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Abstract 

This research report analysis the experimental results of a research project carried out 

at a -non-governmental environmental education core, Namib Desert Environmental 

Education Trust (NaDEET) in NamibRand Nature Reserve (NRNR). The motive for this 

research project is that water is one of the environmental crises that is experienced in 

the arid environments such as the harsh climate condition particularly in the southern 

Namib core areas. Evapotranspiration and evaporation are the huge contributing factors 

to water crises and they are linked to climate change. Water crises is becoming an 

additional important debate topic worldwide as less water is available for economic 

efficiency, social equity and environmental sustainability and this situation has resulted 

in reduction quality of life for people living in dry countries such as Namibia in the 

southern Namib. Water shortage is one of the environmental threat. Therefore, there is 

a need for the Namibian citizens to understand and be able to enthusiastically 

participate in water sustainability in order to conserve the little water available for 

tomorrow. As a theoretical ground for this research, an experimental research project 

was done to evaluate three different watering techniques how they influenced 

evaporation and evapotranspiration and their effect on water sustainability and outlined 

a significant method for watering. Top and Bottom, mulching and open watering 

techniques where experimented on pumpkin seeds as they were considered cheap and 

commonly used by the majority as watering methods. The other experiment was done 

to test the time variances to determine which time was sustainable for watering. The 

results showed that there was no significant difference among all the three watering 

methods.  

1. Introduction 

Introduction to this research report is divided into two sections. First section deals with 

the background of the research and the second section infers briefly about the study 

area which is further divided into two parts which is Namib Desert Environmental 

Education Trust Centre (NaDEET) and NamibRand Nature Reserve (NNR).  

1.1 Background 

Namibia is an arid African country that is geographical positioned on the south west of 

the Sahara Desert with low and patchy precipitation, it starts with a maximum of ± 



 

4 
 

650mm in the north east to less than 50mm annual rainfall along the southern and 

western Namib (Integrated Water Resources Management (IWRM), 2010). In addition, 

Toit and Sguazzin (1995) highlighted that Namibia is an arid country where by 

evaporation exceeds precipitation. They further stated that “Namibia’s annual average 

mean rainfall is roughly 300mm, nevertheless the average potential evaporation is over 

3000mm annually” (Toit & Squazzin, 1995). Water is a cherished commodity and 

valuable asset of people’s lives essential to maintain life, development and inter 

environment, but very little water is available due hot and dry climate. Toit and Sguazzin 

(1995, p.38) outlined two processes that are responsible for water loss in general which 

are: evaporation and evapotranspiration which can approximately use up 85 percent of 

the rainfall. Additionally, Toit and Sguazzin (1995) illustrated that 14 percent of water 

runoff into rivers only one percent goes to recharge groundwater resources that can be 

absorbed by plants or harvested by human for consumption and watering of crops and 

gardens. 

 Schlechter (2013) emphasised that for the past 40 years there is an increase of days 

with temperature exceeds 35 degrees and it is ranked to climate change. The signs of 

climate change are obvious in Namibia as they have been perceived over the past few 

years. In addition, Namibia is anticipated to agonize from comprehensive water scarcity 

by 2020 since water accessibility will worsen due to cumulative environmental 

complications such as floods, droughts and increasing temperature (Ministry of 

Environment and Tourism as sited in Holtwerth, 2014).  

 Intergovernmental Panel on Climate Change (IPCC) Reporter (as cited in Ministry of 

Environment & tourism (MET), 2011) predicted that there will be an increase of 1.4oC to 

5.8oC as of 1990 and this change will increase the water absorption by plants and 

increase the evaporation and transpiration rate. Apart from IPCC prediction, 

Althusmann & Siglbauer as sited in Holtwerth (2014) have also forecasted that there will 

be an increase in average temperature of one to four degree Celsius by 2065 due to 

climate change. Furthermore, Keding (2014) has indicated that one degree Celsius is 

equal to five percent water evaporation. Eventually, it can be presumed that 
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desertification will be a critical problem in Namibia. Moreover, some areas will 

experience hotter and harsher climate while others suffer from strong rainfall.    

Contrary to climate change, Namibia’s arid environment is also determined by the two 

deserts; the Namib and Kalahari, which are characterized by low unpredictable rainfall 

patterns. Likewise, the influence of atmospheric circulation pressure systems such as 

South Atlantic Anticyclone pressure cell, Botswana Anticyclone pressure cell and Inter-

Tropical Convergence Zone (ITCZ) have also contributed to arid condition particularly 

the southern Namib. Three natural process are accountable for the harsh condition at 

the southern Namib. First process is the ITCZ, Namibia’s rainfall is dependent on the 

warm and moist air that moves south and west from the equator.  

Consequently, the north eastern part of Namibia received more rainfall followed by the 

central and least in the southern as well as in the western part because of less moisture 

for condensation available that finally results in rainfall. Second process is the reheating 

and drying air from the east that reach the west escarpment, this means that water 

evaporates as this hot and dry air reach the escarpment. Third is the stems from 

Benguela current. These stems keep the maritime air cool as it is blown across the 

oceanic exterior and inland surface. When offshore, it remains cold and denser than the 

layer of warmer air from the open desert. The warmer air rises and the colder air remain 

trapped underneath this is what causes fog in the western and southern part of Namibia 

particularly along the coastal places.  

 Moreover, According to Toit and Sguazzin (1995), water occupies seventy-one percent 

(71%) of the earth’s surface, however ninety seven percent (97%) of this water is salty 

water, remaining with three percent of fresh water. Toit and Sguazzin further stating that 

most of the water out of the three percent (3%) is confined in soil or frozen in glaciers or 

polluted leaving only 0.003 percent of the amount of water accessible to people 

worldwide (p.5). This outlines the fact that water is natural not available or accessible 

unless people depends on other natural water sources such as rivers which is a case in 

Namibia. In addition, although Namibia has five perennial rivers, none of river flows into 

the interior part of the country. They either flow into the ocean or being shared by 

bordering countries as a result Namibia cannot take advantage of such rivers.      
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Besides all the aforementioned impacts, Namibian’s freshwater resources are under 

pressure or threatened due cumulative stress because of population advance, 

economic growth and rapid urbanisation. It is for this regard that the government and 

non-governmental organisations are collaborating together to compact water crises 

nationally and international.  These various bodies for instance NaDEET plays different 

roles in addressing this environmental   problem by creating awareness, providing skills 

and knowledge that results in changing attitudes and participate in drawing up solutions 

to this environmental problem.   

Due to low rainfall, the government ministries such as Ministry of Agriculture, Water and 

Forestry and several non-governmental organisations grow crops to supplement food 

and ensure food security in the country. Crops prefer to grow in rainy seasons when 

rainwater is available. In case where there is not enough rainfall, crops are watered 

artificially (Toit & Sguazzin 1995, p. 178-187). Different watering mechanisms have to 

be employed in order to conserve the little water available and also to produce enough 

food or water gardens.  

The best watering techniques should consider water efficiency and sustainability. 

Meaning that it should have the correct materials and it is watered at the correct time. 

For the purpose of this research project, two experiments had been conducted. First 

experiment touched the three watering techniques which are bare watering, Mulching 

watering and top and bottom watering. Second experiment investigated time variance 

how it influenced by evaporation. In addition, the project ensured that plants have grown 

in the aforementioned watering techniques. To ensure this, pumpkins seeds were 

planted in the plant pots and were measured for their leaves diameters and weights 

after the experiment.  

1.2 Study Area  

NaDEET centre 

The project was carried out at NaDEET which is located 25.22 69◦ S 16.0613◦ E on the 

Die Duine Farm house in the southern part of the NamibRand Nature Reserve. 

NaDEET is divided into three sections namely: NaDEET base, NaDEET centre and staff 

valley. NaDEET is a non-profit organization that was established in 2003 by Viktoria and 
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Andreas Keding with the aims ‘’to engage in education, advocacy and awareness of the 

critical role of sustainable living in finite, semi-arid environment’’ (Keding, 2018). 

NaDEET mission is to “to protect the natural environment by education Namibian 

citizens how to live a sustainable life style.” As a non-profitable organisation, NaDEET is 

normally funded through grands, private donations and participating groups. It has a 

Centre based at NamibRand Nature Reserve where school groups, community groups 

or educator groups stay from Monday to Friday to learn about Water, Waste, 

Biodiversity and Electricity. It is designed as a model of sustainability and as such the 

participants directly practise what they are thought e.g. bucket showers to safe water, 

solar cookers to use renewable energy sources. In addition to the Centre, there is the 

head office in Swakopmund (Urban Sustainability Centre) which is building a 

sustainable open house to focus on people living in Swakopmund and surroundings.  

Furthermore, NaDEET produces different kinds of brochures and environmental literacy 

about sustainable living to educate people who will not have the chance to come to 

NaDEET Centre or NaDEET Urban Sustainability Centre. In between they organise 

outreach project where they visit different communities and teach them about 

sustainability. For that they had a project where they planted 365 trees in communities 

in the Hardap region. One interesting fact that is that NaDEET is the educational core of 

NNR. The project was investigated down at staff valley in a Dune Valley in a temporary 

garden see (fig. no) 

NamibRand Nature Researve 

According to Scott and Shaw (2017), NamibRand Nature Reserve was founded in 1986 

by Johann-Albrecht (Albi) Bruckner. It is the Southern Africa largest nature reserve that 

covered 215 000ha in Namib Desert the oldest desert in the world (p, 1). The mission 

was to help, “protect and conserve the unique ecology and wildlife of the south-west 

Namib Desert” Moreover, the aims of the NNR are to conserve the environment for the 

advantage of prospect generation and to stimulate sustainable utilization of resources. 

One essential objective was to ensure a healthy and functioning ecosystem nature 

reserve without fences barriers to promote seasonal migratory wildlife path and to shield 

biodiversity. The reserve has a diverse biodiversity which include: 240 plant of which 

Acacia erioloba is the largest species, three frogs’ species, 64 reptile species, 170 birds’ 
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species and approximately 65 mammals which is dominated by Oryx gazella population 

and a group of invertebrate species that requires study and inventory work (Scott & 

Shaw, 2017, p.2). In addition, the reserve has different grass species such as 

Stipagrostis ciliata, Stipagrostis obtuse, Stipagrostis sabulicola and Cladoraphis spinosa 

(Keding & Ehrenbold, 2015, pp.11-13). NamibRand Nature Reserve is well known for its 

fascinating desert landscapes and the geology which include: mountains such as 

Losberg with a height of 1976 m, wide variety of rock types such as granite, dune belt 

(sand dunes) e.g. Die Duine and Stellarine’s southern dune and plains which means 

that there are no trees neither mountains it is only the grasses that exist there.  

 

Moreover, the reserve is well known as the first and only African dark sky and for its 

enigmatic fairy circles (Scott & Shaw, 2017, p.17).  Scott and Shaw (2017, p.30) made 

an analysis of rainfall and the results show a wide fluctuation in the annual means. From 

2005-2006 is 217mm, 2007-2008 is 185mm and 2010-2011 is 342mm. Since 2011, 

however, conditions have become very arid usually lower than 70mm till to date. 

Another precipitation for the reserve include:  fog, frost and snow which was recorded 

on the mountains in 1997 and 2011 (Scott & Shaw, 2017, p.10). The temperature and 

humidity fluctuate from day to day. To date, the minimum temperature that was 

recorded in NamibRand is -11 ◦C and maximum of 48 ◦C (Scott & Shaw, 2017, p.10). 

Furthermore, the wind fluctuates in wind speed, duration and strength from day to day. 

The soil is normally sand dunes and clay which is red in colour as a result of iron 

oxidation but at some places it is gravel due to weathering especially in the mountain 

areas.        

2. Aims and Objectives 

The core idea of the project was to determine the watering technique that is most 

efficient and sustainable in terms of water conservation. In order to accomplish this aim, 

definite objectives were implemented. 

 To assess three watering methods namely, open watering, mulching watering, 

top and bottom watering 

 To determine average water loss at different times of the day 
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 To evaluate the watering method that best support crop growth  

3. The research question and the Hypothesis  

The research intended to answer this question: which watering technique is most water 

efficient and sustainable for an arid environment?  

Null hypothesis: There is no significance difference in all the watering techniques. 

The alternative hypothesis: Top and bottom watering is the best watering technique 

Limitations 

This research project would have improved if there was a proper scale for measuring 

the samples. Furthermore, the soil type has also affected the samples growth as it was 

mineral insufficient, this was observed during the samples growth. Moreover, the type of 

crop used has also affected the results. It is a commercial crop that required special 

condition or treatments for growth. Climate has badly influenced the results as it was a 

rainy season.  

4. Methods 

4.1 Experiment one: testing watering methods 

The experiment started on the 17 March 2018 till 30 April 2018. It was experimented on 

three types of watering:  

A: open watering, this method applies when nothing covers the top layer of the plant pot 

to reduce evaporation and the water was watered directly on the bare soil. 

B: Mulching watering, this method involves covering the top layer either with grass 

materials or dry leaves.  

C: Top and bottom watering means, water was filled into a container with small holes at 

the bottom and then buried into the plant pot.  

All the plant pots were black in colour with the same capacity of 15.2 kg. Ten (10) 

pumpkin seeds were sowed in each watering technique. The seed were sowed five-

centimetre-deep in the plant pot. Pumpkin seeds have been used in this experiment 

because they are commercial crops that are commonly used by farmers both 

commercial and sustainable farmers. This means that they were able to grow within the 
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time scheduled. Each plant pot was filled with fourteen (14Kg) kilograms of sand soil, 

one kilogram of compost and watered with one litre of water at forty-eight-hour (48) 

interval. After the mixture of sand, compost and water, the samples were measured 

every time after watering and before watering for the next day. The starting time was 

recorded and the weather condition of the day was recorded in excel. All the samples 

were placed in the temporary garden to be exposed to sunshine and the measurements 

were collected always before watering for the next day. The time interval was forty-eight 

hours. After the time interval the samples were measured in order to calculate how 

much water was lost through evaporation. At the end of the experiment, the seedlings 

were measured for their total weight and leaves size to see if there was a difference. 

 

4.2 Experiment two; testing time variance 

 Plant pots were labelled as follow: 

A: open watering  

B: Mulched watering   

C: top and bottom watering.  

Each watering techniques had three plant pots with the same capacity which were 

watered at different times. Open watering (a)- 07h00, open watering (aa)- 12H00 and 

(aaa)- 18H00, mulching (b) - 07H00, Mulching (bb)- 12H00 and mulching (bbb)- 18H00, 

Top and Bottom (c)-07H00, Top and bottom(cc)-12H00 and top and bottom(ccc)-18H00. 

All the plant pots were black in colour with the same capacity. Each plant pot was filled 

with 14 kg of sand soil, one kg of compost and watered with 500ml half litres of water. 

The pumpkin seeds were sown in the plant pots at the depth of five centimetres. Here 

the experiment aimed to show the evaporation difference in time. The duration was six 

weeks and three days with the interval of 48 hours. The samples were measured before 

watering each day and after watering. The experiment was placed in a temporary 

garden (see figure 1). The starting time was recorded as well as the weather condition 

in excel. After the time intervals, the samples were collected and weighed. Note were 

also taken for if there was something interesting. For instance, seed germinated.  
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Figure 1: Temporary garden for the experiment (photo: Jonas) 

5. Materials  

 Thermometer to measure the temperature as it will determine the rate at which 

evaporation take place 

 Barometer to measure air humidity. 

 Watch was used to measure time before the experiment is going to be exposed 

to air or sun. 

 Nine black plant pots which was a recycled 25L container which was cut and 

modified with a handle to hook the 22 kg scale. 5 pumpkin seeds five seeds in 

each plant pots see figure 1. 

 22 kg Scale with the interval of 250g to weigh the sand 

 recycled water (grey water) 500ml 

 kitchen scale for measuring plant samples 

 sandy soil for planting seedling 

 Compost for nutrients for the plant sample growth 

 Ruler for measuring leaves diameter 

 Camera for taking picture for references  
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  Figure2: kitchen scale (photo: Jonas)   Figure 3: Ruler measuring leaf diameter (photo: 

Jonas) 

                                                                                                        

Figure 4: 22 kg scale (photo: Jonas)               Figure 5:  Barometer and Thermometer 

(photo: Jonas)                 

5. Results 

Two external environmental factors temperature and humidity have played a big role in 

the amount of water lost during the experiment. These two factors fluctuate from day to 

day and sometimes they speed up the water loss and evapotranspiration. On some 

occasions, there was no obvious change due to instrument failure. The highest 

temperature recorded was 40 °C and the lowest was 08 °C. The highest humidity 

recorded was 100% and the minimum was 11%. Figure 7 below shows the amount of 

water lost through evaporation and transpiration in top and bottom watering method per 

given time as from the 17 March to 30 April 2018. The plant pot that was watered at 

12h00 has more water loss compared to the other two plant pots where by one is 
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watered at 7h00 and that other one at 18h00. 18h00 plant pot has appeared to have the 

least water evaporation among all the plant pots during the experiment.  Figure 8 below 

depict the reaction of mulching watering during at different time of watering. Watering at 

18h00 is always reasonable as less water is lost. It can also be seen in figure 9 (what 

about figure 9). Figure 10 below shows the comparison of all the watering methods at 

different time of watering to determine how much water was lost through evaporation 

and evapotranspiration (…and explain the results). Figure 11 compare the mean 

average weights of all the three watering methods to determine the growth in all three 

watering methods per given time. Figure 12 validates the leaves width of all the three 

watering methods as per given time to determine what method and time suits the 

pumpkin seedlings for better growth.  

 

  

Figure 6: The fluctuation of maximum and minimum temperature as well as humidity 

during the experiment 
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Figure 7: Top and bottom watering reaction to evaporation and evapotranspiration 

 

 

Figure 8: Mulching reaction to evaporation and evapotranspiration 
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Figure 9:  Open watering reaction to evaporations and evapotranspiration. 

 

 

Figure 10: Average water lost in all the three watering methods at given time 
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Figure 11: weight comparison in all three-watering method at a given time 

 

Figure 12: Average leaves comparison in all three watering methods at a given time 

One -way ANOVA test was used to determine the means of all the three watering 

methods and also to determine whether to accept or reject the null hypothesis. Below 

are three watering methods analytical tests. All the watering methods where watered 

three times a day: at 07:00, 12:00 and 18:00 respectively and statistical analysis was 
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Table 1: Analytical difference in watering (a) top and bottom watering (b) 

Mulching (c) open watering 

(a) top and bottom watering method 

One-way ANOVA assuming no significant difference 

       
       SUMMARY 

      Groups Count Sum Average Variance 

  Column 1 23 9.25 0.402174 0.154881 

  Column 2 23 11.25 0.48913 0.44499 

  Column 3 23 9.85 0.428261 0.282006 

  
       
       ANOVA 

      Source of Variation SS df MS F P-value F crit 

Between Groups 0.091594 2 0.045797 0.155794 0.856049 3.135918 

Within Groups 19.4013 66 0.293959 

   
       Total 19.4929 68         

0.8560 > 0.05 (H0 accepted) 

 

(b) mulching watering  

One-way ANOVA assuming no significance difference 

     
       SUMMARY 

     Groups Count Sum Average Variance 

  Column 1 23 10.75 0.467391 0.215366 

  Column 2 23 12.71 0.552609 0.508157 

  Column 3 23 10.1 0.43913 0.313626 
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       ANOVA 

      Source of Variation SS df MS F P-value F crit 

Between Groups 0.160525 2 0.080262 0.232162 0.793462 3.135918 

Within Groups 22.81727 66 0.345716 

   
       Total 22.97779 68         

 

0.7935 > 0.05 H0 is accepted 

(c) Open watering method 

One-way ANOVA testing assuming no significance difference 

       
       SUMMARY 

      Groups Count Sum Average Variance 

  Column 1 23 11.45 0.497826 0.148518 

  Column 2 23 11.15 0.484783 0.345017 

  Column 3 23 8.39 0.364783 0.155026 

  
              ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between 

Groups 0.247409 2 0.123704 0.57221 0.567051 3.135918 

Within Groups 14.26834 66 0.216187 

   
       Total 14.51575 68         

 

Eventually, if p > 0.05, the null hypothesis is accepted. 

0.5722 > 0.05 (H0 accepted)  
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Discussion 

Maximum and minimum temperature as well as humidity are one of the environmental 

factors that were put into focus that have influenced the amount of water lost. These two 

variables variations can be seen from figure 6. These factors fluctuate from day to day 

depending on the weather forecast for that specific day. This trend can also be 

observed from figure 6. Apart from that, other environmental factors such as strong wind 

and rainfall conditions were also indicated on the data sheet because they have 

negative impact on the evaporation and evapotranspiration. According to figure 6, 

humidity was relatively high as from 02 April to 22 April 2018. It was also during this 

time that it was raining.  

Figure 7 illustrates how maximum and minimum temperature and humidity from figure 6 

influenced the water evaporation and evapotranspiration at different watering period in 

Top and bottom watering method. It can be observed that on the 27 March, 02 April and 

8th April 2018 that the amount of water lost was negative, this was because it rained and 

when the measurements were taken the samples were already filled with rain water. 

Furthermore, it can be observed that on the 31 March and 06 April 2018 there was a 

huge rise in water lost particularly watering at 12:00. This is because there was a strong 

wind with a moderate temperature. Looking at the results, it can be concluded that 

watering at 18:00 is more water efficient because less water is lost through 

evapotranspiration because water has enough time to drain into the soil. In addition, it 

can be also concluded that watering at 12:00 pm is not a reasonable time as it is not 

water efficient and sustainable as too much water is lost through evaporation and 

evapotranspiration.  

The best watering method is determined by the materials used or techniques that has 

been used. For instance, figure 12 has clearly indicated that the worse time to water 

plant is at 12:00. This is associated with high temperature and other environmental 

factors such as strong winds. It can be determined that covered surfaces are more 

water sustainable as water is being retained in the soil for a longer period enabling plant 

to absorb it and utilise it and provide good results. Furthermore, it was proven by Blight 

(2002) who made an experiment to investigate the water evaporation using three 

samples, bare soil surfaces, grassed soil surfaces and water surfaces. The results 
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were; 4 mm·d-1, 4.6 mm·d-1 and 3.2 mm·d-1 respectively, this means that the fact that 

evapotranspiration can have effect on evaporation cannot be ignored.   In addition, soil 

has also an influence on soil temperature that fuel up evaporation specifically in the 

Namib desert. Moreover, figure 12 has also indicated that the best time to water is at 

18:00 but, not all plant species prefer such condition as they may suffer from fungi. 

Therefore, some basic knowledge must be employed when choosing the crop to grow. It 

has also proven in figure 13 and 14 by looking at the crop weight and leaves width. A 

health plant sample has good weight and health leaves. It is not only about water, but 

parameters such as minerals in the soils may also affect the plant health even though 

there is enough water.   

 Conclusion  

Namib Desert is an arid environment particularly in the southern Namib were 

evaporation exceed precipitation. Rainfall is variable and unpredictable. One way to 

save survive in such an arid environment is to place different mechanisms such as 

watering plants at late evening using a correct method that ensures plant growth. 

Furthermore, External environment factors should be considered when choosing plant 

to grow. Indigenous plants or endemics should be considered when choosing the plant 

or crop to grow as they are well adapted to the environment. The statistical analysis has 

proven that there is a difference in water evaporation in different watering methods 

although, no enough evidence was provided to prove that top and bottom is the best 

watering method.     

Recommendations 

I would l like to recommend the future researchers to consider the light and effective 

equipment in order to avoid bias information in future. Besides, further study should be 

done to determine how much water and minerals the pumpkin need in order to grow. I 

would also suggest that indigenous plant samples can be considered in this matter as 

they are well adapted to the environment. Climate should also be considered as it 

affects the evaporation and evapotranspiration. 

 

 



 

21 
 

 

 

 

 

Reference 

Blight, GE. (2002). Measuring evaporation from soil surfaces for environmental and 

    geotechnical purposes. Water SA, 28(4), 382-383. Retrieved from 

http://www.wrc.org.za/Knowledge%20Hub%20Documents/Water%20SA%20Journals/M

anuscri pts/2002/04/WaterSA_2002_04_1507.pdf 

Ehrenbold, S. & Keding, V. (2015). It’s time to identify: Selected Animals and plants of 

    the Namib. (2nd Ed.). Windhoek, Namibia: Ursula Bader-Dirk 

Heinrick Photo Library Endjala, V. (2010). Bush Telegraph: Tools for a Sustainable 

    School, 13(2), 8. 

Ministry of Environment and Tourism. (2011). National policy on climate change for  

   Namibia. Windhoek, Namibia: Ministry of Environment and   

   Tourism. 

NaDEET. (2011, May 11). 365 Trees Project is Underway. NaDEET. Retrieved   

   from http://www.nadeet.org/news/365-trees-project-underway 

Schlechter, D. (2013, December 17). The worst drought in memory. New era. Retrieved 

    from https://reliefweb.int/report/namibia/worst-drought-memory 

Scott, A. & Shaw, D. (2017). A Guide Book to the NamibRand Nature Reserve.   

   Windhoek, Namibia: Venture media 

Toit, D., & Sguazzin. A. (1995). Sink or swim. Water and the Namibian Environment:  

   Windhoek, Namibia: Enviroteach 

 

 

http://www.wrc.org.za/Knowledge%20Hub%20Documents/Water%20SA%20Journals/Manuscri%20pts/2002/04/WaterSA_2002_04_1507.pdf
http://www.wrc.org.za/Knowledge%20Hub%20Documents/Water%20SA%20Journals/Manuscri%20pts/2002/04/WaterSA_2002_04_1507.pdf
http://www.nadeet.org/news/365-trees-project-underway
https://reliefweb.int/report/namibia/worst-drought-memory


 

22 
 

 

 

 

Appendix 1 

 



 

23 
 

 

  

                                                                                            07:00    Watering data entry sheet 

Date watering methodtime(07:00) Max Min Humidity Start (l) Ending (l) differenceNotes

 17.03.18Top & bottom 07;00 38 32 35 16.2 16 0.2  Experiment starts

Mulching 07;00 38 32 35 16.2 16 0.2  Experiment starts

open 07;00 38 32 35 16.2 15.75 0.45  Experiment starts

19.03.18 Top & bottom 07;00 40 28 32 16.5 16.4 0.1

Mulching 40 28 32 16.5 16.2 0.3

open 40 28 32 16.25 15.8 0.45

21.03.18 Top & bottom 40 19 45 16.9 16.5 0.4

Mulching 40 19 45 16.7 15.75 0.95

open 40 19 45 16.3 15.75 0.55

23.03.18 Top & bottom 07;00 38 19 45 17 16.5 0.5

Mulching 38 19 45 16.25 15.85 0.4

open 38 19 45 16.25 15.5 0.75

25.03.18 Top & bottom 38 17 43 17 16.5 0.5 7 seeds germinated

Mulching 38 17 43 16.35 16 0.35 4 seeds germinated

open 38 17 43 16 15.3 0.7 none

27.03.18 Top & bottom 39 13 36 17 17.7 -0.7 2 seed germ. & 21 mm rainfall

Mulching 39 13 36 16.5 17.7 -1.2 3 seeds germ. & 21 mm

open 39 13 36 15.8 16.75 -0.95 4 seeds germ. & 21mm

29.03.18 Top & bottom 38 16 43 17.7 17 0.7 1 seed germ.

Mulching 38 16 43 17.7 16.9 0.8 2 seed germ.

open 38 16 43 16.75 15.9 0.85 2 seeds germ.

31.03.18 Top & bottom 36 16 32 17.5 16.5 1 windy day

Mulching 36 16 32 17.4 16.7 0.7 windy day

open 36 16 32 15.8 15 0.8 windy day

02.04.18 Top & bottom 32 14 48 17 17.5 -0.5 2.7 mm. cloudy with moderate wind

Mulching 32 14 48 17.2 17.4 -0.2 2.7 mm. cloudy with moderate wind

open 32 14 48 15.5 15.75 -0.25 2.7 mm. cloudy with moderate wind

04.04.18 Top & bottom 37 18 96 17.5 16.6 0.9

Mulching 37 18 96 17.4 16.75 0.65

open 37 18 96 15.75 15.2 0.55

06.04.18 Top & bottom 33 18 82 17 16.5 0.5 2.5mm rainfall and weed out extra seedlings .

Mulching 33 18 82 17.25 16.4 0.85 2.5mm rainfall and weed out extra seedlings 

open 33 18 82 15.7 14.9 0.8 2.5mm rainfall and weed out extra seedlings.

08.04.18 Top & bottom 31 23 45 17 16.25 0.75

Mulching 31 23 45 16.9 15.95 0.95

open 31 23 45 15.4 14.8 0.6

10.04.18 Top & bottom 31 16 78 16.75 16.5 0.25 windy day

Mulching 31 16 78 16.45 16 0.45 windy day

open 31 16 78 15.3 14.7 0.6 windy day

12.04.18 Top & bottom 32 16 41 17 16.5 0.5

Mulching 32 16 41 16.5 16.25 0.25

open 32 16 41 15.2 14.75 0.45

14.04.18 Top & bottom 30 12 65 17 16.75 0.25

Mulching 30 12 65 16.75 16.2 0.55

open 30 12 65 15.25 14.9 0.35
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16.04.18 Top & bottom 31 14 50 17.2 16.55 0.65

Mulching 31 14 50 16.7 16.25 0.45

open 31 14 50 15.4 14.75 0.65

18.04.18 Top & bottom 26 14 100 17 16.25 0.75

Mulching 26 14 100 16.7 15.75 0.95

open 26 14 100 15.25 14.65 0.6

20.04.18 Top & bottom 29 9 77 16.75 16.6 0.15

Mulching 29 9 77 16.25 16 0.25

open 29 9 77 14.95 14.5 0.45

22.04.18 Top & bottom 32 9 27 17.1 16.5 0.6

Mulching 32 9 27 16.5 15.9 0.6

open 32 9 27 15.2 14.75 0.45

24.04.18 Top & bottom 33 8 32 17 16.7 0.3

Mulching 33 8 32 16.4 16 0.4

open 33 8 32 15.25 14.65 0.6

26.04.18 Top & bottom 33 7 61 17.2 16.85 0.35

Mulching 33 7 61 16.5 16 0.5

open 33 7 61 15.1 14.5 0.6

28.04.18 Top & bottom 30 10 34 16.35 15.85 0.5

Mulching 30 10 34 16.5 15.75 0.75

open 30 10 34 15 14.35 0.65

30.04.18 Top & bottom 30 12 34 16.35 15.75 0.6

Mulching 30 12 34 16.25 15.4 0.85

open 30 12 34 14.85 14.1 0.75

                                                              12:00 watering data entry sheet

Date watering method Time 12:00 Max Min Humidity Start Ending Difference Notes

17.03.18 Top & bottom 38 32 35 16.2 16 0.2 Experiment starts

Mulching 38 32 35 16.2 15.8 0.4 Experiment starts

Open 38 32 35 16.2 15.7 0.5 Experiment starts

19.03.18 Top & bottom 40 28 32 16.5 16.2 0.3

Mulching 40 28 32 16.3 16 0.3

Open 40 28 32 16.2 15.8 0.4

21.03.18 Top & bottom 40 28 32 16.7 16.5 0.2

Mulching 40 28 32 16.5 16 0.5

Open 40 28 32 16.3 15.5 0.8

23.03.18 Top & bottom 12;00 38 19 45 17 16.6 0.4 1 seed germinated

Mulching 12;00 38 19 45 16.5 16.45 0.05 1 seed germinated

Open 12;00 38 19 45 16 15.25 0.75 none

25.03.18 Top & bottom 38 17 43 17.1 16.2 0.9 5 seeds germinated

Mulching 38 17 43 16.9 16.6 0.3 6 seeds germinated

Open 38 17 43 16.75 16.1 0.65 4 seeds germinated

27.03.18 Top & bottom 39 13 36 16.75 17.75 -1 21mm & 2 seeds germinated

Mulching 39 13 36 17.1 17.5 -0.4 21 mm & 3 seeds germinated

Open 39 13 36 16.6 17.26 -0.66 21mm & 5 seeds germinated

29.03.18 Top & bottom 38 16 43 17.75 16.75 1 2 seeds germinate.no watering because it rain last night

Mulching 38 16 43 17.7 17.25 0.45 all seeds have germinated already

Open 38 16 43 17.26 16.5 0.76 1 seed germinated
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31.03.18 Top & bottom 36 16 32 17.25 15.3 1.95

Mulching 36 16 32 17.75 15.25 2.5

Open 36 16 32 17 15.1 1.9

02.04.18 Top & bottom 32 14 48 15.8 16.75 -0.95 2.7mm (01.04.18) cloudy with fair wind

Mulching 32 14 48 15.75 16.6 -0.85 2.7mm (01.04.18) cloudy with fair wind

Open 32 14 48 15.6 16.6 -1 2.7mm (01.04.18) cloudy with fair wind

04.04.18 Top & bottom 37 18 96 17.5 16.6 0.9

Mulching 37 18 96 17.4 16.25 1.15

Open 37 18 96 15.75 15.2 0.55

06.04.18 Top & bottom 33 18 82 17 15.3 1.7 2.5 mm  rainfall and weeding out extra seedlings

Mulching 33 18 82 16.75 14.45 2.3 2.5 mm  rainfall and weeding out extra seedlings

Open 32 18 82 15.7 15.4 0.3 2.5 mm  rainfall and weeding out extra seedlings

08.04.18 Top & bottom 31 23 45 15.8 16.2 -0.4

Mulching 31 23 45 15.95 16 -0.05

Open 31 23 45 15.9 16.25 -0.35

10.04.18 Top & bottom 31 23 45 16.7 15.9 0.8 Windy day

Mulching 31 23 45 16.5 16 0.5

Open 31 23 45 16.75 15.75 1

12.04.18 Top & bottom 32 16 41 16.4 16 0.4

Mulching 32 16 41 16.5 15.75 0.75

Open 32 16 41 16.3 15.9 0.4

14.04.18 Top & bottom 30 12 65 16.5 16 0.5

Mulching 30 12 65 16.25 15.75 0.5

Open 30 12 65 16.4 15.75 0.65

16.04.18 Top & bottom 31 14 50 16.5 15.75 0.75

Mulching 31 14 50 16.25 15.5 0.75

Open 31 14 50 16.25 15.5 0.75

18.04.18 Top & bottom 26 14 100 16.25 15.75 0.5

Mulching 26 14 100 16 15.25 0.75 no cloud

Open 26 14 100 16 15.5 0.5

20.04.18 Top & bottom 29 9 77 16.25 15.9 0.35

Mulching 29 9 77 15.75 15.6 0.15

Open 29 9 77 16 15.75 0.25
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22.04.18 Top & bottom 32 9 27 16.4 15.7 0.7

Mulching 32 9 27 16 15.4 0.6

Open 32 9 9 16.25 15.1 1.15

24.04.18 Top & bottom 33 8 32 16.2 15.5 0.7

Mulching 33 8 32 15.9 15.49 0.41

Open 33 8 32 15.6 15.2 0.4

26.04.18 Top & bottom 33 7 61 16 15.5 0.5

Mulching 33 7 61 15.9 15.25 0.65

Open 33 7 61 15.7 15.5 0.2

28.04.18 Top & bottom 30 10 34 16 15.5 0.5

Mulching 30 10 34 15.75 15.25 0.5 Two flowers

Open 30 10 34 16 15.2 0.8

30.04.18 Top & bottom 30 12 34 16 15.65 0.35

Mulching 30 12 34 15.75 15.25 0.5

Open 30 12 34 15.7 15.25 0.45

                                                                                18:00 Watering data entry sheet

Date watering methodTime 18:00Max Min HumidityStart Ending DifferenceNotes

17.03.18 Top & Bottom 38 32 35 16.2 15.8 0.4 measurement at start

Mulching 38 32 35 16.2 16 0.2 measurement at start

Open 38 32 35 16.2 15.6 0.6 measurement at start

19.03.18 Top & Bottom 40 28 32 16.3 15.9 0.4

Mulching 40 28 32 16.5 16 0.5

Open 40 28 32 16.1 15.6 0.5

21.03.18 Top & Bottom 40 28 32 16.4 15.5 0.9

Mulching 40 28 32 16.5 15.9 0.6 windy day

Open 40 28 32 16.1 15.5 0.6 windy day

23.03.18 Top & Bottom 38 19 45 16 15.85 0.15

Mulching 38 19 45 16.4 16.25 0.15

Open 38 19 45 16 15.5 0.5

25.03.18 Top & Bottom 38 18 43 16.35 16 0.35 4seeds germinate

Mulching 38 18 43 16.75 16.5 0.25 7 seeds germinate

Open 38 18 43 16 15.45 0.55 4 seeds germinate

27.03.18 Top & Bottom 39 13 36 16.5 17.7 -1.2 21 mm rainfall & 6 seed germinate

Mulching 39 13 36 17 18.25 -1.25 21 mm rainfall & 3 seed germinate

Open 39 13 36 15.59 16.4 -0.81 21 mm rainfall & 3 seed germinate

29.03.18 Top & Bottom 38 16 43 17.7 16.9 0.8

Mulching 38 16 43 18.25 16.6 1.65

Open 38 16 43 14.6 14.2 0.4 1 seedgerminate

31.03.18 Top & Bottom 36 16 32 17.4 16 1.4

Mulching 36 16 32 17.1 16.5 0.6

Open 36 16 32 14.7 14.45 0.25
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02.04.18 Top & Bottom 32 12 51 16 16.5 -0.5 2.7 mm rainfall

Mulching 32 12 51 16.5 17 -0.5 2.7 mm rainfall

Open 32 12 51 14.5 14.95 -0.45 2.7 mm rainfall

04.04.18 Top & Bottom 37 18 96 16 15.4 0.6

Mulching 37 18 96 16.5 15.25 1.25

Open 37 18 96 14.5 14.6 -0.1

06.04.18 Top & Bottom 32 18 82 15.9 15.8 0.1 2.5mm rainfall & weed out extra seedlings

Mulching 32 18 82 16.75 16.25 0.5 2.5mm rainfall & weed out extra seedlings

Open 32 18 82 15.1 14.6 0.5 2.5mm rainfall & weed out extra seedlings

08.04.18 Top & Bottom 31 23 46 15.8 15.7 0.1

Mulching 31 23 46 16.95 16.2 0.75

Open 31 23 46 14.6 14.25 0.35

10.04.18 Top & Bottom 31 16 73 16.2 16 0.2

Mulching 31 16 73 16.7 16.5 0.2

Open 31 16 73 14.75 14.6 0.15

12.04.18 Top & Bottom 32 16 41 16.5 15.75 0.75

Mulching 32 16 41 17 16.1 0.9

Open 32 16 41 15.1 14 1.1

14.04.18 Top & Bottom 30 12 65 16.25 15.5 0.75

Mulching 30 12 65 16.6 16 0.6

Open 30 12 65 14.5 14.25 0.25

16.04.18 Top & Bottom 31 14 50 16 15.6 0.4

Mulching 31 14 50 16.5 16.25 0.25

Open 31 14 50 14.75 14.4 0.35

18.04.18 Top & Bottom 26 14 100 16.1 15.5 0.6

Mulching 26 14 100 16.75 16.25 0.5

Open 26 14 100 14.9 14.25 0.65

20.04.18 Top & Bottom 29 9 77 16.5 15.25 1.25 wind day

Mulching 29 9 77 16.75 15.75 1 wind day

Open 29 9 77 14.75 14.25 0.5 wind day

22.04.18 Top & Bottom 32 9 27 16 15.5 0.5

Mulching 32 9 27 16.25 15.75 0.5

Open 32 9 27 14.75 14.45 0.3

24.04.18 Top & Bottom 33 8 32 16 15.7 0.3

Mulching 33 8 32 16.25 15.95 0.3

Open 33 8 32 14.95 14.25 0.7

26.04.18 Top & Bottom 33 7 61 16.25 16 0.25

Mulching 33 7 61 16.45 16.2 0.25

Open 33 7 61 14.75 14.4 0.35

28.04.18 Top & Bottom 30 10 34 16.5 16.2 0.3

Mulching 30 10 34 16.7 16.25 0.45

Open 30 10 34 14.9 14.2 0.7

30.04.18 Top & Bottom 30 12 34 16.7 16.4 0.3

Mulching 30 12 34 16.75 16.3 0.45

Open 30 12 34 14.7 14.25 0.45


