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In low moisture stress areas, like some parts of Amaro, Southrrn Ethiopia, low productivities of crops have been attributed to low 
moisture stress and lack of appropriate production technologies. On farm field experiment was conducted under rain-fed 
conditions between 2005 to 2008 to evaluate a combination of five improved sorghum varieties (Seredo, Teshale, Meko, 76T1#23, 
Gambell 1107) and one local (landrace) sorghum varieties with 46 kg P2O5 + 18 kg N ha-1 and moisture conservation practices 
(tie ridge and open ridge) was laid out in a randomized complete block design with three replications. The data were combined 
over a year after carrying out analysis of variance for each year separately, and homogeneity was tested (the ratio of larger mean 
square to smaller mean squares). Means were separated using Fisher’s Least Significant Difference (LSD). Combined analysis 
of variance over years indicated that combination of varieties, conservation practices and fertilizer showed highly significant 
effect (p<0.01) on growth and yield of sorghum.  Varieties 76T1#23 with 46 kg P2O5 + 18 kg N ha-1 sown in ridges tied 3 m long 
gave the highest sorghum grain yield (5877 kg ha-1) whereas the landrace regardless of fertilizer application gave the least (494 
kg ha-1). The results indicate that soil and water conservation with improved crop varieties is indispensable for increasing crop 
yield. Therefore, sowing improved varieties in tied ridge with NP fertilizer is recommended for sorghum production in areas 
where there is short and erratic rain fall like lowland parts of Amaro.   
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INTRODUCTION 
 
Sorghum (Sorghum bicolor L. Moench) is the third most 
important crop after teff and maize in terms of area and the 
second in total production next to maize in Ethiopia (Central 
Statistical Agency for Ethiopia (CSA), 2012). Currently, 
sorghum is produced by 5 million holders and its production is 
estimated to be 4 million metric tons from nearly 2 million 

hectares of land, giving the potential average grain yield of 
around 2 tons per hectare. It covers 16% of the total area 
allocated to grains (cereals, pulses and oil crops) and 20% of 
the area covered by cereals (CSA, 2012). The obtained yield is 
much lower than global average. Low productivity of crops has 
been attributed to low moisture stress, low soil fertility, lack of  
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Table 1.  Amount of precipitation in millimeter (mm) for the growing seasons. 
  

Month 
Season 

2005* 2006 2007 2008 
January  10.7 1.1 26.8 2.1 
February  11.8 43.7 10.9 3.5 
March  128.1 107.8 67.4 32.7 
April  125.1 146.9 116.1 94.8 
May  311.2 310.9 167.4 72.8 
June  44.7 39.4 211.6 57.9 
July  31.6 8.5 51.2 48.9 
August  11.6 131.9 111.3 26.4 
Total  674.8 790.2 762.7 339.1 

 

*The cropping season starts at the end of one year and continuous by the next year for 
instance  land preparation started during December 2005 and planting field management  
and harvest on 2006 and soon (2005/06 was season 1, 2006/7 was season 2 and 2007/8 
was season 3). 

 
 
 
improved varieties and lack of appropriate moisture 
conservation practices in most areas of the region.  In Ethiopia, 
sorghum provides more than one third of the cereal diet and is 
almost entirely grown by subsistence farmers to meet needs for 
food, income, feed, brewing and construction purposes 
(McGuire, 2007).   

Sorghum grain is mostly used for local markets and most of 
the sorghum produced in Ethiopia is consumed at household 
levels. It is the second most important crop for injera quality 
next to teff. The grain is also used for the preparation of other 
traditional foods and beverages like tella and areke. It is also 
consumed boiled and roasted. Other countries experience 
showed that it can also be used as raw material for industry and 
can be processed into malted foods, beverages and beer 
(Palmer, 1992).  

Gebreyesus et al. (2006) reported that the beneficial effects 
of tillage such as tied-ridging on crop yield vary due to 
differences in amount and distribution of rainfall, soil type, 
slope, landscape position, crop type, time of ridging, and the 
condition where rainfall events to result in significant runoff . 
They also pointed out that tied-ridging increased sorghum grain 
yield and soil water by more than 40 and 25%, respectively, as 
compared to the traditional tillage practice (shilshalo) in 
northern Ethiopia. 

In dry land agriculture, limited water availability is usually 
the factor that ultimately limits crop production. The moisture 
stress areas of the region, the mean annual rainfall sometimes 
drops down to less than 100 mm, which in turn narrows down 
the length of growing period below 45 days. Rainfall begins 
and finishes early, leaving short duration for the crop to grow 
(Tenaw and Yeshi, 1992).  In these parts of the region, some 
years were so favourable and could give higher yields while 
other years were so dry that yields were very low or total crop 
failure observed.  

Different types of tillage methods have been used for soil and 
moisture conservation and control of runoff and erosion. These 
include contour ploughing, open ridges, and tie ridges (furrows 
tied at interval) and ridges tied but alternative furrows left open 
(Kidane and Reddy, 1993). There is also sorghum varieties 
developed which tolerates moisture stress and give reasonable 
yield. Different technological packages could also be employed 
to this end. Based on these facts, therefore, this study was 
elucidated to evaluate varieties, conservation practices and NP 
fertilizer, and search for options of sustaining sorghum 
production in low moisture stress areas of Amaro. 
 
 

MATERIALS AND METHODS 
 
Site description  
 
On farm field experiment was conducted for three cropping 
seasons from 2006 to 2008 at Mekiredi (Amaro district of 
Southern Ethiopia) on clay loam textured soil with a pH of 6.5, 
0.26% total Nitrogen (N), 39 ppm available phosphorous (P), 
40.4 ppm available Potassium (K) and located in an altitude of 
1400 masl. The annual average temperature is 21 to 27.5°C. 
The site has mean annual rain fall ranges from 400 to 800 mm 
and is bimodal, with very short rain season which starts from 
the last week of February to the end of March and the second 
season from September to October. The onset of rain may 
sometimes vary, either too late or too early, with erratic nature, 
uneven distribution and was with low amount (Table 1); 
whereas, the annual evapotranspiration was from 1400 to 1700 
mm. 
 
 

Experimental design and procedure 
 
A   combination  of  five  improved  varieties  (Seredo, Teshale, 
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Table 2. Mean square values for plant height, above ground biomass thousand seed weight and grain yield of 
sorghum varieties combined over years. 
  

Source of Variation DF 
Plant height Biomass Thousand seed weight Grain yield 

Mean squares Mean squares Mean squares Mean squares 
Year 2 99523*** 18411*** 9757*** 41502645*** 
Replications 2 92NS 22NS 14NS 2NS 
Treatments  15 9476*** 102*** 775*** 171*** 
Year*treatments  30 4333*** 166*** 141*** 64*** 
Error  94 158 40 8 151764 
Total  143 - - - - 
CV% - 14.15 36.82 12.84 12.01 
R2 - 0.98 0.92 0.98 0.99 

 

***Significant at probability 0.01 
 
 
 
Meko, 76T1#23, Gambell 1107) including one local check 
were evaluated with recommended DAP fertilizer (46 kg P2O5 
+ 18 kg N ha-1) and recommended moisture conservation 
practices (the tied ridge and open ridges) laid out in a 
randomized complete block design with three replications. 
Sorghum varieties were sown on a plot size of 3.75 m x 6 m 
(22.5 m2) in rows of five per plot at a spacing of 75 cm wide 
and plant spacing of 15 cm. Net plot size was of three rows by 
6 m long containing 40 plants per row and a total of less than or 
equal to 120 plants. For tie ridges, the ridges tied manually at 3 
m interval closed at both ends and for open ridges the ridges 
end left open.  
 
 

Data collection and analysis 
 
Plant height (the average height of five randomly selected 
plants per plot measured from the base of a plant to the base of 
sorghum head), above ground biomass weight (the weight of 
total above ground biomass of the middle three rows of 6 m 
long plot), thousand seed weight (weight of 1000 clean seeds 
from each plot), and grain yield (the middle three rows 
harvested, threshed cleaned and weighed) were estimated. The 
measured yield was adjusted to recommended storage moisture 
of 12.5% using digital moisture tester. All the data were 
collected when the crop reached to physiological maturity 
during each season. These data were subjected to analysis of 
variance using the GLM procedure of SAS software version 9.2 
(SAS, 2008). Effects were considered significant in all 
statistical calculations if the P-values were < 0.05. The data 
were combined over season after carrying out Analysis Of 
Variance (ANOVA) for each year separately, and homogeneity 
tested (the ratio of larger mean square to smaller mean squares) 
as suggested by Gomez and Gomez (1984). Means were 
separated using Fisher’s Least Significant Difference (LSD). 
 
 
RESULTS  
 
Combined analysis of variance over years showed significant 

year, treatments and their interaction for all growth, biomass, 
yield and yield components (Table 2). Mean values of plant 
height, biomass weight, thousand seed weight and grain yield 
were presented in Table 3. Statistically significant variation 
(P<0.01) was observed for all growth and yield parameters. 
 
 

Plant height 
 
The highest plant height of 144 cm was observed due to 
improved sorghum variety Teshalle, with the application of 46 
kg N and 18 kg P2O5 h-1 sown in three meter long tied ridge, 
whereas the least plant height was 45 cm, observed due to 
variety Gambella 1107 sown with fertilizer in open ridge 
(Table 3).  
 
 
Biomass  
 
Combined analysis of variance over years showed highly 
significant (P < 0.01) variation in biomass weight among the 
treatments. The highest aboveground biomass was obtained due 
to sowing of the variety Gambella 1107 with fertilizer in open 
ridge which provided above ground biomass weight of 22 
tons/ha whereas the local variety (landrace) planted without 
fertilizer in open ridge was the least (11 ton ha-1) (Table 3).  
 
 

Thousand seed weight  
 
Significant seed weight variation was observed due to 
treatment combinations. Among the treatments, the variety 
Meko with fertilizer in tied ridge gave highest seed weigh of 33 
g, whereas local variety regardless of the application of 
fertilizer, sown in both tie ridge and open ridge, gave the least, 
each weighed 9 g (Table 3). 
 
 
Grain yield  
 
There  was  statistically  significant  differences  in  grain  yield 
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Table 3. Growth and yield response of sorghum varieties to moisture conservation and NP fertilizer. 
 

Treatments  Plant height (cm) Biomass (ton/ha) Thousand seed weight (g) Grain yield (kg/ha) 
Local + F1 TR 53h 15cde 9g 765ij 
Teshale + F1 TR 144a 17bcde 32ab 4840bc 
Gam1107 + F1 TR 112cd 24a 29cd 4370bc 
Seredo + F1 TR 105def 22ab 25e 5111b 
Meko + F1 TR 110cde 15cde 33a 4667cd 
76T1#23 + F1 TR 95g 15cde 31abc 5877a 
Local + F1 OR 54h 19abc 10g 1778h 
Teshale + F1 OR 54h 11e 14f 2617f 
Gam1107 + F1 OR 45h 20abc 15f 3827e 
Seredo + F1 OR 119bc 18bcd 27de 4667cd 
Meko + F1 OR 99efg 20abc 29cd 3778e 
76T1#23 + F1 OR 97fg 15cde 25e 3926e 
Local + F1 flat 127b 18abcd 31bc 2247g 
Local + F0 flat 107cdef 16cde 26e 1901gh 
Local + F0 TR 51h 13dc 10g 494j 
Local + F0 OR 50h 14cde 9g 1037i 
CV% 14.15 36.82 12.84 12.01 
LSD 5% 11.8 5.9 2.7 364 

 

*F1 = 100 kg DAP/ha, F0 = fertilizer not applied, TR = tied ridge, OR = open ridge. Means with the same letter are not significantly 
different. 

 
 

Table 4. Mean values of plant height, above ground biomass, thousand seed weight and grain 
yield for sorghum varieties (2006 to 2008). 
 

Years Plant height (cm) Above ground biomass 
(ton ha-1) 

Thousand seed 
weight (g) 

Grain yield 
(kg ha-1) 

2006 52c 4c 15b 1509c 
2007 140a 40a 39a 6639a 
2008 74b 8b 13c 1583b 

LSD0.01 5 3 1 157 
 
 
among treatments. Improved varieties 76T1#23 with fertilizer 
sown in ridges tied 3 m long gave the highest (5877 kg ha-1) 
sorghum grain yield while landrace without fertilizer sown in 
ridge provided the least (494 kg ha-1) sorghum grain (Table 3). 
The yield response of sorghum to ridging is consistent. All 
improved varieties yielded better in tide ridge than open ridge 
(Table 3). Table 4 Illustrates that there was significant variation 
among years. The significant mean values variation among 
years indicate that in moisture stress areas some years are good 
years, receiving better rainfall, resulting in good crop 
performance and better yield, while the other years receive less 
rain and are bad years, resulting in bad crop performance and 
poor yield. 
 
 
DISCUSSION  
 
Vigorous growth of sorghum varieties is the most important 

parameter in terms of importance next to grain yield due to the 
varieties of uses like animal feed, fencing material, fuel wood 
and for making traditional storage and shelter. Plant height 
varied significantly among treatments. The variety Teshale, 
with fertilizer sown in tie ridge, was found to be the highest in 
height while the variety Gambella 1107, with fertilizer sown in 
open ridge, was the least. Biomass variation among treatments 
was also significant. The highest above ground biomass was 
obtained when the variety Gambella 1107 was sown with 
fertilizer in tied ridge. The highest above ground biomass 
improvement of the variety Gambella 1107 is in full agreement 
with the finding of Tekle and Sorsa (2014). They also observed 
that the variety Gambella 1107 is the second highest in above 
ground biomass next to Meko. Thousand seed weight 
significantly differed due to the treatments. Regardless to 
fertilization, the variety Meko gave the highest thousand seed 
weight either in open or tie ridges. This  result  also agrees with  



 
 

 

 
 
 
 
the finding of Tekle and Sorsa (2014) who found out that the 
variety Meko provided the highest thousand seed weight.  

Concerning grain yield, the highest yields of sorghum 
recorded for planting in tied ridges over open end and flat 
planting attributed to the higher water harvesting and retaining 
capacities of the ridges as compared to the flat bed planting. 
The result of the present study indicating improved variety 
76T1#23 with fertilizer sown in ridges tied at three meters 
interval is in full agreement with the finding of Heluf (2003). 
He observed that planting in the tied ridge followed by open 
end planting in furrows produced the highest grain yield of 
sorghum.  

Similarly, Heluf and Yohannes (2002) observed maize yield 
increments of 15 to 50% due to tied ridges and 15 to 38% for 
sorghum on different soil types of eastern Ethiopia. Kowal 
(1970) also reported that ridges that are not tied at intervals are 
not effective in controlling runoff and soil loss in the Savannah 
region of northern Nigeria. In Upper Volta, tied ridges led to 
only 0.9% runoff as compared to 6.3% with open graded ridges 
and 12.2% in the case of flat cultivation (Fournier, 1967). 
 
 
Conclusion  
 
In areas where water/moisture is limiting for crop production, 
improved technologies such as crop varieties and use of 
moisture conservation practices is imperative. The result of this 
study revealed that an improved varieties 76T1#23 with 100 kg 
DAP fertilizer ha-1 (46 kg P2O5 + 18 kg N ha-1) sown in ridges 
tied about 3 m long gave statistically significant (P>0.01) 
highest sorghum grain yield over the other treatments. In 
general, the results apparently indicated that in the Amaro 
district of the southern Ethiopian where the rainfall is low in 
amount and erratic and uneven distribution during the cropping 
season is one of the principal factors limiting the yield of crops. 
Hence, regardless of the water holding capacity and fertility 
levels of the soils, soil and water conservation and particularly, 
in situ water harvesting practices are indispensable agricultural 
operations. Accordingly, efforts have to be made to extend the 
results of the present studies to the end users, and giving 
priority, further research on this field is imperative if boosting 
crop yield and sustainable production is to be realized in these 
areas. 
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