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Abstract 

Among several alien weeds Eichhornia Crassipes (water hyacinth) is ranked as one of 
the world’s worst invasive weeds due to its ability to rapidly cover the entire water sur-
face. This weed was introduced in Ethiopia in 1964 but its aggressiveness has been re-

alized recently after it has invaded a number of lakes and rivers in the country. This 
study focuses on the estimation of water losses by transpiration from root-clipped, leaf-

clipped plants (treatments) and makes comparison with those of the normal plants (con-
trol). Besides evaporative losses, crop factors and plant coefficients were also deter-
mined and compared. Plant transpiration losses were obtained from the difference in 
the volume of water from the pan containing the treatment and control plants and the 
volume of water lost from the pan evaporation. For this calibration first was done to 
correlate the depth of water level (in the pan) from the top of the pan to the water level 

in order to know the volume of water lost by evapotranspiration. Data analysis was 
made using Microsoft Office Excel and comparisons were made using one-way ANOVA 

followed by pair comparisons. Evapotranspiration estimation for Zeway area was done 
using the modified and optimized Temesgen-Melesse’s method, and the study was con-
ducted for 17 days. The result showed that the evapotranspiration by normal plants 

(control group), plants with clipped roots (CR), and plants with clipped leaves (CL) 
were 2.25L/d (7.96 mm/d), 0.85L/d (3.01 mm/d), and 1.51 L/d (5.34 mm/d), respectively, 

compared to mean daily pan evaporation of 0.88 L/d (3.11 mm/d). The transpiration 
rates from the normal and leaf-clipped plants were 1.37L/d (4.85 mm/d) and 0.72 L/d 
(2.55mm/d), respectively. The root-clipped plants did not show any transpiration at all. 
Additionally, the value of crop factors (Cp) calculated showed 1.09, 0.40 and 0.73 for 
C, RC and LC, respectively. The crop coefficient (Kc) result showed 1.42, 0.54, and 0.95 
for C, RC and LC, respectively. ANOVA results of T, Cp showed significant differences 
between treatments and the control and also within treatments. The conclusion drawn is 
that root-clipping has better effect than clipping of leaves when it comes to reducing the 

rate of transpiration from the plant. It is better to find other physical methods of ill-
managing the plant rather than trying to remove the entire plant from water bodies 

since it is too cumbersome. 
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1. Introduction 

Polluted water is conducive for the growth of 

water plants due to eutrophication. Some of these 

plants are weeds that affect both the quality and 

the quantity of water in water bodies. One of the 

weeds that grow in polluted water is Eichhornia 

crassipes (water hyacinth). 

Water hyacinth is a tropical species belonging to 

the Pontederiaceae family (Ndimele et al., 2011; 

Gichuki et al., 2012; Marlin et al., 2013), which 

is free floating in rooted forms. It is a perennial 

aquatic plant that originated in Amazon River 

Basin in South America (Sindhu et al., 2017). 

This species relies on asexual reproduction, vege-

tatively through the formation of stolons and also 

reproduced sexually through seeds (Adeyemi and 

Osubor, 2016; Yu et al., 2019). Under favorable 

conditions of temperature and high nutrient 

availability, the vegetative propagation is excep-

tionally quick and the edge of mat can even grow 

by 60 cm per month. Daughter plants sprout from 

the stolons and they can double within 6-18 days 

(Barrett, 1980). 

At present, water hyacinth is ranked as one of the 

world’s worst invasive weeds due to its ability to 

rapidly cover the entire water surface (Villama-

gna and Murphy, 2010; Bhattacharya et al., 2015) 

causing problems for millions of users of water 

resources. It has negative social, environmental 

and ecological impacts. The major impacts in-

clude hindrance to water transport, blockage of 

irrigation canals and rivers, interference to fish-

ing activities, and reduction of water biodiversity 

(Yigrem and Yohannes, 2019). Above all, it in-

creases water losses through transpiration relative 

to typical open-water evaporation (Villamagna 

and Murphy, 2010; Arp et al., 2017). 

In Ethiopia, water hyacinth was officially report-

ed in 1956 E.C. in Koka dam and the Awash Riv-

er (Daniel et al., 2011; Wondie, 2013; Firehun et 

al., 2014; Tegene et al., 2014). However, its’ 

damage has been recognized after 1965 (Wondie, 

2013). The aggressiveness of the weed seems to 

be related to recent increased use of fertilizers. 

Though the exact cause and source of the water 

hyacinth invasion in lakes and reservoirs are not 

clearly known, conditions such as sedimentation, 

extensive fertilizer application in the agricultural 

parts of the catchment, and pollutants (nutrients) 

from the surrounding cities seem to be the most 

probable causes (Goshu et al., 2010; Ligdi et al., 

2010).  

Studies done thus far indicate aggressiveness of 

this weed in terms of its transpiration rate. Daniel 

(2009) found that the transpiration rate of water 

hyacinth using leaf area index (LAI) at Aba Sam-

uel reservoir and observed that its transpiration 

exceeds evaporation by 3.49 to 4.85 times in dry 

and wet seasons, respectively. Habtamu et al. 

(2020) have used plant physiology parameters 

(e.g., leaf width, height, and number of leaves) to 

estimate the same thing indirectly and found 

transpiration rate of water hyacinth to be two 

times higher than Cyperus papyrus and Typha 

latifolia. Little (1967) obtained the crop factor 

(ET/E) for water hyacinth to be 4.2 with shield 

and 5.4 without shield. He found the crop factor 

of water hyacinth to be higher than those of the 

other two weeds; Stratiotes (2.9) and Salvinia 

auriculata (1.2). Johansson (1977) also found a 

similar result of transpiration/evaporation (T/E) 

ratio of 4.7. In all the works, ET estimations were 

made without affecting the plant in any way. 

Currently, this weed has infested a number of 
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lakes in the country and attempts to remove the 

plant from water bodies have not been easy. So 

far, the expansion of water hyacinth in Ethiopia is 

tackled by using manpower and mechanical 

means to reduce the aggressiveness of the weed. 

However, both methods are cumbersome and 

time consuming. For instance, there were tre-

mendous efforts done on Lake Tana in order to 

eliminate this weed using machineries but mostly 

manpower. Despite the challenge, The use of the 

two methods has brought satisfactory results on 

Lake Tana, Ethiopia, but with great challenge.. 

There are still other lakes such as Lake Zeway 

that are threatened by this weed. The effort made 

on Lake Tana was successful, but there is no 

guarantee to find such concerted effort at other 

places, first because of lack of willingness and 

due to the inability to find large number of man-

power. The use of chemicals is out of question 

since it can affect the water and aquatic life in the 

water. Biological methods of tackling aggres-

siveness of this weed can take some time and 

may not be an immediate solution. Using this 

plant as animal feed is not an option until a 

method to remove the poisonous flavonoids that 

is in the plant is obtained. Using the plant as en-

ergy source (say by converting it into briquettes) 

does not seem to be vaiable since the plant is of 

low energy density fuel like many other agricul-

tural residues. In fact an unpublished MSc work 

done on briquettes by Dereje Alemu has also re-

vealed this result. All these indicate that there is 

no economic benefit that can motivate people to 

willingly be involved in the removal of the plant. 

For this reason, trying other methods is impera-

tive. For the purpose of eliminating the weed or 

at least for alleviating the invasive property of the 

weed it is necessary to physically affect the plant 

in some form, but none of the works done thus 

far have addressed this problem. In this study, 

attempts were made to see how clipping the 

leaves or the roots affect the rate of transpiration 

of the plant. 

2. Materials and methods 

2.1. About the Study Area 

The water hyacinth samples used to carry out this 

research were obtained from Zeway Lake. Lake 

Zeway is one of the lakes in Ethiopia and it is 

located in Oromiya regional state, East Shewa 

zone, Dugda district, Zeway town. The geograph-

ical coordinates of the study area are 7.935oN 

latitude, 38.728oE longitudes, and it is situated at 

an average elevation of 1640 m above sea level. 

The field experiment was conducted adjacent to 

the Lake. Map of Zeway area and the Zeway 

Lake is shown with the specific location of the 

experimental site in Fig. 1. 
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Figure 1: Map of Zeway town  

2.2. Experimental materials 

The materials used in this experiment were, 

evaporation pans with top inner diameters of 60 

cm and depths of 16 cm, wooden base for the 

pans with height of 12 cm and length and width 

of 60 cm each, water hyacinth plants collected 

from Zeway Lake, digital balance, wire mesh, 

Styrofoam with thickness of 1 cm, 1 wooden me-

ter stick, 1 plastic meter stick for measuring the 

depth of water in the pan, graduated plastic cyl-

inder, 2L plastic bottle, mobile phone and pairs of 

scissors.  

2.3. Experimental procedure 

In this experimental work, two treatments (water 

hyacinth plants of one group with clipped leaves 

and the other group with clipped roots) were used 

along with normal (unclipped) plants those were 

taken as control group. The treatments and the 

control were each considered in three replications 

making a total of nine experimental units. In ad-

dition, three pans were also used to measure open 

water evaporation at the site. In total twelve ex-

perimental pans were used. 

2.3.1. Site preparation 

The site for the experiment was selected such that 

all the experimental units get full sunlight 

throughout the day. For this purpose, a site free 

from shades and bushes was selected. The exper-

imental area was cleaned to make it suitable for 

the experiment. The area was fenced by mesh 

wire to protect from any sort of intruders that 

may tamper with the experiment. Then the 

ground was leveled to make sure the wooden ba-

ses were placed on the leveled surfaces. The pans 

were labeled and placed on the wooden bases and 

each experimental unit was checked by spirit lev-

el to make sure that the water level in the pan 

stays horizontal.  
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2.3.2. Indirect estimation of water volume 

In this experiment it was not possible to use grav-

imetric method since it was not easy to get a bal-

ance that could measure large weight with high 

accuracy. For this reason it was necessary to es-

timate the volume of water transpired by using 

change in volume of water in the pan. This ne-

cessitated calibration to be made to correlate the 

depth of water level (in the pan) from the top lev-

el of the pan to the water level in order to know 

the volume of water left in the pan. To do this, 

the set up shown as a sketch in Figure 2 was 

used.  

 

Figure 2. Sketch showing how calibration was done to relate d to V. 

First a meter stick was placed horizontally on top 

of the pan. Then water was added to the pan 2 L 

at a time. After every 2 L was added, a stiff wire 

connected to a Styrofoam was inserted into the 

pan and allowed to reach the water level. Then 

the distance from the base of the Styrofoam to 

the horizontal meter stick was measured accu-

rately in millimeters (shown as d1 and d2 in the 

figure). Every time a given volume of water was 

added the depth slightly reduced from d1 to d2. 

The depth difference was then correlated to the 

volume of water added. Plots of volume versus 

depth of water were done in order to get the cali-

bration equation. The calibration equation was 

then used to get the volume of water lost by ET/E 

from the depth of water.  

 

2.3.3. Experimental setup 

Equal volumes of water were added (up to about 

three-fourth of the total capacity of the pan) into 

each pan (leaving sufficient room for the water 

hyacinth plants). To three of the 12 pans equal 

weights of hyacinth plants were prepared and 

then the leaves were clipped after which the 

plants were carefully placed on the water in the 

pans. To the other three pans plants of the same 

weight whose roots were clipped were placed on 

the water in the pans. Three other pans were used 

for the control (unclipped or normal) plants. The 

last three pans were used for free water evapora-

tion determination. Initial depths of all the units 

were measured after the setup was completed. 

Arrangements of the plants are shown in Fig. 3. 
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Figure 3. Setups of the pans with root clipped plants (top row), leaf clipped plants (middle row) and 

normal (unclipped) plants (bottom row). 

2.4. Data collection 

Data collection was done in March which is the 

warmest month in Zeway, with the average max-

imum temperature of 26.86 oC. The average rela-

tive humidity in March and April is 50%. Initial 

water hyacinth plant masses placed in each ex-

perimental unit were measured using digital bal-

ance. Mass measurements were also repeated at 

the end of the experiment. The masses of the 

clipped roots and leaves were also measured as 

indicated in Table 1 

      Table 1: Initial masses of treatments and the control plants in each pan. 

Treatment 
Replication 

code 

Plant mass 

(kg) 

Clipped mass    

(kg) 

Final mass (kg) 

(Difference) 

Normal plants 

(C) 

C1 2.50 0.00 2.50 

C2 2.55 0.00 2.55 

C3 2.50 0.00 2.50 

 RC1 2.50 1.30 1.20 
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Clipped Roots 

(RC) 

RC2 2.50 1.40 1.10 

RC3 2.50 1.35 1.15 

Clipped 

Leaves(LC) 

LC1 2.55 0.10 2.45 

LC2 2.50 0.10 2.40 

LC3 2.55 0.10 2.45 

 

In this study, data was gathered over a period of 

seventeen days. Measurements of water losses 

from all experimental units were determined by 

measuring the new depth, finding the depth dif-

ference and using the slope of calibration equa-

tion to evaluate the water volume loss from the 

depth difference. Measurements were made every 

third day for the first 10 days and every second 

day for the remaining 8 days. Known volume of 

water was added into each pan whenever the wa-

ter level dropped after which the new depth 

measurements were made.  

Depth measurement of each pan was done two 

times (one before and one after) whenever addi-

tional water was added (see Appendix). Meas-

urements were conducted from March 21 up to 

April 7. There were eight data of measured depth 

of water level, out of which the first 3 were taken 

in 3-day gap and the remaining five were taken in 

2-day gap. The reason to switch from 3-day gap 

to 2-day gap was due to high evaporation rate 

that necessitated water refill when the gap was 3 

days. In order to find the volume of water evapo-

rated, first the measured depth data were convert-

ed into change in depth and the depth was 

changed to volume of water using the calibration 

equation. 

During each measurement day, pictures of each 

plant sample were taken and the day and sample 

number was recorded as shown in Table 2. The 

pictures were for qualitative observations of the 

condition of the plants, especially the changes of 

plants with clipped roots and clipped leaves. Sec-

ondary data that satisfy the modified and opti-

mized Temesgen Melesse’s equation (Mengistu 

and Amente, 2020) were obtained from Hawasa 

meteorological station.  

Table 2. Codes of pictures taken and the days on which measurements were taken. 

Treatment 

Replica-

tion 

(code) 

Measurement period (on day) 

1 4 7 10 12 14 16 18 

Clipped 

roots (RC) 

Rc1 
PRC1-

1 

PRC1-

4 

PRC1-

7 

PRC1-

10 

PRC1-

12 

PRC1-

14 

PRC1-

16 

PRC1-

18 

Rc2 
PRC2-

1 

PRC2-

4 

PRC2-

7 

PRC2-

10 

PRC2-

12 

PRC2-

14 

PRC2-

16 

PRC2-

18 

Rc3 
PRC3-

1 

PRC3-

4 

PRC3-

7 

PRC3-

10 

PRC3-

12 

PRC3-

14 

PRC3-

16 

PRC3-

18 

Clipped LC1 PLC1- PLC1- PLC1- PLC1- PLC1- PLC1- PLC1- PLC1-
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leaves 

(LC) 

1 4 7 10 12 14 16 18 

LC2 
PLC2-

1 

PLC2-

4 

PLC2-

7 

PLC2-

10 

PLC2-

12 

PLC2-

14 

PLC2-

16 

PLC2-

18 

LC3 
PLC3-

1 

PLC3-

4 

PLC3-

7 

PLC3-

10 

PLC3-

12 

PLC3-

14 

PLC3-

16 

PLC3-

18 

Normal 

plant (con-

trol) (C) 

C1 PC1-1 PC1-4 PC1-7 PC1-10 PC1-12 PC1-14 PC1-16 PC1-18 

C2 PC2-1 PC2-4 PC2-7 PC2-10 PC2-12 PC2-14 PC2-16 PC2-18 

C3 PC3-1 PC3-4 PC3-7 PC3-10 PC3-12 PC3-14 PC3-16 PC3-18 

At the end of the experiment (day18), the masses of the plants of each experimental unit were measured 

and recorded. In addition, the volume of water that remained in the pan were also measured and record-

ed. The difference between ET and E gives the amount of water lost by transpiration, according to Eq. 

2.3b. 

2.5. Data analysis 

The data obtained was analyzed by using Mi-

crosoft office excel 2007 Statistical analyses 

were also made using Microsoft office excel.  

Evapotranspiration can be estimated using empir-

ical equations such as Penman-Monteith equation 

but when there is limited data in terms of input 

variables, from among the temperature-based 

methods the modified and optimized Temesgen-

Melesse’s method is an option since it has been 

applied on data of several meteorological stations 

in Ethiopia (Mengistu and Amente, 2019). It can 

also be estimated from pan evaporation meas-

urement using a correction factor. 

 

2.5.1.  Modified and optimized Temesgen-

Melesse's temperature-based ET method 

From among temperature based methods the 

modified and optimized Temesgen-Melesse’s 

temperature-based method is one of the simplest. 

The benefit of this method is that it uses only one 

meteorological variable, maximum temperature 

of the location. Correction and modification were 

made on TM-method and the corrections were 

done in two stages, first by replacing the varia-

bles Tmx with average maximum temperature 

(T̄mx), which is a constant, and second by replac-

ing the values of 2.5 with a value n that could be 

optimized (Mengistu and Amente, 2020). The 

equation is expressed as 

𝑇𝑀௠௢ௗ ௢௣௧ா் =
𝑇௠௫

௡೚೛೟

48 𝑇௠௫ − 330
   (2.1) 

Where TMmodoptET is the modified and optimized 

Temesgen-Melese’s evapotranspiration 

(mm/day), T̄mx is mean maximum temperature 

(oC) of the location, Tmx is daily maximum tem-

perature during the study period, and nopt is opti-

mized (calibrated) power parameter. 

2.5.2. Estimation of ET using pan evaporation 

data 

The crop coefficient can be obtained from the 

FAO tabulated data provided that the plant or 

crop under investigation is listed in the table. If 

that is not the case, results of previous studies are 

considered and the value that corresponds to the 

nearest agro-climatic condition is considered. 

The Equation has the form of  

𝐸𝑇௣ =  𝐶௣𝐸௣௔௡            (2.2) 
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Where: ETp  is the plant evapotranspiration that 

is to be determined (mm/day), ETpan is pan evap-

oration data (mm/day) and Cp is the crop factor 

that is obtained from table (if available) or from 

previous study.  

For pan evaporation the loss indicates evapora-

tive loss (E). For a pan containing aquatic plant 

with water, the difference gives evapotranspira-

tion (ET). For the same sized pan, the difference 

between ET and E gives the amount of water lost 

by transpiration, i.e. 

𝑇 = 𝐸𝑇 − 𝐸.                   (2.3𝑎) 

For measurements taken in time gap of n days, 

daily transpiration (Td) is obtained by dividing T 

with n. 

𝑇ௗ =
𝑇

𝑛
.                           (2.3𝑏) 

2.5.3. Crop/plant Coefficient Concept 

Crop coefficient (Kc) is a constant that is usually 

determined experimentally for a given crop. The 

𝐾௖ values represent the integrated effects of nu-

merous factors such as changes in leaf area, plant 

height, crop characteristics, etc. Factors affecting 

the value of the crop coefficient (𝐾௖) are mainly 

the crop characteristics, crop planting or sowing 

date, rate of crop development, length of growing 

season and climatic conditions. By using the TM 

modified and optimized-ET instead of FAO 

Penman-Monteith definition for 𝐸𝑇୓, crop coef-

ficients can be calculated at research sites by re-

lating the measured crop evapotranspiration 

(𝐸𝑇ୡ) with the calculated ETo. 𝐾௖ is defined as 

the ratio of the evapotranspiration of the crop 

(ETc) to the potential evapotranspiration (𝐸𝑇௢). 

𝐾௖ =
𝐸𝑇௖

𝐸𝑇௢
                       (2.4) 

Both evapotranspirations are given in the same 

units and therefore Kc is a unitless number. The 

differences in the crop canopy and aerodynamic 

resistance relative to the hypothetical reference 

crop are accounted for within the crop coeffi-

cient. The Kc factor serves as an aggregation of 

the physical and physiological differences be-

tween crops and the reference definition. 

3. Results and Discussion 

The first part of the result deals with the statisti-

cal comparisons of transpiration rates from the 

clipped and normal water hyacinth plants. Crop 

factor (Cp) values obtained from ET and pan 

evaporation and crop coefficient (Kc) obtained 

from measured ET and empirically calculated ET 

is also going to be compared statistically.  

3.1. Transpiration rates of the treatments and 

the control 

In order to calculate the transpiration rates of the 

treatment groups and the control, it was neces-

sary to know the volume of water lost by evapo-

transpiration and evaporation. This measurement 

was carried out indirectly using the depths of wa-

ter in the pans and using the calibration equation.  

3.1.1. Measured pan evaporation 

In order to calculate the rate of transpiration from 

the treatments (water hyacinth with clipped roots 

and clipped leaves) and that of the control (un-

clipped plant), equations 2.3a and 2.3b were 

used. But to use the equations it is necessary to 

calculate the pan evaporation (E) and the ETs of 

the treatment groups, separately. Table 3 shows 

the pan evaporation rates (calculated from water 

level depths). 
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Table 3: Pan evaporation rates tabulated with the mean, standard deviation (SD), and coeffi-

cient of variation (CV). 

Gap (d) R1, E (L) R2,E (L) R3, E (L) mean E(L) SD CV 

3 2.38 2.63 2.29 2.43 0.18 0.07 

3 1.53 1.44 1.70 1.56 0.13 0.08 

3 1.87 2.12 1.95 1.98 0.13 0.07 

2 2.42 2.80 2.04 2.42 0.38 0.16 

2 2.17 1.91 2.17 2.08 0.15 0.07 

2 2.55 2.55 2.42 2.50 0.07 0.03 

2 2.04 2.29 1.53 1.95 0.39 0.20 

Total  evaporation over 17 days (L) 

Daily mean evaporation (L)  

14.93 

0.88 
  

R1, R2, and R3 represent replications. 

As observed in the table, the mean daily evaporation of the 17 days is 0.88 L d-1. Since we are go-

ing to use the same unit throughout, there is no need to convert to mm d-1 at this time.   

3.1.2. Transpiration values of the control 

group 

Evapotranspiration of the control group was also 

measured with three replications and the calcula-

tion, of ET was performed by the same method as 

mentioned in 3.1.1.The transpiration rate of the 

control group was calculated by subtracting the 

pan evaporation value from the ET as indicated 

in Eq. 2.3a. Table 4 summarizes the transpiration 

of the control group. 

Table 4: Transpiration of the control group shown with the daily mean and the ratio, T/E 

Gap (d) Mean control ET (L) Pan E (L). Control T (L) T/E 

3 6.14 2.43 3.71 1.5 

3 6.45 1.56 4.90 3.1 

3 5.60 1.98 3.62 1.8 

2 4.25 2.42 1.83 0.8 

2 5.18 2.08 3.10 1.5 

2 5.56 2.50 3.06 1.2 

2 5.05 1.95 3.10 1.6 

Total 38.24 14.93 23.31 11.55 

Daily mean 2.25 0.88 1.37 0.68 

T/E     1.56  

The amount of transpiration rates are obtained 

from the difference between the evapotranspira-

tion of the control group and the pure water 

evaporation measured from pan measurement 

method. The table shows that the daily mean 

transpiration is higher than the pan evaporation 

by a factor of 1.56 (= 1.37/0.88). It indicates that 

the plant transpires more water than free water 
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evaporation. The combined daily mean transpira-

tion and evaporation from the control is 2.25 L 

and this is greater than free water evaporation by 

a factor of 2.56 (=2.25/0.88).  

Strictly speaking, in the control group the water 

hyacinth plant covers large area of the surface of 

the pan. This limits the amount of solar radiation 

that falls on the water underneath the plants 

(shading effect) such that the amount of evapora-

tion from underneath the plant is very low. There-

fore much of the ET measured is from transpira-

tion and only a small fraction comes from evapo-

ration. That causes the T/E value to be under-

mined.  

The result of 2.25 L d-1 obtained here for the con-

trol group comes to 7.96 mm d-1. The result ob-

tained here is about one third of the result ob-

tained by Johansson (1977) during a brief exper-

iment in Hale reservoir in the Pangani River, 

Tanzania, in May 1977. Furthermore, the ratio of 

T/E obtained by the same indicated 4.7 while in 

our case it is 1.56. The difference could be at-

tributed to the very high maximum temperature 

(36oC) and slightly lower daytime relative hu-

midity (35%) during the time of the experiment 

compared to ours (maximum temperature of 31oC 

on average and humidity of nearly 50%). The 

other point is that Johansson covered the pan 

with plastic to reduce evaporation, which we be-

lieve has introduced more heat into the system 

due to the greenhouse effect. That must have put 

the plant under extreme heat stress and that must 

have increased the transpiration rate.  

Daniel (2009) in his research on water surface 

covered by water hyacinth in Aba Samuel wet-

land, Ethiopia, obtained water loss of 18.57 mm 

and 12.33 mmd-1 during dry and wet seasons, 

respectively. This value is still higher than what 

was obtained in this study.  

3.1.3. Transpiration of the treatment groups 

In this part, the mean transpiration rates of the 

treatments with clipped roots and clipped leaves 

are shown together (Table 5). All the calculations 

were done in the same way as done in subsection 

3.1.2.  

Table 5: ET and transpiration rates of root-clipped and leaf-clipped plants. 

Gap (d) 
Mean RC ET 

(L) 
Pan E (L) 

RC T 

(L)  

Mean LC ET 

(L) 

LC T 

(L) 

3 2.519 2.434 0.085 4.05 1.61 

3 1.500 1.557 -0.057 3.45 1.90 

3 1.896 1.981 -0.085 3.28 1.30 

2 1.868 2.420 -0.552 2.29 -0.13 

2 2.123 2.080 0.042 4.37 2.29 

2 2.547 2.505 0.042 4.37 1.87 

2 1.910 1.953 -0.042 3.91 1.95 

Total 14.36 14.93 -0.57 25.73 10.80 

Daily mean 0.85 0.88 -0.03 1.51 0.64 

T/E     -0.03   0.72 

Table 5 indicates nearly zero (-0.03) transpiration from the plants with clipped roots. That means, 
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there was no transpiration at all for this group 

since T/E is also almost nonexistent. Plants with 

clipped leaves showed transpiration rate which is 

lower than free water evaporation (⁓ 73%). For 

these plants the transpiration rate accounted for ⁓ 

47% of the total ET. Thus despite the fact that the 

leaves are nonexistent there was still transpiration 

of a little less than half of the total ET for these 

plants. The result indicates that root clipping (wa-

ter input) works better than leaf clipping (transpi-

ration) when it comes to conserving water loss by 

water hyacinth. Looking at the two treatments 

and the control together reveals how transpiration 

exceeds the pan evaporation and how negligible 

the clipped-root plant transpiration is (Fig. 3). 

 

Figure 3: Mean daily amount of water freely evaporated (E), transpired and evapotranspired from the 

two treatments (LC and RC) and form the control (C), respectively. 

Statistical comparison is also necessary in order 

to know whether the treatments significantly var-

ied from the control or not. Table 6a shows the 

results of one-way ANOVA and Table 6b the pair 

comparisons.  

Table 6a: One-way ANOVA to show transpiration differences between the treatments and the control 

Source df SS MS F Fc Significance 

Treatment 2 38 19.16 38.6 3.55 S* 

Error 18 8.9 0.50 
  

Total  20 47         

 

The table shows significant difference at p = 0.05 level. Fc is critical F value at 0.05 for treatment MS 

degree of freedom (df) of 2 and and error MS df of 18  

         Table 6b. Pair comparisons made using critical difference (CD) method 

Btn SE(d) t 
CD= 

t*SE(d) PD 
PD - 
CD D/ND 

C & LC 0.38 2.05 0.78 3.31 2.53 D 

0.00 0.50 1.00 1.50 2.00 2.50

C

RC

LC

E

L/d 

Mean T Mean ET and E
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C & RC 0.38 2.05 0.78 1.79 1.00 D 
LC & 
RC 0.38 2.05 0.78 1.52 0.73 D 

Pair comparisons using LSD was calculated us-

ing SE(d) =2(0.51)/7 and the critical t value at 

0.05 level and error degree of freedom of 18. PD 

represents the pair difference and D/ND repre-

sents significant difference/non-significant dif-

ference. Since all the values under PD – CD are 

positive, the pair comparisons  show significant 

differences between the control and LC, the con-

trol and RC, and between LC and RC. That 

means, all the three are different from each other. 

This clearly indicates that clipping the roots of 

the plant has great significance in reducing the 

rate of transpiration at least in the short-term.  

3.2. Calculated Evaporation Coefficients 

(Crop Factor, Cp) 

The crop factor of a plant is the ratio of plant ET 

and free water evaporation (Eq. 2.2). For in-

stance, the value of Cp for the normal plant (con-

trol) is calculated as:- 

𝐶௣ =
𝐸𝑇

𝐸
=

2.25

0.88
= 2.56.                 

It is a unitless quantity so long as the same units 

are used in both cases. The result for each of the 

measurement days is shown in Table 7. 

    Table 7: Crop factor values of the two treatments and the control group. 

Day Control Cp RC Cp LC Cp 

3 2.52 1.03 1.66 
6 4.14 0.96 2.22 
9 2.83 0.96 1.66 
11 1.76 0.77 0.95 
13 2.49 1.02 2.10 
15 2.22 1.02 1.75 
17 2.59 0.98 2.00 

Total  18.55 6.74 12.33 
Daily mean 1.09 0.40 0.73 

The table clearly shows that the control group Cp 

is higher than those of the two treatments. The 

fact that the control Cp is nearly equal to one im-

plies that the contribution of evaporation to ET is 

almost nonexistent and ET is almost equal to 

transpiration. The Cp values of the treatments are 

less than one and it indicates that ET is less than 

E, which means, either transpiration is nonexist-

ent or very low, and evaporation is also reduced 

in the case of the treatments due to the shading 

effects of the plants. 

Little (1967) conducted controlled experiments 

for on water hyacinth grown in 24 cm diameter 

jars in a greenhouse in England for over 40 days 

in spring and 20 days in early summer in August 

1966. The results he obtained for ET/E were 4.2 

and 5.4 with shield and without shield plants, 

respectively. The result from this study shows 

about 2.25, which means, it is about a half of the 

result obtained by little.  

In order to see whether there is significant differ-

ence or not comparisons were made using one-

way ANOVA and the result is shown in Table 8a.
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Table 8a: ANOVA table to compare crop factor values of the two treatments and the control. 

Source df SS MS F Fc Significance 

Treatment 2 10 4.983 20.3 3.55 S* 

Error 18 4.4 0.245 
   

Total 20 14 
    
 

The table shows significant difference at p = 0.05 level. 

           Table 8b. Pair comparisons made using critical difference (CD) method 

Btn SE(d) t CD= t*SE(d) PD 

PD - 

CD D/ND 

C & LC 0.38 2.05 0.78 1.7 0.91 D 

C & RC 0.38 2.05 0.78 0.9 0.10 D 

LC & RC 0.38 2.05 0.78 0.799 0.01 D 

 

Pair comparisons using LSD were calculated us-

ing SE(d) =2(0.51)/7 and the critical t value at 

0.05 level and error degree of freedom of 18. PD 

represents the pair difference and D/ND repre-

sents significant difference/nonsignificant differ-

ence. Since all the values under PD – CD are 

positive the pair comparisonsThe table show that 

there is are significant difference among the 

three. Pair comparisons among the three also 

show that pair-wise the three are significantly 

different from each other.  

3.3. Calculation of Kc of the two treatments 

and the control 

In order to obtain Kc it is necessary to find ET of 

the area using the empirical equation. Thus the 

first step in this section is to determine the ET 

using equation 2.4. 

3.3.1. Estimation of ET using the modified and 

optimized TM method 

The estimation of ET using the modified and op-

timized TM method requires three parameters, 

two geographical parameters of latitude and alti-

tude and meteorological parameters that are mean 

maximum temperature of the location and daily 

maximum temperature values of the area during 

the study period. Calculation was done using Eq. 

2.1. Maximum temperatures of Zeway data for 

the duration of the experiment were obtained 

from Hawasa meteorological station, Ethiopia. 

The optimized n value (nopt) and the T̅mx values 

were obtained from the previous works of Men-

gistu and Amente (2020). The optimized n (nopt) 

for Zeway station made use of latitude, 7.56oN, 

altitude, 1640 m, 30-year average maximum 

temperature of Zeway that is 26.86oC, and the 

result obtained for the optimized n is 2.494 

(Mengistu and Amente, 2020). Based on these 

values, the calculated ET in (mm/day) during the 

17 days is shown in Table 9.  

Table 9. Estimation of ET by the modified and optimized TM method. 

Tmx (
oC) Mean Tmx ET (mm/d) 
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29.8 26.86 4.88 

30.2 26.86 5.05 

31.8 26.86 5.74 

32 26.86 5.83 

32.4 26.86 6.02 

31.8 26.86 5.74 

30.8 26.86 5.30 

28.8 26.86 4.49 

31.6 26.86 5.65 

31.2 26.86 5.48 

31.4 26.86 5.56 

32.2 26.86 5.92 

31.8 26.86 5.74 

31.4 26.86 5.56 

32 26.86 5.83 

31.8 26.86 5.74 

32.8 26.86 6.20 

Mean ET 
 

5.60 

SD 
 

0.43 

   

3.3.2. Calculation of Kc 

Crop coefficient is calculated using the mean ET 

of the area during the 17 days (5.60 mm d-1) and 

Eq. 2.4. Since the measured ET is in liters con-

version is necessary for unit compatibility. For 

this, the liter is converted to mm after which the 

quantity is divided by the top surface area of the 

pan. That means, 

𝐸𝑇௠௠ =  
𝐸𝑇௅  × 10଺

𝜋 ቀ
𝐷
2ቁ

ଶ            (3.1) 

In the equation D is the diameter of the pan (60 

cm), ETL is the measured ET in liters, and ETmm 

is the same ET in mm.  

T 

 

 

The diameter of the pan is 60 cm (= 600 mm) and 

therefore  

𝐸𝑇௠௠ =  
𝐸𝑇௅  × 10଺

𝜋(300)ଶ
=

𝐸𝑇௅  × 10଺

282600

= 3.5386𝐸𝑇௅        (3.2) 

Thereafter it is possible to use Eq. 2.4 to find Kc as 

𝐾௖ =
𝐸𝑇௠௠

𝐸𝑇௢
=

3.539𝐸𝑇௅

5.60 𝑚𝑚
=

3.54𝐸𝑇௅

5.60 𝑚𝑚
. 

Table 10 shows the crop coefficient values of the 

two treatments and the control. 

           Table 10: crop coefficient values of the two treatments and the control 

 
ET(L) ET (mm) ETo (mm) Kc 

C 2.25 7.96 5.6 1.42 

RC 0.85 3.01 5.6 0.54 
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LC 1.51 5.34 5.6 0.95 

The three Kc values are different from each other; 

that of the control are by over one and half times 

greater than that of the treatment with clipped 

leaves and almost three times that of the treat-

ment with clipped roots. The value obtained for 

the control shows that the plant ET is higher than 

the potential ET of the area.  

Dooenboss and Pruitt (1992) obtained crop coef-

ficient value of 1.1 for water hyacinth under light 

to moderate wind and 1.15 under strong wind. 

The result obtained in this work is higher by 

about 0.3. The difference could be due to the size 

and type differences of the containers used or the 

extent to which the plant covers the pan. It could 

also be due to differences in maturity levels of 

the plants. More coverage of the container by the 

plants indicates reduced solar radiation reaching 

the water surface underneath the plant that in turn 

reduces evaporation and increases transpiration. 

Smaller size container may experience reduced 

obstacle to wind that implies increased aerody-

namic contribution to the ET.  

3.3.3. Weight gain/loss by the plants 
Table 11 shows the initial weight which was 

measured on the first day, the final weight meas-

ured on the last day and weight differences of the 

control, of plants with clipped-leaves and plant 

with clipped-roots (the two treatments). The pic-

tures of the initial and final day of the plants are 

also shown in Figure 4 for illustration. 

  Table 11. Measured initial and final masses of the control(C) ,RC, and LC. 
Treatment Replica-

tion 
code 

Initial weight 
(kg) 

(first day) 

Final weight (kg) 
(last day) 

Difference (Kg) 
(gained weight) 

Normal 
plants 

(C) 

C1 2.50 4.30 1.80 
C2 2.55 5.20 2.65 
C3 2.50 4.20 1.70 

Clipped 
Roots 
(RC) 

RC1 1.20 1.40 0.20 
RC2 1.10 1.60 0.50 
RC3 1.15 1.30 0.15 

Clipped 
Leaves(LC) 

LC1 2.45 4.40 1.95 
LC2 2.40 4.60 2.20 
LC3 2.45 5.05 2.60 

 

Clipped roots 

 

 

PRc1-1 

PRc2-1                                            

PRc3-1 
DAY 1 

and Day 

18 

(pictures 

taken)    

 

PRc1-18 

PRc2-18                                            

PRc3-18 
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Clipped 

leaves 

PL
c
1-1                       PL

c
2-1                                         PL

c
3-1 

   

PL
c
1-18                       PL

c
2-18                                        PL

c
3-18 

 

Control 

group 

PC1-1 PC2-1 PC3-1 

  

PC1-18 PC2-18 PC3-18 

 

 

 

Figure 4: The first and the last day pictures of the 

RC plants, LC plants and C (unclipped) plants. 

All the plants showed weight gain regardless of 

the initial conditions. The fact that plants with 

clipped-roots and clipped-leaves gained weight 

indicates that the plants have managed to develop 

roots and leaves, respectively. It implies that in 

the long run, the plants could recover and the 

effect of clipping is a short term solution to the 

problem enhanced transpiration by the plant.  

4. Conclusion and Implications 

The study was conducted to estimate and com-

pare the transpiration of Eichhornia crassipes 

(water hyacinth), for normal, clipped-roots and 

clipped-leaves plants. The samples were obtained 

from Zeway Lake. The experiment was conduct-

ed for a total of 17 days. As observed from result 

plants with clipped-roots did not show any tran-

spiration and the ones with clipped-leaves had 

transpiration rate that accounted for 47% of the 
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total ET. Cp values were 37% and 67% of the 

normal plant for the plants with clipped-roots and 

clipped-leaves, respectively. Kc values of the 

clipped roots and clipped leaves plants were 38% 

and 67% of that of the normal plant, respectively. 

From this study we can conclude that there were 

statistically significant differences in terms of the 

amount of transpiration, Cp and Kc between the 

treatments and the control and between the two 

treatments as well. Root clipping is more effec-

tive in reducing transpiration rate than clipping 

the leaves at least in the short-term. Root clipping 

is also advantageous in reducing the total mass 

gain of the plant at the end of the experiment, 

which means it would be easier to remove the 

plants with clipped roots from water bodies.  

The work done in this particular case gives in-

sight into alternative ways to fight the plant in-

stead of using the usual manpower and mechani-

cal means of removing the plant from water bod-

ies. Removing the plant becomes easier after the 

plant is somewhat stressed initially so as to re-

duce its weight. The study shows the importance 

of focussing on the water intakerather than the 

water output. Thus, in order to adversely affect 

the weed, it is necessary to limit the water intake 

of the plant. For instance, wrapping the root of 

the plant with say, disposable plastic wrap or 

floating the root of the plant by using used high-

land bottles can deny the accessibility of the plant 

to water.  
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