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Abstract The yield, water use efficiency and harvest index of Amaranthus cruentus grown under micro-

sprinkler irrigation system were investigated. The specific objectives of the work were: to determine the growth 

and yield of Amaranthus cruentus under micro-sprinkler irrigation systems, to determine the water use pattern of 

Amaranthus cruentus grown using sprinkler irrigation systems and to evaluate the Harvest index of Amaranthus 

cruentus at the different crop growth stages. This project report discovered that adequate soil water will enhance 

a better crop production during the dry period. The field experiment was carried out in a phase using field plots 

of 6m x 4m for micro- sprinkler irrigation system. The plot was divided into six crop beds of 1.36m x 1.36m and 

micro sprinkler was on each of the crop beds. Micro-sprinkler irrigation is a system that operates under low 

pressure with small-sized wetting patterns and low discharges. However, because of the low pressure and low 

volume, the wetted diameter is relatively small. The emitters are small and usually placed on short risers. 

Consequently, the water droplet has a short distance to travel before it reaches the soil surface. The advantages 

of micro-sprinkler irrigation systems are the potential for applying water, and lower susceptibility to clogging. 

The project was aimed at investigation the influence of irrigation water management on the growth and yield of 

Amaranthus cruentus. This study evaluates the performance of Amaranthus cruentus under different irrigation 

water treatment. Treatments A1 and B1 produced the higher moisture content of 25.69% and 25.26% 

respectively. Conclusively, results showed that Amaranthus cruentus responded well to three days intervals of 

irrigation water application in growth, development and yield. 

 

Keywords water-use efficiency, yield, growth and irrigation water management 

1. Introduction 

 The earliest archeological record of pale seeded grain amaranth is that of Amaranthus cruentus, found in 

Tehuacan Puebla, Mexico, about 400BC (pal and Khohoo,1974; saver 19790, making it one of the oldest known 

food crops; probably originated in central and south America (Grubben and van stolen,1981). Amaranth was a 

major grain crop in the pre-conquest Aztec empire saver, 1950B; (Pal and khoshoo, 1974; Early (1977); 

Haughton, 1978). Ancient Mexicans made idols of dough from seeds of the crop they called huehtli, which has 

been identified as grain amaranth (saver, 1950B, Marx, 1977). 

 Pale – seeded Amaranthus were also grown in Germany in the 16th century, India and Ceylon in the 18th century, 

Himalayas in the early 19th century, and interior China and Siberia in the late 19th century (saver, 1977). Present 

uses of Amaranthus Caudatus, Amarantus Cruentus, and Amaranthus hypochondriacus have been identified 

(NAS, 1975) as having the potential to increase world food production. Amarantus Caudatus is grown in the 

inter- Andean valleys of peru Boliva (Sumer, 1983). Amaranthus Cruentus is cultivated as a grain crop in 

Guaternala, and Amaranthus hypochondriacus is grown in Mexico (NAS, 1975). In Mexico, grain amaranth is 

used chiefly for making alegria candies from popped seeds and molasses (Early, 1977) for preparing atole, a 
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drink from roasted and powdered seeds mixed with syrup and water (Oke, 1983). In peru, seeds are popped and 

ground into flour bound with syrup and made into belles (summer, 1983). In India, the seeds are mostly 

commonly used in the form of candy known as Laddoos, (vietineyer, 1978). Though the seeds are parched, 

ground into flour and eaten as gravel (sattoo) in Nepal, while it is consumed as Chapattis in the Himalayas 

(vietineyer, 1978). The crude protein content of grain amaranth ranges from 12.5 to 17.6% dry matter. This is 

higher in most common grain except soybeans. Grain amaranth protein contains around 5% lysine and 4.4% 

sulfur amino acids, whch are the limiting amino acid in other grain (senft, 1980). The amino acid composition of 

Amanranth protein compares well with the FAD/WHO protein standard. The total lipid content of grain 

amaranth ranges from 5.4 to 17.0% dry matter and has a high level of unsaturation (about 75%) containing 

almost 50% linoleic acid (opute, 1979, Carlson, 1980, becker et al; 1981; Badami and pahil, 1976). 

Ultimately, good stands were obtained of all crops except sun flower and amaranth, which had partial stands. 

The partial stands of amaranth were probably due to the very dry seed zone conditions when the seed was 

planted, and began to germinate. Although, some amaranth seedlings became established, other seeds probably 

only imbibed water, or barely sprouted, before running out of moisture. The other crop seeds, which sat idle 

until the first rainfall a week after planting, had much more moisture availability during establishment. The 

tendency of amaranth seeds to imbibe moisture and start germinating even under rather limited moisture 

conditions has been noted in regular field plots, and is somewhat of a problem, occasionally leading to ragged 

stands, where some plants emerge quickly, and others emerge latter after rainfall, or not at all. 

 

Justification 

Adequate soil water will enhance a better crop production during the dry period. Various investigations into the 

effect of soil water on the growth and yield of Amaranthus Cruentus had been done; little assessment of the 

water use potential of the crop has been carried out in this locality. Hence, this project was aimed at 

investigating the influence of irrigation water management on the growth and yield of Amaranthus Cruentus. 

The establishment of the relationship between the three different irrigation management schedules and the 

growth and yield of the crop will provide basis for strategic management of the crop for optimum production. 

 

Objectives  

Aims of the research work 

 to determine the growth and yield of Amaranthus Cruentus under micro sprinkler irrigation systems. 

Specific Objectives 

 to determine the water use pattern of Amaranthus Cruentus grown sprinkler irrigation systems. 

 to evaluate the Harvest index of Amaranthus Cruentus at the different crop growth stages. 

 

Materials and Methods 

Description of Study Area 

The field experiments were conducted at the Agricultural Engineering Teaching and Research Farm, Federal 

University of Technology, Akure from the month of Jan to March, 2021. Akure was located within the humid 

region of Nigeria, at latitude 7o14’N and longitude 5o08’E. It lies in the rain forest zone with a mean annual 

rainfall of between 1300mm – 1600mm and with an average temperature of 27.50c. The relative humidity ranges 

between 85% and 100% during the rainy season and less than 60% during the harmattan period. Akure is about 

351m above the sea level. The soil on the site was sandy loam. 

 

System Layout of the Field 

The field experiment was carried out in a phase using field plots of 6m x 4m for micro- sprinkler irrigation 

system. The layout of the field plot is as shown in Figure 1 the plot was divided into six crop beds of 1.36m x 

1.36m. Micro sprinkler was on each of the crop beds 

Micro-sprinkler irrigation is a system that operates under low pressure with small-sized wetting patterns and low 

discharges. However, because of the low pressure and low volume, the wetted diameter is relatively small. The 

emitters are small and usually placed on short risers. Consequently, the water droplet has a short distance to 
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travel before it reaches the soil surface. The advantages of micro-sprinkler irrigation systems are the potential 

for applying water, and lower susceptibility to clogging.  

 

 
Figure 1: Layout of Field Plots 

 

Treatment and Experimental Procedure  

The field experiments were conducted from Jan to March, 2021. Amaranthus cruentus seeds obtained from 

Ondo State Agricultural Development Project (ADP) Akure, were broadcasted on the field on each of the crop 

beds on 20th January, 2021. 
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The water application method adopted was the micro-sprinkler irrigation system. Water was pumped by means 

of an electric pump to an elevated tank. By means of gravitation, the water was delivered to the experimental 

field by the micro-sprinkler head through pressure. 

There were pre-irrigation for about two days before planting of Amaranthus and subsequently for two weeks 

after planting (2 WAP) for well establishment of the crops. Therefore, the adopted irrigation water treatment 

started. Thinning was done two weeks after planting to allow for the spacing of the crop. Fertilizer was applied 

accordingly two weeks after planting and manual weeding was carried out on weekly basis. 

There were three irrigation treatments based on different water stress levels. These treatments were typified by 

the difference in the soil moisture tension. The first treatment was application of irrigation water at 50 Mpa, the 

second treatment was application of irrigation water 60 Mpa and the third treatment was application of irrigation 

water at 70 Mpa. Duration of irrigation for each of the three treatments was one hour (5 – 6 pm daily). The 

summary of the treatments is shown in Table 1. 

Table 1: Irrigation water treatments on the field 

Treatments  Definition 

T1 and T2 Irrigation water application at 50 Mpa 

T3 and T4 Irrigation water application at 60 Mpa 

T5 and T6 Irrigation water application at 70 Mpa 

 

Crop Data 

Measurement of the plant height, leaf width, leaf length, number of leaf, leave area and leaf area index were 

carried out during the 3rd, 4th, 5th, 6th, 7th and 8th weeks after planting on randomly selected plants from each 

crop bed. The yield parameters were also taken such as the fresh and dry weights of leaves, stem and root using 

an electrical balance. The yield parameters were taken for the 4th, 5th, 6th, and 7th, weeks after planting. On the 

8th week after planting, the weight of the leaves, stem, root and the seeds were taken both fresh and dry.  

 

Plant Height 

The height of the plant was measured from the soil surface to the tip of the plant using tape. Four plants per crop 

bed were sampled for height measurement and the average represented the plant height for each crop bed. The 

plant height was measured on the 3rd, 4th, 5th, 6th, 7th and 8th weeks after planting  

 

Number of Leaves 

Four plants were selected from each crop bed for leaf counting, from which average number of leaves was 

obtained for number of leaves per crop bed. These were carried out during the 3rd, 4th, 5th, 6th, 7th and 8th 

weeks after planting. 

 

Root Depth 

The method for the estimation of root zone depth was the trench profile method. With the aid of spade and sharp 

cutlass, trench profiles were dug about 10mm near the sample plant on each crop bed. The depth of trench 

depends on the length of roots. Also four plants were sampled for the root depth and the average root depth was 

taken for each of the crop bed for 3rd 4th, 5th, 6th, 7th, and 8th, weeks after planting.  

 

Leaf Area 

Samplings for leaf area measurement were taken on four plants per crop-bed. The leaf area was traced out on 

graph paper to measure area. From this measurement, leaf surface area (cm2) and leaf area index were estimated 

by the formula: 

           (1) 

 

 

These were carried out during the 4th, 5th, 6th and 7th weeks after planting. 
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Above Ground Biomass 

The sample of the plant after being uprooted was weighed at its fresh state using the electrical balance. The 

weight of the leaves, stems, and roots were noted and then the samples were transferred into the oven and 

dried at 80oc for 24hours. The weight of the dried matter was then recorded and the “Above Ground Biomass” 

computed as follows: 

           (2) 

 

Where  AGB = Above Ground Biomass 

  Mb = Sun total of ML, Ms, Md   

  ML = Weight of leaves (g) 

  MS = Weight of stems (g) 

  Md = Weight of seeds 

  F = L / s        (3)   

Where L  = 1 hectare (104 m2) 

  S = Spacing between plants (m). 

   F = The multiplying ratio (per ha).  

The aboveground biomass was taken at the 4th, 5th, 6th, 7th, and 8th weeks after planting for each of the crop 

bed. 

 

Harvest Index 

The harvest index of Amaranthus cruentus was determined at the two phonological stages i.e. flowering and 

maturity. The harvest index was estimated from the following relationship:  

H.I = 
biomassdabovegrouneCummulativ

biomassYield
      (4) 

 

          

Estimation of Crop Water Use (ET) 

This is the actual amount of water loss to the atmosphere by the crop, which depends not only on the existing 

meteorological conditions but also in the availability of water to meet the atmosphere demand.  

The crop water use was determined from the principal of inflow – out flow (water Balance Method) as below:  

                        (5) 

where 

ET =  Evapotranspiration 

 P =  Precipitation (Rainfall). 

 R =  Runoff 

s =  Change in groundwater storage 

D =  Drainage 

The precipitation (p) measurements during the period of experiment were taken by rainfall recording equipment 

(rainguage) placed on the farm site. 

The Runoff (Ro) was determined by installation of 3,600cm2 runoff catchments made of woody materials, 

surface out flow from the catchment were measured immediately from a collection bowl place adjacent to the 

runoff catchment. The runoff values were determined using the relationship =  

c

w
o

A

V
R            (6) 

Where           

 Vw = Volume of water collected (cm3) Ac = Are of catchment (cm2) 

Ro = Runoff (mm). 

__W  
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The change in soil water storage (s) was calculated from the difference in water content of the not zone 

before irrigation and water content often irrigation. The change in the ground water storage can be calculated 

as shown below:  

           (7) 

 Where 

 s = change in groundwater storage 

 SMA = Soil Moisture content after irrigation 

 SMB = Soil Moisture content before irrigation 

The drainage (D) during the period of experiment was assumed negligible because the occasional rainfalls that 

occurred during the period of experiment were not enough to cause deep percolation. 

 

 

 

        

             

             

   

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Layout of Run-off meter in the Field 

Water Use Efficiency (WUE) 

According to Hillel and Guron (1973), water use efficiency on Irrigation field can be estimated 

mathematically using the following relationship:  

           (8) 

 

  

Where WUE is the crop water used efficiency in g/m3, yield is the sum of fresh weight of leave stems and root 

in g, and irrigation is the amount of water used in cm3. 

 

Soil Moisture Content 

The soil moisture content at depths, 10cm, 20cm, 30cm and 40cm from each crop-bed were determined once in 

a week using the gravimetric method. Samples of the soil were taken at different depths of 10cm, 20cm, 30cm 
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and 40cm from each crop-bed and placed in different containers of known weight, with a lid on to prevent 

evaporation. The containers and soil are weighed and then placed in an oven at 105oc, with the lid removed, 

until the sample id dry. The containers, and dry soil are weighed again the loss in weight is the weight of water 

in the original samples, and the weight of solids is final weight less the weight of the container. Hence the 

moisture content of the soil and be determined using this relationship:  

           (9) 

 

 

 

Soil Bulk Density 

The density of the complete soil (i.e solids and voids) is usually expressed as bulk density. Samples of the soil 

were taken from the experimental field for the determination of Bulk density. The bulk density was calculated 

using the formula below:  

                          (10) 

 

 

 

 

 

 

 

Statistical Analysis of Data 

Results obtained during field experimentation were subjected to statistical analysis. The mean was determined 

and the levels or significance and analysis of variance (ANOVA) were performed. 

 

Results and Discussions 

Climatic Conditions of the Environment during the Experiment. 

The climatic condition during the experiment is summarized in Table 2. There were little rainfalls in the month 

of May. Higher air temperatures were observed in the month of May; hence solar radiation was also high when 

compared to the month of March and April. The wind speed was highest in the month of March and this was 

accompanied by low relative humidity. 

Table 2: Climatic parameters during the experiment 

Climatic parameters March  April  May  

Average air temperature (oC) 23.54 24.50 27.03 

Rainfall (mm) 27.10 25.30 14.10 

Wind speed (m/s) 1.04 0.31 0.23 

Wind direction (Degree) 60.75 207.60 242.14 

Relative humidity (%) 57.96 73.87 71.89 

Solar radiation (Watt/m2) 263.06 384.62 758.97 

Net radiation (Watt/m2) 3.26 6.76 7.79 

Air pressure (HP) 977.21 989.81 979.57 

Source: FUTA Observatory Station 

 

Water Applied to the Treatments during the Experiment 

Table 3 gives the total water applied to the treatment beds during the experiment. For the 1st treatment (T1 and 

T2) the cumulative amount of water applied per irrigation was 262.35mm, while for the 2nd treatment (T3 and 

T4) it was 258.36mm and the 3rd treatment (T5 and T6) received 268.16mm. The variation in the amount of 

water applied was due to the non-uniformity in the discharge rate of the micro-sprinkler head. 
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Table 3: Total applied water to the treatments during the experiment 

Treatment  Time  

(hr) 

Irrigation water applied  

(mm) 

Cumulative amount of water  

applied to the treatment 

T1 

T2 

T3 

T4 

T5 

T6 

1 

1 

1 

1 

1 

1 

138.13 

124.22 

122.93 

135.43 

135.75 

132.41 

 

262.35 

 

258.36 

 

268.16 

 

Soil Water Regimes 

The soil moisture content in various treatments from 3 -8 WAP are represented in table 4. The soil water 

regimes reflected the amount of water applied i.e. soil moisture content was higher in irrigation treatment of 

daily water application than three and five days interval irrigation treatments. 

The soil moisture contents after irrigation were observed to be higher than soil moisture contents before 

irrigation for all the treatments. The differences in the two moisture contents (before and after irrigation) give 

the change in the soil moisture storage, ∆SM. It was noticed throughout the treatments that the higher the soil 

depth, the higher the soil moisture content both for before and after irrigation. This is an indication of the fact 

that more moisture is stored at the root zone depth of the crop. 

An increment in the soil moisture was observed from 3 WAP to 6 WAP for all the treatments. At the 7WAP and 

8WAP, the moisture content was decreasing both for before and after irrigation. This was as a result of higher 

consumptive use of water during maturing stage. 

Table 4: Moisture content (%) before (SMB) and after (SMA) irrigation at the three different irrigation 

treatments for 3WAP and 4WAP 

Treatment 3 WAP 4 WAP 

Depth of  

Soil (cm) 

SMB 

(%) 

SMA 

(%) 

∆SM 

(%) 

SMB 

(%) 

SMA 

(%) 

∆SM 

(%) 

T1 0-10 

10-20 

20-30 

30-40 

16.06 

16.62 

17.25 

18.87 

17.05 

17.73 

18.43 

20.23 

0.99 

1.11 

1.18 

1.36 

18.88 

19.80 

19.96 

20.21 

19.19 

19.93 

20.41 

21.00 

0.31 

0.31 

0.45 

0.79 

T2 0-10 

10-20 

20-30 

30-40 

16.01 

16.45 

16.86 

18.53 

16.95 

17.55 

18.00 

19.82 

0.94 

1.10 

1.14 

1.29 

18.67 

19.29 

19.63 

20.06 

19.00 

19.44 

20.11 

20.86 

0.33 

0.15 

0.48 

0.80 

T3  0-10 

10-20 

20-30 

30-40 

14.10 

15.41 

16.03 

17.56 

15.07 

16.07 

17.17 

19.00 

0.97 

0.66 

1.14 

1.44 

16.90 

18.66 

18.84 

19.10 

18.00 

18.77 

19.24 

19.89 

1.10 

0.11 

0.40 

0.79 

T4 0-10 

10-20 

20-30 

30-40 

13.36 

15.49 

16.24 

16.67 

14.35 

16.12 

17.41 

19.05 

0.99 

0.63 

1.17 

1.38 

17.08 

17.86 

19.29 

19.30 

18.21 

19.00 

19.72 

20.11 

1.13 

1.14 

0.43 

0.81 

T5  0-10 

10-20 

20-30 

30-40 

12.16 

14.03 

14.93 

15.23 

13.65 

15.04 

16.10 

16.21 

0.89 

1.01 

1.17 

0.98 

14.75 

16.65 

17.89 

18.27 

15.11 

16.98 

18.00 

18.79 

0.36 

0.33 

0.11 

0.52 

T6 0-10 

10-20 

20-30 

30-40 

12.44 

14.50 

14.73 

15.12 

13.35 

15.53 

15.91 

16.08 

0.91 

1.03 

1.18 

0.96 

14.67 

16.59 

17.20 

17.98 

15.04 

18.91 

17.33 

18.48 

0.37 

0.32 

0.13 

0.50 
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Agronomic Measurement of Amaranthus cruentus  

Plant Height 

The height of Amaranthus cruentus during the experiment are represented in figure 3. It can be seen from figure 

3 that Amaranthus height in treatment (T3 & T4) were taller than those in (T1 & T2), while those in (T1&T2) 

were taller than the ones in (T5&T6). A rapid increase was observed in the height between 35-49WAP for the 

treatment (T3&T4) and (T1&T2), while in treatment (T5&T6), the height increases gently. The highest height 

attained by the treatment (T5&T6 was 53.50cm, while in treatment T1&T2 was 110.50cm, and treatment 

T3&T4 which gives the highest growth at 63DAP was 124.50cm. The relatively low growth in treatment 

T5&T6 was as a result of moisture stress. 

 

Number of leaves 

Figure 4 shows the responses of Amaranthus cruentus with respect to number of leaves produced by each of the 

treatments. There was a rapid increase in the number of leaves produced between 35-42DAPfor the treatment 

T3&T4. It was observed that no new leaves were produced by the Amaranthus in the treatment T3&T4 between 

56-63DAP.There was also a rapid increase in the number of leaves produced by the plant in the treatment 

T1&T2 between 35-49DAP.Between 56-63DAP, there was only one leaf produced by the plant in the treatment 

T1&T2. The highest number of leaves at the 63DAP was observed in the treatment T3&T4 (182 units). The 

lowest number of leaves was observed in the treatment T5&T6 (82units).  

 

Root Depth  

The root depths of Amaranthus cruentus during the experiment for different irrigation treatment are represented 

in figure 5. The root depth of the plant in the treatment (T1&T2) and (T3&T4) were observed to be the same i.e. 

10.18 cm. The root depth in the treatment T5&T6 was the lowest throughout the days of the experiment. 

 
Figure 3: Height of Amaranthus Cruentus under different treatments during the experiment 

 
Figure 4: Number of leaves of Amaranthus Cruentus under three different treatments during the experiment 
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Figure 5: Root depth of Amaranthus cruentus under three different treatments during the experiment 

Leaf Area Index 

The Leaf Area Index (LAI) values which were determined at the 3rd, 5th, 6th and 7th WAP. The treatment T3 

&T4 produced more leaves and luxuriant growth when compared to other treatments. Marketable difference was 

observed at 5ht, 6th, 7thWAP among the different. The value of LAI were found to be highest in the treatment 

T3&T4 at the 3WAP and lowest in the treatment T5&T6 at the 6WAP and 7WAP. 

 

Water use of Amaranthus Cruentus  

This is the actual amount of water loss to the atmosphere by the crop, which depends not only on the exciting 

meteorological conditions but also on the availability of water to meet the atmospheric demand. The highest 

consumptive use of Amaranthus in each of the treatment beds was observed at 35 DAP. This might be due to 

low runoff value recorded during the period. The consumptive use of Amaranthus cruentus in treatment T1 was 

observed to be highest at 35 DAP (i.e. 123.70 mm/wk) and lowest at 28 DAP (i.e. 104.85 mm/wk). The least 

value of consumptive use, 22.87 mm/day during the experiment was observed in Treatment T6  at 56 DAP. 

However, the collected data from FUTA meteorological station were used to estimate the potential 

Evapotranspiration (PET) using Thornthwaite method. The highest value of PET was observed at 70 DAP when 

the experiment has already been terminated and the lowest value was recorded before the treatments started i.e 

7DAP. Since temperature is the only climatic parameter consider for the estimation of potential 

Evapotranspiration PET using Thornthwaite method, then it can be concluded that PET value increases with 

respect to temperature increase. The highest and lowest values of PET recorded from Thornthwaite method are 

15.39 mm/day 13.35mm/day respectively. The water use efficiency was determined at 4th, 5th, 6th, 7th and 8th 

WAP (on fresh weight basis) for al the treatments during the Experiment. The highest and lowest values of 

water use efficiency (WUE) on weekly basis were observed in treatment B1 and treatment A2 respectively. The 

daily irrigation treatment (i.e. A1&A2) gave the least values of water use efficiency, while three days interval 

irrigation treatment (i.e B1&B2) gave the highest values of water use efficiency in all the observable weeks. At 

8th WAP the highest value WUE (259kg/m3) was observed in treatment B1 treatment and at 4th WAP the least 

value of WUE (0.644kg/m3) was observed in treatment A2. Also at the 6th WAP, the highest value of WUE 

(81.347kg/m3) and lowest value (6.923kg/m3) were observed n treatment B2 and A2 respectively.  
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Table 5: Estimated values of applied irrigation water, yield and water use efficiency of Amaranthus Cruentus 

for the various treatments. 

WAP Treatment Irrigation  

I (mm) 

Water use efficiency  

WUE (kg/m3) 

4 T1 

T2 

T3 

T4 

T5 

T6 

690.65 

621.10 

245.86 

270.86 

135.75 

132.41 

0.724 

0.644 

5.288 

4.430 

5.157 

5.287 

5 T1 

T2 

T3 

T4 

T5 

T6 

828.78 

745.32 

368.79 

406.29 

271.50 

264.82 

1.931 

1.744 

11.389 

8.861 

4.052 

4.909 

6 T1 

T2 

T3 

T4 

T5 

T6 

960.65 

621.10 

122.93 

135.43 

135.75 

132.41 

8.543 

6.923 

81.347 

37.658 

19.153 

15.860 

7 T1 

T2 

T3 

T4 

T5 

T6 

828.78 

745.32 

245.86 

270.86 

271.50 

264.82 

16.651 

13.820 

66.298 

40.981 

24.678 

29.832 

8 T1 

T2 

T3 

T4 

T5 

T6 

828.78 

745.32 

368.79 

406.29 

135.75 

132.41 

72.637 

35.689 

259.497 

170.568 

172.376 

86.852 

 

 
Figure 6: Water use efficiency at the 4th, 6th and 8th WAP for the various treatment 
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Conclusions and Recommendations 

Conclusion 

This study evaluated the performance of Amaranthus cruentus under three different irrigation water treatments. 

The aim was to investigate the consumptive use (ETA), the growth, development yield and other agronomic of 

Amaranthus cruentus responses under the varying irrigation water management. 

Soil moisture content was closely monitored to show the effect of the irrigation treatments on soil water regime. 

Treatment A1 and B1 produced the higher moisture content of 25.69% and 25.26% respectively but the 6th WAP.  

Yield of Amaranthus cruentus (fresh Biomass) was highest at 8th WAP in treatments T3 and T4 i.e. 957 t/ha 

respectively. The consumptive use (ETA) of Amaranthus cruentus decreased in the order of T1, T2, T4, T5, T6 

and T3 at the 6th and 7th WAP. It was observed that soil water balance properly reflected soil water regime in the 

treatment and biomass yield of the crop. The notable difference in the performance of Amaranthus cruentus 

among treatment for the roves the necessity of accurate water supply in plant growth and yield.  

Conclusively, results show that Amaranthus cruentus responded well to three days intervals of irrigation water 

application in growth, development and yield. It will therefore be economically feasible if irrigation for 

Amaranthus cruentus is production based on the experiment results. 

 

Recommendations 

Based on the outcome of this study, it is strongly recommended that:  

 Further studies should still be conducted to confirm the feasibility of maximizing the yield of Amaranthus 

cruentus under a wide range of defined climatic condition. 

 There is the need to instill an automatic mini-Meteorological station permanently on the form site for easy 

collection of Climatological data.  

 Modernized equipment and sensitive instruments should be used to monitor the soil and plant water status 

for proper relationship with applied irrigation water. 
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