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Abstract 13 

A. Objective 14 

This study was conducted to investigate the efficiency of wick irrigation system for 15 

greenhouse crops as a factorial experiment in a completely randomized basic design with two 16 

factors wick type and planting medium in four levels and three replications in the research 17 

greenhouse of Shahrekord University. 18 

B. Methods 19 

For this purpose, the traits of total fresh and dry weight of shoot, average stem diameter, root 20 

dry weight, pH, soluble solids, RWC, vitamin C, fruit dry weight, fruit yield and water use 21 

efficiency were measured. 22 

C. Results 23 

The analysis of variance results indicated significant main effects and interaction effects of 24 

wick type and planting medium on various plant growth and yield indices. Water 25 

consumption was found to be significant at 5% and 1% confidence levels. However, the main 26 

effect of wick type on relative water content and substrate type on pH, as well as the 27 

interaction effect on several parameters, were not significant. The most favorable outcomes 28 

were observed with a specific substrate and wick type combination. 29 

D. Conclusion 30 

Therefore, the use of woven wire and wicks in the soil + cocopeat + fertilizer + perlite 31 

substrate increases plant water consumption as well as quantitative and qualitative 32 

characteristics of bell pepper. 33 

Keywords 34 

Wick Irrigation System; Planting Bed; Greenhouse Plants; Water Consumption; Water Use 35 

Efficiency; Root Dry Weight; Bed of Soil;  36 

 37 

38 



3 

List of Abbreviations 39 

RWC: Relative Water Content  40 

WUE: Water Use Efficiency 41 

pH: Potential Hydrogen 42 

FC: Field Capacity 43 

FW: leaf fresh weight 44 

DW: Dry Weight 45 

SAS: Statistical Analysis System 46 

LSD: Least Significant Difference 47 

 48 

49 



4 

Introduction 50 

In recent decades, due to the increasing water crisis, it is necessary and necessary to use 51 

modern irrigation methods to increase the efficiency of water consumption and preserve water 52 

resources. The new wick irrigation technique has the ability to be developed to meet the 53 

irrigation needs of plants, especially greenhouse plants. The cultivation environment of 54 

ornamental plants or home vegetables is very limited and will definitely have a limited water 55 

holding capacity. The existence of these conditions requires that the watering of these plants 56 

should be done with short frequency and in a small amount. Continuation of these conditions 57 

will require spending a lot of time and energy. The use of wick irrigation system can largely 58 

solve the problem of the lack of water storage capacity of the cultivation environment, 59 

because in this system, the water storage container required by the plant is separate from the 60 

cultivation environment and can have a desired capacity. Therefore, frequent and daily 61 

watering operations can be reduced and in one step, the water required for several days can be 62 

provided to the plant. In order to support the desired growth of plants, the growth 63 

environment should provide nutrients and water to the plant in an appropriate way. In order to 64 

provide the required moisture, irrigation is one of the main and important parts of greenhouse 65 

management. Improper irrigation in the greenhouse reduces the quality and quantity of the 66 

product, so it should be done scientifically and by specialized personnel. It is very necessary 67 

to make sure of the appropriate time intervals between each irrigation and the amount of 68 

water, and there are many and complicated factors such as the cultivation environment, 69 

radiation, plant type, growth period, ventilation and water needs of the plant. The results show 70 

that wick irrigation can be useful for smallholder farmers for greenhouse crops and it can be 71 

called as a low-cost and highly efficient irrigation system by improving water efficiency 72 

(Roonjho et al., 2022). Water use management has become a basic and important issue for 73 

improving agriculture. With the correct management of water and soil and the use of 74 

advanced techniques, limited water resources can be used optimally. In this regard, in dry 75 
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areas, various measures can be taken to preserve and store water in the soil. The amount of 76 

water that is lost due to evaporation from the tanks, which have a relatively large surface, is 77 

sometimes more than the amount of water that is used to produce the product (Kang et al., 78 

2017). Failure to properly manage the irrigation system in the greenhouse will cause 79 

problems. Estimating low water demand and as a result, applying low irrigation causes 80 

symptoms such as growth stoppage, smaller leaves, shortening of the distance between nodes, 81 

deformity and falling of leaves, burning of leaf margins and reduced yield. to be On the other 82 

hand, excessive watering, in addition to increasing the soil moisture and the moisture under 83 

the greenhouse cover, also causes a decrease in the passage of light into the greenhouse. As a 84 

result, plants suffer from problems such as height increase, the stem becoming watery and soft 85 

and brittle, reducing soil oxygen, damaging the roots, and not absorbing water and nutrients, 86 

and eventually withering and stopping growth (Nikolaou et al., 2019). Correct and accurate 87 

estimation of the water requirement of greenhouse plants in order to have a good and effective 88 

management in irrigation under controlled greenhouse conditions is inevitable (Abioye et al., 89 

2020). Considering the arid and semi-arid climate such as Iran, water plays an important role 90 

in determining the type and composition of agricultural activities as one of the limiting factors 91 

of production (Araya et al., 2017). Lack of water is one of the most important limiting factors 92 

for plant growth, which reduces the amount of dry matter and the quality of the product 93 

(Zegbe-Domı́nguez et al., 2003 and Kabir et al., 2021). In the wick irrigation system, water is 94 

directed from a reservoir into the cultivation environment by capillary movement. This 95 

irrigation system, which can be used mainly for greenhouse and ornamental plants, is more 96 

responsive than conventional irrigation systems in terms of saving time, water consumption 97 

and cost (Al-Mayahi et al., 2020 and Roonjho et al., 2022). One of the most important 98 

advantages of using this system for watering greenhouse plants is that, in addition to saving 99 

time and money, this system can increase the productivity of water and nutrients (Chaturvedi 100 

et al, 2021 and I.S, 2003). By using the wick irrigation system, the quality of production 101 
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products has increased and in terms of controlling direct evaporation and humidity and 102 

preventing depth losses, it can cause higher efficiency and productivity (Bainbridge, 2002; 103 

Felipe and Bareng, 2022; Bhayo et al, 2018 and Heidari et al, 2022). This system can also be 104 

used for semi-hydroponic cultivation, in which case the wick itself can be considered as the 105 

cultivation environment and receive water and nutrients from the storage tank associated with 106 

it (Ferrarezi, 2012). During a research in Kenya, 5 different species were used for wick 107 

irrigation system. The selection of these materials was based on the three criteria of water 108 

holding capacity, water absorption pattern and maximum capillary height. Based on the 109 

results of this work, the wicks produced from the combination of linen and polyester materials 110 

had the best absorption pattern and maximum capillary height. Pure linen and pure polyester 111 

wicks were not prioritized for this purpose (Wesonga et al, 2014). During the experiment, the 112 

efficiency of wick irrigation system for lettuce production was investigated and compared in 113 

three different cultivation environments. Based on the results of their work, wick irrigation in 114 

all three environments significantly improved the quality and performance of the production 115 

(Ferrarezi & Testezlaf, 2016). The wick irrigation system has been used in clay pots in India. 116 

In this way, one or more holes were placed in the buried clay pot and cotton wicks were 117 

placed in the holes. The wick provided water from a fixed source slowly to the plant and 118 

caused the expansion of root and plant growth (Mari Gowda, 1974). Various factors, such as 119 

the amount of water and suitable cultivation substrate, are very important in the relationship 120 

between the plant and the physical environment. Cultivation of plants in cultivation beds 121 

instead of soil is expanding due to many advantages such as the possibility of optimal control 122 

of plant nutrition, reducing the incidence of diseases and pests, and increasing the quantity 123 

and quality of the product compared to soil cultivation (Maloupa et al, 2001). For the 124 

successful production of vegetables in soilless cultivation in greenhouses, it is necessary to 125 

have sufficient food reserves in different cultivation substrates at different stages of growth 126 

(FAO, 2013; Savvas and Gruda, 2018; Fussy and Papenbrock, 2022). Cultivation of 127 
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greenhouse vegetables in organic substrates is more common. Today, in these systems, 128 

different materials are used as planting substrate, each of which has unique characteristics 129 

(Colla et al, 2003). These materials include organic, mineral and synthetic materials, which 130 

should have high water retention capacity, sufficient ventilation, proper drainage and high 131 

cation exchange capacity, and should not have any adverse effects on the plant (Ghasemi et al, 132 

2010). Capsicum with the scientific name (Capsicum annum L.) is an annual plant belonging 133 

to the Solonaceae family, whose main habitat is Mexico and South America (Sanatombi and 134 

Sharma, 2007). This plant has very valuable medicinal properties and is used in the treatment 135 

of many diseases, including heart diseases, high blood pressure, and obesity (Sanati et al, 136 

2018). Capsicum is a herbaceous plant with sympodial stems that grows in small or large 137 

form and is useful in terms of economy and consumption and maintaining human health 138 

(Mongkolporn and Taylor, 2011; Tripodi and Kumar, 2019). In this research, the effect of 139 

wick irrigation on the growth of this plant has been investigated. 140 

Materials and Methods 141 

This research was conducted in the research greenhouse of the Faculty of Agriculture of 142 

Shahrekord University. The experimental area has a semi-arid climate with a geographical 143 

longitude of 50o51' east and latitude of 32o20' north and an altitude of 2061.4 meters above 144 

sea level. To investigate the responsiveness of the wick irrigation method, bell pepper plants 145 

were grown in different environments and irrigated by wick method in each environment. The 146 

mixtures of cultivation medium are given in the introduction section of the design treatments. 147 

Plant cultivation in this experiment was done in plastic pots with dimensions of 60×35×40 148 

cm. This research was carried out as a factorial experiment in the form of a completely 149 

random basic design. The experimental treatments included four types of soil mixture and two 150 

traditional and wick irrigation methods. In the wick method, three different types of wick 151 

materials were used, including worsted thread, linen thread and linen-cotton thread with a 152 

constant density (Fig. 1).     153 
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The selection of wick materials was based on properties such as water holding capacity, water 154 

absorption pattern and their maximum capillary height. The specifications of the design 155 

treatments are given in Table 1 and are briefly introduced. 156 

In this research, "Lomos" bell pepper plant was used. Cultivation media included a) a 157 

combination of soil, sand and animal manure in equal proportions b) a combination of soil, 158 

cocopeat, manure and sand in equal proportions c) a combination of soil, cocopeat, manure 159 

and perlite c) cocopeat, manure and perlite . Considering three repetitions for each 160 

experimental treatment, the number of test pots was 48 pots. The water used in this project 161 

was drinking water of Shahrekord University. During the cultivation period, there were all 162 

operations and harvesting was done in the same way according to the agricultural 163 

recommendations for all treatments (Fig. 2).  164 

In table 2, the humidity limits of different cultivation substrates are given. 165 

How to irrigate and calculate the amount of water used 166 

The water required by the bell pepper plant was measured by volume by humans and was 167 

provided to the plant at each turn in the tank installed under each pot (Fig. 3). 168 

The amount of water used in treatments without wicks was measured by measuring the 169 

amount of moisture in the soil and in order to meet the water requirement up to the FC 170 

moisture limit. Thetaprobe device was used to measure the amount of water in the cultivation 171 

environment. 172 

Measurement of Investigated Traits 173 

In order to measure the total dissolved solids, first the fruit extract was prepared by a juicer, 174 

and then the amount of dissolved solids was read using a hand-held refractometer in terms of 175 

Brix percentage (Burton, 1982; Lieberman, 2012). To measure titratable acid, 0.1 normal 176 

sodium titration method was used. First, the fruit extract was prepared and then it was brought 177 

to a concentration of 10% with distilled water. 20 cc of 10% fruit juice was poured into 178 

Erlenmeyer flask and 2-3 drops of phenolphthalein reagent were added to it and titrated with 179 
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the help of soda. The pH was calculated using a pH meter (Tyl and Sadler, 2017). To measure 180 

relative water content, the youngest developed leaf from the pepper plant of each treatment 181 

was randomly 0.1 gram separated from each leaf was separated and considered as wet weight. 182 

Then the samples were placed in distilled water for 6 hours. After that, the samples were dried 183 

with a napkin and weighed again (Fig. 4).  184 

The resulting weight was considered as the saturated weight of the leaf. Then the samples 185 

were placed in the oven at 75 degrees Celsius for 24 hours and the final weight of the dried 186 

samples was measured. The relative water content of leaves was calculated from Equation (1) 187 

(Hunt et al, 1987; Yamasaki and Dillenburg, 1999). 188 

Eq. (1)

                              
100)]DWTW/()DWFW[(%RWC −−=

                                                                                                             
189 

Where: 190 

RWC: relative leaf water content % 191 

FW: leaf fresh weight (grams) immediately after sampling 192 

DW: dry weight of leaves (grams) after placing in the oven 193 

TW: saturated leaf weight (gram) after exposure to distilled water 194 

In order to measure vitamin C, one bell pepper was randomly picked from each plant. The 195 

extract of each treatment was prepared separately with a juicer and passed through a strainer. 196 

Vitamin C was determined in potassium iodide in the presence of 1% starch reagent. In this 197 

way, 10 ml of 0.01 normal iodine was poured into a 100 ml flask and 1.6 g of potassium 198 

iodide was added to it, and the flask was made up to volume with distilled water. To prepare 199 

1% starch, 1 gram of starch powder was poured into a 100 ml flask and a few ml of cold 200 

distilled water was added to it and the starch was dissolved in it. Then, 90 ml of boiling 201 

distilled water was added to it, and it was stirred until a clear solution was obtained, and 202 

finally, it was made up to volume with distilled water. To determine vitamin C, 5 ml of juice 203 

was poured into a 250 ml beaker and about 20 ml of distilled water was added to it. In the last 204 

step, it was titrated using iodine solution in potassium iodide with 2 ml of 1% starch until the 205 

color change of the sample solution was determined to pus blue color. The amount of vitamin 206 
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C was calculated from equation (2) (Ballentine, 1941). 207 

Eq. (2)

                              juicefruitofvolumeThe

v88.0
%acidAscorbic


=

                                                                                                             
208 

Ascorbic acid: the amount of vitamin C in milligrams per 100 ml of juice. 209 

V: volume of iodine in potassium iodide consumed in milliliters. 210 

In calculating the efficiency of water consumption, the performance per unit area is divided 211 

by the amount of water consumed and the resulting value is used as an index for 212 

prioritization. The obtained value is expressed in kilograms per cubic meter. In most of the 213 

completed studies on the efficiency of water consumption, only the relationship between 214 

water consumption and production and its value has been discussed, while in a production 215 

system, besides the water input, there is a need to use other inputs as well, which in Such 216 

studies are ignored. As a result, it is better to have a better view of the efficiency of water 217 

consumption by using methods that simultaneously examine other production inputs along 218 

with water consumption (Olgarenko et al, 2018). Equation (3) was used to calculate water 219 

consumption efficiency. 220 

Eq. (3)

                                    V

D
WUE W=

                                                                                                             
221 

WUE = water use efficiency (kg/m3) 222 

Dw = mass of dry matter (kilogram) 223 

V = volume of water used (cubic meters) 224 

Statistics of the data were done with the help of SAS software and the comparison of the 225 

average data was done with the LSD test at the 5% level. Excel software was used to draw 226 

graphs and tables. 227 

Results and Discussion 228 

The summary of variance analysis results is presented in Table 3. 229 

Wet and dry weight of aerial parts 230 

The results of variance analysis of the data show that the effect of planting beds, wick type 231 
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and the interaction of wick type and planting beds on the fresh weight of the entire shoot is 232 

significant at the 1% level (Table 3). Fig. 5 shows the highest wet weight of the whole shoot 233 

in soil+cocopeat+fertilizer+perlite with wire (F4S3) and braided (F3S3) wicks. The 234 

soil+fertilizer+sand substrate with cotton wick (F2S1) had the lowest wet weight of the whole 235 

shoot. Fig. 5 shows comparison of the average wet weight of the whole shoot. 236 

In order to evaluate the possibility of using coarse sawdust and the effect of adding bentonite 237 

and pumice to it on the vegetative growth of Inspratian red bell pepper, they showed that the 238 

highest fresh and dry weight of aerial parts after common peat + perlite was related to sawdust 239 

treatment 85 Pumice + 15% and the lowest fresh and dry weight of the shoot was related to 240 

sawdust treatment 85% + bentonite 15%. Also, the results showed that the fresh and dry 241 

weight of aerial parts of all treatments were not comparable in comparison with common peat 242 

+ perlite substrate (Barzgarhfashjani et al, 2014). They showed that the culture medium had a 243 

significant effect on the fresh weight of aerial parts. The highest and lowest wet weight of the 244 

aerial part (11 grams) was observed in the fifth (cocopeat 50%, peat 25%, vermicompost 245 

25%) and sixth (cocopeat 50%, peat 25%, perlite 25%) beds, respectively (Mirabi et al, 2015). 246 

In this study, the substrate (S3) with various types of wicks had the highest fresh weight of 247 

aerial parts. Based on the results of various researches, the presence of organic materials and 248 

high cation exchange capacity has increased the capacity to absorb and retain nutrients and 249 

water, and by creating suitable conditions for the growth of plant roots, it has increased the 250 

quantitative and qualitative characteristics of the flower, as well as sand or perlite. They are 251 

not suitable alone because of their low cation exchange capacity (Tolai, 2001). In addition, 252 

sand and perlite, alone or in combination, due to the presence of different salts, increase the 253 

salinity of the bed, which will make the bed unsuitable and increase the need for washing and, 254 

as a result, increase the cost (Khalaj, 2007). The results of data variance analysis show that 255 

the main effects of substrate type and wick type, as well as the first-order interaction effect of 256 

substrate and wick at the 1% confidence level, have a significant effect on shoot dry weight 257 
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(Table 3). Comparison of the average interaction effect of substrate type in the wick (Fig. 6) 258 

showed the highest dry weight of shoot in soil+cocopeat+fertilizer+perlite substrate with wire 259 

wick (F4S3) and braided wick (F3S3) with an average of 25.8 and 23.4 grams respectively. It 260 

shows the highest dry weight of shoot in the bed of cocopeat + manure + perlite with fiber 261 

wick (F4S4) and the average is 1.5 grams. 262 

Fig. 6 shows comparison of the average dry weight of the entire shoot. 263 

In a research, it was reported that the use of peat moss and perlite increases the dry weight of 264 

tomato shoots. Also, in planting beds that have a lower percentage of porosity due to the 265 

reduction of water holding power, the growth of the aerial organs of the plant decreases in the 266 

experiment they conducted on tomatoes (Pill and Goldberger, 2009). In another study, the 267 

highest amount of dry weight of the aerial part was observed in the 2.3 and 1.3 vermicompost 268 

treatments of Azolla residues, which showed an increase of 82.7% compared to the peat + 269 

perlite treatment (Rasouli Sedghiani, 2015). The researchers showed that the dry weight of the 270 

aerial part in the bed (peat 50%, cocopit 25%, vermicompost 25%) and (cocopit 50%, peat 271 

25%, vermicompost 25%) had the highest dry weight of the aerial part and in this respect the 272 

difference They were significant with other substrates at the probability level of 1% (Mirabi et 273 

al, 2015). Studying and investigating the combined effect of particle diameter and amount of 274 

perlite in the form of a potted research project on the water holding capacity in the soil and 275 

the yield of the wheat crop showed that the use of perlite in the soil increases the dry matter 276 

and reduces the water required by wheat (Munsuz, 1987). In this study, the substrate (S3) with 277 

braided and yarn wicks increased the dry weight of aerial parts. Since the production of 278 

hormones is under the influence of food, perlite, cocopeat and fertilizer mixed with soil can 279 

increase growth stimulating hormones and as a result increase the amount of dry matter. 280 

Perlite improves the ventilation of the soil due to its properties of accelerating drainage and 281 

also reduces the drying rate of the soil (Cook and Dunsby, 1978; Munsuz et al, 1985). The 282 

reason for the increase in dry matter is the presence of suitable physical conditions and 283 
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nutritional factors in the cultivation environment in the beds (Atiyeh et al, 2002). 284 

Average Diameters 285 

The results of data variance analysis (Table 3) show that different planting beds, wick type 286 

have a significant effect at the 1% probability level on the average stem diameter. The 287 

interaction effect of substrate type with wick had no significant effect on the average 288 

diameters. Considering that the variance of the interaction effect of the diameter of the 289 

beginning of the stem was not significant in the type of wick and the planting beds, but the 290 

highest average diameters in the bed of soil + cocopeat + fertilizer + perlite with braided wick 291 

(F3S3) and wire (F4S3) with an average of 7.8 and 7.4 mm and the lowest average diameters 292 

in the bed of soil+fertilizer+sand and cotton wick (F4S4) with an average of 5.001 mm was 293 

obtained (Fig. 7). 294 

In the comparison of different planting media on the performance and quantitative and 295 

qualitative characteristics of Puma chrysanthemum in two hydroponic and aquaponic systems 296 

in cocopeat: perlite planting media with ratios of 0:100, 25:75, 75:25, 0:10, they reported that 297 

The highest diameter of the chrysanthemum stem was observed in the mixture of cocopeat 298 

and perlite and the lowest diameter was observed in the 100% perlite (Alaei et al, 2013). In 299 

evaluating the effect of different organic and mineral substrates and determining the most 300 

suitable substrate in soilless cultivation on the vegetative characteristics of two lily varieties 301 

in greenhouse conditions, ten different types of organic and mineral substrates, cocopeat, 302 

sand, vermiculite, perlite and two-to-some composite substrates Two with ratios (50:50) from 303 

each of them reported that planting beds had a significant effect on stem diameter. The 304 

maximum stem diameter was recorded for both Sabdazel and Berini cultivars in cocopeat and 305 

perlite + cocopeat substrates and the lowest in vermiculite and vermiculite + sand (Nik-Razm 306 

et al, 2018). 307 

Root Dry Weight 308 

The results of variance analysis data (Table 3) show that the main effect of substrate type and 309 

wick type, as well as the interaction effect of substrate and wick at the 1% probability level, 310 
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have a significant effect on root dry weight. Comparison of the average interaction effect (Fig. 311 

8) of the highest and lowest root dry weight in soil+cocopeat+fertilizer+perlite with cotton 312 

wick (F2S3) and soil+fertilizer+sand with cotton wick (F2S1) with wick cotton (F2) and 313 

showed an average of 11.1 and 4.5 grams. In evaluating the effects of planting bed and 314 

irrigation cycle on seedling growth indicators of tomato cultivars in greenhouse conditions in 315 

planting beds (peat, cocopeat and garden soil), they stated that the three planting beds are not 316 

significantly different from each other. In this case, seedlings obtained from hybrid seeds and 317 

planted in porous beds had better conditions (Aghavani-Shajari et al, 2013). In the study of 318 

perlite, perlite and peat moss in the ratio (1:1), perlite and vermiculite in the ratio (1:1) on the 319 

growth and yield of tomato, it was observed that the culture medium had a significant effect 320 

on the root dry weight has had (Hajiaghaei-Kamrani et al, 2013). Cultivation substrate as a 321 

plant holder and root protector plays an important role and provides food and oxygen for plant 322 

activities, so that it has a direct effect on the production of the root system, therefore, the 323 

water and mineral nutrition of the plant it affects and then the metabolic activities of the 324 

whole plant are affected. It seems that a bed that has a greater capacity to hold water provides 325 

better growth conditions for the plant by providing water and nutrients until the next 326 

irrigation. The use of wick has increased the dry weight of bell peppers by maintaining soil 327 

moisture, keeping the root environment cool and creating favorable conditions for growth. 328 

Root growth is less affected than shoot growth in dry conditions. It has been reported that in 329 

the conditions of drought stress, the nutrients obtained from photosynthesis are more available 330 

to the roots, and it causes an increase in the dry weight ratio of the root to the shoot, which is 331 

due to a greater decrease in the growth of the shoot compared to the root (Gruda, 2019; 332 

Krishnamurthy et al, 2003). In response to drought, some plants increase the amount of water 333 

absorption by preserving the roots (Ghorbanli et al, 2001). 334 

pH 335 

The results of variance analysis data in table (3) show that only the main effect of wick type 336 
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has a significant effect on pH at the 1% probability level. The type of substrate and substrate 337 

interaction in the wick had no significant effect on pH. pH is one of the important quality 338 

parameters of fruit. Fig. 9 showed the highest and lowest pH in the cocopit+fertilizer+perlite 339 

substrate with braided wick (F3S4) and the soil+fertilizer+sand substrate (F1S1). Increasing 340 

the pH of the substrate will cause more acid consumption to regulate the pH in the appropriate 341 

range for the plant. 342 

They reported that different cultivation substrates have no effect on the quality characteristics 343 

of cucumber fruit (Shaw et al, 2004). In order to determine a suitable alternative substrate for 344 

peat, an experiment was conducted using different plant wastes in four 100% peat treatments 345 

as a control, peat + dry pine leaves (1:1 by volume), peat + carbonized rice husk (1:1 by 346 

volume) and peat + Sawdust (1:1 by volume) that different substrates did not show any 347 

significant effect on vitamin C and fruit acidity. The researchers related the reason for this to 348 

the low cation exchange capacity of the substrate (Mami et al, 2008). With the aim of 349 

investigating the effect of different cultivation substrates on the absorption of nutrients and 350 

the quantitative and qualitative performance of greenhouse strawberries in perlite-cocopeat 351 

mixed substrates with volume ratios of 25-75% and 50-50%, they showed that the planting 352 

substrate affects the pH of the fruit. Strawberries were not significant (Dilmaghani-Hasanloui 353 

and Hemmati, 2011). 354 

Soluble Solids 355 

The results of table (3) analysis of the variance of dissolved solids show that only the main 356 

effect of the type of wick has an effect on the amount of dissolved solids at the probability 357 

level of 1%. The effect of planting beds and the mutual effect of planting beds and wick type 358 

on dissolved solids had no significant difference. 359 

The results of the research show that in bag cultivation, different cultivation substrates such as 360 

soil, perlite, peat, sand, pumice alone and in different combinations have been investigated on 361 

the quality and quantity of tomato cultivation without soil and there is a significant difference 362 
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between The studied substrates were observed in terms of dissolved solids (Alan et al, 1994). 363 

The highest amount of soluble solids was observed in the interaction between the type of wick 364 

and substrate (Fig. 10) with an average of 7.467 in the treatment without wick and 365 

soil+cocopit+fertilizer+perlite (F1S3) substrate. The researchers stated in the investigation of 366 

the effect of several types of nutrient solution and planting medium in the hydroponic system 367 

on the quantitative and qualitative characteristics of "Hamra" greenhouse tomato and planting 368 

mediums (perlite, perlite + agricultural soil in equal proportions, compost + perlite in equal 369 

proportions, agricultural soil) + compost in equal proportions, agricultural soil + compost + 370 

perlite in equal proportions, agricultural soil stated that among tomato planting substrates, soil 371 

+ perlite and soil + perlite + compost had the greatest effect on the soluble solids of the fruit. 372 

Beds reduced soluble solids (Javanpour-harvi et al, 2005). It has been reported that the 373 

substrate is not effective on the soluble solid matter of tomato fruit (Alan et al, 1994; 374 

Tzortzakis and Economakis, 2008).  375 

Relative Leaf Water Content 376 

The results of variance analysis of the data (Table 3) show that only the main effect of 377 

different planting beds has a significant effect on the relative leaf water content at the 1% 378 

level. The main effect of type of wick and the interaction effect of wick with substrate were 379 

not significant. Researches show that the effect of different levels of drought stress, bentonite, 380 

superabsorbent and their interaction on relative humidity content was significant (Valizadeh-381 

Qalaebig et al, 2015). Due to the fact that the variance of the interaction effect of the type of 382 

wick and planting beds in sweet pepper was not significant, but the highest relative water 383 

content (RWC) was observed in soil+fertilizer+sand beds and with braided and cotton wicks. 384 

F3S1, F2S1). 385 

Vitamin C 386 

Variance analysis of vitamin C data (Table 3) shows a significant level of 5% in the main 387 

effect of wick and 1% in the main effect of planting beds and the interaction between the type 388 

of wick and planting beds in sweet pepper. to give 389 
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The highest and the lowest amount of vitamin C among the main effects and interaction 390 

effects in soil + cocopit + fertilizer + perlite and braided wick (F3S3) with an average of 391 

579.5 and cocopit + fertilizer + perlite with cotton wick (F2S3) and an average of 5 /13 was 392 

observed (Fig. 11). 393 

Some reports indicate the effect of bedding on the level of vitamin C (Simitchiev and 394 

Kanarziska, 1983; Premuzic et al, 1998). In this study, the planting substrate had a positive 395 

effect on the amount of vitamin C of bell peppers in the substrate (S3), but in the other study 396 

in determining the effect of different substrates on the yield and quality of three bell pepper 397 

cultivars in different substrates including palm fiber (100%), peat (100%), palm fiber + peat 398 

(50:50 volume percent), palm fiber + peat (75 25% by volume) and palm fiber + peat (25% by 399 

volume) with three varieties of yellow Rapido, red Roxcy and green California wonder 400 

between the substrates in terms of this trait, they did not observe any significant difference in 401 

bell peppers(Shabani et al, 2011) . In the study of several beds on tomatoes, it was reported 402 

that there is no significant difference between the irrigation cycles and the studied beds in 403 

terms of the amount of vitamin C (Padem and Alan, 1994; Islam et al, 2002). It has been 404 

reported that the amount of vitamin C in tomatoes was higher in organic substrates than in 405 

mineral substrates (Premuzic et al, 1998). There are a large number of antioxidant compounds 406 

including phenolic compounds, vitamin C and carotenoids in pepper fruit. The use of these 407 

turkeys in the diet is very useful in maintaining human health. The tendency to consume 408 

pepper fruit is increasing because of its vital substances and antioxidant compounds (Howard 409 

and Talcott, 2000). Among the changes in plants as a messenger of the presence of stress and 410 

coping with it is the increase in the levels of different antioxidants. Ascorbic acid (vitamin C) 411 

is one of the antioxidant compounds that prevent the destruction of tissues by free radicals, 412 

the amount of which is increased in dry conditions in order to reduce the destructive effects of 413 

stress. 414 

Fruit Dry Weight 415 
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The results of the variance analysis table of fruit dry weight (Table 3) show that the main 416 

effect of the wick at the 5% probability level and the type of planting substrate and the 417 

interaction effect of the wick type and the sweet pepper planting substrates at the 1% 418 

probability level on the dry weight. Fruit has a significant effect. Fig. 12 showed the highest 419 

and lowest dry weight of the fruit in soil+cocopeat+fertilizer+perlite with braided wick 420 

(F3S3) and soil+fertilizer+sand with cotton wick (F2S4). 421 

In the investigation of the effect of several types of nutrient solution and planting medium in 422 

the hydroponic system on the quantitative and qualitative characteristics of "Hamra" 423 

greenhouse tomato and planting mediums (perlite, perlite + agricultural soil in equal 424 

proportions, compost + perlite in equal proportions, agricultural soil) + compost in equal 425 

proportion, agricultural soil + compost + perlite in equal proportion, agricultural soil stated 426 

that soil + perlite and compost + perlite had the highest dry weight of tomato fruit and perlite 427 

had the lowest amount (Javanpour-harvi et al, 2005). In the study of the effect of different 428 

cultivation media on the absorption of nutrients and the quantitative and qualitative yield of 429 

greenhouse strawberries in perlite and cocopit media in volume ratios of 0-100, 25-75, 50-50, 430 

75-25, 0-100 that the dry weight of strawberry fruit was affected by the substrates and their 431 

difference was significant. So that the highest percentage of fruit dry matter was obtained in 432 

perlite-cocopeat treatment with a volume ratio of 0-100 (Dilmaghani-Hasanloui and 433 

Hemmati, 2011). In the present study, the highest percentage of dry matter in the bed (S3) 434 

was obtained with braided wick. The percentage of fruit dry matter is an important factor in 435 

quality, which depends on the amount of water in the plant. In addition, there is a direct 436 

relationship between sugar concentration and nitrogen content of fruits (Lacertosa et al, 437 

1999). 438 

Fruit Yield 439 

The data of variance analysis results (Table 3) of fruit yield showed a significant level of 5% 440 

in the main effect of wick type and the interaction effect of wick type in planting beds and 1% 441 
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in the main effect of planting beds. The comparison of the interaction between the type of 442 

wick and the planting substrate, the highest and the lowest yield of bell pepper fruit in soil + 443 

cocopit + fertilizer + perlite and braided wick (F3S3) and cocopit + fertilizer + perlite with 444 

cotton wick (F2S4) are shown in the Fig. 13 shows. 445 

A high yield has been observed in the hydroponic cultivation of tomatoes in a mixture of 446 

cocopeat and perlite (Djedidi et al, 1997; Maloupa et al, 1999). In the investigation of the 447 

effect of the type of cultivation substrate on the yield and absorption of some nutrients by 448 

greenhouse cucumbers in cultivation without pure cocopeat soil, perlite-cocopeat (in a volume 449 

ratio of 50-50), perlite-cocopeat-peat moss with two volume ratios (50 20-30-20 and 30-50-450 

50) and perlite-peat moss (50-50 volume ratio), it was stated that the highest yield was 451 

obtained from perlite-cocopit and pure cocopit beds of greenhouse cucumber among the 452 

investigated treatments (Alifar et al, 2008). At the same time, the research indicates that the 453 

cultivation bed has significantly changed the yield of tomatoes and cucumbers in the 454 

greenhouse (Lee et al, 2000; Tabatabai and Mohammad-Rezaei, 2006). In a research on 455 

different greenhouse cucumber cultivation substrates, peat moss was mentioned as the best 456 

substrate in terms of performance, the reasons for this superiority are its high moisture 457 

retention capacity and high cation exchange capacity (about 100 milliequivalents per 100 458 

grams) (Nourizadeh et al, 2003). 459 

Water Efficiency 460 

The results of variance analysis of the data in table (3) show that the type of wick at the 5% 461 

level and the planting beds and the interaction effect of the planting beds and the type of wick 462 

at the 1% probability level have a significant effect on the efficiency of water consumption. 463 

In order to investigate the effect of different amounts of perlite mixed with soil on the yield 464 

and water consumption efficiency of blue wheat, seven treatments of perlite use P0, P1, P2, 465 

P3, P4, P5, P6, including 0, 75, 150, 300, 600, 1200, 2400 respectively kg of perlite per 466 

hectare reported that the efficiency of water consumption in different treatments of consumed 467 
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perlite shows that the consumption of perlite has caused a significant increase in the water 468 

consumption efficiency of blue wheat crop compared to the control treatment (Moghimi et al, 469 

2011). They stated that the use of hydrogel increased the yield and by reducing the water 470 

consumption, it improved the efficiency of water consumption (JIN-cheng and JiJinng, 1999). 471 

In another research, it was reported that the addition of hydrogel to the peat + perlite + 472 

vermiculite bed increased the water holding capacity, but due to the conditions of limited 473 

surface absorption in comparison with the artificial bed, it had no effect on preventing 474 

nitrogen nitrate leaching (Bres and Weston, 1993). In a research that was conducted on 475 

greenhouse cucumbers planted in perlite bed mixed with hydrogel, it was found that the use of 476 

1.5% of hydrogel can help to improve the efficiency of water and fertilizer consumption 477 

(Ahrar and Delshad, 2009). Fig. 14 shows comparison of average efficiency of water 478 

consumption. In the study of the efficiency of water and fertilizer consumption in the soilless 479 

cultivation of greenhouse tomatoes by drying a part of the root and using a superabsorbent in 480 

the base bed (control) including coarse perlite mixed with 1 and 2% by weight of hydrogel 481 

powder, it was reported that between There is a significant difference between the irrigation 482 

treatments and the cultivation beds in terms of the efficiency of water consumption by the 483 

plant at the probability level of 1%. Plants grown in substrates containing 2% by weight of 484 

hydrogel had the highest efficiency of water and fertilizer consumption compared to the other 485 

two substrates (Mousavi-Rahimi et al, 2014). In this study, the highest efficiency of water 486 

consumption was observed in the bed (S3). It seems that the physical characteristics and the 487 

type of components of the mixed beds are the influencing factors on the efficiency of 488 

irrigation water consumption. Root suffocation affects the efficiency of water consumption in 489 

soilless crops in two ways: a) disturbance in the activity of the root system (by reducing water 490 

absorption and absorption of mineral substances and increasing the harmful secretions of the 491 

roots in the cultivation beds) and b) disturbance in the metabolism of aerial organs (by closing 492 

the stomata and reducing transpiration and thus reducing light production). Due to the 493 
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physical characteristics of the perlite bed, water absorption does not take place in the form of 494 

granules in the bed. By increasing the amount of water available to the plant and also creating 495 

adaptation conditions in the plant through stomatal control and leaf hormonal activities, it 496 

optimizes water consumption in the plant. Reduction of evaporation and transpiration in the 497 

plant has its direct effect in the form of reduction of vegetative growth in the plant. Reducing 498 

surface evaporation from soil and water and also reducing deep infiltration can increase the 499 

efficiency of water consumption (Abuarab et al, 2013; Paterson, 2002). 500 

Conclusions 501 

In this research, the effect of different cultivation media and type of wick on the vegetative 502 

and reproductive characteristics of bell pepper in the greenhouse was investigated. The 503 

general conclusion shows that most of the quantitative and qualitative characteristics of bell 504 

peppers depend on the composition of the substrate and the type of wick used in it, so that the 505 

best quantitative and qualitative characteristics of bell pepper are obtained from the mixed 506 

substrate of soil + cocopeat + Fertilizer + perlite was obtained with braided wick and yarn. 507 

The use of wick and the type of substrate can be effective in increasing the yield and 508 

improving the growth characteristics of sweet pepper. According to the results obtained from 509 

this research, it can be seen that using wick and adding perlite and cocopeat to the soil in 510 

conditions where there is a forced shortage of irrigation water can play a significant role in the 511 

efficiency of water consumption. Of course, due to the novelty of using the wick, this 512 

technique needs more investigation and more applied research to be used in specific cases. 513 

The use of materials such as perlite and cocopeat in combination with soil and fertilizer, as 514 

well as braided and cotton wicks, are among the options that can be effective in improving 515 

plant growth conditions and optimal use of water resources. 516 

517 
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     786 

Fig. 1. Cotton, worsted and braided wicking threads from the left respectively 787 

 788 
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   789 

Fig. 2. Seedling tray for transferring seedlings to the main culture bed 790 

 791 

 792 

 793 

Fig. 3. Water tank placed under each pot 794 

 795 

 796 
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 797 

Fig. 4. Measurement of relative leaf water content 798 

 799 

 800 

 801 

Fig. 5. Comparison of the average wet weight of the whole shoot 802 

 803 

 804 
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 805 

Fig. 6. Comparison of the average dry weight of the entire shoot 806 

 807 

 808 

 809 

Fig. 7. Comparison of mean diameters 810 

 811 

 812 
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 813 

Fig. 8. Comparison of average root dry weight 814 

 815 

 816 

 817 

Fig. 9. Comparison of average acidity 818 

 819 

 820 
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 821 

Fig. 10.  Comparison of average dissolved solids 822 

 823 

 824 

 825 

Fig. 11. Comparison of average vitamin c 826 

 827 

 828 
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 829 

Fig. 12. Comparison of average fruit dry weight 830 

 831 

 832 

 833 

Fig. 13. Comparison of average fruit yield 834 

 835 

 836 
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 837 

Fig. 14. Comparison of average efficiency of water consumption 838 

 839 

 840 

 841 

 842 

 843 

Table 1- Specifications of experimental treatments 844 

Row Description Symbol 

1 Surface irrigation + substrate containing soil + sand + animal manure F1S1 

2 Irrigation with cotton wick + substrate containing soil + sand + animal manure F2S1 

3 Irrigation with braided wick + substrate containing soil + sand + animal manure F3S1 

4 Irrigation with cotton wick + substrate containing soil + sand + animal manure F4S1 

5 Surface irrigation + substrate containing soil + cocopeat + gravel + sand F1S2 

6 Irrigation with cotton wick + substrate containing soil + cocopeat + gravel + sand F2S2 

7 Irrigation with braided wick + substrate containing soil + cocopeat + gravel + sand F3S2 

8 Irrigation with cotton wick + substrate containing soil + cocopeat + gravel + sand F4S2 

9 Surface irrigation + substrate containing soil + cocopeat + fertilizer + perlite F1S3 

10 Cotton wick irrigation + substrate containing soil + cocopeat + fertilizer + perlite F2S3 

11 Irrigation with braided wick + substrate containing soil + cocopeat + fertilizer + perlite F3S3 

12 Irrigation with cotton wick + substrate containing soil + cocopeat + fertilizer + perlite F4S3 

13 Surface irrigation + substrate containing cocopeat + fertilizer + perlite F1S4 

14 Irrigation with cotton wick + substrate containing cocopeat + fertilizer + perlite F2S4 
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15 Irrigation with braided wick + substrate containing cocopeat + fertilizer + perlite F3S4 

16 Irrigation with cotton wick + substrate containing cocopeat + fertilizer + perlite F4S4 

 845 

 846 

 847 

Table 2- Humidity ranges of different cultivation beds 848 

Cultivation beds 

Mass humidity at the limit of 

agricultural capacity (%) 

Mass moisture at the 

wilting point (%) 

soil, sand, animal manure (S1) 21.9 9.9 

soil, cocopeat, fertilizer and sand (S2) 21.3 9.2 

soil, cocopeat, fertilizer, perlite (S3) 24.7 11 

Cocopeat, fertilizer, perlite (S4) 17.8 6.1 

 849 

 850 

 851 

Table 3- Variance analysis of performance components of different treatments 852 

Sources Change 853 

Degrees of freedom 854 

Fresh weight of the whole shoot 855 

Dry weight of aerial parts 856 

Average diameters 857 

Root dry weight 858 

pH 859 

Soluble solids 860 

RWC 861 

Vitamin C 862 

Fruit dry weight 863 

Function Fruit 864 

Water use efficiency 865 

 866 

treatment 867 

15 868 

4283.1** 869 
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96.8** 870 

1.8** 871 

13** 872 

0.13ns 873 

5.2** 874 

0.03ns 875 

3679.1** 876 

557.6** 877 

11259468** 878 

6.1** 879 

 880 

wick 881 

3 882 

2001.8** 883 

44.9** 884 

1.5* 885 

5** 886 

0.52** 887 

12.8** 888 

0.02ns 889 

2856.9* 890 

332.8* 891 

58515524* 892 

0.57 * 893 

 894 

bed 895 

3 896 

12550.5** 897 

285.4** 898 

5.1** 899 

27** 900 

0.02ns 901 

4.3ns 902 

0.06* 903 

8098** 904 

1604.4** 905 
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359834547** 906 

20.4** 907 

 908 

wick × bed 909 

9 910 

2287.6** 911 

51.1** 912 

0.6ns 913 

10.9** 914 

0.03ns 915 

3ns 916 

0.02ns 917 

2480.2** 918 

283.5** 919 

48099090* 920 

3.3** 921 

 922 

error 923 

32 924 

106.1 925 

5.9 926 

0.5 927 

10.9 928 

0.1 929 

1.5 930 

0.02 931 

678.1 932 

87.9 933 

18091865 934 

0.14 935 

 936 

cv 937 

 938 

15.2 939 

17 940 

10.6 941 
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0.7 942 

4.9 943 

23.6 944 

22.8 945 

29.1 946 

28.8 947 

27.9 948 

14.2 949 

 950 

 951 

 952 

 953 

 954 

 955 

 956 

 957 

 958 

 959 


