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ABSTRACT 

 

Moistube Irrigation (MTI) is a new technology recently introduced in South Africa. It is 

composed of one or several thin-walled plastic tubes and is protected by cable sheaths. The 

thin-walled tubes are made from plastic, and its thickness is equivalent to ordinary plastic 

film. The system delivers water and fertilizer directly into the root zone layer by subsurface 

irrigation technology. Conversely, subsurface drip irrigation (SDI) is defined as an application 

of water below the soil surface through emitters, with discharge rates generally in the same 

range as surface drip irrigation. SDI technologies were introduced in the early sixties (60s) 

and have been promoted since then with rapid advancement of the technology in the last 

decades. 

 

MTI has been presented as a water saving technology due to its advantages of applying water 

directly to the crops’ root zone and its anti-seepage of water. However, there is no literature 

supporting this apart from the information supplied by the manufacture. The behavior of MTI 

under different water temperature, water quality, varying pressure and different soils is also 

not available, therefore necessitating a need to test the technical properties and behavior of 

MTI.   

 

The aim of the proposed research is to evaluate the performance of MTI technology in terms 

of its agronomic and technical suitability under South African conditions. The evaluation will 

involve the following; assessment of the technical properties of MTI,   soil water dynamics 

under MTI and crop performance with MTI. The approach which will be used will involve 

evaluating crop performance under MTI and SDI for the production of green beans and carrot 

in semi-arid conditions on Hutton soils. 

 

The expected results will improve the understanding and provide valuable data for MTI and 

SDI in vegetable production, the wetting patterns, and the impact of lateral placement on the 

crop yield and the viability of MTI under South African conditions. 
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1. INTRODUCTION 

 

Moistube irrigation (MTI) is a new technology recently introduced in South Africa, which 

utilizes membrane technology by means of an artificial, semi-permeable membrane to imitate 

the biological semi-permeable membrane. The system delivers water and fertilizer directly to 

the root zone layer by the subsurface irrigation technology. 

 

Moistube is composed of a polymeric semi-permeable membrane tube and a permeable 

protective sheath. The tube has approximately 100 000 micro-pores per square centimetre 

with a pore diameter range of 10-900 nm. The protective sheath is made from a special type 

of fabric which has both permeability and endurance and therefore, protects the thin-walled 

tubes. When water fills the Moistube, it will flow or permeate through the membrane by the 

micro-pores and infiltrate into the soil. Due to the membrane’s permeability, the system does 

not require irrigation emitters, drippers, emission device or any other water feeders. 

 

It has been proposed that MTI creatively provides adequate water to the plant roots 

(Irrigation, 2011). Furthermore, MTI allows the supplied water to move at the same rate as the 

uptake of water by the plant. Water is therefore made available to the crop throughout the 

season. 

 

Various authors have shown that MTI technology can make it possible to reduce and 

overcome the clogging experienced from underground irrigation (Irrigation, 2011; 

Envirogrower, 2011). Envirogrower (2011) has suggested that MTI can maintain continuous 

long-term irrigation. According to the manufacturer, MTI makes water available for crops to 

grow and improve crop yield. 

 

Subsurface drip irrigation (SDI) is defined as the application of water below the soil surface 

through emitters, with discharge rates generally in the same range(2 – 12 l/hr) as surface drip 

irrigation (Singh and Rajput, 2007). SDI technology was introduced in the early 1960s to 

improve irrigation in agriculture. The technology has advanced in its uptake in the last few 

decades. Singh and Rajput (2007) have reported that SDI is more efficient compared to other 

traditional irrigation methods. It has also been shown that, using SDI, correct application of 

water and fertilizers can result in increased water use efficiency, uniformity of water 
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application, which can subsequently improve yield and quality of the crop (Singh and Rajput, 

2007). SDI has shown positive results in vegetable production in several countries including 

USA and Israel.  

 

MTI and SDI supply water and nutrients directly to the plant root and hence they are 

subsurface irrigation systems. The two irrigation systems have some similarities such as water 

saving, reduced evaporation loss, greater water application uniformity. However, in the case 

of MTI, these claims require more study. 

 

This study will therefore aim to understand and document the technical properties and crop 

performance under MTI. The research will endeavour, among other things, to address the 

following: a) the technical properties of MTI technology, b) the soil moisture dynamics of 

MTI under semi-arid conditions, and c) crop performance under MTI for semi-arid 

conditions. 

 

The chapters which are discussed in this document include the literature review on MTI and 

SDI, the technical properties of MTI and the crop performance under MTI and SDI (Chapter 

3), discussion and conclusion (Chapter 4) and finally the project proposal (Chapter 5).  
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2. MOISTUBE IRRIGATION AND SUBSURFACE DRIP IRRIGATION 

2.1 Moistube Irrigation (MTI) 

 

MTI is a new technology in South Africa, originating from China. MTI utilizes the membrane 

technology, where an artificial semi-permeable membrane is used to imitate the biological 

semi-permeable membrane (Zhao, 2010). At the centre of the MTI technology is an inner 

membrane that simulates the properties of plant tissue in terms of supplying the roots.  This 

membrane releases water at a rate which is equal to the ability of the plant to absorb it, in a 

similar process to osmosis (Figure 2.1). The system delivers fertilizer and water directly to the 

root zone via subsurface irrigation technology. 

 

MTI consists of one or several special thin-walled plastic tubes, which are cable sheaths. The 

thin-walled tubes are made of plastic, the thickness of which is equivalent to ordinary plastic 

film. The inner layer is a polymeric semi-permeable membrane while the outer layer is a 

protective permeable sheath. The tube sheath is made of a certain kind of fabric which 

possesses both permeability and endurance properties and therefore, protects the thin-walled 

tubes (Zhao, 2010). When water fills the MTI, it flows through the membrane via the micro 

pores and infiltrates the soil. The system does not require irrigation emitters, drippers or an 

emission device. 

 

 

 

Figure 2.1 MTI tape with the inner layer and protective sheath both semi-permeable 

membrane (Source: Irrigation, 2011) 

 

According to the manufacturer, the inner membrane in the moistube has been used in the 

application of three different products for irrigation namely: MTI, Micro Reservoir and Smart 

Irrigator. These products operate under low pressure and gravity. MTI system consists of 



 4 

three main components, the water tank, the connection pipes and the MTI tubing. The system 

only requires power for pumping water into the tank. Irrigation (2011) reported that these 

irrigation systems are simple to install and use less water compared to other existing irrigation  

 

According to Irrigation (2011), MTI supply water similar to the plant roots’ water absorption 

features. Below are some of the observed water features: 

a) MTI is a continuous irrigation system such that water is available to the plant at all 

times. 

b) The rate at which water is supplied to the plant is equal to the absorption rate of the 

plant. This particular feature of the system ensures that the plant water demand is met.    

 

MTI technology therefore, it is claimed, has the potential to eliminate the problem of 

blockage in subsurface irrigation systems (Irrigation, 2011). However, there is no evidence to 

support the resistance to clogging or blockage reduction of MTI technology.  

 

2.1.1 Characteristics of MTI  

 

Irrigation (2011) described the characteristics of MTI, which provides the possibility of non-

stop irrigation in agriculture and water uptake by the crop in a continual process. Water losses 

occur in three main ways in agriculture: runoff, seepage and evaporation. Evaporation is the 

main form which constitutes about 50% of water loss in agriculture. However, when using 

MTI, the following characteristics have been observed by the manufacturer during field 

experiments in China and Australia (Irrigation, 2011): 

 

a) Water supply from MTI allows water to infiltrate the soil smoothly and slowly around 

the roots through the unique feature. This eliminates water losses through runoff. 

b) Irrigation water is applied directly to the root zone of the plant and exists as capillary 

water in the soil, therefore minimizing and/or eliminating the loss of water through 

drainage. 

c) MTI supplies water underground with the moist bodies located underground. With 

MTI, a dry soil layer of about 3-5 cm on the surface of the land over the buried MTI 

will reduce the amount of evaporation from irrigated water.  
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According to Irrigation (2011), MTI also has a high anti-seep capacity. Water holding 

capacity on sandy soils is very low making it difficult to irrigate using surface and subsurface 

irrigation. However, with MTI, irrigation is possible in sandy soils due to the nature which it 

releases water. Water is stored in the tube that is MTI, compared to traditional methods of 

irrigation where water gets stored in the soil. Therefore, water that is stored in the tube is 

readily available for the plant on demand. 

 

MTI is filled with water and buried underground to allow water to infiltrate the soil through 

the water potential level in the soil. Water from the tube infiltrate the soil to keep the water 

balance in the soil which is dependent on the water potential in the soil, shown in Figure 2.2 

as perceived by the manufacturer. 

 

  

Figure 2.2 Water potential in the soil (where ￠water is water potential, ￠soil is soil 

water potential) (Source: Irrigation, 2011) 

 

Figure 2.2 denotes the movement of water and illustrates the following: 

a) Water movement process is automatic and slow, 

b) Water potential difference movement driving force is ￠water>￠soil, 

c) Water moves from the MTI to the soil, and 

d) The water movement process continues until a balance of￠water=￠soil is reached.  

Figure 2.3 below illustrates the seepage of water from MTI. MTI was connected to a hand 

sprayer filled with water and left for fifteen minutes to allow water to start seeping from the 

MTI. After fifteen minutes water had started seeping as shown in Figure 2.3 below. 
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                                                                         Moistube                 seeping water  

 

Figure 2.3 Illustration of MTI water seepage (Source: Irrigation, 2011). 

 

MTI has similar advantages as SDI system. SDI can therefore be substituted with MTI. 

However, MTI has proven to have more advantages than SDI (Irrigation, 2011). The 

advantages of MTI are as follows: 

a) Less investment on equipment 

MTI does not require the use of pressure gauges or any expensive electromechanical devices 

such as electricity, therefore, resulting in use of less equipment.  

b) Less energy consumption 

Drip is a low pressure irrigation system that requires the usage of pumps throughout the 

irrigation period and requires energy in order to operate. Major costs in drip irrigation are due 

to energy bills. This increases the cost of production of agricultural produce. The usage of 

pumps results in more energy consumption and increases the system’s pressure.  

MTI does not need to be driven by the mechanical power, because it is driven by soil water 

potential. As the soil dries up, water potential lowers down, allowing MTI to supply water at a 

similar rate to the plant roots’ uptake. Therefore, from power consumption perspective, the 

MTI is an irrigation which uses less energy than any other irrigation system.   

c) Saves more water 

SDI saves about 50-70% of water than traditional methods of irrigation. It is therefore said to 

be a water-saving irrigation system. The core piece of equipment used in SDI is the emitter. 

According to Irrigation (2011), water consumption of MTI is about one-tenth of the amount 

of water when compared to SDI. However, there is no available data to support or validate 

http://www.irrigation.hk/
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this statement. The flow rate of standard drippers depends on its hydraulic properties, its 

design and water temperature (Patel and Rajput, 2007).Inversely in MTI flow rate is driven by 

the soil water potential. 

2.2 Subsurface Drip Irrigation (SDI) 

 

Subsurface drip (SDI) is a low-pressure, high efficiency irrigation system that uses buried drip 

tubes or drip tape to provide the crop with the required water. SDI technology was introduced 

in the early sixties (60s) and has been promoted in the last two decades. The SDI system is 

flexible and can provide the necessary water for a variety of crops. It has been shown to be 

suitable for semi-arid, arid, windy and hot areas and requires limited supply of water. 

Operations at the farm remain free of the obstacles that are usually found on the surface of the 

land with irrigation systems that require pressure to operate (Reich, 2009). 

 

A typical SDI system layout is comprised of the following units:  settling pond (where 

necessary), pumping unit, pressure relief valve, check valve, hydro-cyclone separator to 

remove the coarse materials, filtration unit equipped, chemical injection unit, pressure 

regulators, air vent valves, and PVC pipes as delivery system. The delivery system is then 

comprised of main, sub-main and manifold, to which the lateral drip tubes are attached. 

Essential items that monitor the systems performance such as pressure gauges and flow 

meters give warning for blockage and leaks on the system. 

 

 

The characteristics of surface infiltration such as soil erosion, saturated condition of ponding 

water and crusting are avoided when water is applied below the soil surface. With a properly 

sized and well-maintained SDI system, a uniform and efficient water application is obtained. 

Wetting of the soil occurs just around the dripper with water moving out in all directions. It 

has been shown that SDI can improve crop yield and save water.  SDI also reduces water 

evaporation on the soil surface and thereby decreases the incidence of disease and weed 

germination (Harris, 2005). SDI water is not applied on the soil surface but directly to the 

plant root zone. Application of water underground reduces germination of annual weed seeds 

and lowers the pressure that weeds exert on beneficial crops. Some crops benefit from the 

heat from the dry surface conditions, therefore resulting in more crop biomass. A properly 
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managed SDI results in an improved water and fertilizer application efficiencies, and reduced 

labour needs (Harris, 2005). 

 

SDI has many advantages compared to surface drip irrigation. These include reduced 

evaporation loss and accurate placement of water. This result in efficient use of water, higher 

water application uniformity, improved plant growth, quality of the crop and subsequently 

higher yield (Camp, 1998). The other advantages of SDI include less interference with 

cultural operations and improved cultural practices; allows field operations even during 

irrigation, less nutrient and chemical leaching and deep percolation. Germination and growth 

of weeds is minimized, thus reducing diseases and pests. Damage which occurs due to less 

humid and drier crop canopies in warm soils is also reduced. With SDI, damage of the 

exposed irrigation equipment and crusting of the soils due to surface irrigation is eliminated 

(Phene, 2000).  

 

2.2.1 Management practices of SDI 

 

Management is a key factor in determining the success or failure of subsurface drip irrigation 

system and has a significant influence on the yield of the crop. Management practices under 

SDI include the following:   

a) Reliable and accurate usage of the flow meter in monitoring the flow rate of the 

system so as to maintain the desirable irrigation application for crop growth. 

b) Monitoring the pressure of the irrigation system at the filter station and the zone 

valves. 

c)  Monitoring of the preseason application of water is essential to prevent over watering, 

which can result in deep percolation losses and moisture limitation for the germination 

of seeds. 

d) Knowledge on the water holding capacity of the soil and the water consumption of the 

crop at different stages of growth so as to apply accurate irrigation water to the root 

zone of the crop. 

2.2.2 Limitations of SDI 

These include: 

a) Emitter clogging 
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SDI emitters can easily be clogged due to root penetration, sand, rust, microorganisms, water 

impurities and chemical particles. This clogging normally results from low water infiltration, 

chemical injection and lateral flushing. 

 

b) Accumulation of salts in the soil 

 

The usage of saline water usually results in the accumulation of salts at the wetting front. The 

accumulation of the salts in SDI occurs above and mid-way between the laterals. In a situation 

where there is insufficient, rainfall to wash the salts below the plant root zone, accumulation 

of salts in the soil end up affecting the growth of the crop at hand, sometimes leading to the 

establishment and growth of weeds. 

 

c) Establishment of the crop 

 

According to Harris (2005), the ability of the system to make the soil surface wet so as to aid 

the establishment of the crop is determined by the soil type and the placement depth of SDI 

laterals. In most cases the establishment of crops does not take place only when, using SDI 

only but is also aided by other irrigation systems such as the quick coupling sprinkler.  

 

d) Effects on the soil structure 

 

The usage of clean water through SDI in certain soils results in the increase of clay content 

and the removal of calcium magnesium ratio away from the emitter. This therefore leads to 

the decrease in sideways movement of water from the emitter during irrigation (Harris, 2005). 

 

2.2.3 Crop performance under SDI. 

 

SDI has been used for irrigating many crops under different soils and climatic conditions, 

including vegetables, horticultural and agronomic crops (Camp, 1998). Singh and Rajput 

(2007) reported that research work showed crops positive response when SDI was used under 

different lateral depth placement.  It has been reported that a significant increase in the crop 

yield under SDI was achieved compared to other methods of irrigation (Oron et al., 1999).   
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A study conducted in 2007 and 2008 in China showed higher yield of bell pepper under SDI 

than surface drip irrigation (DI). A significant increase in bell pepper yield by 4% and 13% in 

2007 and 2008, respectively, was obtained under SDI than that under DI. Kong et al. (2012) 

recorded the highest yield of 46.54 t/ha under SDI and the lowest yield of 28.11 t/ha under DI. 

Patel and Rajput (2009) obtained higher onion yield under SDI than DI where the highest 

yield was 25.7 t/ha and the lowest yield of 14.9 t/ha. 

 

2.2.4 Drip lateral placement depth and yield 

 

The drip lateral placement depth of the SDI system should be deep enough to prevent damage 

by tillage equipment, but shallow enough to supply water to the crop root zone without 

wetting the soil surface (Camp et al., 2000). On coarse textured soil, laterals are installed at a 

depth of 0.1-0.5 m and deeper on fine textured soils. An evaluation of okra response on the 

depth of placement of the lateral showed that for the laterals buried at 0.1 m, the highest 

obtained yield was 13.5% than the laterals buried between 0 and 0.15 m (Singh and Rajput, 

2007).  

 

2.2.5 Water application uniformity, lateral depth and emitter discharge rate. 

 

According to ASAE (2002), factors such as land slope, emitter discharge rate, emitter 

spacing, pipeline spacing and operating pressure affects the application uniformity (AU) of 

the non-pressure compensating emitters. To validate if water and nutrients are uniformly 

distributed in the field, an assessment on the system performance and emitter discharge 

uniformity is required. Camp et al. (1997) mentioned that uniformity limitations that represent 

the application uniformity of drip irrigation systems require emitter discharge measurements.  

 

A comparison between three year old SDI and DI, carried out in Iran, showed uniformity 

coefficient of 91.8% and 96.9% for DI and SDI systems, respectively (Safi et al., 2007). On 

the other hand, Gil et al. (2008) compared AU of SDI and DI where plastic pipes were buried 

in pots of 5.5 litres under laboratory conditions. They concluded that AU in SDI was higher 

than under DI. Safi et al. (2007) and Gil et al. (2008) came to the conclusion that the 

application uniformity obtained from SDI is greater than that of DI in uniform soils. 
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Camp et al. (1997) reported that the measurements of the discharge uniformity of emitter 

under SDI were to some extent less and ranked between “good” and “fair”, according to the 

1996 guidelines of the ASAE. According to ASAE (1996) and Camp et al. (1997) uniformity 

coefficient, statistical uniformity, distribution uniformity, emitter discharge variation and 

coefficient of variation define the AU for micro irrigation in direct field measurements.  

 

2.3 Water Productivity 

 

Water productivity is defined as the physical mass of the production or the economic value of 

production measured against gross inflow, depleted water, process depleted water or available 

water (Molden, 1997; Molden and Sakthivadival, 1999; cited by Ahmad et al., 2004). The 

mathematical physical water productivity is expressed as follows: 

 

        
 

   
                       (2-1) 

 

Where  

WP = the water productivity,  

Y = the yield (in kg) of the crop produce from a given area, and  

ETa  =the actual evapotranspiration for the entire crop season (m
3
).  

 

2.4 Soil Water Dynamics 

 

The distribution of water and moisture content in the soil is important for disciplines such as 

hydrology, agronomy and soil science (Badr and Abuarab, 2011). The flow of water to the 

crop depends on the soil properties around the root zone (Carminati et al., 2010). The soil 

moisture movement pattern under SDI is an important aspect in the planning and management 

of a SDI system. The infiltration of water in SDI usually takes place in the region directly 

around the dripper and forms a cavity around it, where water flow freely (Badr and Abuarab, 

2011).  

 

The wetting pattern of SDI is important in making decision on the depth of lateral placement, 

spacing of the emitter and the operating system pressure (Dabral et al., 2012).  The wetting 
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pattern of SDI can be obtained using either the direct measurement of the wetted soil in the 

field, or by simulation using models such as the Richard’s equation (Dabral et al., 2012; 

Sinobas and Rodrigeus, 2012) which govern the flow of water under unsaturated flow 

conditions. This model simulates water distribution in wetted soil or the soil water matric 

potential. However, HYDRUS-2D/3D which includes a computational finite element model 

for simulating the two and three dimensional movement of water in the soil can be used   

(Sinobas and Rodrigeus, 2012). 

 

According to Sinobas and Rodrigeus (2012), a two dimensional axis symmetric flow of water 

around a spherical surface may be simulated thereby, producing the hydraulic conditions in 

the simulation of the movement of water in SDI emitters.  A one-half cross section of the soil 

profile can be considered in simulation of the water movement in SDI. A simulation model 

that uses a semi-empirical approach and a dimensional analysis method for the determination 

of the wetted soil zone geometry for a line water source below the soil surface was developed 

(Singh et al., 2006; cited by Dabral et al., 2012).   

   

Badr and Abuarab (2011) carried out a study on the assessment of soil moisture under SDI 

and DI systems, where neutron moisture meter was used for moisture measurements. They 

found that soil moisture distribution and uniformity within the soil profile under DI was 

greatly affected by the distance between the drippers than between laterals. A conclusion was 

drawn that soil moisture distribution using dripper spacing of 30 cm is better than dripper 

spacing of 50 cm. According to Badr and Abuarab (2011), the spacing allocation of irrigation 

system dominantly affected the moisture trend under SDI. They recommended the installation 

of the system at 30 cm from the soil surface for active root zone for most vegetable crops. 

 

2.5 Tensile Strength  

 

Tensile strength is one of the major parameters in the description of the stress-strain. Tensile 

test is by far the best method in testing of material and determination of tensile strength. 

Elongation can also be used to determine the elongation of fracture as a toughness 

measurement of material. An experiment done by Briassoulis et al. (2011) on the 

biodegradable drip irrigation systems showed a constant (11-14 MPa) tensile strength of the 

thin walled pipe during the total exposure time. The elongation of break reduced by 87.3 % 
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between the week 3 and 4 at 16.74 MJ/m
2
. However, after week 9 and 13, the tensile strength 

and stress at yield value in the transverse direction decreased to 7 MPa (23.55 MJ/m
2
) and 5 

MPa (45.74 MJ/m
2
), respectively.  

 
 
   

2.6 Green Beans and their Importance  

 

Green beans (Phaselous vulgaris L.) are a source of vitamin K, vitamin C, fibre, manganese, 

vitamin A potassium and iron. It is also a good source of magnesium, riboflavin and thiamin. 

Vitamin K is important for maintaining strong bones and maintaining proper bone density and 

for the coagulation of blood. According to Gencoglan et al. (2006), green beans are important 

for consumption and due to their nitrogen fixation, they can be produced in many cropping 

systems. Green beans have high water requirements and in South Africa irrigation is 

necessary for successful vegetable crop production. Water management is very important 

throughout the production stages of green beans. The crop must always be supplied with 

sufficient water to ensure vigorous growth since this is important for the plant and pot growth 

(Smesrud et al., 1997; cited by Sezen et al., 2005).    

 

Green beans have been widely produced under flooding, furrow and basin irrigation. Due to 

farmers over irrigating the crop, this has resulted in high water losses and low irrigation 

efficiencies (Sezen et al., 2005). According to Sezen et al. (2005), the production of green 

beans under SDI has been proven to have high yields as compared to other irrigation methods. 

The production of green beans under SDI in South Africa is not a common practice and as 

such producing green beans under subsurface irrigation will contribute to the body of 

knowledge in the country.  

 

According to the manufacturer, MTI can be used for both small and large scale crop irrigation 

and also in backyard gardening to irrigate vegetable crops. However, there is no published 

data supporting these statements. Therefore, green beans will be grown under MTI and SDI so 

as to test whether they can be irrigated and survive under two irrigation systems and produce 

a yield under each system.  
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2.7 Carrots and their Importance 

 

Carrots are one of the major vegetable crops consumed in South Africa due to its richness in 

carotene (Vitamin A). It is said to be vital to the human immune system, skin and in 

promotion of healthy growth of the body cells. The best possible growth for carrots is 

between 15
o
C and 20 

o
C. At this temperature, carrots with good flavour and colour can be 

obtained. Deep soils with low salts and free drainage is favourable for carrots production.  

According to Abdel-Mawly (2004), light coloured and rooting carrots with thicker and shorter 

roots result from over irrigation and affect the development of the roots. On the other hand, 

Abdel-Mawly (2004) and Joubert et al. (1994) confirmed that under irrigation results in dark 

orange and woody carrots with longer and hard roots. Nortje and Henrico (1986) also reported 

that carrots with narrow shoulders can be obtained in a situation of under irrigation. 

 

One of the most common vegetable crops in Gauteng province is carrots. From the 300 360 

ha of agricultural land in Gauteng province, 867 ha is under the production of carrots. 

According to SSA (2006), carrots have the average yield of 31.75 ton/ha, however, according 

to Hygrotech (2008), this is below the 40 ton/ha of the carrots potential yield in South Africa. 

The highest production of carrots was recorded in 2009 with an increase of 3% compared to 

the production volume in 2008 and a decrease of 4% in 2010.The fresh produce consumption 

of carrot has decreased to 121 639 tonnes in 2010, with a total decrease of 6.9% compared to 

2009 ( DAFF, 2011).  

 

According to Palada et al. (2008), more studies on the requirements of water for vegetables 

irrigated using drip irrigation is required under tropical conditions. Carrots are mainly 

irrigated using sprinkler irrigation and centre pivots in Gauteng province. There are no 

records of farmers that use DI or SDI in the province.  

 

MTI is said to be economically viable due to its advantages in water saving, low pressure 

requirement and less energy consumption. It is therefore necessary to investigate carrot 

production and their performance under MTI technology and SDI in semi-arid zones. 
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3. DISCUSSION AND CONCLUSION 

 

Literature that has been presented in this proposal is based on the available material from the 

manufacturer and the presentations made by several agents from Moistube Irrigation Co. Ltd. 

Other than this information, no scientific work has been published in journals, books, 

conference proceedings and grey literature with regard to MTI, and especially for South 

African conditions. 

 

The manufacturer argued that a dry soil layer of about 3-5 cm on the surface of the land above 

the buried MTI reduce the amount of evaporation from irrigated water.                                                                                                                                                    

The water capacity of the dry soil layer is under capillary fringe, therefore, the hydraulic 

conductivity under this conditions tend to be very low with water preserved below the dry soil 

layer and very minimal amount of evaporation diffusion. Thus, evaporation of the moist 

bodies below the dry soil layer is restricted, therefore, resembling the preservation layer for 

evaporation   However, Patel and Rajput (2007) mentioned that the flow rate of emitters 

depends on its hydraulic properties, its design and water temperature. There are several 

knowledge gaps regarding the discharge rate of MTI under varying operating pressure, its 

behavior under different water temperatures and its technical properties. It is because of such 

unknowns that these parameters should be investigated.  

 

It has also been shown that MTI has various advantages, such as less investment on 

equipment and saving more water. It is known that every irrigation system has both 

advantages and disadvantages. However, the disadvantages of MTI have not been stated, 

discussed or made available in all the materials supplied by the manufacturer. It is therefore 

essential to investigate the above scenarios and the disadvantages that may be discovered 

under MTI during the experiments and throughout the study under South African conditions. 

The technology can find potential application in rural areas of South Africa and the 

information generated from this kind of research will ensure that appropriate 

recommendations and data are made available to decision makers and end-users. 

 

Information on the soil water content and distribution patterns for MTI is not available in 

literature and has not been made available. It is therefore important to carry out a study to 
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investigate the soil water dynamics under MTI for vegetable production under Hutton soils in 

semi-arid conditions.  

 

The total area of production for carrot is 867 ha and is produced mainly using center pivots 

and sprinkler irrigation systems.  Sezen et al. (2005) has reported higher yields of green beans 

under SDI. However, the production of green beans under MTI has never been carried out 

especially on semi-arid conditions and Hutton soils.  There is no available information on soil 

moisture patterns resulting from MTI and SDI for green beans and carrots production. 

Information on the performance of MTI in comparison to SDI on Hutton soils for the 

production of green beans and carrots is also unavailable.  

 

There are several unknowns about MTI that require answers and these include the following: 

a) the tensile strength of MTI tape under various ultraviolet light exposure, b) tensile strength 

of MTI tape under various moisture levels, c) discharge rate of MTI tape under varying 

operating pressure and overburden pressure, d) discharge characteristics of MTI technology 

vis-à-vis the normal discharge of drippers, e) soil water dynamics under MTI technology, f) 

the effect of soil pH on MTI, g) crop performance under MTI inSouth Africa, and h) the size 

of land that can realistically be irrigated by MTI apart from the usual small plots. It is 

important that this technology be tested under South African conditions in order to reach solid 

conclusion on its performance and technical properties. 

 

Information gained from this study will contribute to the body of knowledge in South Africa 

and the world, more particularly with regard to MTI as new irrigation technology.  
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4. PROJECT PROPOSAL 

4.1 Problem Statement 

 

Moistube irrigation (MTI) is a new technology being introduced in South Africa.The system 

utilizes the membrane technology by using an artificial semi-permeable membrane to imitate 

the biological semi-permeable membrane (Zhao, 2010). Therefore, the performance of this 

new technology needs to be evaluated under South African conditions to assess its viability. 

 

There is lack of information and many unknowns concerning the technical properties of MTI 

such as the tensile strength and the behavior of MTI under different conditions e.g. water 

temperature, quality of water and its operation under different pressures. The performance of 

MTI in vegetable crop production has not been tested in South Africa and, as such, there is no 

literature with conclusive information on its performance. As this technology is introduced in 

South Africa, the knowledge gaps need to be addressed. 

 

The approach which will be used will involve evaluating the technical properties of MTI, the 

soil water dynamics of MTI, and crop performance under MTI, in comparison to SDI under 

vegetable production for semi-arid conditions. Information on the technical properties of 

MTI, soil water dynamics and soil moisture pattern resulting from buried MTI laterals in the 

production of green beans and carrots is not available and therefore will benefit the farmers 

and engineers in the country. 

 

4.2 Objectives 

 

The aim of the study is to evaluate the technical properties, the soil water dynamics of MTI 

and crop performance under MTI, in comparison to SDI in semi-arid conditions.  

 

The specific objectives of the study are as follows:  

 

a) To evaluate the technical properties of MTI technology, 

b) To determine soil moisture dynamics under MTI for semi-arid conditions, and 

c) To determine crop performance under MTI compared to SDI for semi-arid conditions. 
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4.3 Hypotheses 

 

The hypotheses that will be tested in this study are as follows: 

a) The clogging resistance of MTI is dependent on water quality and the discharge rate of 

MTI decreases with the increase in water temperature, 

b) There is no significant difference in the wetting pattern of both MTI and SDI, and 

c) Crop performance under MTI is higher than under SDI for both green beans and 

carrots for semi-arid conditions. 

 

4.4 Methodology 

 

4.4.1 Experimental location 

 

The experiment will take place at the Agricultural Research Council, Institute for Agricultural 

Engineering (ARC-IAE), in Silverton, Pretoria. The geographical location of the area is 25
o 

43’ 45.2” S, 028
o 

16’ 37.1” E at an altitude of 1337 m above sea level. The soils on the 

selected site are Hutton soils. These soils are characterized by orthic and red apedal B, with a 

poor structure and they have medium clay content. 

 

4.4.2 The experimental design and layout 

  

The experiment will involve a completely randomized block design and the treatment will be 

on a split plot design, with the main plots as the MTI and SDI. The experimental design and 

layout will consist of 20 field plots of 3 m long and 6 m wide. The plots will consist of three 

drip laterals and three moistube laterals of 3 m long, with a spacing of 2 m for adequate lateral 

soil moisture movement. All laterals will be buried at 0.2 m below the soil surface. Drip 

laterals with 2 l/h emitter and a spacing of 0.6 m will be used. A 500 liter tank on a 2 m height 

stand will be used to store water for usage by MTI and a flow meter recording the amount of 

water going into the tank will be installed [see figure in Appendix B].   
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Carrots and green beans will be planted in two rows at 0.1 m from each lateral. Sprinkler 

irrigation will be used for the establishment of the crops. Green beans will be planted in 

summer and carrots in spring. 

 

4.4.3 Measurements and instrumentation  

 

Objective 1: To test the technical properties of MTI technology  

 

The tensile strength of the MTI tubing will be tested, using strain gauge as a function of 

imposed varying conditions. The discharge rate of the MTI will be measured at every 0.5 m 

from the head of the lateral as the system does not have specific drippers compared to drip 

irrigation. The discharge rate will be measured according to length, water quality, different 

pressures and, different water temperature.  MTI’s resistance to clogging will be assessed by 

using different water qualities such as grey water or standardized “dirty” water in parts per 

million of sand. The above parameters will be evaluated at the ARC Hydro Lab. 

 

Objective 2: To determine soil moisture dynamics under MTI and SDI for semi-arid 

conditions of Hutton soils  

 

Three access tubes at 0.2 m intervals from the lateral will be installed at 1.5 m points from the 

lateral head. Soil moisture measurements will be obtained  at 5 points down the soil profile 

(0.2, 0.4, 0.6 and 0.8 m) using a 1.0 m Mobi-Check probe. A tensiometer will be installed to 

measure water tension under MTI. A wetting front detector will be used to measure the 

wetting front for MTI. A soil moisture curve will then be determined for MTI and its wetting 

pattern for Hutton soils in semi-arid conditions will be determined. A 1.0 m by 1.0 m soil 

profile will be dug to manually measure the width and depth of the soil wetting pattern of the 

two systems. The soil moisture content for the two systems will be monitored and measured 

on a daily basis in the morning and climatic conditions will be recorded.  

 

Objective 3: To determine crop performance under MTI and SDI for semi-arid 

conditions in Hutton soils  
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To achieve this objective, the growth of the crops will be monitored and measured in terms of 

height and root depth. A soil profile will be dug to measure root depth. The yield of the crops 

will also be taken in consideration. Green beans will be measured and weighed. The length, 

diameter and colour of carrot will be measured under MTI and SDI. The readings on the flow 

meters will be obtained for each crop cycle. For both irrigation systems, total yield of the 

vegetables will be determined, so as to compare the performance of green bean and carrot 

production in semi-arid conditions for Hutton soils. Water productivity as kg/ET and kg/m
3
 of 

the water applied, will also be calculated for both MTI and SDI. 

 

4.5 Statistical Analysis 

 

The analysis of variance methods (ANOVA) will be used to analyze the data generated from 

the experiments. The statistical programme, GenStat for Windows (Payne et al., 2007), will 

be used to compare crop performance under MTI against SDI. 

 

4.6 Resources 

 

The study is sponsored by the ARC-IAE. The resources necessary for the study are listed in 

Table 4.6 
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Table 4.6 The total cost estimate for the project. 

 

Item 

no. 

Item  Quantity  Cost (R) 

1. Moistube tape 200 m 2300.00 

2. Subsurface drip tape 200 m 2500.00 

3 Pressure gauges 10 2800.00 

4 Access tubes and installation 30 6000.00 

5 Dacom software and 

installation 

1 3591.00 

6 MobiCheck probe and data 

logger 

6 12 500.00 

4 Connecting pipe 200 m 1500.00 

5 500 liter tank  1 1200.00 

6 T and elbow joints 100 500.00 

7 Flow meters 40 1800.00 

8 2 m stand 1 1200.00 

9 Clamps  150 540.00 

TOTAL 36 431.00 
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6. APPENDIX A: PROPOSED RESEARCH ACTIVITIES AND WORK PLAN

Task                                  Description J F M A M J J A S O N D J F M A M J J A S

1 Development of Seminar Paper

1.1 Literature review and write-up

1.2 Submission of 1st, 2nd and 3rd draft seminar paper

1.3 Submission of final draft seminar paper

1.4 Presentation of seminar paper

2 Literature Review

3 Land Preparation and cropping

3.1 Ploughing

3.2 Planting and other agronomic activities

3.3 Harvesting

4  Field Experimentation

4.1 Soil and water analysis 

4.2 Design, purchase and installation of the system

4.3 Data collection

5 Laboratory Experiments

5.1 Tensile strength test

5.2 Discharge rate test

5.3 Glogging resistance test

6 Data Analysis

7 Consultation with Supervisor

8 Thesis write-up

9 Deliverables

9.1 Seminar paper and Presentation

9.2 Submission of first draft of  final thesis

9.3 Submission of final draft of thesis

2012

   APPENDIX A. PROPOSED RESEARCH ACTIVITIES, WORK PLAN AND DELIVERABLES

2013
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7. APPENDIX B: EXPERIMENTAL LAYOUT 
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