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Title: Effect of No-Till Straw Mulching System on Water Productivity and Performance 

of Potato. 

 

 

Field and green house experiments were conducted during the spring and fall 

semesters of 2014-2015 to evaluate the effects of different surface barley straw mulch 

(25, 50 and 75t/ha) on potato growth under a no-till system and to examine the response 

of potato to different irrigation regimes [120%, 100%, 80% and 60 % 

evapotranspiration (Eto)] with or without the surface mulch (till and no-till system). The 

results of the field experiment showed that the till potato (0t/ha mulch) under the four 

irrigation treatments significantly enhanced the shoot height and plant number, 35 days 

after planting potatoes (DAP). While, at 45 DAP, results showed that only plant number 

in till potato at 75/ha was significantly higher than that of no-till potato at all tested 

mulching rates (25, 50 and 75 t/ha) under 120%, 80% and 60% Eto.  Also, results 

showed that no-till potato at 75t/ha at 60% Eto significantly reduced potato shoot 

number at 45 DAP compared to till (0t/ha).  However, shoot number increased with 

time in no-till potato.  For example, the shoot number in all no-till treatments at 80% 

and 100% were significantly not different from each other; the number remained at 75 

DAP.  Leaf number was high in till potato early in the growing season.  However, it 

increased with time.  Root and shoot dry weights were high in till potato (0t/ha mulch) 

at various irrigation regimes, compared to all no-till treatments at 35 DAP. However, 

both increased with time.  The highest shoot dry weight was observed in no-till potato at 

25t/ha at 80% and 120%. In regards to  potato yields, results showed that all treatments 

had no negative effect on the total number of tubers except for the no-till potato at 

75t/ha at 100% Eto.  No-till potato at 25t/ha at 100% Eto gave the highest number of 

tubers. All no-till potato treatments at various irrigation rates significantly increased 

marketable yield in comparison to the till potato. Marketable yield was the highest with 

the no-till potato at 75 t/ha at 120% Eto. The highest total yield observed was with 50 

t/ha at 120 % Eto and with 75 t/ha at 80% Eto. As for the crop water productivity, 

results showed that the maximum water productivity value (8.3Kg/m
3
) was observed in 

no-till potato at 75t/ha at 80%Eto. Results of the greenhouse experiment showed that 

the highest shoot height was observed with till potato at 120% Eto. The leaf number 

was significantly low at 75 t/ha at 100 % Eto compared to 120 %, 80 % and 60 % Eto, 

96 DAP except for no-till at 25t/ha at 120% Eto.  All tested mulching rates at various 

irrigation treatments were similar. Shoot and root dry weight was significantly higher in 

till at 120% Eto than at 100%Eto, 80% Eto and 60 % Eto.  The highest tuber collected 

was observed with no-till potato at 25 t/ha at 120% Eto. However, the tuber weight in 

till potato (0 t/ha) at 120% Eto gave the highest yield, in comparison to all various 

treatments. Root dry weight in no-till potato at 75t/ha at 120, 80 and 60% Eto was 

significantly lower than the till potato (0t/ha mulch) 117 DAP.   
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CHAPTER I 

INTRODUCTION 

 

Today, the rapid increase in the world’s population, climate change, and 

economic instability, are causing major challenges in the agricultural sector in regards 

to the sustainable satisfaction of the needs of millions of people. These challenges are 

further magnified as they are developing under present non-supportive and risky 

circumstances. Continuous soil degradation and increasing water scarcity are major 

threats to food production. Thus, there is a need for a clear strategy to promote 

sustainable agriculture.  New techniques which aim to increase productivity and 

efficiency, and those which strive to avoid a consequential scarcity in agricultural 

resources, are imperative. Many researchers have realized and affirmed the complexity 

of this issue. As such, they have prioritized the objectives of their studies towards 

investigating sustainable agricultural techniques which may increase crop yields 

significantly without damaging the soil and the environment. Increased planting, 

irrigation, and labor cost, increased population and food demand, as well as diminishing 

agricultural land have created incentives for the promotion of sustainable techniques 

over intensive agricultural practices that are damaging to the soil and limited in their 

capacity to generate yields on a sustainable basis.  Sustainable agricultural systems like 

no-till agriculture have become crucial for the prosperity of this indispensable sector 

(Campanhola 2013). 

It has become evident that the no-till agricultural system is a solid technique. 

The prospects of achieving more sustainable agro-ecosystems with its implementation 

are high. It may thwart impending global challenges pertaining to soil degradation, 
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water deficit, and climate change.   

In 1999, the global no-tillage area amounted to forty five million ha. In 2003, 

the no tillage area amounted to 72 million ha, and in 2009, 111 million ha had 

comprised no-till areas (Derpsch et al. 2010). This may be attributed to the 

advancements of agricultural techniques and the expansion of planting areas. A 

significant expansion of no-till areas was observed in South Africa, however. There, 

permanent no-tillage systems form around 70% of the total planted area (Derpsch et al. 

2010).  

Water deficit is one of the key factors affecting crop production in Lebanon 

and the MENA region. The MENA is one of the most water scarce regions of the world 

as a consequence of climate change and population growth.  With accelerated 

population growth, the need for food and thus agricultural water is increasing. Crop 

producers are facing challenges in providing sufficient outputs to meet the needs of the 

growing population, with limited accessibility to water for irrigation. Therefore, 

innovative methods of crop cultivation, suitable irrigation scheduling, and effective 

irrigation techniques are required for sustainable production and water conservation. 

Being a semi-arid region, the MENA also suffers from low humidity during the spring 

and summer seasons (cropping season). This leads to more evapotranspiration and an 

increase in the frequency of irrigations required for the crop. In comparison to no 

mulching or standard plantation, the no-till system can reduce surface evaporation of 

water, conserve soil moisture, and reduce the need of irrigation by using surface organic 

mulch. 

Potato cultivation involves an intensive plowing arrangement, wherein the 

topsoil is loosened and pulverized into small aggregates during the seedbed preparation. 

In addition, hilling, inter-row cultivation, and mechanized harvesting entail intensive 
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soil disturbance.  These practices lead to increased soil erosion, and they may affect soil 

health. By adopting mulch planting techniques, no-till agriculture could reduce the risk 

of soil erosion, water loss from soil, and improve soil health.  This can be done by 

placing the potato seeds (tubers) on the soil surface, and then covering that surface with 

organic mulch, such as wheat or barley straw.  

The objectives of this research are to investigate the (1) appropriate mulch 

density for potato growth under no-till, (2) the economic water productivity of potatoes 

in no-till system, and (3) the feasibility of no-till system in potato production. 
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CHAPTER II 

LITERATURE REVIEW 

 

A. Potato General View 

The potato (SolanumTuberosum) is an annual herbaceous plant that belongs to 

the family Solanaceae. They first originated in the Andean mountains, and they turned 

out to be one of the most important crops in the world.  The potato is regarded as one of 

the most important crops in the East Mediterranean regions, and it is the fourth major 

world food crop after corn, rice, and wheat. In Lebanon, the Beq‘aa and Akkar 

provinces are the main potato production areas, with about 68% and 19% of the total 

production, respectively (Abou-Jawdah et al. 2001). According to Dean (1994), 

potatoes satisfy the daily human nutritional requirements of protein, calories, iron, and 

vitamins B and C. In Lebanon, potatoes are considered to be the primary cash crop; 

their plantation covers 148,000 ha (Darwish et al. 2003).  In addition, potatoes can be 

grown in an array of environments (FAO 2008). This is why the potato was selected for 

this study. 

The potato is a “cool season crop,” and its growth and tuber development are 

mainly mediated by temperature. The best yield could be obtained when the temperature 

ranges between 18-20⁰C. Temperatures outside the range of 10⁰C-30⁰C would severely 

hinder tuber development (FAO 2008).  The optimum temperature for best yield results 

is around 17°C, and the optimal water ratio for this is at about 60–80 % of soil-water 

holding capacity (Kolbe 2003).  Accordingly, potatoes are planted at different times in 

the various climate conditions.  For example, potatoes could be cultivated in early 

spring in temperate zones, in late winter in warmer conditions, and during the coolest 
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winter months in tropical climates. Recommended planting time in the Beqaa plain in 

Lebanon is between March and June. If proper agricultural practices are followed, 

temperate climates could produce 40 t/ha of potato tubers.  

With the exception of saline and alkaline soils, potatoes can be harvested in 

any kind of soil. Usually, soils that are naturally loose would provide the least resistance 

for tuber development. Loamy and sandy-loam soils are the type of soils that provide 

adequate drainage, aeration, organic matter, and an ideal pH of 5.2-6.4 for potato 

cultivation (FAO 2008).  Good seedbed preparation is of principal importance to insure 

a high yield, namely, to ensure quick emergence, deep penetration of the roots, and 

well-drained loose soil.  This can be accomplished by deep tillage of up to 25 cm 

followed by harrowing. Fertilizers and cultivar selection and agricultural practices 

determine the quality of the potato yield. Large amounts of nitrogen and potassium are 

needed (Dean 1994). While too much nitrogen can be detrimental to the crop, potassium 

and phosphorus are heavily used by potato plants during proliferation (Peet 

2001).Various potato cultivars are planted in Lebanon.  The most common one 

consumed in Lebanon is the variety “Spunta.” Agria is an industrial variety grown for 

the chips industry. Efforts to increase this variety are still underway, but the lack in a 

local seed production systems place many restraints on the potato industry in Lebanon 

(FAO 2007). 

Common pests of potato include: bacterial soft rot, ring rot, black leg, black 

scurf, early blight, late blight, scab, seed piece rot, virus complex, nematodes, potato, 

tuber worm, aphids, leafhoppers (Cannon 2003; FAO 2008) and weeds.  Phelipanche 

aegyptaicaand Cuscuta spp. are among the dominant parasitic weeds infesting potatoes 

in Lebanon (Sabra and Haidar 2012).  The former is considered to be one of the most 

dangerous and fast-spreading parasites in the potato-producing areas of Lebanon and its 
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neighbouring countries (epidemic pest). Currently, there are neither pre-emergence 

(PRE) nor post-emergence (POST) herbicides registered for use against Phelipanchein 

potatoes (Haidar et al. 2005). 

 

B. Soil Moisture 

If high yields are desirable, the water requirement (ETm) for a crop age of 120 

to 150 days would be, according to the climate, 500 to 700mm (FAO, 2013). For this 

reason, the potato is usually an irrigated crop.  However, if soil moisture fluctuates, 

tubers would develop unevenly and cracks would form. Furthermore, water losses due 

to evaporation should be minimized in high temperature areas by ensuring the canopy 

grows as quickly as possible. Thus, monitoring soil moisture is a basis for irrigation 

scheduling.  It provides accurate information about the extraction of soil-water by the 

crop. There are various instruments for measuring soil moisture. Such instruments are 

most effective when used in combination with gathered data on evapotranspiration (ET) 

(ET is the amount of water that is lost due to evaporation from the soil, and plant 

transpiration). The instruments determine when to irrigate, and the ET data are used to 

calculate the volume of water loss since the last irrigation. From this information, we 

may calculate the volume of water that needs to be compensated for. Stieber and Shock 

(1995) concluded that soil moisture should be maintained between -50 and -60 centibar 

to achieve optimum potato yield.  Studies carried out by Harris (1978) and Ekelöf 

(2015) found that potato yields were positively related to mean soil moisture.  

 

C. Water Deficit 

Adequate water and timing of irrigation affects the quantity and quality of 

potato tubers (Kleinkopf 1983). A high soil moisture level must be maintained. A 
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requirement of 500-700mm of water is needed for a 120-150 day crop, if best yields are 

desired (FAO 2008).  Water deficits are most deterministic during the bulking stage of 

the crop. It is known that a water deficit during that stage of development would 

negatively impact yields more than water deficits during any other stage. Studies have 

shown that water stress causes a reduction in leaf area, which would reduce 

photosynthesis, and ultimately reduce tuber yields (FAO 2008).  Since the potatoes have 

shallow root systems, they respond well to frequent irrigation, especially when sprinkler 

irrigation systems are used to make up for evapotranspiration every one or two days. 

Sprinkler irrigation systems are commonly used in Lebanon due to cost-effectiveness 

and low maintenance requirements. Potato producers usually start effective potato 

irrigation in about 20 days after plantation, and they maintain intervals every 6-8 days 

till harvesting.  A lot of water could be wasted in this process.  To reduce water waste, 

few farmers are using drip irrigation. Sammis (1980) found that in comparison to 

sprinkler and furrow irrigation methods, drip irrigation delivered the highest potato 

yields by delivering uniform soil moisture in the root zone. Simonne et al. (2002) 

indicated that drip irrigation is economically feasible for potato production due to 

additional profits from costs and returns using drip irrigation.  

 

D. Irrigation Scheduling  

Proper irrigation scheduling is important to avoid under or over-irrigation. 

Potatoes are most commonly irrigated via furrow and sprinkler irrigation. Because the 

crop has a shallow root system, it responds well to frequent irrigation. For example, 

using a sprinkler irrigation system in potato production is beneficial because this type of 

irrigation system allows any water losses as a result of evapotranspiration to be 

compensated for as necessary. There are various ways to estimate how much water is 
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required by crops and to assess which irrigation method is most effective. One of the 

most recommended methods is the use of weather data.  A crop coefficient (Kc) 

assesses crop water use at a certain growth stage in relation to the amount of reference 

crop evapotranspiration (Eto) as calculated from weather data (Simonne et al. 2006). 

Water evaporates from soil and transpires from plant leaves. Together, these two 

processes in unison are referred to as evapotranspiration (Et).  

Irrigation scheduling aims to increase water use efficacy by finding a balance 

between the water used by the crop and the water applied to the crop.  In addition to 

conserving water, irrigation scheduling would also reduce the amount of energy used, 

and it would reduce ground water contamination by minimizing leaching. Water deficits 

should be avoided when potatoes are in the stages of stolonizaiton, tuber initiation, and 

yield formation. Water restrictions could be applied during the early vegetative growth 

and ripening stages. Furthermore, a higher depletion of soil-water could be allowed 

when ripening occurs. Such strategies could shorten the maturation phase (FAO 2013).  

Water deficits during the beginning stages of yield development would 

increase spindle tuber formations. Tuber cracking and blackening could occur when 

water deficits are observed after that period. Dry matter content could exhibit 

proliferation when water supply is limited during the ripening stage. Furthermore, tuber 

malformation is reduced with frequent irrigation. When planting potatoes, it is 

recommended that pre-planting irrigation is implemented. This is because soil moisture 

prior to planting should be 70-80% of the field capacity, which is about a quarter of the 

allowable deficit. Pre-irrigation helps in clod-breakdown and in reducing clumps in the 

soil (FAO 2013). 

During the early vegetative development (this stage starts at planting and 

continues up until sprouting), the first foot of the soil must be between 65%-80% of the 
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field capacity. It is recommended that no irrigation occurs during this period of 

development; at this stage, the seed pieces have enough water in them to sustain their 

development until emergence occurs. If irrigation ensues during that period, the soil 

becomes favorable for pathogens such as soft rot and black leg, as well as stem and 

stolon canker. Furthermore, excessive moisture would place seed pieces under 

metabolic stress. Excessive moisture during this early vegetative period would cause an 

increase in Verticilliumalbo-atrum, which would cause death mid-season (FAO 2013). 

Between the period of emergence and tuber initiation, which is the log phase of 

vine development, irrigation must be low (0.5”). It should increase however, by 0.5” 

every week as the canopy grows. When tubers initiate, the soil moisture must be 

between 70% and 80%. If the water content in the soil is below 65%, then the field 

would be considered to be in a water deficit. If water deficiency occurs at this stage of 

potato growth, then the canopy and root development would be stunted. Excessive 

water would stunt root branching, and it would increase the leaching of nitrogen (FAO 

2013). 

When considering determinate varieties, the end of vine growth is marked by 

full bloom. In indeterminate varieties, however, full bloom indicates a slowdown in vine 

development. At this stage, irrigation is of great importance, whilst water stress is 

considered less tolerable as the tubers begin to develop. During this phase, transpiration 

rates are at their highest, and soil moisture must be between 80%-90% of field capacity. 

In sandy type soils, irrigation must increase by 1.5-2.5’ a week. Any deficits would 

increase tuber deformation and sugar end. In varieties that are susceptible to the 

common scab, it is preferable that soil moisture content be between 90-95% of the field 

capacity. During the stage of tuber development, an excess of water would cause tubers 

to develop a brown center, a hollow heart, and vines would die. Swampiness would 
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cause late blight, and it may increase susceptibility to early blight.  It should be noted 

that this stage of development is usually during the hottest time of the year. During the 

stage of tuber bulking, the tubers are in their log phase of development. It should be 

noted that tubers must obtain their water stores from the outside environment. During 

this period of development, irrigation should be between 2 to2.5 inches per week, and 

soil moisture should be between 80-90% field capacity. During this stage of tuber 

bulking, excessive water would increase the appearance of a hollow heart, swollen 

lenticels, black leg, late blight, and soft rot leak and pink rot. Water deficits would cause 

early dying, tuber malformation, early blight, brown spots, and common scabs (FAO 

2013). 

 

E. Evapotranspiration (Et) 

Evaporation is the change of water from liquid to vapor form. This 

transformation requires energy. Light intensity and duration, air temperature, humidity, 

wind, crop species and plant size are the key factors that determine the Et rate. A crop’s 

Et (Etc) is the amount of water that evaporates from the soil surface and transpires from 

the leaf surface to the atmosphere.  

Crop water use (Etc) = Crop coefficient (Kc) * Evapotranspiration (Eto, a 

reference number)   

Or, Etc = Kc * Eto 

Et rates are high when the soil surface is covered by the crop canopy and leaf 

surface. Thus, as growth increases, Et reaches its maximum. Alva et al., (2002) found 

that potato yields were positively influenced with high Et rates than with lower Et 

growing conditions.  According to Marutani and Cruz (1989), 3-5mm of water applied 

to a potato per day was enough to satisfy the crop’s evapotranspiration requirements and 
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keep soil water potential at its optimum growth in the tropics. While, the average Et 

requirement was 2.49mm in sub-tropics (Kashyap and Panda 2001; 2003) and 12-13 

mm in hot and dry climatic regions (Ferreira and Carr 2002).  Lynch and Tai (1989) 

were able to show that potato yield (marketable) decreased when the soil’s water 

potential was reduced from -30 to -120 KPa. 

 

F. Water Productivity 

Water productivity (WP) is generally defined as the net return obtained from a 

unit of water used (Molden et al. 2010). Such returns include higher yields, ecological 

advantages, and increased profit. Water productivity aims to produce more food and 

income by applying less amounts of water. Physical water productivity is considered the 

agricultural output over the amount of water that has been used. Economic water 

productivity is the value obtained from the unit of water that has been used. Economic 

water productivity has been used to describe water use in other fields such as nutrition, 

jobs, welfare and the environment (Molden et al. 2010). 

The following equation describes WP: 

   
  

   
 

In terms of physical water productivity, Ya refers to the yield that is obtained 

per unit of water. However, considering economical water productivity, Ya would refer 

to the profit value that is derived from the mass of marketable yield per unit of water 

(Geerts and Raes 2007; Molden et al. 2010).  Eta, the denominator, is the expressed as 

the amount of water applied or depleted (Seckler 1996; Molden et al. 2003). 
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G. Water Productivity on Potato 

The water productivity of a crop is the mass of production or the economic 

value of this production over grow inflows, in inflow, depleted water, process depleted 

water, or available water. Usually, WP is expressed via mass of produce or its 

equivalent in monetary value per water unit (Rashid and Gholami 2008). The four levels 

of crop water productivity are (Molden 1997; Ahmad et al. 2004). 

CWPY-2g= C Y/Ig 

CWPY-lrr=C Y/Irr 

CWPY-Et(act)=C Y/Et(act) 

CWPY-Ta= C Y/Ta 

CWP is the crop’s water productivity expressed in kg/m
3
; Y is the yield actual 

expressed in Kg/ha; Ig is the difference of “gross inflow and storage in the water 

balance equation” given in mm (Rashid and Gholami 2008); Irr stands for the irrigation 

requirements, and it is expressed in mm; Et(act) stands for actual evapotranspiration, 

and it is also expressed in1 mm; Ta stands for transpiration, which is represented in 

mm; and C stands for the conversion factor (0.10) (ha mm m
-3

) (Molden 1997; Ahmad 

et al. 2004). When CWP is studied from a physical point of view, transpiration is only 

considered. However, considering the difficulty of separating transpiration from 

evapotranspiration, this is not practical. Furthermore, evaporation is tied to &influenced 

by tillage, crop growth, as well as to management practices (Rashid and Gholami 2008). 

Root water uptake, rainfall, irrigation and capillary rise are the basis for 

evapotranspiration. According to (Rashid and Gholami 2008) and by using the equation, 

CWPY-Et(act)=C Y/Et(act), potato CWP is between 1.92 and 5.25 kg/m
3
. Potato WP is 

much higher during the winter (12.7Kg/m
3
) season that in the summer (6.4/kg/m

3
) 

(Bowen 2003). Similarly, Wright and Stark (1990) reported WP values of 4.4-1.2 
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kg/m
3
. 

 

H. Organic Mulch 

Mulch is any dead material that is applied to the soil as a form of cover.  

Mulching has been practiced by farmers since ancient times. Its benefits include the 

control of soil erosions and an increase in the soils’ organic matter (OM) content (Jacks 

et al. 1955; Rowe-Dutton 1957). 

It has been found that soil moisture increases under straw mulching 

(Doring2005). Moisture increases in mulched soil because of increased infiltration 

(Ayanlaja and Sanwo 1991).  This is a result of the mulch intercepting water drops 

which would reduce any compaction or sealing of soil pores.  When evaporation is 

decreased, water is conserved (Ayanlaja and Sanwo 1991). It was further noted that 

shading partly contributes to water conservation. The higher the amount of mulch 

applied to the soil, the more water is conserved.  It was observed that light and heavy 

applications of mulch are almost similar in their effect in water conservation (Russel 

1940). Mulch has been observed to reduce weed germination, which also contributes to 

water conservation (reduced evapotranspiration). Mulch also leads to a reduction in the 

soil’s surface temperature, and therefore it boosts dew formation (Jacks et al. 1955). It 

should be noted that the effect mulch has on moisture is observed only in the upper 

layer of the soil. However, mulch is not effective in conserving water from light rain 

falls as it intercepts it, hence; water evaporates before it reaches the soil (Russel 1940).  

Mulch is able to stabilize the temperature in the soil (it increases temperature in 

the winter, and reduces average soil temperature in the summer)(Doring 2005). When it 

comes to soil temperature, the amount of mulch used is of great importance, with 

temperature regulations being more effective when the amount of mulch used is high 
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(Lal 1987).  Doring (2005) observed that mulch hinders the process of soil erosion 

through  reducing run off, velocity run off, drill formation, increased infiltration rates, 

and also in a reducing the impact of rain drops on the soil, which reduces soil breakup. 

Some studies suggested a reduction in soil-nitrogen content in mulched soils in 

comparison to un-mulched soils (Scott 1921); various studies have shown that straw 

mulch may affect the levels of nitrates in the soil throughout the cropping season. 

According to Jacks et al. (1955), Thurston (1997) and Cheshire et al. (1999), 

incorporating straw mulch into the soil would render nitrogen unavailable to the crop. 

Organic matter (OM) in the soil is shown to increase by 0-25% even after just one year 

of straw mulching (Doring 2005). In addition, mulching enhanced the beneficial soils’ 

microbiota populations.  Straw mulching increased earthworm populations (Thurston 

1997) because mulch reduced desiccation and provided earthworms with a readily 

available source of food. It should be noted here that earthworms may reduce the 

amount of straw mulch because they would feed on it. Furthermore, in comparison to 

non-mulched soils, mulched soils exhibited a higher population of collemboles, 

diplopodes, and dipteran larvae. However, the reverse was observed for populations of 

mites and enchytraeids (Doring 2005).   

 

I. Straw Mulch and Potato Growth 

A two year experiment conducted by Dvořák et al. (2012) showed that 

applying cut grass mulching to potato increased the weight and number of tubers with a 

tuber fraction of 56-60mm and above, and it reduced the weight of tubers that were less 

than 40mm. According to Dvořák et al. (2012), the dry matter weight of tubers does not 

differ between potato grown in black textile mulching and chopped grass mulching at a 

rate of 25mm, and potatoes grown using conventional mechanical cultivation. Mulching 
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with white polyethylene sheet, black polyethylene sheet, perforated black polyethylene 

sheet, and grasses had a positive effect on potato emergence over a three year trial 

(Mahmood et al. 2002).  

Organic mulch had a positive effect on potato biomass and tuber structure.  

Singh and Ahmed (2008) reported an increase in plant height and stem number in 

potatoes grown under mulch verses those that were not. Amongst treatments with white 

mulching, black mulching, and no mulching, black polyethylene mulching reported the 

greatest in maximum average emergence and plant height. This could be attributed to 

the increase soil temperature exhibited with black polyethylene mulch. They also 

reported that for potatoes grown under black polyethylene, a higher number of tubers, in 

comparison to white polyethylene mulch or no mulch, was observed. Potatoes grown 

under black polyethylene mulch had a yield of 35.2t/ha. Under white ethylene mulch, 

potatoes had a yield of 31.5t/ha, and without any mulch, they had a yield of 26.6t/ha 

(Singh and Ahmed 2008).   

Kar and Kumar (2007) reported that a great reduction in potato yield was 

obtained when irrigation numbers were reduced. Conversely, economic benefits from 

non-mulched potato were not reached when irrigation was reduced. The same study 

reported that rice straw mulch was able to increase potato yield by 24-42%. Mulching 

increased crop emergence by five days in comparison to non-mulched treatments. 

Combining mulching with pre-sprouted tubers proved to be the most efficient 

(Mahmood et al. 2002).  Furthermore, a higher application of water to the potatoes 

rendered increased water consumption by the plant, without any significant increase in 

the yield. Mulched ridges were successful in increasing soil temperature and improving 

the soil’s quality, which lead to earlier maturation of potato tubers and a higher yield. 

Mulching was successful in increasing yield from 14.3t/ha in non-mulched potato plots, 
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to 16.7t/ha in mulched plots (Khalak and Kumaraswary 1993; Mahmood et al. 2002).  

According to Khkalak and Kumaraswary (1993), straw mulching was more beneficial 

than mulching with plastic, in terms of the incremental costs involved. Between 

different mulching types, no significant differences were observed in the yield. When 

analyzing incremental cost-benefit ratio, straw mulch was found to be of better value 

than plastic mulch (Mahmood et al. 2002).  Bushnell et al. (1931) reported that straw 

mulching (8-10t/ha) doubled potato yield in comparison to till plots that exhibited 

mechanical cultivation. The same study reported an increase in yield of 50 bushels per 

acre from mulched potato plots, in comparison to potato yields from non-mulched 

(cultivated) plots. Bushnell et al. (1931) also reported that mulching and increased 

irrigation, improved potato yield. Zehnder and Hough-Goldstein (1990) reported that 

superior potato grown on mulched plots (wheat straw layered at 6-19cm deep) produced 

21.6t/ha, whilst superior potato grown in non-mulched plots produced only 0.6t/ha. Jalil 

et al. (2007) stated that potatoes required the minimal time to reach emergence under 

black mulch, in comparison to non-mulched potato. The highest yield of potato tuber 

came from potato plots grown with black polyethylene (25.5t/ha) whilst the lowest yield 

came from potato grown in non-mulched plots (13.6t/ha). 

 

J. Straw Mulch and Water 

Farmers in dry lands use mulch as a way to reduce water loss via evaporation 

in dry land areas that suffer from water shortages and rainfall inconsistencies (Unger et 

al. 2002). Pabin et al. (2003) indicated that evaporative losses could be drastically 

reduced when the field is covered in plastic residues/sheets or straw mulch. Mulching 

reduces evaporation mainly by shading the soil surface from the sun. Unger and Parker 

(1976) reported that evaporation losses were higher in soils that were bare than soils 
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that are covered in mulch during the first 15 days, but that the observations were 

reversed after that. In the field, Unger (1978) was able to report that average 

precipitation storage in soil that was covered with 12Mg/ha of wheat residues was more 

than double that of soil that was bare. This goes to show that the moisture content is 

highest in mulched soil, throughout the entire cropping season. A reduction in 

evaporative losses improved productivity of crops. Furthermore, mulching has been 

used as a method in improving the efficiency of fallowed land by increasing the level of 

water stored in the soil (Jones et al. 1994).  

According to Li et al. (2013), wheat, straw, and plastic mulch were successful 

in reducing evaporative losses from the soil. In wheat straw mulched soil, water storage 

levels in the first 0-200cm of the soil was directly proportional to the amount of 

precipitation. Furthermore, wheat straw mulch was able to increase water storage levels 

in fallowed land by 106.9mm (fallow efficiency was increased by 35%) (Li et al. 2013).  

In contrast, non-mulched fallow had an efficiency of 10-15% (Li 1982; Li and Xiao 

1992; Zhang and Wu 1994; Li and Li 2000). In conserving soil water, plastic sheet 

mulch was more efficient than straw mulch. When plastic mulch was used, no water 

losses due to infiltration were observed in the first 200cm of the soil; furthermore, 

fallow efficiency was at 46.1% (Li et al. 2013).  Water losses due to evaporation were 

still exhibited.  Wheat straw mulch exhibited a loss of water of 27% during the first two 

months of experimentation, and 73% during the last two months of experimentation, 

whilst plastic mulch exhibited a loss of 15-85% during the same time frame (Li et al. 

2013).  

Havlin et al. (1990) and Duiker and Lal (1999) have reported that the surface 

layer exhibited an increase in organic matter, an increase in water retention, and an 

increase in the stability of aggregates, when mulched.  Maize stalk mulch added to 
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sandy loam soils increased residual soil moisture (Sharma et al. 1990). It was also found 

that higher soil water capacity was associated with the use of crop residue mulch under 

conservation tillage systems which also resulted in an increase in OM and a change in 

pore size distribution (Bescansa et al. 2006). According to Jordán et al. (2010), soil 

moisture content in the filed increases as the mulching rate increases. Also, water field 

capacity increases from an average of 29.7% under no and low mulching rates, to an 

average of 36.3% for higher mulching rates (Jordán et al. 2010). This same study 

concluded that available water capacity would increase as mulching rates increased, but 

that was not exhibited in mulching rates above 5Mg/ha. Plots Mulched with wheat straw 

exhibited more available water for wheat cropping during dry spells in the growing 

season (Zhang et al. 2009) in comparison to plots that were conventionally sown and 

un-mulched. The same study revealed that soil water depletion was greatly reduced 

when soils were mulched with wheat straw in comparison to when they were left fallow 

or cultivated without mulching. This could be attributed to the reduced soil temperature 

in mulched plots which consequently reduces water evaporation. Ji and Unger (2001) 

reported that straw mulch was successful at increasing soil moisture storage. Crop 

residues on the soil act as vapor barriers by reducing water evaporation from the soil, 

slowing surface runoff and increasing infiltration (Rathore et al. 1998). Rathore et al. 

(1998) observed that more water was conserved in the soil profile during the early 

growth period with straw mulch than without it. Subsequent uptake of conserved soil 

moisture moderated plant water status, soil temperature and soil mechanical resistance, 

leading to better root growth and higher grain yields (Rathore et al. 1998). 

 

K. Conservation Agriculture 

Conservation Agriculture (CA) is a practice of sustainable land management, a 
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concept that  strives to ensure the security of livelihoods, and to achieve sustainable 

agricultural practices. The system is versatile when it comes to farm size and different 

agro-ecological systems. However, small shareholders are most in need of adopting CA, 

especially if labor shortages are one of the problems that the farms suffer from. The 

system provides a way of combining profitable agriculture with environmentally 

friendly practices that ensure sustainability (FAO 2015). Conservation Agriculture 

integrates the management of soil, water, and other biological factors, and it minimizes 

external factors, in an effort to better utilize agricultural resources (Shaxson and Barber, 

2003). CA centers on maintaining permanent or semi-permanent soil covers, either 

through using mulch or live crops. This is done to protect the soil from abrasive 

physical factors such as wind, rain and sun, whilst feeding beneficial soil biota. Because 

CA follows a no-till farming system, labor costs could be reduced as a result of a 

minimized requirement for passing over farms.  Still, farmers would require greater 

management skills. Special equipment is required to sow seeds into crop residues, but 

diesel costs are reduced by at least 30%.  A no-till CA is not suitable for all crops.  

Because soil is perpetually covered, less soil erosion occurs, however, this lowers the 

seed’s chance of reaching the soil as it is being sowed.. It also creates a greater demand 

for management skills to avoid that. A reduction in the rates of evaporation and runoff 

would allow the soil to retain more moisture. However, the risk for certain pests’ 

infestations and diseases dissemination would increase. Sedimentation in water sources 

is reduced, but at the same time, crop destroying pests and rodent populations would 

thrive. Since CA would reduce the need for fertilizers and runoffs, less pollution of 

water sources and water ways would be observed. However, an increase in the weed 

population may cause increased competition with the crop, if management is not 

sufficiently meticulous. Unless the soil is fine textured and poorly drained, it takes at 
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least five years for the benefits of CA to show. CA allows for double cropping, but also 

increases the chances of anaerobic soil condition developments, which would increase 

nitrification and ultimately make the nitrogen in the soil less available to the crop being 

produced. The fact that crop residues are not removed or ploughed under means that the 

soil is more nutritious. However, soil temperatures would be cooler during the spring 

season, and this may negatively affect the germination rates of crops (Shaxson and 

Barber, 2003). 

 

L. Conservation Agriculture and Potato 

Conventionally, potato cultivation requires intense soil tillage all throughout 

the cropping period. Such soil tillage practices encourage soil degradation, erosion, and 

the degradation of nitrates and other nutrients (FAO 2008). Preparing the ‘seed bed’ 

involves the loosening of the top soil and breaking up of soil aggregates.  CA grants the 

opportunity to reduce the negative environmental impacts of intensive potato farming 

(FAO 2008). Instead of tillage prior to cultivation, green cover crops are cultivated the 

season prior to potato cultivation. Potatoes would then be sowed into a ground  covered 

with  dead cover crop, or  in other words, with green manure (FAO 2008). The planters 

used in this process have special disks that would cut through the mulch, thus splitting 

potato beds. The function of the mulch is to provide protection during the first week 

post  planting. The manure would be incorporated when the potato beds are reshaped. 

Another cover crop could be seeded as green manure, as the potato starts to dry off 

(FAO 2008). This second cover crop is used when drying up the potato crops. The 

drying up process contributes to a better crop yield, with minimum damage during the 

harvest. A mechanical potato harvester would separate the green manure crop from the 

potato tubers, and then it is left on the field as mulch cover (FAO 2008).   
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German and Swiss farmers use mulch planting for potato especially in areas 

where drinking water could be easily polluted by nitrates leached out from the soil 

through conventional tillage practices. It should be noted that mulch planting for potato 

still involves a significant amount of soil disturbance.  Another practice in potato 

cultivation utilizes the basic concept of CA, no-till, and is called the ‘no-till potato’. 

This practice involved pressing the potato tuber into the soil and covering it with a thick 

layer of mulch (FAO 2008). The mulch is usually straw, and it is preferred for its 

stability and resistance to rot. It is necessary that the mulch layer be thick to ensure that 

the tubers are not exposed to light as this leads to their greening and to the development 

of toxic glycoalkaloid levels. Farmers in dry areas would use the drip irrigation system 

along with black plastic mulch. The farmers would punch holes in the plastic mulch so 

enable the growth of the potato plantsout of them; the tubers would then develop under 

the mulch, but above the soil surface. This would allow the farmer to simply pull the 

mulch back and collect the tubers. It should be noted that “no-till potato” farming is 

practiced in small fields that utilize manual labor. Such fields are in Peru (under plastic 

covers) and the Democratic People’s Republic of Korea (under rice straw) (FAO 2008).  

Although extensive agriculture uses less labor and capital, intensive farming produces a 

much higher crop yield than extensive farming would. Because of this, intensive 

farming requires less land (Britannica 2014). In practice however, intensive agriculture 

farmers work on very large scales. Farmers find it more profitable to shift away from 

intensive agriculture to extensive agriculture only when cost of machinery, chemicals, 

and storage is too high (Britannica 2014). The damage that intensive agriculture causes 

has resulted in a decline in productivity, considering the fact that the world needs to 

double its food production in an attempt to feed nine billion humans by 2050. Intensive 

farming has caused farmers to over plough, over fertilize, over irrigate and over apply 
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pesticides (FAO 2015). Increased runoff could be dealt with using ‘terrace seals’ or 

‘contours. Protecting the soil from the impact of raindrops could be dealt with using 

separation and protection layers that would reduce the impact that rain has on the soil by 

absorbing the water’s kinetic energy and then releasing the water into the soil in a 

slower manner (Eshel et al. 2015). Straw, wood–cheep, even cover crops could be used 

as protection layers (Unger and Agassi 1995).  An experiment conducted in Canada 

showed that oat-straw mulching at 4t/ha just after potato sowing reduced soil loss by 

50% and simultaneously increased water retention in the soil by 5% (Edwards et al. 

2000; Eshel et al. 2015). Using a rain simulator, Döring et al. (2005) applied 2.5-5t/ha 

of straw 2-4 weeks after planting potato under summer (rainy) conditions). Döring et al. 

(2005) was able to report 97% reduction in soil losses, with a maintained potato tuber 

yield. Furthermore, applying straw at a rate of 3t/ha reduced the loss of phosphorus and 

soil by as much as 95%,  in comparison to to non-mulched/bare soil (Griffin and 

Honeycutt 2009; Eshel et al. 2015). Potato yield increased due to an increase in the 

content of organic matter as well as water-holding capacity (Hester 1937, Eshel et al. 

2015). Increases in OM and water holding capacity in the soil are all key improvements 

provided by CA. Eshel et al. (2015) demonstrated the feasibility of growing potato 

following soil and water conservation strategies.  

 

 

  

http://www.fao.org/news/story/en/item/9962/icode/
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CHAPTER III 

MATERIALS AND METHODS 

 

Field and greenhouse experiments were carried out at the American University 

of Beirut during the spring and fall semesters of 2014, respectively. The field 

experiment was carried out at the Advancing Research Enabling Communities Center 

(AREC) in the Beq’aa plain during the period between April and September 2014.  As 

for the greenhouse experiment, it was carried out at the greenhouse area of the Faculty 

of Agricultural and Food Sciences (FAFS) in the Beirut coastal area during October 

2014 and February 2015. In both experiments, a standard certified potato seed variety 

“Spunta” was used (Figure 1).  The seed potato was obtained from the Netherlands 

through a certified local agent in Lebanon (stet holland: spunta, n.d). 

 

 

 

Fig. 1. Certified potato bag 
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A. Field Experiment 

1. General Information about AREC 

AREC is located in the Central Beq‘aa plain with an altitude of around 1000 m 

above sea level at 33° 55‘latitude and 36° 04‘longitude,995 m ASL. The experiment 

was performed during the spring growing season between April and September of 2014.   

The AREC area is hot and dry in summer, cold in winter, with most of the precipitation 

falling between November and April.  It is a semi-arid region and characterized by 3 to 

4 months of summer drought, with an average annual pan-evaporation of 2 meters, 70% 

of which occurs between April and September (Jaafar et al. 2015).  The average 

monthly temperature (Tavg), monthly maximum temperature (tmaxAvg),minimum 

temperature (tminAvg), monthly relative humidity in percentage, and average precipitation rate  

in mm during the experiment period (May 2014 till September 2014) are all represented in 

Figures 2 and 3 respectively.  

 

 

 

Fig. 2. Monthly average temperature and relative humidity during the planting season 
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Fig. 3. Monthly precipitation rate during the experimental period 

 

 

2. Methods of Soil Analysis 

Soil samples were collected, before planting potatoes, from 10 randomly 

selected points at a depth of 0-30 cm. Soil samples were spread out on a tray in the lab 

to dry up. The air-dried soil was then grinded using a ceramic pestle and mortar, and it 

was sieved with a 2 mm sieve. Finally the soil was put in a clean and air-tight plastic 

container, labeled, and then analyzed for physical and chemical properties according to 

the procedures outlined by Bashour and Sayegh (2007). 

  

a. Physical Analysis 

 Soil Moisture Content 

Soil moisture content was determined using the gravimetric method as 

described by (Bashour and Sayegh 2007).  This method consists of oven-drying the 

samples at 105 to 110°C for 24 hours, and then estimating moisture level in the soil 

from the difference between the air-dry and oven dry weights.  
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 Soil Texture 

 Soil texture was analyzed according to Bouyoucos method (Bashour and 

Sayegh 2007). Briefly, 50 ml of 5 % Sodium Hexametaphosphate 1N (dispersing agent) 

were added to 50 g of soil with 300 ml of distilled water. Then the mixture was blended 

till all the aggregates were broken down. It was then was transferred into a 1L cylinder, 

filled with water till the mark, and shaken. Two measurements were taken while the 

mixture was settled using a hydrometer, first at 40 seconds and again after two hours. 

The temperature was recorded each time. Then the sand, silt, and clay fractions were 

calculated. The class of the soil was determined from the soil textural triangle.  

 Organic Matter 

Determination of the organic matter content was done using the dry 

combustion method according to Bashour and Sayegh (2007).  

 

b. Chemical Analysis 

 Soil Reaction (pH) and Electrical Conductivity (EC) 

Soil acidity and alkalinity were measured in terms of pH values of the soil’s 

aqueous solution or extract according to Bashour and Sayegh (2007).The pH and EC 

were obtained in a 1:2 ratio of soil: distilled water suspension that was shaken for 30 

minutes on a mechanical shaker at 300 rpm. The solution was filtered with Whatman 

no. 40 filter papers. A pH-meter and an EC-meter were used to measure the pH and EC 

of the filtrate. 

 Sodium Bicarbonate Extractable Phosphorous or Available P (Olsen 

method) 

Available phosphorus was measured by colour as described by Olsen (1965) 

using five grams of the soil that were extracted by 100 ml of the extracting solution (0.5 
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M sodium bicarbonate, NaHCO3).  

 Available Total Calcium Carbonate (CaCO3) 

Soils of arid and semi-arid regions are characterized by their considerable 

calcium carbonate content, which is largely caused by low rainfall and limited leaching. 

The amount of a CaCO3 present in the soil affects its physical and chemical properties 

by acting as a cementing agent and increasing the pH level (Bashour and Sayegh 2007). 

The acid neutralization method was used to measure the free CaCO3. Five grams of 

each soil sample were boiled with excess amount (100 ml) of 1M Hydrochloric acid 

(HCl) for five minutes. The applied acid reacts with the carbonates and the excess acid 

not used in the process was estimated by back-titrated with 0.5M Sodium hydroxide 

(NaOH) solution using a few drops of the phenolphthalein indicator (Bashour and 

Sayegh 2007). 

 Available Potassium 

Potassium was extracted from soil according to Bashour and Sayegh (2007) by 

mixing 30 ml of ammonium acetate (1M) and 3 g of soil in a 50 ml tube. The mixture 

was put on a mechanical shaker for 30 minutes, and then it was filtered using a 

Whatman filter paper no. 40.  Potassium was measured using the flame photometer 

(BWB technologies). 

 

3. Field History and Seedbed Preparation 

The field was fallow; it had not been planted for the last ten years.  However, it 

was infested with various weeds (Figure 4).  Accordingly, it was decided that the field 

be cultivated one week prior to planting with a mold board, before disking.  Finally the 

process of seed bed preparation was ended by leveling the field to its best condition 

(Figure 5).



28 

 

Fig. 4. Experimental site prior to the preparation of the seed bed 

 

 

 

Fig. 5. Seed bed preparation 
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4. Site Description 

The length of the planted area is 65 meters and the width is 19 meters (1,235 

m
2
).  The site was divided into four blocks.  Each block was divided into four large 

plots, and each plot was assigned a different irrigation treatment scheme (Figures 6 and 

7). Each individual plot consisted of four sub plots (three mulching rates and till).  

These sub plot consisted of four rows (3.6 x 2.8m).  Potato rows were 0.75 m apart 

androw spacing was around 0.25 m. The area of each sub plot is 10.08 m
2
.  

 

 

 

Fig. 6. Open field experiment layout 
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Fig. 7. Experimental site during the growing season 

 

 

5. Experimental Design 

A split plot design, with four replicates for irrigation as a whole plot factor and 

mulching as a subplot factor, was adopted. Four irrigation treatments based on different 

percentages of Eto were applied, and four mulch rates were tested. Statistical analysis 

was performed using JMP 10 – Copyright 2012 SAS Institute Inc. software Package. 

The effects of irrigation, mulch, and irrigation-mulch interactions were analyzed. Data 

was analyzed statistically using Tukey and Least Significant Difference (LSD) Test at p 

= 0.05 level of probability was used to determine significant differences between 

treatments means. 

 

6. Mulching Rate and Sources 

Four mulch rates were tested: 0t/ha (Till), 25 t/ha (NT1), 50t/ha (NT2), 75t/ha 

(NT3). Baled barley mulch (Figure 8) was obtained from a local farmer in the village of 

Budnayel, Beqaa plain at a cost of $250/ton. 
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7. Planting Method 

In no-till treatments, potato seeds were placed on a soil surface on April 28, 

2014 (Figure 9).  Next, they were covered with a thick layer of dry barley straw mulch 

at 25, 50 and 75 tons/ha (Table 1). The barley straw was spread on the top of soil 

manually (Figure 10). The control treatment (tilled plots) was planted on the same day 

using a seed drill at a depth of 20 cm (Figure 11). 

 

 

  
Fig. 8. Baled barley mulch Fig. 9. Placing potato tubers on the soil 

surface in no-till treatments 

  
Fig. 10. Spreading straw mulch in no-till 

treatments 

Fig. 11. Planting potato in till treatments 

using seed drill 
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Table 1. Different mulching treatments 

Treatment # Amount of mulch used per subplot (Kg) 

Till 0 

No-till 25 t/ha 25.2 Kg 

No-till 50 t/ha 50.4 Kg 

No-till 75 t/ha 75.6 Kg 

 

 

8. Irrigation 

a. Installation of Main Pipes and Drip Irrigation System  

For no-till treatments, drip lines were placed on the top of the soil before 

placing potato tubers on the soil surface. Drip lines were installed directly after planting 

in for-till treatments. The drip lines installed were 16 mm in diameter, and the inline 

emitter drip was 4lph/emitter, and it was spaced at 25 cm (Figure 12). 

 

 

 
Fig. 12. Installation of drip lines in no-till treatments 
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b. Installation of Atmometers, Controller, Solenoid Valves and Filters 

An atmometer (ETgauge) was installed in the field in order to measure 

evapotranspiration. The data was collected on daily basis at 10:00 am. The atmometer is 

supplied with a ceramic cover (No. 53) in order to estimate the Eto (alfalfa reference). 

In addition, a controller manufactured by Weathermatic company (SL1600) was 

installed on the site area to accurately control the timing for irrigation (Figure 13). This 

controller was connected directly to solenoid valves installed on each plot. In addition, 

filters were installed beside each solenoid valve (Figure 14). 

 

 

 
Fig. 13. Controller to manage the irrigation timing 

 

 

 
Fig. 14. Solenoid valves, filter connected to the controller 
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c. Irrigation Treatments 

Irrigation treatments were based on the recorded percentage of Eto 

measurements using the atmometer (alfalfa reference). We designed an irrigation 

system based on four different evapotranspiration rates I1: 60% Eto, I2: 80 %Eto, I3: 

100 %Eto, and I4: 120% Eto. Within each block, four different irrigation timings were 

applied to each plot separately based on the Eto rates. 

 

d. Irrigation Scheduling 

Irrigation scheduling was done depending on the amount of water that had 

evaporated from the ET gage. Growth stages were divided into three stages: vegetative 

growth (first stage), the beginning of tuber growth where the average root length was 32 

cm (second stage), and the mature growth stage of tubers, where the average root length 

became 39 cm (third stage) (Table 2). To account for non-uniformity of emitters and 

lateral placement in the field, an irrigation efficiency of 85 % was assumed in first two 

growth stages. During the third stage and due to emitter clogging from algae and debris 

in water, the rate was reduced to 80%.  

 

 

Table 2. Growth stages and the respective root length of potato 

Growth stage  

First stage 

(vegetative growth) 

Second stage (beginning of 

tuber growth) 

Third stage (tubers 

mature growth) 

DAP 0 40 80 

Root length (cm) 0 32 39 

 

 

e. Irrigation Timing 

Knowing that the irrigation depth is 40 mm (Table 3), irrigation timing was 
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calculated depending on the Eto reading. 

 

 

Table 3. Irrigation depth during one hour irrigation (mm) 

Length of drip 

line/plot (m) 

Flow per drip 

line/plot (m3) 

 

 
Wetting 

pattern (m) 

Area covered in each 

drip line (m2) 

 

 
Irrigation 

depth (mm) 

3.6 0.0576  0.4 1.44  40 

 

 

 Sample Calculation of irrigation timing during one irrigation period 

(fourteen days after planting) 

The net Eto during the planting season between two consecutive irrigations 

was 15 mm at 14 DAP; hence, irrigation timing for I4 irrigation treatments will be 

=((   (  )               )           )              

(           )           

    
           .Similarly for I1, I2 and I3 (Table 4). 

 

 

Table 4. Irrigation quantity (mm) and irrigation timing (minute) for one irrigation period 

at 14 DAP 
 

Irrigation treatment Irrigation quantity (mm) Irrigation timing (mins) 

I1 (60 % Eto) 9 16 

I2 (80 % Eto) 12 21 

I3 (100 % Eto) 15 26 

I4 (120% Eto) 18 32 

 

 

 Sample Calculation of total irrigation flow of I4(120% Eto) treatment 

during the planting season (m
3
/ha) 

The total flow of I4 (120% Eto) per hectare =(                         
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         )                   (              )                    . 

Similarly for I1, I2, and I3 irrigation treatments (Table 5). 

 

 

Table 5. Total irrigation quantity during the growing season 

Irrigation 

treatment 

Total 

irrigation 

(mm) 

Irrigation timing 

(hrs)/ irrigation 

treatment 

Cumulative flow 

m
3
/irrigation 

treatment 

Total flow 

m
3
  per ha 

I1 (60 % Eto) 438.6 24.7 90.9 5,646.8  

I2 (80 % Eto) 584.8 28.4 104.6 6,498.70 

I3 (100 % Eto) 731 32.1 118.3 7,350.60 

I4 (120 %  Eto) 877.2 35.8 132.1 8,202.50 

 

 

During the growing season, and every two weeks, all plots were subjected to a 

two hour irrigation period together in order to return the water for the field capacity 

level. Cumulative ET (mm), reading are stated in Figure 15. 

 

 

 
Fig. 15. Cumulative ET (mm) versus irrigation dates during the growing season 
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9. Placing Soil Thermometers  

Four sensors were placed randomly in I4 (120% Eto) treatments. Three sensors 

were placed in three mulching treatments at the bottom of the mulch, and one sensor 

was placed at a 10 cm depth in the soil of till treatments.  Readings were taken on daily 

basis at 1:00 pm. 

 

10. Fertilizer and Pesticide Application 

Granular fertilizer (15-15-15) was added to the soil surface, prior to planting at 

a rate of 500 Kg/ha using the band application method. Complimentary amounts of 

soluble fertilizers (20-20-20) were added in the drip irrigation systems every 15 days at 

a rate of 20 Kg/ha.  Two weeks after planting, Metribuzin 0.75kg ai/ha (Metribuzin 

70%) was sprayed in the early post emergence stage at a rate of 0.7kg ai/ha, and this 

was followed immediately by sprinkler irrigation at 0.5 bars for 1 hr. Metribuzin was 

applied with a CO2-pressurized backpack sprayer that delivered 400 L/ha at 30psi 

through a Teejet 8002 flat fan sprays tips.  Other pesticides were sprayed against 

various pests during the growing season as shown in Table 6. 

 

 

Table 6. Pesticides sprayedby Knapsack sprayed after 50 days from planting 

Trade name Active ingredient Rate (g/20 liters) Target  

Vertimec EC Abamectin 1.8 % 10 Mites 

Actara WG Thiamethoxam 250 G 10 Aphids 

Folio Gold SC Mefenoxam 37,5 g 

Chlorothalonil 500 g 

40 Downy mildew 

Agral Emulsifier & Surfactant Agent 5 Surfactant 

Gold fert Micronutrients 25 Nutrients 
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11. Harvesting Potato 

In no-till plots, potatoes were harvested by hand, by removing the straw barley 

from the top of the soil (Figures16 and 17). While in the till plots, potato tubers were 

removed manually from the soil by using hoes (Figure18). 

 

 

 
Fig. 16. Potato tubers in the straw 

 

 

 
Fig. 17. Removing straw mulch from no-till treatments 



39 

 

Fig. 18. Harvesting potato in till plots 

 

 

12. Data Collected 

The data collected included the maximum and minimum recorded temperatures 

beneath the straw/soil (10 cm depth), the number of plants in the middle two rows (5.04 

m
2
), shoot height (six plants/subplot), shoot number (six plants/subplot), the number of 

leaves (six plants/subplot), root and shoot dry weight (two plants from the edge rows), 

and yield quantity and quality through counting and weighing the marketable and non-

marketable tubers (Table 7).  The potato yield was determined by harvesting the middle 

two rows in each plot (5.04 m
2
). The yield quality was determined by separating 

harvested tubers into two classes: marketable (> 6 cm diameter) and non-marketable 

tubers (<6 cm in diameter) (Figure 19).   
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Table 7. Parameters evaluated in the different readings of open field experiemnt 

Reading number 

1st 

reading 

2nd 

reading 

3rd 

reading 

4th 

reading 

5th 

reading 

DAP 35 45 75 117 142 

Shoot height (six plants per subplot)     

Number of plants in 5 m
2
     

Crop shoot number (six plants per subplot)     

Number of leaves (six plants/subplot)     

Root dry weight(two plants from the edge 

rows) 
    

Shoot dry weight (two plants from the edge 

rows) 
    

Marketable yield in ha     

Non-marketable yield in ha     

 

 

 

Fig. 19. Data recording marketable versus non-marketable 

 

 

B. Greenhouse Experiment 

1. General Information 

The same experiment was repeated in the greenhouse area of the Faculty of 

Agricultural Sciences in Beirut during September 2014. The greenhouse area was 

divided into four blocks where each block was subdivided into four plots each with a 
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different irrigation treatment. Each plot consisted of four netted plastic boxes (30 x 40 x 

30 cm). Within the four boxes in the plot we have different mulching rates (till or 0 t/ha, 

25t/ ha, 50 t/ha, 75 t/ha).  The rate of straw/box is shown in Table 8. 

 

2. Planting Potato 

Potato tubers were first placed in a plastic jar, covered with aluminum foil and 

kept in dark cold room for two weeks to enhance sprouting.  Two tubers were planted in 

each box. For no-till potato, all boxes were one third filled with soil, and then tubers 

were placed on the soil surface and covered with various rates of barley straw (Table 8).  

While for till system, potato tubers were placed at a depth of 20 cm in pure soil.  The 

soil source was collected in the south of Lebanon. 

 

 

Table 8. Quantity of Mulch used in each box 

Treatment # Amount of mulch(kg) used per subplot 

Till 0 

No-till 25 t/ha 0.3 

No-till 50 t/ha 0.6 

No-till 75 t/ha 0.9 

 

 

3. Irrigation 

a. Treatments 

In order to estimate the amount of water needed for sufficiently irrigating 

potatoes, we designed the same irrigation system used at AREC which is based on four 

different evapotranspiration treatments. Each block was divided into four plots of 

different irrigation timings: I1: 60% Eto, I2: 80% Eto, I3: 100% Eto, and I4: 120% Eto. 
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b. Installation of Main Pipes and Drip Lines  

For no-till treatments, drip lines were installed on the soil surface before 

planting potato. Drip lines were installed after planting using for till treatments. 

Drippers of 4lph flow were used to irrigate the potato plants in the greenhouse (Figure 

20). 

 

 

 
Fig. 20. Potato planted in boxes inside the greenhouse 

 

 

c. Installation of ET Gage and Valves 

An ET Gage was installed in the greenhouse in order to read the 

evapotranspiration values on a daily basis in order to irrigate in accordance to irrigation 

timings. In addition, ball valves were installed for each plot in order to control the 

irrigation timings. 

 

d. Irrigation Scheduling 

Irrigation was employed only twice during the planting season (winter) due to 
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the very low evapotranspiration.  For I1 (60% Eto), 1.2 liters were applied for each box 

in this treatment, I2 (80% Eto) 1.6 liters, I3 (100% Eto) 2 liters, I4 (120% Eto) 2.4 liters. 

    

4. Experimental Measurements and Statistical Analyses 

Data collected included height/2 plants/box, crop shoot number (box), number 

of leaves/box, shoot and root dry weight and yield quantity (Table 9).  Potato yield was 

determined by harvesting the whole box. Statistical Analysis was performed using JMP 

10 – Copyright 2012 SAS Institute Inc. software Package. The effects of irrigation, 

mulch, and irrigation mulch interactions were analyzed. Data were analyzed statistically 

using Tukey and Least Significant Difference (LSD) Test at p = 0.05 level of 

probability was used to determine significant differences between treatments means. 

 

 

Table 9. Parameters measured in greenhouse experiment 

Reading number 1st reading 2nd reading 

DAP 95 123 

Shoot height (two plants/box)  

Number of plants/box  

Crop shoot number/box 


Number of leaves/box  

Shoot and root dry weight/box 




Tuber number in ha 




Tuber weight in ha 



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CHAPTER IV 

RESULTS AND DISCUSSION 

 

In this chapter, the results of all parameters in the field and green house 

experiments are illustrated and discussed below. 

 

A. Field Experiment 

1. Soil Analysis 

The results of soil analysis show the following textural composition: Clay: 50.4 

%, sand: 12.11 % and silt: 37.47 %. Hence, the soil is classified as clayey, with a 

moisture content of 8.01 %, & an organic matter content of 6.26 %.  Also, the electrical 

conductivity was 294µS/m, and the PH level was at 7.92. In addition, the soil analysis 

showed that there is 11ppm phosphorous (P), 514ppm potassium (K) and 22.5% 

calcium carbonate (CaCO3). 

 

2. Effect on Potato Growth  

Results show that the till potato (0t/ha mulch) under the four irrigation 

treatments significantly enhanced the shoot height, compared to the no-till potato at all 

tested rates (25t/ha, 50t/ha and 75t/ha), 45 DAP.   Shoot height in the no-till potato at 

75t for 120% and 60% Eto was significantly lower than the rest of the treatments (Table 

10).  The same results were obtained regarding plant number. The highest plant number 

was for for-till potato under various irrigation rates in comparison to the no-till potato 

(25t/ha, 50t/ha and 75t/ha) after 35DAP.  Plant number in no-till potato at 75t/ha was 

significantly lower than till 0t/ha under all irrigation rates after 35 DAP.   While, at 45 
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DAP, results showed that plant number in no-till potato at 75/ha was lower than that of 

till potato under all irrigation treatments (Table 10). Plant number increased with time 

in no-till potato under all irrigation treatments. 

 

 

Table 10. Effect of different irrigation rates and mulch treatments on shoot height and 

number of plants per 5 m
2
. (Summer 2014) 

 

Irrigation 

Treatments 

Mulch rates 

(ton/ ha) 

Shoot height  

DAP 

Plant number  

DAP 

    45 75 35 45 75 

I1 (60 % Eto) T    (0) 53 a 66 bcd 30 a 24 abcd 28 ab 

 NT1 (25) 30 bcd 71 abcd 24 ab 23 abcd 25 abcd 

 NT2 (50) 29 bcd 76 abcd 12 bcd 20 abcd 25 abcd 

  NT3 (75) 22 d 74 abcd 8 cd 17 cd 27 abcd 

I2 (80 % Eto) T    (0) 51 a 62 d 30 a 26 abc 28 abcd 

 NT1 (25) 38 b 67 abcd 32 a 31 a 24 abcd 

 NT2 (50) 35 bc 68 abcd 26 ab 23 abcd 27 abcd 

 NT3 (75) 29 bcd 79 abc 13 bcd 19 bcd 26 abcd 

I3 (100 % Eto) T    (0) 53 a 65 cd 32 a 25 abc 31 a 

 NT1 (25) 30 bcd 72 abcd 30 a 28 ab 30 a 

 NT2 (50) 31 bcd 76 abcd 18 abcd 26 abc 26 ac 

 NT3 (75) 29 bcd 71 abcd 14 bcd 21 abcd 21 bd 

I4 (120 % Eto) T    (0) 51 a 66 cd 29 a 27 abc 27 ab 

 NT1 (25) 31 bcd 78 abcd 24 ab 29 ab 26 abcd 

 NT2 (50) 35 bc 82 ab 21 abc 23 abcd 21 cd 

 NT3 (75) 26 cd 83 a 5 d 14 d 23 abcd 
T(till); NT (no-till); I (irrigation treatment) 
Shoot height was taken as average height of six plants (n=6) 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   

 

 

Boomsma and Vyn (2007) found that thick mulch may produce shorter plants 

early in the season because of delayed emergence of crop shoots. Furthermore, cooler 

and wetter soil conditions resulting from a thick cover may lead to shorter plants. Our 

observations showed that thick mulch in no-till plots at 75 t/ha delayed emergence of 

potato plants and this resulted in shorter plants compared to till plots 45 DAP.  Potato 

shoots emerged 1-2 weeks prior to no-till potato at all tested mulching rates.  In the no-
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till treatment at 75 t/ha, potato plants emerged 2 weeks after the potatoes planted using 

the till treatment. Shorter shoot heights and lower plant number in no-till potato may 

also be attributed to root growth behavior.  Roots in no-till system were fluffy and 

concentrated on the top of the soil surface.  Tap roots look-like fiber roots, taproot of 

potato plants is cut, forcing a fibrous growth pattern. While in till system, tap roots were 

obvious and clear and grown deeply beneath the soil.  In her experiment, Mundy et al., 

(1999) showed that in no-till system, the plant population and growth rate were lower 

than in till system early in the season.  However, plant population and growth reached 

the same level as with plant in till system later in the season.  In another study by Liu 

Mingchi (2001), he observed that decreasing the soil moisture negatively reduced the 

plant height, number of leaves, fruit weight, and number. Plant height increased with an 

increase in the amount of irrigation per treatments (Ehret et al. 2012; Yuan et al. 2003) 

Table 11 shows that, with the exception of no-till potato at 75t/ha at 60% Eto, 

none of the treatments significantly reduced the potato shoot number 45 DAP compared 

to till (0t/ha).  However, after 75 DAP the shoot number in till potato (0t/ha mulch) was 

significantly higher than the no-till potato at 75 t/ha at 120% and 60% Eto.  Similarly, 

there were no significant differences in the shoot number among the different irrigation 

treatments after 35 or 75 DAP in no-till potatoes at all mulching rates.  The above 

results are in agreement with (Norman et al. 2002; Moniruzzaman 2006), who showed 

that application of surface dry grass mulch to sweet corn (Norman et al.2002) and 

lettuce (Moniruzzaman 2006), increased leaf number compared to the no mulch 

treatments. 

Regarding leaf number, results showed that the till potato (0t/ha mulch) 

significantly increased leaf number of potato shoots in comparison to all no-till potato 

and irrigation treatments at various rates, 45 DAP (Table 11).  Leaf number in no-till 
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potatoes at various rates and irrigation treatments increased with time.  Most of the no-

till potato treatments significantly increased leaf number in comparison to till potato at 

all irrigation treatments. Leaf number in all no-till potato treatments were similar under 

all irrigation treatments, 75 DAP.  The same results were achieved by Liasu and Abdul 

(2007), who recorded that mulching with wild sunflower straw resulted with a higher 

leaf number per tomato plants compared to the no mulch treatments. In his thesis, 

Komla (2013), observed that the plant canopy of sweet pepper in the mulch treatments 

were bigger than that of no mulched treatments.  The branch numbers of tomato plants 

was higher under straw mulch compared to the control without mulch (Gandhi and 

Bains 2006).  Another study by Ojeniyiet al. (2007) found that the number of branches 

of chilli using Gliricidia mulch was significantly higher compared to the branches in no 

mulch treatments. Moreover, number of branches in okra was high in the dry grass 

mulch compared to the control (Norman et al. 2011). Meanwhile, in his research Yuan 

et al. (2003) observed that the branch number is affected by the amount of water 

applied; it was recorded that the highest branch number was observed in the treatments 

where amount of water applied was 1 and 1.25 times of water surface evaporation (Ep). 

The root dry weight was significantly higher in till potato (0t/ha mulch) in 

comparison to all no-till treatments at various irrigation treatments, 45 DAP (Table 12).  

Root and shoot dry weight was not significantly different in no-till potato under 

different irrigation treatments after 45 DAP (Table 12 and Figure 21).  However, the 

shoot and root dry weight for most no-till potato increased with time, but (after 117 

DAP) with some variation among treatments. Root dry weight in no-till potato at 75t/ha 

at 120, 80 and 60% Eto was significantly lower than the till potato (0t/ha mulch) at 120 

% Eto, 117 DAP.  Interestingly, root dry weight in no-till potato at 25 t/ha was similar 

to till potato at different irrigation treatments at 117 DAP.    
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Table 11. Effect of different irrigation rates and mulch treatments on shoot and leaf 

number (Summer 2014) 

 

Irrigation 

Treatments 

Mulch rates 

(ton/ha) 

Shoot number 

DAP 

Leaf number 

DAP 

45  75  45 75  

I1 (60 % Eto) T    (0) 5 a 5 a 12 ab 14 e 

 NT1 (25) 3 ab 3 bc 9 cde 19 ab 

 NT2 (50) 3 ab 3 abc 7 cdef 18 abc 

  NT3 (75) 2 b 3 c 6 f 18 abcd 

I2 (80% Eto) T    (0) 4 ab 4 abc 13 a 14 de 

 NT1 (25) 4 ab 2 c 9 cde 19 a 

 NT2 (50) 4 ab 3 c 10 bc 17 abcde 

 NT3 (75) 3 ab 3 c 7 def 19 abc 

I3 (100% Eto) T    (0) 4 ab 3 abc 13 a 15 cde 

 NT1 (25) 3 ab 3 bc 9 cde 18 abc 

 NT2 (50) 4 ab 3 bc 8 cdef 18 abc 

 NT3 (75) 3 ab 3 c 8 cdef 17 abcde 

I4 (120% Eto) T    (0) 4 ab 4 ab 13 a 15 bcde 

 NT1 (25) 4 ab 3 bc 9 cde 19 a 

 NT2 (50) 4 ab 3 bc 9 cd 18 abc 

 NT3 (75) 3 ab 3 c 7 ef 20 a 

T(till); NT (no-till); I (irrigation treatment) 
Shoot and leaf number was taken by counting the number of shoots and leaves per six plants (n=6) 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   

 

 

Table 12 also shows that the shoot dry weight in no-till potato at 25t/ha at 80% 

Eto was significantly higher than the till potato at the same irrigation treatment, 117 

DAP.  In general most no-till treatments at various irrigation treatments produced lower 

shoot dry weight 45 DAP in comparison to the till potato (0t/ha mulch) .  However, 

shoot dry weight increased with time (after 117 DAP)(Figure 22). The difference in root 

and shoot dry weight between no-till mulch and till treatments is an indication that 

potato plants in till systems are longer and bigger than the shallow roots in no-till 
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system.  It could be that roots penetrate deeply in the soil (up to 40 cm), or that they 

have a high density unlike non-mulched treatments.  In the latter, roots dominated the 

upper top layers of the soil, yet they spread vigorously with high density of root hairs. 

 

 

Table 12. Effect of different irrigation rates and mulch treatments on root and shoot dry 

weight (Summer 2014) 
 

Irrigation 

treatments 

Mulch rates 

(ton/ ha) 

Root dry weight 

(g) 

DAP 

Shoot dry weight 

(g) 

DAP 

45  117  45  117  

I1 (60 % Eto) T    (0) 13 a 9 abc 75 ab 61 abc 

 NT1 (25) 5 c 5 bcd 26 e 44 bc 

 NT2 (50) 3 c 3 d 22 e 57 bc 

  NT3 (75) 2 c 4 cd 18 e 82 ab 

I2 (80% Eto) T    (0) 12 ab 6 abcd 60 bcd 41 c 

 NT1 (25) 5 c 9 ab 31 de 105 a 

 NT2 (50) 5 c 5 bcd 45 bcde 46 bc 

 

NT3 (75) 2 c 4 d 20 e 54 bc 

I3 (100% Eto) T    (0) 12 ab 6 abcd 67 abc 49 bc 

 

NT1 (25) 7 bc 5 abcd 43 cde 52 bc 

 

NT2 (50) 5 c 8 abc 36 cde 84 abc 

 

NT3 (75) 3 c 6 abcd 14 e 64 abc 

I4 (120% Eto) T    (0) 15 a 9 ab 97 a 69 abc 

 NT1 (25) 3 c 10 a 27 e 105 a 

 NT2 (50) 5 c 7 abcd 33 de 58 bc 

 NT3 (75) 3 c 4 cd 14 e 80 abc 

T(till); NT (no-till); I (irrigation treatment) 
Root and shoot dry weight was taken from two plants in the edge rows (n=2) 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   
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Fig. 21. Responses of root dry weight (g) at 45 and 117 days after planting (DAP) to 

different irrigation and mulching treatments 
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Fig. 22. Potato planted in boxes inside the greenhouse  

 

 

3. Effect on Potato Yield 

With the exception of the no-till potato at 75t/ha at 100% Eto, all treatments 

had no negative effect on the total number of tubers (Table 13).  No-till potatoes at 
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25t/ha at 100% Eto gave the highest number of tubers.  Interestingly, no-till potatoes at 

all tested mulches, produced significantly higher marketable tuber number than the till 

potato (0t/ha mulch) under all irrigation treatments (Figure 23).  No-till potatoes at 50 

and 75 t/ha at 120% Eto gave the highest marketable tubers in comparison to the rest of 

the treatments.  Also, results show that the no-till potatoes at 75 t/ha at various irrigation 

rates gave the lowest nonmarketable tubers in contrast to the rest of treatments.  This is 

may be due to the fact that potato tubers in no-till are produced on the soil surface, and 

they are surrounded by the mulch similar to a bird nest (Figure 24).  Hence they won’t 

be affected by soil aggregates.  

 

 

Table 13. Effect of different irrigation and mulch treatments on marketable, non-

marketable yield and total number of tubers (Summer 2014) 
 

Irrigation 

treatments 

 

Mulch 

rates  

(ton/ ha) 

Harvested tubers number  

(1000/ha) 

Total number of 

harvested tubers 

(1000/ha) 
Marketable Non-marketable 

I1 (60% Eto) T    (0) 12 f 429 abcd 441 abc 

 NT1 (25) 49 de 464 abd 513 abc 

 NT2 (50) 59 cde 362 abcd 421 abc 

  NT3 (75) 79 bcd 281 c 361 abc 

I2 (80% Eto) T    (0) 5 f 390 abcd 395 abc 

 NT1 (25) 33 ef 485 abc 518 abc 

 NT2 (50) 61 cde 366 abcd 427 abc 

 NT3 (75) 85 bc 336 abcd 421 abc 

I3 (100% Eto) T    (0) 18 f 374 abcd 392 bc 

 NT1 (25) 60 cde 507 abc 566 a 

 NT2 (50) 78 bcd 413 abc 491 ab 

 NT3 (75) 57 cde 227 d 284 c 

I4 (120% Eto) T    (0) 33 ef 466 acd 500 abc 

 NT1 (25) 68 bcd 390 abcd 458 abc 

 NT2 (50) 95 ab 391 abcd 486 abc 

 NT3 (75) 123 a 290 b 412 abc 
T(till); NT (no-till); I (irrigation treatment) 

Yield quality was determined by separating harvested tubers into marketable (>6cm diameter) and non-

marketable tubers (<6cm diameter);  
*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   
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Fig. 23. Response of marketable tuber number (per ha) to different irrigation and 

mulching treatments 

 

 

 

Fig. 24. Potato tuber under straw at harvesting time 

 

 

Many researchers have reported the effect of mulch on the number of fruits 

such as bell peppers (Manuel et al. 2000), sweet corn (Norman at al. 2002), tomatoes 

(Awodoyinet al. 2007), chili plants (Venkanna 2008) and sweet pepper (Dauda 2011).  

In all the studies, a higher fruit number per plant was observed due to the application of 

mulch. Similar results were recorded where the fruit number in mulched tomato plants 
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was high compared to the non-mulched treatments during the first week of production 

(Liasu and Abdul 2007). 

Fakhari et al. (2013) observed that the yield and the numbers of tubers per 

potato plant were affected by the various irrigation regimes. The highest yield of potato 

was observed in the full irrigation regime. Many researchers speculated that there is a 

relationship between the total yield of crops and the amount of water (Cakir 2004; 

Payero et al. 2006). Yuan et al. (2003) used five different irrigation treatments and 

showed that the yield of the total yield and marketable tubers increased when   irrigation 

was prolonged. Moreover, Fakhari et al. (2013) showed that highest yield was observed 

with 100 % and 80 % irrigation in comparison to 60%.  They attributed the low yield in 

60 % to the competition between tubers for resources.  

Results show that all no-till potato treatments at various irrigation rates 

significantly increased marketable yield in comparison to the till potato (Table 14 and 

Figure 25).   Marketable yield was significantly the lowest in the till potato (0 t/ha) at all 

irrigation treatments, but there were no significant differences among till potato 

treatments. High marketable yield was obtained with no-till potato at 75t/ha at 120%, 

80% and 60% Eto.  The marketable yield was the highest with the no-till potato at 75 

t/ha at 120% Eto, in comparison to the rest of till and no-till potato.  In addition, the 

marketable yield was similar in no-till potato at 25 t/ha under all irrigation treatments 

(Table 14 and Figure 25). 

Regarding non marketable tuber weight, results showed that the non-

marketable tuber weight varies among different treatments (Table 14). The no-till 

potato, at various mulching rates, produced more marketable yield than the till potato at 

various irrigation treatments. High non-marketable yield was produced in till potato at 

various irrigation treatments. As for the total tuber weight, Table 14 showed that all no-
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till potato treatments gave high yield in comparison to till potato (0t/ha mulch) at 

various irrigation treatments.  The highest total yield observed was with 50 t/ha at 120% 

Eto and 75 t/ha 80% Eto.   

Many researchers have reported the effect of mulch on the yield. Mundy 

(1999) evaluated the effects of various tillage treatments, conventional tillage, no-

tillage, subsurface tillage, on crop yield, and soil physical. After comparing the yields of 

potato in different systems, Mundy (1999) reported that there were no significant 

difference in potato yields between no-tillage and subsurface tillage. 

 

 

Table 14. Effect of different irrigation and mulch treatments on marketable, non-

marketable and total weight of tubers (Summer 2014) 

 

Irrigation 

treatments 

Mulch 

rates (ton/ 

ha) 

Tuber weight (1000Kg/ha) Total weight of 

tubers 

(1000Kg/ha) 
Marketable Non-marketable 

I1 (60% Eto) T    (0) 4 g 28 abc 32 efg 

 NT1 (25) 14 def 28 abc 43 abcdef 

 NT2 (50) 14 def 25 abcde 39 bcdefg 

  NT3 (75) 24 abcd 15 de 39 cdefg 

I2 (80% Eto) T    (0) 1 g 23 abcde 24 g 

 NT1 (25) 17 cdef 17 cde 34 defg 

 NT2 (50) 14 ef 23 abcde 37 cdefg 

 NT3 (75) 24 abc 30 ab 54 ab 

I3 (100% Eto) T    (0) 5 g 31 ab 36 defg 

 NT1 (25) 15 def 32 ab 47 abcde 

 NT2 (50) 21 bcde 27 abc 48 abcd 

 NT3 (75) 14 ef 15 e 29 fg 

I4 (120% Eto) T    (0) 9 fg 34 a 42 abcdef 

 NT1 (25) 20 bcde 27 abcd 46 abcde 

 NT2 (50) 28 ab 28 abc 56 a 

 NT3 (75) 31 a 21 bcde 52 abc 

T(till); NT (no-till); I (irrigation treatment) 

Yield quality was determined by separating harvested tubers into marketable (>6cm diameter) and non-

marketable tubers (<6cm diameter);  
*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   
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In their experiment, Kar and Kumar (2007), noted that air dry tuber yields in 

mulched plots were 14.9 t/ha compared to the non-mulched plot with 11.2 t/ha. They 

also reported that higher yields were observed in the straw mulch treatments than the till 

system.  They concluded that this could be related to higher conservation of soil 

moisture, suitable temperature and high phosphorous and potassium under the straw 

mulch.  

 

 
 

 

Fig. 25. Response of total tuber weight and marketable weight (kg/ha) to different 

irrigation and mulching treatments 
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Chili (Venkanna 2008), okra (Abd El-Kader et al. 2010), tomatoes (Gandhi and 

Bains 2006), and peppers (Norman et al. 2011) produced a higher yield in mulch 

compared to non-mulched treatments. Komla (2013) reported that no significant 

differences in marketable fruits were observed between different mulching treatments.  

He added that dry rice husks, empty palm bunches and cocoa pods increased marketable 

yield compared to the non-mulched control treatments.    

Using different irrigation treatments in mulched and non-mulched plots, Kar 

and Kumar (2007) reported that water use efficiency and tuber production in mulched 

plots were not affected by the different irrigation treatments, but significant differences 

were observed in the non-mulched plot. In addition, straw mulch was found to increase 

the availability of phosphorous and potassium in the soil which positively affects the 

yield among different irrigation treatments.  

Results also showed that the marketable yield (kg/ha) was significantly higher 

in straw mulch rates (25t/ha, 50 and 75 t/ha) compared to till (0t/ha) during the various 

irrigation treatments (Figure 22). Furthermore, the highest marketable yield was 

recorded in irrigation treatment 120% Eto at a 75t/ha straw mulch rate. The lowest 

marketable yield was recorded in irrigation treatment 80% Eto at the till treatment 

(0t/ha). The marketable yield of ofI3 at 75t/ha was low because two replicates were 

infested with some weeds which may have caused a lower yield than expected.  

 

4. Effect on Soil Temperature 

The maximum soil temperature observed was in 25 t/ha at % Eto with a value 

of 37°C (Figures 26 and 27). While the minimum soil temperature was observed in 50 

t/ha at with a value of 16°C. As for the average temperature, the highest average was 

with 25t/ha mulch.  Many researchers have stressed on the effect of mulching on the 
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soil temperature.  Agele et al. (2000) reported that mulching would reduce the soil 

temperature.  In his research, Kar and Kumar (2007) found that the soil temperature is 

dependent on the availability of straw mulch. The average difference between mulch 

and non-mulch was 4-6 °C. This could be one of the reasons for high potato yield in the 

no-till mulched plots In addition; reduced soil temperature may increase the 

phosphorous, potassium and organic carbon availability which could lead to higher 

yield in the mulched systems (Kar and Kumar 2007). Hay and Allen (1978) recorded 

that the optimal soil temperature for potato production is between 15 and 18°C.  

 

 

 
Fig. 26. Maximum, minimum and average temperatures under different mulching 

treatments 

 

 

 
Fig. 27. Soil temperature of Till. NT 25t/ha, 50t/ha and 75 t/ha versus DAP 
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5. Effect on Water Productivity 

The results in Table 15 show that the maximum water productivity was 

observed in no-till potato at 75t/ha with 80% Eto with a value of 8.3kg of potato tubers 

per m
3
 of applied water (Kg/m

3
). However, this water productivity was significantly 

higher than the water productivity of till (0t/ha mulch) at 80% Eto and no-till75t/ha at 

100% Eto.  Hence, the most appropriate system for having highest yield and lowest 

amount of water applied is irrigating potato at 80 % Eto with mulch at 75t/ha because it 

supplies the most profitable yield. Steduto (2012) reported that the range of the water 

productivity of potato is 4 to 11 kg/m
3
. In their research, Rashidi et al. 2008 prevailed 

that the water productivity of potato in Iran ranged between potatoes, 1.92–5.25 kg/m
3
. 

Also, Yaghmaei (1987) have recorded that the maximum water productivity value 

surpassed 5.43 kg/m
3
. However, Akbari (1997) found that the minimum water 

productivity value was 4.31 Kg/m
3
. Moreover, Rostami (1991) recorded that the 

minimum value for potato water productivity was 2.07 Kg/m
3
. In his research, El 

Mokhet al., 2015 found that the maximum water productivity value for potato was 15.6 

Kg/m
3
 at 30 % evapotranspiration levels with 200 t/ha nitrogen. 

 

6. Effect on Phelipanche aegyptiaca   

 Results showed that Phelipanche shoot number and dry weight varied among 

different treatments (Table 16).  However, no-till potato at 50 and 75 t/ha at all 

irrigation rates were the most effective treatment in reducing shoot number, in 

comparison to till and other no-till treatments.  No-till potato at 75t/ha at all irrigation 

rates significantly reduced shoot dry weight, in comparison to the till treatment.  With 

the exception  of no-till potatoes at 25 and 50 t/ha at 60%, all no-till potatoes under all 

irrigation regimes significantly reduced  Phelipanche shoot dry weight, in comparison 
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to the till potato treatment. In general we may conclude that no-till potato at all 

mulching and irrigation rates (Except 60%) reduced Phelipanche shoot number and dry 

weight, comparing to till potato at all irrigation treatments. 

 

 

Table 15. Water productivity (Kg/m3) of potato at different irrigation and mulch 

treatments (Summer 2014) 

 

Irrigation treatments Mulch rates (ton/ 

ha) 

Water productivity (Kg/m3) 

I1 (60% Eto) T    (0) 5.7 ab 

 NT1 (25) 7.6 ab 

 NT2 (50) 7.0 ab 

  NT3 (75) 6.9 ab 

I2 (80% Eto) T    (0) 3.7 b 

 NT1 (25) 5.3 ab 

 NT2 (50) 5.8 ab 

 NT3 (75) 8.4 a 

I3 (100% Eto) T    (0) 5.8 ab 

 NT1 (25) 6.4 ab 

 NT2 (50) 6.6 ab 

 NT3 (75) 4.0 b 

I4 (120% Eto) T    (0) 5.2 ab 

 NT1 (25) 5.7 ab 

 NT2 (50) 6.9 ab 

 NT3 (75) 6.4 ab 
T(till); NT (no-till); I (irrigation treatment) 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   

 

  

Kosterna (2014) reported that mulching caused a significant decrease in the 

weed population in vegetable crops. This is especially true during  the beginning of the 

planting season. He added that at 20t/ha straw level was the most effective treatment in 

reducing weed pressure to the 10t/ha. Haidar and Sidahmed  (2006)  recorded that 

chicken manure alone at all tested rates was effective in reducing Phelipanche growth 

and infestation in eggplants early in the season in comparison with the control. Also, 

they reported that mixture of chicken manure and sulphur at 8 and 12 t/ha significantly 
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reduced Phelipanche infestation 75 and 90 days after transplanting in eggplant.  

 

 

Table 16. Effect of straw mulch and irrigation treatments on Phelipanche aegyptiaca 

shoot count (SC) and shoot dry weight (SDW) (Summer 2014) 

 

Irrigation Treatments Mulch rates (ton/ ha) SC in middle 

per 0.5 m
2 

SDW(g) 

I1 (60% Eto) T    (0) 44.92 b 30.0 b 

 NT1 (25) 34.25 bc 9.0 bc 

 NT2 (50) 29.25 bc 7.0 bc 

  NT3 (75) 0.00 c 0 c 

I2 (80% Eto) T    (0) 42.50 b 18.0 b 

 NT1 (25) 10.00 bc 2.16 c 

 NT2 (50) 0.00 c 0 c 

 NT3 (75) 0.00 c 0 c 

I3 (100% Eto) T    (0) 122.50 a 36.0 a 

 NT1 (25) 12.50 bc 6.0 bc 

 NT2 (50) 12.50 bc 3.6 bc 

 NT3 (75) 0.00 c 0 c 

I4 (120% Eto) T    (0) 78.75 ab 17.0 ab 

 NT1 (25) 27.34 bc 2.0 bc 

 NT2 (50) 0.00 c 0 c 

 NT3 (75) 0.00 c 0 c 
T(till); NT (no-till); I (irrigation treatment) 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   

 

 

B. Greenhouse Experiment 

1. Soil Analysis 

Soil analysis showed the following results: Clay: 2.8 %, sand: 74.66 % and silt: 

22.57 %. Hence, the soil is classified as Lomey sand, with a moisture content of 1.89 %, 

an organic matter content of 1.07 %. Also, the electrical conductivity was 0.00488dS/m, 

pH of 7.85, 17 ppm phosphorous (P), 80 ppm potassium (K) and 0 % calcium carbonate 

(CaCO3) (Bashour and Sayegh 2007).  
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2. Effect on Potato Growth 

Results showed that shoot height varied among treatments 95 DAP (Table 17). 

However, all treatments at 120 Eto enhanced shoot height in comparison to all 

treatments and under various irrigation regimes.  The highest shoot height was observed 

with till potatoes at 120% Eto. However, different mulching rates under each irrigation 

treatment were similar in their effect on shoot height.  While, after 123 DAP shoot 

height and plant number were not significantly different among various irrigation and 

mulch treatments. Regarding plant number observed at 96 DAP, results showed that 

plant number with 75 t/ha at 120 % Eto was significantly high compared to 100 % Eto 

at the same irrigation treatment.  In 80 % Eto at 75 t/ha, it was noticed that there was 

delayed emergence where the height at 96 DAP was zero because no shoots were grown 

above the straw mulch level.   
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Table 17. Effect of irrigation rates and mulch treatments on shoot height and plant 

number (Fall 2014) 

 

Irrigation 

treatments 

 

Mulch rates 

(ton/ ha) 

Shoot height in cm 

DAP 

Number of plants 

96  123  96 DAP 

I1 (60% Eto) T    (0) 18 bcde 38 a 1 ab 

 NT1 (25) 60 abcde 0 a 2 ab 

 NT2 (50) 58 abcde 55 a 2 ab 

  NT3 (75) 68 abcde 75 a 2 ab 

I2 (80% Eto) T    (0) 29 bcde 40 a 2 a 

 NT1 (25) 48 abcde 44 a 2 a 

 NT2 (50) 42 abcde 41 a 1 ab 

 NT3 (75) 74 abcd 70 a 2 ab 

I3 (100% Eto) T    (0) 6 de 27 a 1 ab 

 NT1 (25) 46 abcde 42 a 1 ab 

 NT2 (50) 13 cde 25 a 1 ab 

 NT3 (75) 0 e 35 a 0 b 

I4 (120% Eto) T    (0) 11.1 a 110 a 2 a 

 NT1 (25) 91 ab 89 a 2 a 

 NT2 (50) 84 abc 88 a 2 a 

 NT3 (75) 83 abc 88 a 2 a 
T(till); NT (no-till); I (irrigation treatment) 

Shoot height was taken by measuring the height of the plants in the boxes 

Number of plants was measured by counting the total number of plants in the box 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   

 

 

Table 18 shows that none of the treatments had a significant effect on crop 

shoot number at 95DAP.  However, the effect of leaf number varies among treatments 

95DAP.  The highest leaf number was observed in all treatments at 120% Eto. The leaf 

number at 96 DAP was significantly low at 75 t/ha at 100 % Eto compared to 120 %, 80 

% and 60 % Eto.   While after 123 DAP, neither the mulching rate nor the irrigation 

treatments, significantly affected the leaf number. Also, results showed that irrigation 

had no significant effect on crop shoot number at different mulching rates.  Till and not-

till treatments at 120% produced higher shoot and root dry weight, compared to all 

treatments.  Shoot and root dry weight was significantly higher in till at 120% Eto and 

with no-till at 50 and 75 t/ha at 60% Eto. In 80 % Eto at 75 t/ha, due to the delayed 
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emergence, the shoot and leaf number at 96 DAP was zero because no shoots were 

grown above the straw mulch level at this date.  

 

 

Table 18. Effect of irrigation rates and mulch treatments on shoot number, leaf number 

and average shoot and root dry weight (Fall 2014) 
 

Irrigation 

treatments 

Mulch 

rates 

(ton/ha) 

Shoot number 

DAP 

Leaf number 

DAP 

Average shoot 

and root dry 

weight (grams) 

95  95  123  123 DAP 

I1 (60% Eto) T    (0) 1 ab 3 cde 9 a 26 bc 

 NT1 (25) 1 ab 5 bcde 0 a 26 c 

 NT2 (50) 2 a 7 abcde 8 a 30 abc 

  NT3 (75) 1 ab 8 abcd 7 a 29 abc 

I2 (80% Eto) T    (0) 1 a 6 abcde 10 a 28 bc 

 NT1 (25) 1 ab 5 bcde 9 a 28 bc 

 NT2 (50) 1 ab 3 cde 8 a 27 bc 

 NT3 (75) 1 ab 8 abcd 11 a 28 bc 

I3 (100% Eto) T    (0) 1 ab 2 de 7 a 28 bc 

 NT1 (25) 1 ab 6 bcde 8 a 28 bc 

 NT2 (50) 1 ab 3 de 7 a 27 bc 

 NT3 (75) 0 ab 0 e 7 a 27 bc 

I4 (120% Eto) T    (0) 2 a 14 a 14 a 34 a 

 NT1 (25) 1 ab 12 ab 13 a 31 abc 

 NT2 (50) 2 a 10 abc 11 a 31 abc 

 NT3 (75) 1 ab 12 ab 14 a 31 ab 
T(till); NT (no-till); I (irrigation treatment) 

Shoot and leaf number was taken by counting the number of shoots and leaves in the box 

Average shoot and root dry weight was taken for all the plants in the box 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   

 

 

3. Effect on Yield 

Except for no-till at 25t/ha at 120% Eto, all tested mulching rates at various 

irrigation treatments were similar in their effect on the total number of tubers (Table 

19).  The highest tuber collected was observed with no-till potato at 25 t/ha at 120% 

Eto. But the tubers were small in size. Till and no-till potato at various rates at 120% 

Eto and no-till at 75t/ha at 60% produced the highest tuber weight. However, the tuber 
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weight in till potato (0 t/ha) at 120% Eto gave the highest yield, in comparison to all 

various treatments. 

 

 

Table 19. Effect of irrigation and mulch treatments total number and weight of tubers 

(Fall 2014) 
 

Irrigation 

treatments 

Mulch rates 

(ton/ ha) 

Total number of tubers 

(1000/ha) 

Tuber weight (Kg/ha) 

123 DAP 123 DAP 

I1 (60% Eto) T    (0) 104 b 648 d 

 NT1 (25) 104 b 1,871 bcd 

 NT2 (50) 167 ab 3,675 bcd 

 NT3 (75) 167 ab 4,533 abcd 

I2 (80% Eto) T    (0) 167 ab 1,427 cd 

 NT1 (25) 63 b 673 d 

 NT2 (50) 250 ab 3,185 bcd 

 NT3 (75) 208 ab 3,696 bcd 

I3 (100% Eto) T    (0) 63 b 1,560 cd 

 NT1 (25) 63 b 638 d 

 NT2 (50) 63 b 585 d 

 NT3 (75) 61 b 60 d 

I4 (120% Eto) T    (0) 313 ab 10,667 a 

 NT1 (25) 458 a 7,506 abc 

 NT2 (50) 250 ab 8,283 ab 

 NT3 (75) 250 ab 8,006 abc 
T(till); NT (no-till); I (irrigation treatment) 

*Means followed by the same letter, within each column, do not significantly differ at the 5% level 

according to the LSD test.   

 

 

C. Feasibility Study of No-Till Potato 

Figure 28 represents an economical study to investigate the feasibility of 

growing potatoes in no-till system. It is very obvious that growing potatoes using straw 

mulch technique on a short term (first season) is not economically feasible; however, on 

the long term (second season) and because mulch can be reused on the next season,  the 

price of mulch on will be negligible . Hence keeping everything else constant the gross 

margin of mulch treatments will be more profitable than till treatments in the second 
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season (Figure 29). This necessitates the significance of shifting from traditional 

methods in growing potato (till) to the no-till potato by using surface mulch (strawponic 

production of potato). The no-till system or what is referred to as conservation 

agriculture (CA) provides a way of combining profitable agriculture with 

environmentally friendly practices that ensure sustainability (FAO, 2014). This system 

is a more ecologically friendly farming system that conserves water and sustains higher 

levels of productivity.   The no-till system for potato production could be feasible in the 

MENA region for various reasons. Among these reasons are: labor is cheap, drought 

and water scarcity prevail, lower costs of farm power, less soil compaction, high yield, 

high water retention and better biodiversity.   
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Fig. 28. Economical study for growing potato in the first season of mulch usage 
 

Expenses ($) Type Till Mulch

Quantity potato tubers needed (kg per hectare) Spunta 1,720$          1,720$           

 Mulch 25t/ha 6,750$           

 Mulch 50t/ha 13,500$         

Mulch 75t/ha 20,250$         

NPK 15/15/15 - kg 574$             574$              

NPK 20/20/20 + T.E.  kg 302$             302$              

Pesticides 2,000$          1,700$           

Irrigation system 3,000$          3,000$           

Land rent (ha) 1,500$          1,500$           

Plowing 200$             -$               

Disking 60$               -$               

Leveling 30$               -$               

Seed Drill 70$               -$               

Harvesting 60$               -$               

Planting -$              480$              

Weeding 480$             60$                

Spraying pesticide 216$             216$              

Straw removal -$              360$              

Harvesting 240$             240$              

Irrigation (fuel & electricity) 400$             400$              

Total operating expenses

Till 0t/ha 10,852$        

NT 25t/ha 17,602$         

NT 50t/ha 24,352$         

NT 75t/ha 31,102$         

Total revenue (yield quantity (kg/ha) x selling price ($))

Revenue (yield x price) Till 14,716.87$   

Revenue (yield x price) NT25t/ha 18,656$         

Revenue (yield x price) NT50t/ha 19,799$         

Revenue (yield x price) NT75t/ha 19,102$         

 Gross margin (total revenue - operating expenses)

Till0t/ha 3,864.47$     

NT25t/ha 1,054$           

NT50t/ha (4,253)$          

NT75t/ha (11,700)$        

Potato economical study (first season straw mulch usage)

Casual workers

Straw mulch (first season usage)

Fertilizers (Kg/ha)

Tractor and machine expenses
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Fig. 29. Economical study for growing potato in the second season of mulch usage 

 

  

Expenses ($) Type Till Mulch

Quantity potato tubers needed (kg per hectare) Spunta 1,720.00$   1,720.00$     

 Mulch 25t/ha -$             

 Mulch 50t/ha -$             

Mulch 75t/ha -$             

NPK 15/15/15 - kg 574.00$      574.00$        

NPK 20/20/20 + T.E.  kg 302.40$      302.40$        

Pesticides 2,000.00$   1,700.00$     

Irrigation system 3,000.00$   3,000.00$     

Land rent (ha) 1,500.00$   1,500.00$     

Plowing 200.00$      -$             

Disking 60.00$        -$             

leveling 30.00$        -$             

Seed Drill 70.00$        -$             

Harvesting 60.00$        -$             

Planting -$            480.00$        

Weeding 480.00$      60.00$          

Spraying pesticide 216.00$      216.00$        

Straw removal -$            360.00$        

Harvesting 240.00$      240.00$        

Irrigation (fuel & electricity) 400.00$      400.00$        

Total operating expenses

Till 0t/ha 10,852.40$ 

NT 25t/ha 10,552.40$   

NT 50t/ha 10,852.40$   

NT 75t/ha 10,852.40$   

Total revenue (yield quantity (kg/ha) x selling price ($))

Revenue (yield x price) Till 14,716.87$ 

Revenue (yield x price) NT25t/ha 18,656.24$   

Revenue (yield x price) NT50t/ha 19,798.91$   

Revenue (yield x price) NT75t/ha 19,102.13$   

 Gross margin (total revenue - operating expenses)

Till0t/ha 3,864.47$   

NT25t/ha 8,103.84$     

NT50t/ha 9,246.51$     

NT75t/ha 8,549.73$     

Potato economical study (second season mulch usage)

Fertilizers (Kg/ha)

Tractor and machine expenses

Casual workers

Straw mulch (second and third season usage)
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CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

A. Summary 

Potato crops responded well under  the no-till system of different irrigation 

scheduling.  By using surface barley straw mulch increased the potato production by a 

range 10-30 % of no till potatoes. Water productivity was different among different 

irrigation and mulch treatments in the till and no-till system. Results concerning potato 

production from both field and greenhouse experiments showed that the mulch 

treatment with 75 t/ha at 80 % Eto significantly increased the potato yield with the 

highest water productivity. 

 

B. Conclusion 

It can be concluded from this study that:  

 The highest marketable yield was in no-till potato at 75t/ha at 120% Eto 

with a value of 31 t/ha in comparison to all till and no-till treatments. 

 No-till potato treatments at various irrigation treatments significantly 

increased marketable yield in comparison to the till potato. 

 The highest total yield for till (0t/ha) was at 120 %Eto with a value of 42 

t/ha and in no-till at 50t/ha at 120%Etowith a value of 56t/ha 

 

C. Recommendations 

Based on these studies conducted for the effect of straw mulch and irrigation 

on potato growth and development it is recommended that:  
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 This study could be promising gate for production of potato in small areas 

where water is limited.  

 This study could be very efficient for the organic growers who are planting 

on small scale level 

 Further studies should be conducted to determine the effect of straw mulch 

on the potato tuber quality since the high percentage of marketable tubers was noticed in 

the no-till is an advantage.  

 More future studies on integrated straw mulch and irrigation rates and their 

effect on increasing the yield of potato are needed.  

 Further studies should be done to investigate the effect of soil temperature 

on enhancing the growth and development of potato.  

 Further studies should be done to investigate the benefit of other crop 

residues on potato growth and yield 

 Further studies should be done to know the effect of straw on water 

retention and biodiversity. 

 Straw mulch technique serves a very important role especially in areas 

where water is limited through preserving soil moisture under the soil and hence 

decreasing the amount of water applied. 
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