 
 As to lateral branching, use of the fertilizer (MF) did not show any positive effect in eggplants (Figure 8); in 
contrast, we found an effective role for inducting branches in key lime plants. The result showed no difference 
between control and treatment from 10th to 40th day but it peaked up in treated groups from 50th day and 
continued to remain elevated till 90th day (10.5 branches per plant) after plantation (Figure 4). 
 Along with the content of macronutrients, this fertilizer was rich in both calcium and magnesium, and as 
well contained some micronutrients, which are known to play a complex role in growth of plants. It has been 
reported that magnesium was involved in the synthesis of chlorophyll and production of plant energy (FAO, 
2000); in the present case, the fertilizer (MF) might have played a positive role on growth response of eggplants 
and key lime plants. It has also been claimed that calcium helps in root growth of plant (FAO, 2000) and it is 
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one of the key minerals found particularly in Citrus sp. It has also been reported that supplementary calcium 
fertilization has role in plant growth (Chapman, 1967).  
 

 

 
 
Fig. (above): Effect of MF on eggplants height (5), foliation per eggplant (6), leaf area (7) and branching per 

eggplant (8) for control (Group-H) and treatment group (Group-G). 
 
 In conclusion, it appears that the results of our previous paper, i.e. zeolite can cause improved growth in 
eggplants (Azam et al., 2012) under certain conditions, has been supported by the present data. In addition, it 
has also been observed that supplementary chemical fertilization in the form of MF was beneficial for flowering. 
MF may synergistically improve the soil fertility with cow dung, whereas zeolite might serve as protection from 
leaching of micronutrient, and which, as observed in the present study, has lead to increased flowering. 
Although large amounts of work is still necessary to find out the effect of zeolite on growth and yields of 
various crops and vegetable plants of Bangladesh, zeolite can possibly be used with beneficial effects in the 
cultivation of eggplant in the country. Supplementation of calcium and magnesium rich fertilizer like MF can 
have positive effects on growth of plants like S. melongena and C. aurantiifolia. 
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