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ABSTRACT: In order to study the effects of zeolite in the integrative consumption with chemical 
fertilizers on nutrient uptake and qualitative traits of potato (Solanum tuberosum L.), an experiment was 
conducted at Aliabad-Bastam village in a factorial arrangement with randomized complete block design 
with three replication. Experimental factors including zeolite in three levels of control (zero), three and six 
tons per hectare, humic acid in two levels as control and 2500 ppm, and the potassium sulfate in three 
levels as control, 250 and 500 milliliters. Results showed that all the main factors had significant effects 
on tuber yield, nutrient content in the tubers and starch content. The highest tuber yield as the most 
important traits was obtained from the plants treated with six tons per hectare of zeolite. Under different 
treatments, significant increase was obtained in starch content which the highest ones was observed in 
in the plants treated with 6 tons zeolite per hectare. A similar trend was obtained for nutrient content in 
the tubers. The highest levels of nutrients in the tuber also found in the interaction effect of zeolite with 
humic acid treatment Finally, it can be concluded that the nutrient demand of potato plants could be 
supplied by integration of chemical fertilizers with zeolite as it was the best factor in this study and 
present a new way for decreasing the chemical inputs as a goal of sustainable agriculture. 
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INTRODUCTION 
 

 Potato (Solanum tuberosum L.) is one of the most important and widely cultivated industrial crops of Iran. 
However, low use of fertilizers and imbalanced nutrient management are some of the reasons responsible for low 
yield of potato in Iran. The potato crop requires balanced dose of nitrogen (N), phosphorous (P), potassium (K) and 
micronutrients for optimum growth and reach to maximum yield (Singh and Trehan, 1998). On the other hand, 
uptake of nutrients by potato is quite high due to fast rapid early growth and tuber formation (Singh, 1997). Potato 
is less efficient user of potassium than other crops (Trehan and Claassen, 2000). Application of K increases plant 
height, crop vigor and impart resistance against drought, frost and diseases. Potassium increases leaf expansion 
particularly at early stages of growth, extends leaf area duration by delaying leaf shedding near maturity. It 
increases both the rate and duration of tuber bulking. Its application activates number of enzymes involved in 
photosynthesis, carbohydrate metabolism and proteins and play an important role in the translocation of 
carbohydrates from leaves to tubers (Imas and Bansal, 1999).  
 The use of humic acid (HA) is a considerable natural compound to be applied as an alternative for increasing 
crop yield. It is produced by the decay of organic compounds and is found in soil, peat and lignites (Sharif, 2002). 
With regard to the complexing properties, various micronutrients are further complexed with HA to form chelated 
agents. Humic acids have been complexed with monovalent and divalent elements such as sodium (Na), 
potassium (K), magnesium (Mg), zinc (Zn), calcium (Ca), iron (Fe), copper (Cu) to overcome a particular element 
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deficiency in soil (Aiken, 1985). It has a reducing capacity that led to increase in Fe uptake (Sanchez-Sanchez, 
2002). Humic acid also serves as a catalyst in promoting the activity of soil microorganisms (Chen and Aviad, 
1990; Sharif, 2002). Thus, HA application would be a practical method to increase the availability of nutrients in 
agricultural farms.  
 Zeolites also are one of the greatest cationic interchangers that their cationic interchange capacity is more than 
other types of minerals found in soils. The application of zeolites to soils increases cation exchange capacity, and 
as increases nutrient retention capacity (Ming and Boettinger 2001). Huang and Petrovic (1994) reported that the 
application of zeolites to soil reduces the leaching of nitrates. In addition, zeolite acts as a slow release fertilizer, 
giving the plant access to water and nutrients for more times, which results in a significant saving in water use and 
reducing the amount of fertilizer to be applied (Ming and Boettinger 2001), thus helping to decrease the amount of 
water used per crop and the contamination of aquifers due to overuse of chemical fertilizers.  
 Since there is limited published work about the effect of application of potassium sulphate combined with 
humic acid and zeolite, this research was conducted to compare their effects on morphological characteristics and 
yield of potato crops. The primary objective of this study was to determine the effects of potassium sulphate 
combined with zeolite in order to decrease consumption of chemical fertilizers in sandy soil farms. Also, one 
hypothesis for this research was that adding zeolite in combination with humic acid would increase nutrient release 
to available forms and reduce the amount K application. The second hypothesis was that zeolite application would 
lead to an increase of yield. 
 

MATERIALS AND METHODS 
 

 The experiment was carried out on the research farm in Shahrood, Iran (358410 N latitude, 518190 E longitude 
and altitudes of 1215 m) during the 2013 growing season. The yearly average precipitation (30 years long-term 
period), which mostly occurred during the autumn and winter months, was 298 mm. The mean annual temperature 
was 18.88 °C. Before the beginning of the experiment, soil samples were taken to determine the soil physical and 
chemical properties. Soil samples were collected at a depth of 0–30 cm. It was air-dried, crushed, and tested for 
physical and chemical properties. The research field had a sandy loam soil. Details of soil properties are shown in 
Table 1.  

 
Table 1. soil physical and chemical properties 

 

depth 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

texture 
EC 
(dS/m)  

CEC 
(meq/100g) 

O.C 
(%) 

Total N 
(%) 

Available P 
(ppm) 

Available K 
(ppm) 

0 - 
30 

12 23 65 
Sandy 
Loam 

1.50 6.4 0.8 0.09 7 120 

 
 After plow and disk, plots were prepared for cultivation. The experimental design was laid out in a randomized 
complete block with a factorial arrangement of treatments in three replicates. Potato tubers were placed at the 
depth of 20 cm at spring with 22 cm within-rows and 75 cm between rows spacing. A polyethylene pipeline and 
installation of counter was performed for the control of irrigation. Different nutrient treatments included zeolite in 
three levels of control (zero), three and six tons in a hectare, humic acid in two levels of control and 2500 ppm, and 
the potassium sulfate in three levels as control, 250 and 500 milliliters in in a hectare.  
 Above ground (stem and leaves) and underground (roots, stolons, and tubers) biomass were recorded by 
taking the average dry biomass of three randomly selected plants six weeks after flowering (CIP, 1984). At this 
stage, the vines were still green but practically ceased growth. Samples were air dried and then oven dried at 72 °C 
to constant mass. Harvest index was determined as the ratio of fresh weight of tubers to the total biomass fresh 
weight at harvest.  
 At flowering stage, leaf samples were taken to determine the N, P and K content of leaves Total N, P and K 
were determined through the titration method by Kjeltec Auto 1030 Analyzer, Tecator, calorimetric method by 
Spectrophotometer, 6505 JenWay and flame photometry by flame-photometer JenWay PFP7, respectively. Starch 
content was also measured by the method of Cottrell, (1995).  
 
Statistical analysis 
 All data were analyzed from analysis of variance (ANOVA) using the GLM procedure in SAS (SAS Institute 
2002). The assumptions of variance analysis were tested by insuring that the residuals were random, homogenous, 



Intl J Farm & Alli Sci. Vol., 3 (6): 669-674, 2014 

 

671 
 
 

with a normal distribution about a mean of zero. Duncan’s Multiple Range test was used to measure statistical 
differences between treatment methods and controls 
 

RESULTS AND DISCUSSION 
 

Nitrogen, phosphorous and potassium content in tubers 
 All the experimental treatments were significant in these three traits (Table. 1). The interaction effect of zeolite 
with humic acid was also significant (Table. 1). Results of mean comparisons showed that there was significant 
differences among different levels of zeolite, so that the highest and lowest levels of these elements were observed 
in the plants which treated with six and zero zeolite per hectare, respectively (Table. 2). Application of humic acid 
and potassium also led to increase in the content of these elements in potato tubers, however, there was no 
significant difference between application of 250 and 500 mL of potassium sulphate (Table. 2).  
 
Table 2. Analysis of variance for nitrogen, phosphorous, potassium and starch, tuber yield, aerial biomass and harvest index of 

potato under different treatments 
 

S.O.V df P content K content N content Aerial Biomass Tuber yield Starch content HI 

Block 2 15.25 0.82** 0.14** 0.081 13.35** 0.084 0.0001* 
Zeolite 2 938.36** 13.84** 1.29** 35.63** 396.35** 28.06* 0.0005* 

Humic acid 1 77.30** 0.96** 0.075** 4.68** 15.49** 7.14** 0.0004* 
K Sulphate 2 52.03** 0.93** 0.10** 2.91** 34.50** 12.22** 0.001** 
zh 2 4.94 0.04 0.03** 0.01 0.70 0.98** 0.02 
zk 4 1.12 0.02 0.002 0.14* 0.59 0.48** 0.0005 
hk 2 0.78 0.007 0.01 0.02 0.19 0.40** 0.001 
zhk 4 0.14 0.002 0.002 0.11 0.08 0.21 0.00004 
Error 34 7.78 0.04 0.005 0.044 1.21 0.039 0.0002 

 
* and ** showed significant differences at 5 and 1 %, respectively. 

 
Table 3. Mean comparisons of mail effects nitrogen, phosphorous, potassium and starch, tuber yield, aerial biomass and 

harvest index of potato under different treatments 
 

 
Treatments 

P content (%) K content (%) N content (%) Aerial Biomass  Tuber yield Starch content HI 

Zeolite        
No. application 18.0c 2.58c 1.11c 4.69c 16.42c 13.80c 77.8a 
3 ton hec

-1
 25.36b 3.56b 1.42b 6.01b 20.09b 15.12b 76.9b 

 ton hec
-1
6 32.44a 4.34a 1.64a 7.51a 25.74a 16.29c 77.4a 

Humic acid        
No. application 24.07b 3.36b 1.35b 5.77b 20.22b 15.43a 77.8a 
3500 ppm 26.46a 3.62a 1.43a 6.36a 21.29a 14.71b 76.9b 
K sulphate        
No. application 23.41b 3.24b 1.30b 6.19b 19.23c 14.12b 75.6c 
250 mL 25.65a 3.57a 1.42a 6.40a 21.10b 15.60a 76.7b 
500 mL 26.75a 3.67a 1.45a 5.62c 21.93a 15.49a 79.7a 

 
Treatments with different letters are significantly different at 5 % level according to the LSD test. 

 
 Mean comparison of interaction effect of zeolite with humic acid on nitrogen content of potato tubers also 
showed that the application of humic acid all three levels of zeolite led to increase nitrogen content, so that the 
highest nitrogen percentage was observed in the plots treated with six ton zolite per hectare and accompanied by 
humic acid application (Fig. 1). 
 Nutrient uptake by plant roots is dependent to root growth and nutrient availability in soil, especially in root 
rhizosphere (Dasmahapatra, 1984). Sandy soils often have low cation exchange capacity and hydraulic 
conductance. Application of zeolite in such soils led to reducing the nitrogen loss and increasing water use 
efficiency due to high tendency for nutrient uptake and water molecules (Mumpton, 1999). It has been reported that 
the zeolite application caused to decrease nutrient loss in rice plants subjected to waterlogging stress and 
increased plant growth (Marton, 2001). In another study, application of humic acid increased plant height, fresh 
weight, and nitrogen, phosphorous and potassium uptake in vigna unguiculata plants (El-Hefny, 2010).  
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Figure 1. Interaction effect of zeolite with humic acid on nitrogen content of tubers 

 
Starch content 
 All the main and interaction effects of experimental factors were significant on starch content of potato tubers 
(Table. 1). Zeolite application at the levels of six ton per hectare led to highest starch content in potato tubers in 
comparison to zero and 3 ton per hectare (Table. 2). Humic acid application but decreased starch content of potato 
tubers (Table. 2). Among potassium sulphate levels, application of 250 and 500 mL significantly increased tuber 
starch content, in comparison to the control (Table. 2).  
 

 
 

Figure 2. Interaction effect of zeolite with humic acid on starch content of tubers 

 
 Mean comparison for interaction effect of zeolite with humic acid showed that the highest starch content in the 
plots treated with six ton zeolite per hectare and no humic acid addition. On the other hand, lowest starch content 
also found in plots treated with humic acid and without zeolite application.  
 

 
 

Figure 3. Interaction effect of zeolite with potassium sulphate on starch content of tubers 
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Figure 4. Interaction effect of humic acid with potassium sulphate on starch content of tubers 

 
 Interaction effect of zeolite with potassium sulphate also indicated that the starch content of potato tubers 
increased by applicaton of zeolite at both the humic acid levels (Fig. 2), so that the highest starch content was 
observed in the plots treated with six ton zeolite per hectare and 500 mL potassium sulphate acid application (Fig. 
3). Interaction effect of humic acid with potassium sulphate also showed that the highest starch content of potato 
tubers were observed in the plots treated with humic acid accompanied by 500 mL potassium sulphate, and the 
lowest starch content found in plots treated with humic acid and without application of potassium sulphate (Fig. 4).  
 It has been reported that under optimum nitrogen availability conditions, higher amounts assimilates were 
produced for synthesis of amino acids, proteins and other nitrogen based compounds, so the contents of 
carbohydrate metabolites like starch will be reduced (Marton, 2001). But, if required amounts potassium be 
available in root rhizosphese, assimilates almost accumulates in the form of carbohydrates and convert to starch at 
last growth stages (Dasmahapatra, 1984).  
 Zelalem, (2009) also reported that the application of potassium increased specific gravity and starch content of 
potato tubers, but nitrogen application led to decrease in these two traits.  
 
Tuber yield, aerial biomass and harvest index 
 All the main effects of experimental factors were significant on tuber yield, aerial biomass and harvest index 
(Table. 1). Interaction effect of zeolite with potassium sulphate also was significant on aerial biomass (Table. 1). 
Results of mean comparison showed that there were significant differences among different levels of zeolite on 
tuber yield and aerial biomass, so that the highest tuber yield was observed in the plots treated with six ton zeolite 
per hectare (Table. 2). Our results also indicated that the application of humic acid and potassium sulphate also led 
to increase tuber yield and aerial biomass in potato, except for application of 500 mL potassium sulphate on aerial 
biomass which led to decrease this treat in comparison another applied levels (Table. 2).  
 Mean comparison of interaction effect of zeolite with potassium sulphate also showed that the potassium 
sulphate accompanied by zero and 3 ton zeolite per hectare significantly increased aerial biomass, however, the 
highest aerial biomass was obtained from plats treated with six ton zeolite per hectare without potassium sulphate 
application (Fig. 5). There was a different trend in harvest index, so that the application of zeolite led to decrease in 
harvest index and the lowest harvest index was obtained in plots treated with 3 ton zeolite per hectare. Application 
of humic acid and potassium sulphate also led to decrease in harvest index.  
 

 
 

Figure 5. Interaction effect of humic acid with potassium sulphate on starch content of tubers 
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 It has been reported that the treatment of potato tubers with potassium sulphate before sowing, led to increase 
root growth, tolerance to diseases and tuber yield (Bostan and Islam, 2003). In another study, foliar application of 
humic acid on millet leaves increased root length, plant height, seed yield, thousand seed weight and seed protein 
content (Saruhan, 2011). It has been reported that potassium increases the size of tubers and not the number, so, 
it increases the yield by increasing the number and yield of large sized tubers (Trehan, 2001). 
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