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Abstract

This study was carried out to determine the effects of root zone restrictions on the growth and yield of pepper. In this study, root developments of the pepper planted in three different sized pots (S1: 6.7 liter and height: 18 cm; S2: 11 liter and height: 22 cm; S3: 16.5 liter and height: 24 cm) in the glass greenhouse were examined. Treatments consisted of fifteen pots per treatment, including sub-plots. Thus the total number of seedlings was 5x3x5 or 75. The experimental design was a randomized factorial design with three replications and planted Charleston pepper (Saffron F1).

The irrigation water was applied through drip irrigation systems following two different irrigation programs. In the first program (I1), the amount of water applied to three different sized pots at each irrigation was as much as that of the smallest pot. In the second program (I2), irrigation water was applied based on available soil moisture consumption in pots (6.7, 11 and 16.5 liter). In both programs, the pots were watered until field capacity when the available water in the soil fell to about 60%. In this study, it was concluded that considerable water savings and high yield could be achieved through root restriction. In light of the results of the study, we recommend using soil of 18 cm depth and 6.7-liter volume irrigation application per plant in pepper cultivation when the available water level in the soil falls to about 60%.
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Introduction

The world production of green pepper is about 24 million tons from 1.66 million ha while its production in Turkey is about 1.79 million tons from 88.000 ha Ertek et al. [1]. Pepper is included in the Capsicum genus of the Solanaceae family; perennial in warm climates, and multi-year in tropical climates it is a cultivar. Pepper plants grow best at temperatures in the range of 20 to 25 °C. Pepper plants are damaged at temperatures above 32 °C and below 5 °C. Soil moisture should be at 65-70% of field capacity. Pepper plants require a large amount of water for optimal vegetative and reproductive processes. The pepper roots are very sensitive to excess water. Therefore, irrigation water required for pepper must be given adequately and without delay Koc F [2]& GAP [3].

Pepper plants have relatively shallow root systems, and root development is approximately 60 cm. Weekly water requirements for optimum production range from approximately 25 to 50 mm. In the first growth period, water stress can cause yield loss by reducing plant height and shedding flowers Garton & Bodnar [4]. Pepper is not drought tolerant due to the shallow root system. The water needs of pepper are greater, especially during periods of flowering and fruit formation. Irrigation should be conducted by furrow or drip irrigation system Berke et al. [5]. Excessive irrigation causes disease and the washing of nutrients Anonymous [6].

Pepper is one of the most widely grown vegetable plants in greenhouses. However, today it is still carried out with traditional production in greenhouse soil. The monoculture farming applied in greenhouses raises the problems outlined below;


a. The soil becomes tired

b. Soil-borne diseases

c. Nematodes

d. The rise of groundwater

e. The formation of compacted soil layers.



To solve these problems, the greenhouse soil is washed by irrigation in summer months. In most cases, the compacted surface soil layer is loosened by tillage. Furthermore, a drainage system can be designed to remove excess water from the soil profile. However, this leads to an increase in production costs Anonymous [7].

The root rot and wilt diseases caused by soilborne pathogens are among the factors limiting pepper production Yucel et al.
[8]. Many pathogens that cause diseases in pepper roots are developed in humid and warm soils and these are formed by micro-organisms that spread from the initial infection into the environment through sprinklers or furrow irrigation Ristaino JB [9], Yucel et al. [8]. One of the most important fungal diseases that limits the production of pepper in Turkey and the rest of the world and lowers productivity and quality is “Phytophthora capsici” Gocmen & Abak [10]. Therefore, pepper plants should be grown in containers that limit the root area. Such an application might help reduce the spread of the above-mentioned diseases.

On the other hand, excessive applications of fertilizers to crops lead to nitrate and phosphate leaching and contamination of groundwater and water bodies. It is known that excessive fertilizer and chemical pesticide residues are transported to the sea from greenhouses in coastal areas. This situation is a major threat to human health when entering the sea from Mediterranean beaches because of the intensity of nearby greenhouses.

The culture plants should be grown in a controlled manner in impermeable containers in the greenhouses for the prevention of environmental contamination. In addition, drainage of these containers must also be provided. It is easier to renew the tired soil in containers. Furthermore, water and fertilizer savings and weed control can be achieved, and plant diseases can be prevented. Plant water stress can also be managed more easily and formation of mud on the outside areas of the containers can be better prevented. Therefore, the container depths must be determined separately for each plant species grown in greenhouses.

The conducted studies showed that the nutritional value of leafy vegetables grown in soil-less culture can be corrected by limiting of the roots Tae et al. [11]. The root system performs several key functions of plants including: support for the above ground portion, water and nutrient uptake from the soil, and assimilation of some elements essential for plant growth Rom CR [12]. Roots also synthesize certain hormones that regulate plant growth and development Shu et al. [13] , Dong et al.[14]. Damage to the root system may affect root function and growth of the whole plant. However, proper root pruning (controlled root damage) has been a widely used tool to improve nursery stock quality and subsequent growth performance in horticultural practices Hipps et al. [15]. Thus, this study was carried out to determine the effects of root zone restriction on the growth and yield of pepper plants. This study is important to eliminate the above mentioned drawbacks.

Material and Methods

The study was conducted in a greenhouse in the Research and Application Area of the Agriculture Faculty, Suleyman Demirel University. In this study, pepper seedlings were planted in three different-sized pots (S1: 6.7 liter and height: 18 cm; S2: 11 liter and height: 22 cm; S3: 16.5 liter and height: 24 cm) in the greenhouse. Seedlings were planted in 15 pots including subplots for each treatment. The experiment consisted of 75 pots (5 x 3 x 5). Charleston pepper (Saffron F1) was planted as the plant variety. The experiment was conducted according to randomized factorial design with three replications. Saffron F1 is a kind of long shelf-life, cold-resistant plant that reaches 20 to 23 cm in length and has light green fruits Anonymous [16]. Some physical and chemical properties of the soil used in the experiment are given in Table 1.


Table 1: Some physical and chemical characteristics of soil used in the experiment.
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Fifteen seedlings were planted in fifteen pots for each treatment including replications. The study consisted of six treatments. 1- I1S1, 2- I1S2, 3- I1S3, 4- I2S1, 5- I2S3, 6- I2S2 (I: irrigation program, S: pot size). I1: equal application for all pots of irrigation water considering the water decrease in the smallest pot, I2: application for each pot of irrigation water considering the water decrease in each pot size. In this application, I2S1 and I1S1 treatments followed the same irrigation program. Therefore, those treatments were combined. Thus, the related values were accepted as the same for both treatments and the same values for those treatments are written in the tables. There were five pots in each sub treatment. Thus, the experiment was carried out with 90 pots instead of 5 x 3 x 5 = 75 pots including sub treatments. Water was applied through drip irrigation systems and according to two different programs. In the first program, the available water in pots of three different sizes before irrigation was brought up to field capacity considering the water decrease in the smallest pot (6.7 liter). In the second program, irrigation water was applied up to field capacity considering separately the amount of water consumption for each of 11 and 16.5 liter pots. The volume of water applied in the treatments was measured by flow meter. Irrigation water was supplied from a well using a pump. The water was classified as C1S1with a sodium risk and a low electrical conductance USSL [17].

After the seedlings were planted, they were irrigated several times until they were established. Subsequent irrigations were applied according to the prescribed programs. Treatments in both irrigation programs were watered to field capacity when the water content had dropped to about 60%. The field capacity of potting soil was determined according to the principle of determination under field conditions. For this purpose, all of the pots were filled with local garden soil that was mixed with 200 mm3 manure per pot. There was 4 cm of space downward from the upper side of each pot. The pots of the same size were filled so as to be of equal weight. Then, a soil sample for each pot size was brought in to be air-dried. Air-dry soil was weighed together with the pot. The pots with air-dried soil were watered up to fully saturated and then covered with a plastic cover to prevent evaporation Camoglu [18], Campostrini & Yamanishi [19]. The pots were weighed again after drainage of water leached from the bottom. Thus, available water-holding capacity of potting soil was determined by the difference of wet and dry weight. Then, ammonium nitrate (10 ml) at flowering stage (June 6th) and potassium phosphate (313 g) at early fruit setting (July 29th) were applied to each pot. The fight against disease was made according to the recommendations of the Department of Plant Protection.

Water use efficiency (WUE) was calculated using Equation (1) Howell et al.[20] & Ertek et al.[21].

WUE = (Ey / Et)

Where, WUE: is the water use efficiency (kg/plant/liter); Ey: the yield (kg); Et: evapotranspiration (liter).

Marketable green peppers were harvested by hand once a week and then weighed. In the marked six plants for each treatment, the number, diameter and length of fruit in each treatment were also determined by counting or measuring. Furthermore, plant height, plant cover width, flower number, and number of shedding flowers were also determined. After the marked six plants in the last harvest were removed from the soil, the root length and root dry matter weight were measured Bohm W [22] & Baran et al. [23]. In addition, the shedding of flowers was observed from planting to harvest.

Results and Discussion

Irrigation water and plant water consumption

After seedlings were planted in pots on 16 June 2011, 400 ml of water was applied to each pot. Before scheduled irrigations, 600 ml of water was applied per pot on 17 and 19 June 2011. Subsequent irrigations were applied according to a determined program (Table 2).
 

Table 2: Amounts of irrigation water applied to treatments (ml).
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As can be seen from Table 2, the amounts of irrigation water applied to the treatments were; 17.220 liters per pot for treatments in the I1 irrigation program, in I2 program, 18.520 liters and 26.780 liters of water were applied per pot for the S2 and S3 treatments, respectively. In the study, the irrigation water values of treatments were also accepted as the evapotranspiration values due to controlled irrigation in pots and in the greenhouse.

Yield

The highest average yield was obtained from I1 treatments (Table 3). The highest yield was determined as 138.33 g/plant for I1S1 treatment with the smallest pot (6.7 liter). The pepper yield was decreased in the treatment of water applied considering the pot size. Yield values of I1S3 and I2S3 treatments consisting of the same size pots and different irrigation programs were almost the same. In spite of the higher water application, yield in the I2S2 treatment was less than in the I1S2 treatment even though pots in these treatments were the same size.


Table 3: Yields of treatments (g/plant).
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Water-yield relationships

When the average yields and evapotranspiration of the treatments were evaluated graphically, yields initially decreased and then increased (Figure 1). This situation shows that it is important to apply sufficient amounts of water for pepper plants. Similarly, when the average yield per pot and the pot volumes were graphically analyzed, an important polynomial relationship was determined between the yields and the pot volumes at the 1% level (Figure 2). Furthermore, when the pot volumes and the average yields per pot of the same pot sized treatments were graphically examined, the yields of the 6.7 liters, 11 liters and 16.5 liter pots were determined as 38.33 g/pot, 111.54 g/pot and 127.87 g/pot, respectively (Figure 3).
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Figure 1: Relationship between plant water consumption (Et) and yield.
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Figure 2: Relationship between pot volume (S) and yield.
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Figure 3: Relationship between pot size and yield.



According to the results of variance analysis, while the effect of irrigation levels on yield was not important, the pot size and the irrigation level x pot size interactions were significant at 1% and 5% levels, respectively (Table 4). The maximum yield per pot was determined for the smallest pot. On the other hand, pot (S) treatments were separated into three groups according to Duncan’s multiple comparison test. The highest and the smallest groups were formed from S1 (6.7 L pot) and S2 (11 L pot) treatments, respectively. Consequently, the smallest pots (6.7 liter) made the greatest contribution to the pepper yield in terms of pot sizes and irrigation levels.

When other parameters are examined, effects on vegetation, plant diameter, average fruit weight and fruit length of the irrigation levels and the pot sizes were not found to be significant. The effect of the pot size on plant height and root dry weight was significant at the 5% level. However, the irrigation program did not affect those parameters. The effects of the irrigation program and pot size on fruit diameter were significant at the 1% and 0.1% levels, respectively.

Interaction of irrigation program times pot size was determined to have a significant impact at the 5% level on the fruit diameter, average fruit number per plant, plant height, root dry weight and root length. Root length of the S1 treatment (the smallest pot) was more than other treatments. The highest root dry weight in I2 treatment was determined in the smallest pot treatment (S1) and the highest root length was determined in the S2 treatment. It can be said that yield in the smallest pot was increased because the irrigation water and nutrients applied were more easily absorbed by the plant. Furthermore, the highest yield was obtained in the smallest pot (S1) due to the highest level of average fruit weight per plant, fruit diameter, plant cover, plant height and the root length. Also, the highest plant root development was obtained in the S1 treatment. The plant cover and plant height increased depending on the root growth. Thus, the pepper yield was also increased.

Without doubt, the growth of the aboveground parts of the plant plays a decisive role in the root system. Therefore, determination of the root parameter in studies related to plant growth setting stem is an important issue. Furthermore, to reveal relationships between soil and plants is also important for the monitoring of root growth Kramer PJ [24], Smucker and Aiken [25], Baran et al.[23].

As can be seen from Table 5, the highest water use efficiency (WUE) was in the smallest pot treatment (I1S1), followed by I1S3 and I1S2 treatments, respectively. The lowest WUE was determined at the highest water application level (I2S3). Thus, the most economical and also the highest yield was obtained from the smallest pots due to the higher WUE. This case reveals that root zone restriction is important. Campostrini and Yamanishi (2001) investigated the effects on the water use efficiency of root zone restriction in the papaya plant. They determined that WUE is increased by root zone restrictions.

The reason for the increase in yield of the small size pot is that water is directly applied to the plant roots without spreading into the environment. The water applied into greater soil volume moves laterally and deeply. Thus, it requires more energy used for water uptake through the roots of plants in greater soil volumes. In this case, the plant’s energy will be used for the uptake of water and nutrients leading to a reduction in yield. Also, this can be attributed to the plants receiving water more easily due to constriction of the root zone by plant roots.

Conducted studies show that about 70% of pepper roots are spreading at 10-30 cm soil depth Anonymous [26]). Thus, it can be said that deeper soil layers are not necessary for the cultivation of pepper. Soil, plant and water relations usually consist of unsaturated soil conditions. While saturated flow in a soil layer occurs vertically downward, in unsaturated adjacent layers unsaturated flow may occur as a result of the capillary movement of water Kumar CP [27].

The retention of water in a soil depends on the capillary force and the molecular attraction of the particles. Capillarity is a function of the natural forces of adhesion and cohesion. Adhesion is the attraction between two molecules of different substances. Water is kept by the electrostatic forces found in the inner and outer surfaces of the soil particles. The layers consisting of several water molecules strongly surround the soil particles with strong adhesive forces. This water is called the adhesion water. Adhesion water only moves to a small extent, therefore it cannot be useful to plants. The attraction of water molecules to each other is termed cohesion. Water retained in soil because of cohesive forces is called cohesion water. Because of increased movement of water molecules in the case of cohesion, approximately 70% of the water is used by plants. Movement of water in soil saturated with water is towards the dry or unsaturated soil. Absorption of water by plant roots also allows the movement of water Munsuz N [28], O Geen [29].

The first flowering date and the number of flowers and the number of shed flowers in treatments during the growing season are shown in Table 6. According to the values obtained, the number of first flower nodes in the smallest pots was more than in the others. This also increased early yield in the small pots. The early yield is more economic for farmers. Therefore, the I1S1 treatment is important in pepper cultivation.

The number of average shed flowers per pot was greater in I1S2 treatment. Although there was more flower shedding in I1 treatments, yields were higher than I2 treatments. This situation can be attributed to more flowering due to more effective absorbtion of water and fertilizer by plants with restricted root zones. If the shedding of flowers can be prevented by other cultivation measures, higher yields can be obtained in the smallest pots. Furthermore, because the evaporation surface decreases in the smaller pots, the plant water consumption through transpiration will be more. This situation will enable increases in yield.

Pepper plants have a high demand for water and nutrients and are particularly sensitive to water stress during the establishment period and fruit setting. High levels of irrigation are often applied in order to maximize yields. However, field observations suggest that excessive irrigation may negatively affect bell pepper plants Diaz-Perez [30]. Plant water status may equilibrate with the wettest part of the root zone, which could contribute to the maintenance of plant water balance as suggested by Hsiao [31]. Our study revealed the more effective use of water by the plant roots in small pots.

Container size can affect the growth and development of bedding plants. Greenhouse crops are grown in many types of containers, with volumes that vary widely. Since container volume affects the amount of available water and nutrients, it can have pronounced effects on the growth of plants. Most research on the effects of container volume on growth and development has focused on vegetables and trees Van Iersel [32].

Van Iersel [32] made a study of salvia (Salvia splendens) grown in different container sizes and stated that it was decreased by the time of first flower opening with the decrease of container size. In addition, based on previous studies, researchers have stated that depending on plant species root restriction can affect the first flowering time. Some researchers have stated that the flowering of bell pepper, cotton and starfruit plants can be delayed by root restriction Carmi [33], Ismail and Noor [34] NeSmith, et al. [35], Ruff et al. [36]. They stated that there can be a delay in fruit maturation and flowering in tomato by root restriction. NeSmith et al. [37] stated that root restriction resulting from small containers did not have an influence on duration of flowering or time to anthesis in summer squash. The above mentioned literature supports the suggestion made in this study that root restriction will not cause a significant reduction in yield in vegetable crops.

Conclusion

Farming with root zone restriction in containers will solve the problem of soil-borne pests and diseases and increase the yield and quality. In addition, more efficient use of water and fertilizer and more controlled production is also very important in terms of less labor, the conservation of the soil and water resources and the prevention of environmental pollution. The findings of this study show that significant water savings as well as higher yields can be achieved by root zone restriction. Thus, it is recommended to use soil of 18 cm depth and 6.7-liter volume per plant in pepper cultivation. A review of the literature found very few studies on the root limitation issue. Therefore, more research should be conducted into this subject.
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