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ABSTRACT 
 

A field experiment was conducted in three consecutive seasons (2014, 2015 and 2016) in Mehoni Agricultural Research 

Centre, Raya valley, to investigate with the objective of maximize crop productivity of rain fed agriculture, to determine 

the effect of supplementary irrigation on crop yield, to determine crop water requirement and to determine water use 

efficiency. The experiment was laid out in a random complete block design (RCBD) consisting of seven levels of 

irrigation treatment (full or 100%, 75%, 50%, 25% etc, one supplementary irrigation (SI) at flowering stage (FS), one 
SI at fruiting stage (FRS), two SI at flowering and fruiting stage (FRS&FR) and a control treatment (Rain fed 

agriculture) with three replications. Data were analyzed for variance and LSD at 5% level of significance. The result 

showed significant response on plant height, panicle length, grain and biomass yield and crop water use efficiency 

shown significant difference.  Longer days to maturity, highest plant height and ear length was recorded when 

100% ETc irrigation level applied and earlier day to maturity, smallest plant height and panicle length were 

recorded with non supplementary irrigation (rain fed).  The highest grain yield was obtained from full 

supplementary irrigation (4620kg/ha) with lower CWUE, whereas the lowest grain yield recorded from the rain fed 

(3691kg/ha) with higher CWUE. The experiment showed that supplementary irrigation offers a great potential for 

improving crop production in Raya valley.  
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INTRODUCTION 

 
Sorghum is cultivated across the world in the warmer 

climatic areas (Olatunji, 1993). It is unique to adapt to 

environmental extremes of abiotic and biotic stresses and 

an essential crop to diets of poor people in the semi-arid 

tropics where droughts cause frequent failures of other 

crops (Godbharle et al., 2010). 

Raya valley lies in an arid region, which characterized 

by low and erratic rainfall with dry spells that occur at any 

stage of crop development causing water stress and 

consequent reduction in yield. When a prolonged drought 

period occurs during a critical stage, crop yield may be 
markedly reduced or even completely lost. 

Rainfall is spatially and temporally variable and has 

poor distribution particularly during the main cropping 

season (June-September), which is the most important 

factor affecting the productivity of the crops. Shortage of 

soil moisture in the dry rain fed areas often occurs during 

the most sensitive growth stages (flowering and grain 

filling) and, rain fed crop growth is poor and yield is 

consequently low (EIAR and TARI, 2011). Therefore, 
application of supplementary irrigation (SI) at times of dry 

spells of crops is an effective response to alleviate the 

adverse impact of soil moisture stress during dry spells on 

the yield of rained crops. Moreover, supplemental 

irrigation, using a limited amount of water, is applied 

during the critical crop growth stages, which can result in 

substantial improvement in yield and water productivity 

(Oweis and Hachum, 2012). Supplementary irrigation is 

the appropriate solution for alleviating plant water stress 

and substantially increasing crop yield. 

 
MATERIALS AND METHODS 

 

Description of the experimental site  

This study was carried out at under rain-fed 

conditions in the research station of Mehoni Agricultural 

Research Centre (MehARC) in the Raya Valley, Northern 

Ethiopia. Geographically  the  experimental  site  is   located 
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at 12° 51'50'' North Latitude and 39° 68'08'' East Longitude 

with an altitude of 1578 m.a.s.l. The site receives a mean 

annual rainfall of 300 mm with an average minimum and 

maximum temperature of 18 and 32°C, respectively. The 

soil textural class of the experimental area is clay with pH 

of 7.1 - 8.1(MehARC, 2015). 
 

Climatic characteristics                       

The average climatic data (Maximum and minimum 

temperature, relative humidity, wind speed, and sun shine 

hours) on monthly basis of the study area were collected 

from the near meteorological station. The potential 
evapotranspiration ETo was estimated using CROPWAT 

software version 8. 

 

Experimental treatments  

The experiment was carried out at under rain-fed 

conditions in Mehoni agricultural Research Center for 

the continuous of three year with eight treatments. The 

experimental design was laid out in random complete 

block design (RCBD) with three replications. The 

treatment combination was given in Tables 3. 

 

Statistical analysis  

The collected data were analyzed using SAS 9.1 

statistical software was carried out using least significance 

difference (LSD) test at 5% probability level. 

 
Table 1: Long term monthly average climatic data of the 
experimental area 

Month  T
min

 T
max

 RH Wind Sun Rad ETo 

°C  °C  %  km/hr  hours  MJ/m²/day  mm/day  

January  11.5 27.2 73 69 7.9 18.4 3.33 

February  12.8 27.1 70 86 9.4 22.0 4.02 

March  13.5 29.5 68 86 8.7 22.4 4.44 

April  13.8 29.7 67 95 8.7 22.9 4.65 

May  15.3 32.5 58 52 9.1 23.3 4.69 

June  15.8 35.0 60 43 8.6 22.2 4.70 

July  15.6 31.5 90 52 6.5 19.1 4.04 

August  15.0 29.7 95 43 6.5 19.3 3.89 

September  14.3 30.8 74 52 6.6 19.2 3.96 

October  13.1 29.8 69 86 9.2 22.0 4.36 

November  12.1 28.6 67 69 9.0 20.1 3.77 

December  11.3 27.1 69 69 8.8 19.0 3.40 

Source: FAO. 2005. New-LocClim, Local Climate Estimator. 

 
Table 2: Physical characteristics of soil at the experimental site 

Soil 
texture 

Bulk 
density 

(g/cm3) 

Field 
capacity 

(%) 

Permanent 
wilting 

point (%) 

Total water 
holding 

capacity (mm) 

Clay 1.1 45.47 28.47 170.02 

 

Table 3: Treatment used in the experiment 

Treatment  Combinations  

T1  Rainfed / No supplementary irrigation (NS) 

T2  Full SI/ 100 % ETc  
T3  3/4 SI/ 75% ETc  
T4  ½ SI/ 50% ETc  
T5  1/4 SI/ 25% ETc  
T6  One supplementary irrigation at flowering stage 

(one SI at FS) 
T7  One supplementary irrigation at grain filing 

stage (One SI at FRS) 

T8  Two supplementary irrigation at flowering and 
grain filing stage(Two SI at FS and FRS) 

RESULTS AND DISCUSSION 

 

Crop water and irrigation demand 

The seasonal irrigation requirement of sorghum in 
the study area was used 394.1mm. This amount was 
needed for full irrigation level treatments (100% 
ETc) including the rainfed and supplementary 
irrigation. Accordingly, the 75, 50, 25, two 
supplementary irrigation at flowering and grain 
filling, one supplementary irrigation at grain filing, 

one supplementary irrigation at flowering and rainfed 
(non supplement) were applied 331, 267.8, 209.8, 
204.7., 175.1, 177.2 and 141.6mm respectively. Crop 
water requirement (ETc) of sorghum values was low at 
the beginning of the growing season, increased gradually 
to attain a maximum during mid season stage and 
subsequently decreased.  

 
Effect of parameters to sorghum in response of 

supplementary irrigation 

Days to 50% heading 

Days to 50% heading of was showed significant 
differences among the different treatment of supplementary 
irrigation. Treatment with 100% ETc of supplementary 
irrigation delayed to 50% of heading where as the non 
supplementary irrigation (rainfed) treatment recorded 
earlier with the values of 72.8 and 66.33day. This 
difference might be due to the different level of 

supplementary irrigation depth. This finding agreed with 
the work of Adem (2006). 
 
Days to maturity 

Days to (90%) physiological maturity were significant 
due to the different level of supplementary irrigation depth 
(Table 4). 100%ETc of Supplementary irrigation (full 
supplementary) significantly delayed maturity as compared 

to the rain fed or non-supplementary treatment. This could 
be due high depth of irrigation which increase vegetative 
growth and delay in grain filling. The shortest days to 
maturity (107.8) were recorded from the non-
supplementary irrigation treatment (rainfed) while the 
highest days to 90% maturity (115.3) were recorded from 
100% ETc of supplementary irrigation applied  and 
followed by 75% ETC and 50% ETc with the value of 
113.2 and 111.7 days respectively. Difference in days to 

maturity could be due to genetic characteristics of the 
varieties. Moreover, delay in days to 90% maturity with 
application of higher level of irrigation depth 
(supplementary irrigation) increased vegetative period and 
it delays reproductive period. This could be related to the 
vigorous growth that resulted in higher number of days for 
flowering and maturity. 

This result is in agreement with that of Brewster 
(1994) who reported that treatments that lacked 

supplemental irrigation water early to maturity. 
Similarly, the findings of Solomon (2004) and Ahmed 
et al. (2008) also showed significant decrease in the 
number of days to flowering of haricot and faba beans 
under water stress. This could be due to the fact that 
plants under stress tend to complete their life cycle, 
which enables them escape from the unfavourable 
conditions by ending lifecycle few days earlier than those 
under normal or high soil moisture conditions, thereby 

ensuring perpetuation of the species (Al-Suhaibani, 2009). 
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Plant height  

Plant height of sorghum was significantly affected 

(P<0.05) by the different depth of supplementary irrigation 

treatments (Table 4). Mean values showed that plant height 

increased with each increment of irrigation from the full 

supplementary (100% ETc) to non-supplementary or rain 

fed. When the amount of supplementary irrigation was 

increased from non-supplementary (rain fed) to 100% ETc, 

of supplementary irrigation, plant height increased from 

141.8 cm to 154.2 cm, respectively (Table 4). The increase 

in plant height with the increase in the amount of 

supplementary irrigation could be attributed to positive 

effect on vigorous vegetative growth due to more 

availability of soil moisture level throughout the growing 

period. The increase in plant height with respect to 

increased supplementary irrigation amount indicates 

maximum vegetative growth of the plants.  

This is in line with the result of Singh and Singh (2002) 

that depth irrigation increasing plant height, size and total 

area of leaves, number and location of stomata, shoot 

growth and vigour of maize are affected by water 

availability. 

 

Panicle length of sorghum 

The longest panicle length (23.5 cm) was recorded 

from full supplementary irrigation (100%ETc) whereas the 

shortest (20.6 cm) was recorded from the rainfed (non 

supplementary irrigation (Table 4). The different level of 

irrigation treatments were affected panicle length of 

sorghum was increased significantly with the increase in 

level of supplementary irrigation from the control (rain fed) 

to the 100% of supplementary irrigation.. Generally, the 

trend indicated consistent increment in panicle length with 

increment of irrigation depth from control treatment 

(rainfed) to 100% ETc. In increase in panicle length at 

higher levels of irrigation could be due to high available of 

soil moisture to the crop that allowed the plants to 

accumulate more biomass with higher capacity to convert 

more photosynthesis into sink resulting in longer panicle 

length.  

This could be attributed to better vegetative growth, 

more dry matter production and biological yield under 

more favoured soil moisture availability with full irrigation 
(Roncucci et al., 2014) as compared to less supplement 

irrigation treatments because of moisture stress which 

showed in retarded growth, hastened senescence and quick 

drying of leaves there by reducing photosynthetically 

active surface area and consequently low ear head length 

production. 

 

Grain yield 

The irrigation levels significantly impacted sorghum 

grain yield for both irrigation treatments (Table 4). 

Significantly lower grain yield of sorghum was observed 

with rainfed (non supplement) throughout the life (3691 kg 

ha-1) over rest of the treatments might be due to moisture 

stress leading to reduced test weight, grain weight, ear head 
weight and no. Of grains ear head-1 whereas, higher grain 

yields of sorghum were recorded with 100% ETc (full 

supplementary irrigation) with the value of (4620 kg ha-1) 

it might be due to enough moisture availability (Maman et 

al., 2003). 

As can be observed from the table, grain yields of 

sorghum were decreased as the amount of supplementary 

irrigation water applied decreased. The highest yield, 

averaging 4620 and 4392 kg ha-1was obtained from the 

treatment of 100% ETc and 75% ETc of supplementary 

irrigation respectively, while rainfed or the control 
treatment produced the lowest yield of 3691 kg ha-1.   The 

grain yield obtained in this experiment was on the average 

greater than that obtained under rain-fed and even irrigated 

farming systems (Ibrahim 1994; Omer and Alamin 1996; 

FAO 1996). The result was similar with the findings 

Shirazi et al. (2011).  

Aslam et al. (2013) made a similar finding and 

attributed this to the fact that under water stress conditions, 

photosynthesis, transpiration and light interception are 

reduced, impacting the maize traits due to a reduction of 

translocated assimilates. Under supplemental irrigation, all 

these traits were improved compared with rainfed 
conditions. 

 

Biomass yield 

The biomass yield was significantly influenced by the 

main effects different irrigation depth treatments (P<0.05). 

Mean biomass yield ranged from 8170 kg ha-1 for rainfed 

(non supplementary irrigation) to 11278 kg ha-1 for the 

highest the full irrigation (100% ETc) indicating large 

biomass variation under the different irrigation treatments. 

There were no significance differences between the 

treatments of 75% ETc and50% ETc. The increment in 
biomass yield from the rainfed to the full supplementary 

irrigation treatments were might be attributed due to the 

application of supplementary irrigation. This is because 

that  it  encourages  above  ground  vegetative growth and  

 
Table 4: Main effects of treatment on Days to 50% maturity(DM), Days to 90% physiological maturity  (MD), Plant Height (PH), 
Panicle length (PL), Grain Yield (GY), Biomass Yield (BY), and Crop Water Use Efficiency (CWUE) of sorghum 

Tre DM MD PH(cm) PL(cm) GY (tones ha-1) BY(tones ha-1) CWUE (kg  m-3)    

100% Etc 72.8a 115.33a 154.22a 23.5a 4.620a 11.278a 1.17f 
Two SI at FS & FRS 69.44c 111.66bcd 148.33bc 22.15bc 4.177c 9.628c 1.98c 
One SI at FS 67.88d 109.22ef 144.55cd 21.62cd 3.959d 8.995d 2.26b 
75%Etc 71.5b 113.22b 150.33ab 23.4a 4.392b 10.385b 1.32e 
50% Etc 70.77b 111.77bc 148.66bc 22.57ab 4.233c 10.036b 1.58c 
One SI at FRS 67.88d 109.6efd 145cd 20.8d 3.964d 8.994d 2.23c 
25%Etc 69.11c 110.11cde 145.37bcd 22.3abc 4.052d 9.532c 1.99c 

Rainfed 66.33e 107.88f 141.8e 20.64d 3.691e 8.17e 2.6a 
LSD (P=0.05) 1.06 2.01 5.11 1.22 1.14 3.50 0.05 
CV 1.6 1.9 3.66 5.84 2.9 3.83 3.11 

Means with the same letter (s) are not significantly different at P ≤ 0.05; NS= not significantly different from each other at P < 0.05; 
LSD= least significant difference; CV = Coefficient of variation. 
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Fig. 1: Effect of different depth of supplementary irrigation on 
sorghum grain yield. 

 

convey high amount of leaves, which is important for 

more assimilate production and division that favours 

growth (Brady, 1985). The increased total bulb yield by 

applying full (no deficit) irrigation could have better 

performance on vegetative growth like plant height, 

number of leaves and leaf length which increase 

photosynthetic capacity of the plant, which in turn can 

improve weight and contribute to increment in total 

biomass yield. 

As the supplementary irrigation increasing from one 

supplement at flowering stage to full (100% ETc) 
supplement the biomass yield of increased. This result 

was also in agreement with the findings of Ferreira and 

carr, (2002).  

Similarly, Wondoweson and Tekle (2014) and Mihret 

et al. (2015) reported that like grain yield significance 

difference among varieties of sorghum was found in above 

ground biomass yield. 

 

Crop water use efficiency (CWUE) 

Sorghum has the unique property of becoming 

relatively dormant during periods of water stress (Smith and 
Buxton, 1993) and initiate rapid growth after the release of 

stress either by rainfall or irrigation, unlike maize. 

From limited rainfed agriculture (non supplementary 

irrigation) to supplementary irrigation (100% ETc) in the 

study area resulted decreased in average CWUE from 2.26 

to 1.17 kg m-3 (Table 4). The results are comparable to 

increased crop water use efficiency of 1.25 kg m-3 with 

100% ETc supplementary to 3.05 kg m-3 with rain fed 

(Rockström et al. 2002). The yield improvement can be 

attributed to timely water application to crops to avoid 

water stress and availability of more soil water for the plant.  

The availability of soil water and water conveying 

systems is resulting in increased use of supplementary 

irrigation (SI) as well as improving overall CWUE. 

Supplementary irrigation greatly improves biomass 

production as well as grain production by allowing for 

enhanced root zone storage capacity (Scheierling et al., 

2012). The sorghum yield was significantly enhanced when 

rainfed combined with SI. Singh et al. (2010), reported that 

SI is efficient approach to increase the water use efficiency 

complementing the rainfall deficiency. 

Sorghum water production function with grain yield 

As shown in the figure, the results obtained in this 

experiment showed that water production function drawn 

on the basis of the amount of consumed water in different 

supplementary irrigation depth. The figure shows that, as 

the amount of supplementary irrigation depth increased the 

grain yield of sorghum increase. As shown in figure 1, if 

the rainfed was insufficient during the crop cycle the crop 

was not fully develop resulting in low yield and high 

water productivity, whereas 100% ETc gives higher 

grain yield with lower water productivity.  

 

Conclusions 

In the study area rainfed were erratic and insufficient 

to fulfil the crop water requirements of different crops, so 

it is concluded that supplementary irrigation will help to 

put more land under cultivation, to decreased crop failure, 

increase productivity, decrease the deficit of food in the 

study area and leading to better utilization of the natural 

resources. 
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