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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. Additionally, the ground water in most 
districts is contaminated with arsenic. The resultant effect has been high crop prices, which are becoming less 
and less affordable and at the same time various crops have been found to contain arsenic in amounts in excess 
of the permissible limits. As such, application of zeolite to soil during the cultivation period has the possibility 
of using less chemical fertilizers, less irrigation and removal of arsenic from the groundwater used for irrigation 
and so reducing the availability of arsenic in soil for later uptake by crops. The objective of this study was to 
determine the effect of zeolite application under controlled conditions on the height and 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. Accordingly, seedlings were planted in earthen pots containing soil 
mixed with cow dung and varying doses of zeolite, and height and flowering recorded from day of plantation till 
the 74th day following plantation. It was observed that while zeolite at various concentrations did not have any 
significant effect on growth of plants (as measured by height), it increased the number of flowers per plant 
compared to non-zeolite controls from the 54th day of plantation till the 70th day of plantation. At the same time, 
zeolite when separately studied on its ability to reduce arsenic contamination in water was found to dose-
dependently reduce arsenic concentration in arsenite-dissolved water. 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, in reducing the arsenic contamination of arsenic-contaminated groundwater used for 
irrigation of the plants.  
 
Key words: Zeolite, height, flowering, Solanum melongena. 
 
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 
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 
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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. Rice is the main crop, which is supplemented with various kinds of vegetables and fruits. Although not 
too long ago, there used to be plentiful supply of water from the monsoon rains and the numerous rivers and 
canals of the country, recent years have seen dramatic changes, possibly because of the global climate changes. 
Rivers are drying up or getting less flow of water and monsoon rainfall has dramatically decreased. In 2012, the 
amount of monsoon rainfall occurring in the country decreased by more than half than the average amount in the 
last decade. As a result, farmers are increasingly becoming dependent on ground water for irrigation purposes. 
Drip irrigation is not practiced by the farmers. Moreover, the major crop, namely rice, needs plenty of water 
especially during the sowing and growing period. This is giving rise to rapid drop in the underground water 
level because of overuse, which is not getting time to be replenished by water from natural sources like rainfall. 
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). 
 Zeolite, because of its molecular sieving characteristics, can selectively absorb molecules based on their 
size. These molecules include elements of high toxicity to both plants and human beings, when such plants 
accumulate these elements and are later consumed by human beings. For instance, zeolite has been shown to 
ameliorate the adverse effect of cadmium contamination on growth and nodulation of soybean plant (Eshghi et 
al., 2010). 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). 
 Bangladesh suffers from another adverse environmental problem in that the ground water of vast areas of 
the country contains arsenic above the permissible level of 50 microg/liter (Khalequzzaman et al., 2005). This 
water is used for both drinking as well as irrigation purposes. Rural people use water from tube wells, which 
water may or may not be contaminated with arsenic. Although tube wells discharging arsenic-contaminated 
water are marked red thus alerting the people as to the danger of their uses, people by necessity and absence of 
quality potable water are forced to drink water from such contaminated tube wells, leading to higher incidences 
of skin diseases and cancer and even reduction in children’s intellectual function (Rahmatullah et al., 2010a) 
and increased rate of spontaneous abortion and neonatal mortality (Rahmatullah et al., 2010b). On top of it, the 
ground water used for irrigation from the same aquifer source is used freely. This results in the build-up of 
arsenic in soil and the resultant uptake of arsenic in crops such as rice and vegetables (Alam et al., 2003; 
Heikens et al., 2007; Huq et al., 2006; Rahman et al., 2009; Ali et al., 2009). Also arsenic is accumulating in 
rice straw, which is fed to cattle leading to possible accumulation in humans through the plant-animal-human 
pathway (Abedin et al., 2002). Zeolites have been reported to be potential candidates for removal of arsenic 
from water (Shevade and Ford, 2004; Bonnin, 1997; Xu et al., 1998; Xu et al., 2000). As such 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 the removal of arsenic from arsenic-
contaminated water, leading to reduced or no arsenic uptake in crops, and so saving the country both in health 
related costs as well as improved health conditions of the people. The present study was conducted as the first 
phase of a series of studies on zeolite, and was carried out to observe the effects of different doses of zeolite 
addition under controlled conditions on height and flowering of Solanum melongena L. (Solanaceae), known in 
English as eggplant and locally as baegun, the fruits of which enjoy high consumer demand and are consumed 
as a vegetable in Bangladesh. At the same time, experiments were conducted to observe whether zeolite can 
reduce arsenic concentrations in the water used for irrigation of eggplants. 
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Materials and Methods 
 
 Zeolite was purchased from Nusagre CV, JI. Pinang Raya No. 32, Taman Yasmin, Bogor 16161, Indonesia. 
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. 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. 
 For studying the effect of eggplant growth and flowering in presence and absence of zeolite, eggplant 
seedlings were purchased from a local nursery. The average fresh weight of seedlings was 2g with every 
seedling possessing 5 leaves. Seedlings were transplanted into 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-cowdung 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 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. Plant height was measured from ten days of 
plantation with 10 days of interval till 70th day and the number of flowers per plant was counted at 4 days 
interval from the 30th day of plantation till the 74th day. Inter-culture operations like weeding were done when 
necessary. Results of plant height and flowering are expressed as mean ± SEM. Significance was determined 
using the Least Significant Difference (LSD) test and was considered significant at P<0.05. 
 For the zeolite removal of arsenic experiment, sodium arsenite was dissolved in tap water at a concentration 
of 5 mg per liter (5,000 microg per liter). In the first set, 50 ml of the arsenite solution was kept overnight at 
ambient temperature, followed by filtration of the solution. In the second set, 50 ml of the arsenite solution was 
mixed with 1g ZL and kept overnight at ambient temperature, followed by filtration of the mixture. In the third 
set, 50 ml of the arsenite solution was mixed with 2.5g ZL and kept overnight at ambient temperature, followed 
by filtration of the mixture. Experiments were done in triplicate. All solutions were measured for their arsenic 
content at the Clinical Lab Services of International Centre for Diarrheal Disease Research, Bangladesh 
(ICDDR,B) at Dhaka, Bangladesh. The results are expressed as mean of the three sets of experiments. 
 
Results and Discussion 
 
 Zeolite, when added to soil and cow dung, did not show any increased growth in eggplants as measured by 
plant height. In fact from the 20th day following plantation till the 60th day following plantation, height of 
eggplants in all ZL-containing groups were lesser than Group 1 control plants, i.e. plants grown in the presence 
of soil and CD only. This decrease in height was significant in all ZL-containing groups from the 20th till the 
60th day following plantation. However, by the 70th day following plantation, more or less all groups of plants 
have attained similar heights apart from the highest ZL-containing group, i.e. Group 5. The results are shown in 
Table 1. It has been previously reported that zeolite decreased plant growth of Dieffenbachia amoena in the 
absence of nutrients, but increased leaf number and stem diameter in presence of nutrients (Karami et al., 2011). 
It is possible that in the absence of any other added fertilizer (chemical or otherwise, with the exception of cow 
dung), plants lacked all the nutrients necessary, and under which conditions, plants had reduced height in the 
presence of zeolite. 
  
Table 1: Variation in eggplant height (cm) following zeolite treatment. 

 Average plant height (mean±SE)  during observation period (planting date taken as day zero) 

Groups 10th  day 20th day 30th day 40th day 50th day 60th day 70th day 

Group 1 13.44±0.76a 12.73±0.59a 23.35±0.98a 32.10±1.01a 38.10±1.32a 39.90±1.35a 44.60±2.49a 

Group 2 14.12±0.69ab 12.52±0.60a 20.09±1.49a 25.83±1.71bc 31.55±1.75bc 34.05±2.14bc 42.40±2.84a 

Group 3 12.59±0.63a 8.90±0.54b 18.69±1.15bc 22.07±1.38b 26.66±1.74b 30.90±1.58b 39.55±3.30a 

Group 4 11.17±0.78a 8.84±0.43b 16.40±1.15b 23.57±1.24b 30.45±1.89bc 36.75±2.35a 41.00±3.08a 

Group 5 11.68±1.46a 9.45±0.56b 13.35±1.01b 19.85±1.36b 24.27±1.75b 28.25±1.49b 34.40±3.29b 

 NB: Treatments denoted by the same letter in a column were not significantly different (P<0.05) using the LSD test. 
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 On the other hand, addition of zeolite to CD and soil had a positive effect on flowering in eggplants, 
particularly in Group 4 plants, i.e. plants grown in the presence of 3.25 kg of soil plus 1 kg of CD plus 0.75 kg 
of ZL. At lesser concentrations of zeolite, like as in Group 2, eggplants showed significantly less flowering from 
the 38th day of plantation till the 46th day. Group 3 eggplants also exhibited less flowering versus Group 1 from 
the 30th day of plantation till the 50th day. Noticeably, Groups 2 and 3 eggplants showed a tendency to more 
flowering than Group 1 control plants from the 58th till the 74th day following plantation, but the results were not 
statistically significant. At higher concentrations of ZL, like as in Group 5, eggplants also showed significantly 
less flowering than Group 1 eggplants from the 30th till the 50th day of plantation. In contrast, Group 4 eggplants 
showed an increased tendency of flowering from the 54th day of plantation and which continued till the 70th day 
following plantation. The results are shown in Table 2 and suggest that since increased flowering is occurring at 
a stage when the eggplants are more mature, zeolite addition can have beneficial effects in the cultivation of this 
vegetable crop. In a study conducted with natural zeolite on growth and flowering of strawberry 
(FragrariaXananassa Duch.), increased leaf, shoot and fruit weights have been observed (Abdi et al., 2010). 
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. 
 
Table 2: Variation of flowering in eggplant following zeolite treatment. 

 Average Number of Flowers per plant (planting taken as day zero) 

Groups 30th day 34th day 38th day 42th day 46th day 50th day 54th day 58th day 62th day 66th day 70th day 74th day 

Group 
1 

.80±.24
a 

1.10±.4
0a 

8.10±1.4
3a 

8.10±1.5
3a 

8.10±1.8
4a 

7.10±1.2
0a 

6.20±1.45
a 

8.60±2.50
a 

5.00±2.24
a 

3.80±2.20
a 

6.40±1.38
a 

12.00±1.9
0a 

Group 
2 

1.20±.3
8a 

.80±.35
a 

4.80±.97
b 

3.80±.61
b 

4.20±.62
b 

5.80±.91
a 

6.90±2.10
a 

9.10±1.87
a 

8.70±2.19
a 

5.40±1.64
a 

6.70±1.33
a 

13.00±2.0
5a 

Group 
3 

.0000b .0000b 2.60±.97
c 

2.40±.87
c 

2.50±.94
c 

2.70±.73
b 

5.00±1.17
a 

9.30±1.76
a 

7.80±1.46
a 

4.40±1.24
a 

6.10±1.15
a 

14.10±2.4
5ac 

Group 
4 

.30±.21
ab 

.30±.21
b 

2.60±.63
d 

2.80±.59
d 

3.10±.62
d 

5.60±.90
a 

8.30±1.35
a 

11.90±1.6
4a 

11.00±1.6
0b 

5.70±.93a
b 

7.70±1.17
ab 

9.80±1.91
a 

Group 
5 

.0000b .0000b 0.10±.10
e 

0.40±.30
e 

0.90±.54
e 

3.00±.88
c 

5.70±1.75
a 

10.30±1.9
9a 

8.70±1.99
a 

5.70±1.27
a 

8.30±1.18
a 

10.70±1.3
6a 

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

 
 In zeolite removal of arsenic experiment, the measured arsenic concentration in the first set of triplicate 
experiments was 4.99 mg per liter, which agrees well with the 5.00 mg Na-arsenite per liter solution that was 
prepared. Although zeolite did not cause any decrease in the arsenic concentration when used at 1g zeolite per 
50 ml arsenite-dissolved water, it caused a decrease in the arsenic concentration to 4.3 mg per liter, when used at 
2.5g zeolite per 50 ml of 5mg per liter of arsenite-containing water. This zeolite, if used in cultivation of various 
crops in Bangladesh, which are irrigated knowingly or unknowingly with arsenic-contaminated ground water, 
can also possibly prove beneficial in the trapping and removal of arsenic thus reducing its uptake in edible crops 
and finding its way to the human body, where it can cause multiple types of diseases.      
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