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Abstract: The study was conducted to evaluate the effect of in-situ water harvesting structures on soil 
moisture, yield and yield components of sorghum in Daro Lebu and Boke district of western Hararghe 
zone where highly affected by moisture stress. The in-situ water harvesting structures used as 
treatments were open ridges with double and single rows of sorghum in furrow, tied ridges with double 
and single rows of sorghum in furrow, circular pit moisture conservation structure and flat (farmers 
practice) used as control. The treatments were laid out in RCBD with three replications on two locations. 
The data on soil moisture content, plant height, panicle length, head weight, head number, stand count 
at harvest and grain yield were collected. From in-situ water harvesting practices four structures shown 
better performance in improving soil moisture stored within the root zone as well as yield and yield 
components at both locations under rain-fed condition. These structures were; tied ridges with single 
rows of sorghum in furrow (TS), Open ridge with single rows of sorghum in furrow (OS), Tied ridge with 
double rows of sorghum in furrow (TD) and Open ridge with double rows of sorghum in furrow (OS). 
These in-situ water harvesting structures increased grain yields of sorghum from 20 to 83.3 percent in 
the study area. It’s advisable and could be appropriate for sorghum production as well as improving soil 
moisture of root zone of crop in test area and similar agro ecologies. 
Keywords: In-situ Moisture Conservation; Ridges; Soil Moisture; Yield. 
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INTRODUCTION 
 

Sorghum (Sorghum bicolor (L.) Moench) is the 
fifth most important cereal crop in the world 
(FAO, 2005). It is cultivated in wide geographic 
areas in America, Africa, Asia and the Pacific. 
According to African Agricultural Technology 
Foundation (AATF) report (2011), sorghum is a 
viable food grain for many of the world’s most 
food insecure people who live in marginal areas 
and erratic rains. In Ethiopia, sorghum is the 
third most important crop after teff and maize in 
terms of area coverage and the second most 
important cereal crop in total production next to 
maize (CSA, 2018). Sorghum production is 

estimated to be 27.25 Q/ha (CSA, 2018). It 
accounts for 14.96% out of the total area 
allocated to cereals crops and it also accounts 
for 16.89% of the grain production (CSA, 2018). 
Sorghum is the most dominant cereal crop in 
western Hararghe zone, but its production is 
hampered both by biotic and abiotic stresses. 
Out of these abiotic stresses, drought is the most 
pronounced problem in the study area (Fuad et 
al., 2017). Rain fed agriculture in semi-arid areas 
of Ethiopia is suffering from moisture stress 
(Temesgen, 2007), which is a major limiting 
factor for successful crop production. Rainfall 
variability, dry spells, soil moisture stress and 
drought are the main challenges for rain fed 
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agriculture production and productivity; 
particularly in the midland and lowland parts of 
the Western Hararghe zone (priority problem 
raised in REFLAC-Research Extension Farmers 
Linkage Advisory Council meeting). The main 
causes of moisture stress are low and erratic 
rainfall, runoff losses due to poor water 
retention. Extreme dry spells and recurrent 
drought is usual. Late start, early finish and little 
in amount is the main characteristics of rainfall in 
the study areas. Due to this crop fail at 
vegetative stages before seed setting, livestock 
lost in the absence of feed and water due to 
drought prevails. As a result, the population 
living in the zone is food insecure and is under 
aid by Safety Net programs, United Nations 
World Food Program and other Non-
Governmental Organizations.  
 

To cope with prevailing moisture stress so 
that ensure food security of the area, promoting 
and evaluating different in-situ moisture 
conservation technologies is necessary. In-situ 
moisture conservation techniques increase the 
amount of water stored in the soil profile by 
trapping or holding rainwater where it falls; it 
involves small movements of rainwater as 
surface runoff, in order to concentrate the water 
where it is required in the root zone of the crop 
(Mudatenguha et al., 2014). In-situ water 
harvesting techniques such as pot-holing, 
ridging, pit planting and mulch ripping reduce 
runoff and hold water long enough to allow most 
of it infiltrate into the soil. The benefits of in-situ 
water harvesting are reduction in runoff and 
erosion and increased infiltration and storage of 
water in the soil profile which delay the onset and 
occurrence of severe water stress thereby 
improving the crop against damage caused by 
water deficits during dry periods (Nyamadzawo 
et al., 2013). So, uses of in-situ water harvesting 
practices play a vital role for successful and 
sustainable sorghum crop production in drought 
prone areas. Therefore; this study was initiated 

with the objective of evaluating the effect of in- 
situ moisture conservation practices on soil 
moisture, yield and yield component of sorghum 
that leads to better soil moisture conservation in 
moisture stress area of Western Hararghe zone. 
 

EXPERIMENTAL 
 

Description of the study area 
The study was conducted at Daro Lebu and 
Boke districts, western Hararghe zone (Figure 1) 
where highly affected by moisture stress in 
2016-2017 cropping season. Milkaye FTC from 
Daro Labu district and Cabbi FTC from Boke 
district were selected and in-situ water 
harvesting structures were constructed. Milkaye 
PA lies to the east of Finfinne on 474 km and 
south of Chiro town, the capital of the zone, at a 
distance of 150 km. The area has bimodal type 
of rain fall distribution of short rainy season Belg 
lasts from mid- February to April whereas the 
long rainy season kiremt is from June to 
September with annual rainfall ranging from 
900-1300mm (average annual rainfall of 1094 
mm) and ambient temperature of the district 
varies from 14 to 26°C with an average of 20°C 
(Climate data obtained from Mechara 
Metrological Station). The nature of rain fall is 
very erratic and unpredictable causing 
tremendous erosion. The major soil type of the 
area is sandy clay loam which is reddish in color 
(Report on farming system of Daro Lebu and 
Boke districts, Mechara Agricultural Research 
Center, unpublished data). Boke is one of 
districts of West Hararghe zone known for coffee 
production. It is located at 391 km East of 
Finfinne and about 69 km south of Chiro, capital 
town of the zone. The district receives an 
average annual rainfall of 850 mm and average 
temperature is 20°C. It shares borders with 
Chiro district in the west and north, Oda Bultum 
district in the south and Mesala district in the 
East. The district is found within 1300 to 2400 
masl (Gamach et al., 2018).
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Figure 1. Map of Study Area 

 

Treatments and Experimental Design 
In-situ water harvesting structures open ridge 
and tied ridge with two patterns of sorghum 
planting (single and double rows in furrow), 
circular pit and flat (farmers practice used as 
control) were arranged in RCBD design in three 
replications. Grana-1 Sorghum variety with 
spacing of 0.75 m between row and 0.25 m 
between plants was used for the study. The 
recommended fertilizer rate of Urea 100kg/ha 
and DAP 100 kg/ha was applied. The structures 
were constructed on plot areas of 6.75 m * 6 m 
and 1 m distance between plot and blocks. The 
ridges constructed by 0.3 m width and 0.3 m 
height for both open and tied ridge. The distance 
between ridges were 1.20 m (furrow width) for 
double rows of sorghum in a furrow and 0.45 m 
distance between ridges for a single row 
sorghum sown in a furrow. The tied ridge 
constructed with small earth tie at every 2 m 
along contours. While the planting pits with 
dimensions of 0.25 m width, 0.25 m of length and 
0.15 m of depth and 0.25 m distance between a 
pit constructed in a staggered row 
perpendicularly to the slope to harvest runoff 
water from external catchments upslope and 
slows the flow of water over the surface.  The 
slope of the land considered was between 1-5%. 

Finally, continuous inspection and repair was 
done for all structures.  
 

Data Collection, Analysis and Presentation 
Agronomic data, soil data and yield of sorghum 
were collected. The growth parameters such as 
plant height, stand count at harvest, panicle 
length and diameter, head weight per plot, 
number of heads per plot, 1000 seed weight, and 
grain yield were collected. Plant height was 
recorded by using meter tape measured from 
the ground up to apical. Stand count at harvest 
was recorded by counting number of plants per 
plot. Panicle length and diameter were 
measured by meter tape head length and head 
diameter (cm) as well as head weight was 
measured in gram. Grain yield in quintal per 
hectare (Q/ha) was measured using kilogram 
and adjusted yield calculated using seed 
moisture percentage as the formula below for 
sorghum crop. 
𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑌𝑖𝑒𝑙𝑑

=
𝑌𝑙𝑑 𝑘𝑔/𝑝𝑙𝑜𝑡(100 − % 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)

(100 − 12.5%)
          (𝑖) 

 

Where; yld kg/plot = yield in kilogram per plot, % 
moisture = grain moisture content in percentage. 
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The data recorded throughout the growing 
periods were averaged over every harvest in the 
growing seasons for data analysis and 
computation. Soil samples at a depth of 0-20 cm 
and 20-40 cm were collected and analyzed for 
moisture content using gravimetric method at 
vegetative stage, pH (using H2O 1:2.5), texture, 
C/N, CEC (using Ammonium Acetate Method) 
and organic carbon (using Walkely and Black 
method). The weight of the wet soil samples was 
measured and put in an oven at 105°C for 24 
hours and then the weight of dry samples was 
measured. The following formula was used for 
calculating the soil moisture content. 

𝑆𝑀𝐶 =
(Ww − Wd)

(Wd)
 ∗ 100      (𝑖𝑖) 

                                  

Where; SMC = Soil moisture content (%), Ww = 
Weight of the wet soil (gm), Wd = Weight of the 
dry soil (gm). 
 

Finally, the collected data were subjected to 
analysis of variance (ANOVA) using SAS 9.1 
version statistical software and the means of 
treatment effects were separated using least 
significant difference (LSD) test.    
 

RESULTS AND DISCUSSION 
 

Seasonal Rainfall Distribution 
The annual rainfall during both cropping season 
at Daro Lebu district, Milkaye PA were 1444.6 
and 907.5 mm in 2016 and 2017 (McARC 
metrology station which is relatively closest and 
similar agro ecology) (Figure 2). The total 
amount of rainfall seems like high but it was 
erratic which cause dry spells during critical crop 
growth stages and as a result reduces 
production. During first season, the rainfall was 
high as well as high soil moisture retained in the 
in-situ moisture conservation structures while 
during the second season low rainfall as well as 
low soil moisture was retained on clay soil at 
Milkaye PA of Daro Lebu district.  The poor 
distribution of rainfall rather than absolute water 
scarcity, more often leads to crop failure due to 
low cumulative annual rainfall (Daniel, 2007). 
Unfortunately, most dry spells occur during 
critical crop growth stages under rain-fed 
agriculture. As cited in Beshir et al. (2012) the 
crop growth conditions may further be hampered 
by a number of climatic factors, such as low and 
erratic rainfall, low humidity levels and high 
temperature during growing season.

 

 
Figure 2. Monthly Rainfall Distribution of Mechara Metrological Station in 2016 and 2017 

 

Effect on Soil Moisture Content 
 

The soil of the Mikaye PA is characterized by soil 
physicochemical analysis result as shown below 
(Table 1). While soil samples taken from Boke 
district analysed for moisture content only. 

The effects of in-situ water harvesting on soil 
moisture content are shown on figure 3 at Daro 
Lebu during first and second season. The in-situ 
moisture conservation showed that high soil 
moisture content was recorded from pits and TS 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

RF(mm) 2016 9.2 34.9 68.5 414 212 110 219 73 103 48.3 130 20.2

RF(mm) 2017 0 3.2 68.3 69.7 205 40.4 118 109 197 74.8 20.1 0
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with mean values of 34.35 and 33.07 while low 
soil moisture was recorded from OS and flat with 
mean values of 30.95 and 30.95 in percentage 
at 0-20 cm soil profile. In similar manner, high 
soil moisture content was recorded from pits and 
TS with mean values of 37.55 and 34.19 while 
low soil moisture was recorded from OS and flat 
with mean values of 33.07 and 30.95 in 
percentage at 20-40cm soil profile. While during 
the second season (2017) at Daro Lebu district 
there was high erratic rainfall which cause dry 
spell. Due to this the soil moisture content was 
very low compared to the first season.  
 

The in-situ water harvesting showed that high 
soil moisture content was recorded from OD and 
TS which equals 9.73 and 9.5 and low soil 
moisture were recorded from TD and flat which 
equals to 8.2 and 7.98 percent at 20-40 cm soil 
profile respectively. Also, high soil moisture 
content was recorded from open ridge with 
double sorghum 7.98 and open ridge with single 
sorghum 7.18 in percentage at 0-20 cm soil 
profile. On all in-situ water harvesting highest 
soil moisture was observed on 20-40 cm soil 
depth. This shows there is recharge due to in-
situ water harvesting structures. This result 
agreed with Bashir et al. (2012) and 
Mudatenguha et al. (2014) in-situ moisture 
conservation can improve soil moisture storage, 
prolong the period of moisture availability, 
enhance the growth of crops and economic 
yield. The effects of moisture conservation on 
soil moisture content are shown in figure 4 at 
Boke district. Generally, the highest overall soil 
moisture content was recorded from tied ridge 
with single rows of sorghum at both locations, at 
both soil profiles and during two years. This was 
due to tied ridge has better performance in store 
high amount of water and high-water retention 
capacity which available for crop than other 
structures. The result is in agreement with 
Gebreyesus (2004) and Stroosnijder and Araya 
(2010) as tied ridge and mulch were beneficial in 
increasing crop yields in seasons with below-

normal rainfall in semi-arid environments. 
Dagnaw et al. (2018) also found that tied ridge 
was found harvest more water than flat bed.  
 

Yield and Yield Components of Sorghum  
The results of analysis of variance (ANOVA) 
reveals that there was a significant difference (P 
< 0.05) among treatments on plant height, 
panicle length, panicle width, head number per 
plant, plant density, 1000 seed weight and yield 
among in-situ water harvesting practices during 
2016 cropping season at both locations. 
However, the results of ANOVA showed non-
significant differences among the in-situ 
moisture conservation for head weight (Table 2 
and 3). According to the finding, maximum plant 
height, panicle width, 1000 seed weight and 
grain yield was recorded from tied ridge with 
single rows of sorghum than other moisture 
conservation and also tied ridge with double 
rows of sorghum sown in furrow gave maximum 
panicle length, head weight, head number and 
plant density due to their relatively high 
efficiency in soil moisture retention capacity than 
others during both season. While minimum plant 
height, panicle length, panicle width, head 
weight, 1000 seed weights and grain yield were 
recorded from farmers practice (flat without 
moisture conservation) and also minimum head 
number and plant density were recorded from 
planting pits at Daro Lebu district during 2016 
cropping season (Table 3). During the second 
year the activity was again established at two 
sites on Milkaye FTC, D/Lebu and Cabbi FTC, 
Boke district. But in western Hararghe dry spell 
(drought) was the main problem in the same 
year due to low rainfall and the activity at Milkaye 
FTC tolerate the problem while the activity at 
Cabbi FTC in Boke district was failed due to 
drought. As shown on table 4 below, no 
significant differences between in-situ moisture 
conservation techniques in some of the yield 
components of sorghum crop on the second 
cropping seasons. 
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Table1. Soil Physicochemical Analysis Result at Milkaye PA 
 

Parameters Result Unit Method Target range Interpretation 

PH-H2O 6.73 - - 5.50 - 7.00 sufficient 

OC 1.42 % Walkely And Black 1.00 - 3.00 moderate 

TN 0.10 % Kjeldahl Method) 0.12 - 0.25 low 

C:N 14.56 - - - - 

Avail.P 12.90 Mg/kg Olsens Method 20 - 30 low 

CEC 26.21 Meq/100 g soil Ammonium Acetate Method 15 – 25 high 

 
Texture 

Sand (37)  
% Hydrometer Method - Clay Clay (50) 

Silt (13) 

EC 0.03 mS/cm - 0.40 - 0.80 low 

Avail.K 265.20 Mg/kg Ammonium Acetate Method 150 - 250 high 
 

 
 

 
 

Figure 3. Effect of in-situ Water Harvesting Structures on Soil Moisture at Daro Lebu District, 2016 and 
2017 
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Figure 4. Effect of in-situ Water Harvesting on Soil Moisture at Boke District, 2016 
 

where; TD = Tied ridge double rows of sorghum 
in furrow, OD = Open ridge double rows of 
sorghum in furrow, TS = Tied ridge single rows 

of sorghum in furrow, OS = Open ridge single 
rows of sorghum in furrow. 

 

Table 2. Effect of in-situ Water Harvesting on Growth, Yield and Yield Component Parameters of 
Sorghum at Boke District, 2016 

 

Trt PH (cm) PL (cm) PW (cm) HWP (gm) HN/ha Pl 
density/ha 

1000 seed 
wt (g) 

Yield 
(Q/ha) 

TS 137.0a 19.5a 5.6a 45.9a 42305a 44362a 33.8a 9.9a 

TD 135.4a 20a 5.4a 40.7a 39506a 44444a 32.0ab 9.3ab 

OD 134.2 ab 18.5ab 5.3ab 38.7ab 39177a 42058a 29.7bc 6.6abc 

OS 127.9bc 18.8a 4.7c 33.2ab 36626ab 40165ab 29.5bc 5.6c 

Pit 127.9 bc 16.8b 5.2ab 34.6ab 28971b 33086bc 28.6bc 4.2c 

flat 126.7c 16.7b 4.9bc 32.8ab 29465b 31605c 27.8c 5.4c 

mean 131.5 18.3 5.1 37.6 36008.3 39286.7 30.2 6.8 

LSD0.05 7.4 1.9 0.4 14.3 7891.6 7782.4 3.8 3.3 

CV (%) 3 5.7 4.4 20.9 12 10.9 6.8 26.4 

*Means with the same letters within the columns are not significantly different at P < 0.05. 
 

Where; TD = Tied ridge double rows of sorghum 
in furrow, OD = Open ridge double rows of 
sorghum in furrow, T S= Tied ridge single rows 
of sorghum in furrow, OS = Open ridge single 
rows of sorghum in furrow, LSD = Least 
significant difference, CV = Coefficient of 

variation, PH = Plant height, PL = Panicle length, 
PW = Panicle width, HWP = Head weight per 
plant, HNPha = Head number per hectare, Pl 
density = plant density, 1000 seed wt = 1000 
seed weight. 

 

Table 3. Effect of in-situ Water Harvesting on Growth Parameters, Yield and Yield Components of 
Sorghum at D/labu District, 2016 

 

Trt PH (cm) PL (cm) PW (cm) HWP (gm) HN/ha Pl 
density/ha 

1000 seed 
wt (g) 

Yield 
(Q/ha) 

TS 155.1a 26.2a 12.8a 96.6a 51358a 52428a 34.5a 36.7a 

TD 154.7a 26.6a 11.7ab 97.9a 51523a 52840a 34.0a 34.5a 

OD 151.7ab 26.2a 9.4dc 77.7b 46584ab 48066a 32.3bc 31.7ab 

OS 148.0cab 25.6a 10.7bc 81.4ab 51276a 52263a 32.2bc 32.0ab 

Pit 146.0bc 23.1b 10.3bc 77.6b 30947c 32428b 33.3ab 26.8b 

flat 144.3c 21.4b 8.3d 74.8b 38519bc 47984a 31.8c 26.4b 

Mean 149.9 24.8 10.5 84.3 45034.5 47668 33 31.4 

LSD0.05 7.1 2.8 1.9 16.8 12342 13152 1.5 6.0 

CV (%) 2.6 6.4 9.9 10.9 15.0 15.1 2.5 10.6 

*Means with the same letters within the columns are not significantly different at P <0.05 
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Table 4. Effect of in-situ Water Harvesting on Growth Parameters, Yield and Yield Components of 
Sorghum at D/Labu District, 2017 

 

Trt PH (cm) PL (cm) PW (cm) HWP (gm) HN/ha Pl density/ha Yield (Q/ha) 

TS 157.5a 23.3a 9.5a 9.62a 32839.5a 31852ab 19.0a 

TD 156.6a 22.1a 8.4ab 6.95ab 27407.4ab 41564a 13.7a 

OD 158.7a 23.5 a 10.0a 8.40a 27728.4ab 28477b 17.4a 

OS 154.9a 23.6a 9.6 a 9.89a 29703.7a 30123bc 19.8a 

Pit 147.3a 20.8a 8.2ab 5.14ab 18271.6b 32016ab 10.2a 

flat 157.9a 22.3a 9.4 a 9.79a 30123.4a 26420c 19.9a 

Mean 155.5 22.6 9.2 8.29 27679 156.6 16.7 

LSD0.05 20.6 2.8 1.9 6.6 12342 10719 13.9 

CV (%) 7.3 7.0 9.9 6.8 30.5 18.6 7.7 
 

Table 5. Over Years Mean Growth Parameters, Yield and Yield Components of Sorghum at Daro Lebu 
District 

 

Trt PH (cm) PL (cm) PW (cm) HWP (gm) HN/ha Pl density/ha Yield (Q/ha) 

TS 156.3a 24.8a 11.1a 2771a 42099a 42139.9a 29.3a 

TD 155.6 a 24.4a 10.1a 2637b 39465a 47201.6a 27.8a 

OD 155.2a 24.9a 10.4a 2952a 37160a 38271.6ab 26.2a 

OS 151.4a 24.6a 9.5a 3306a 40494a 41193.4ab 25.2a 

Pit 146.6a    22bc 9.3a 2608bc 24609b 32222.2b 18.4bc 

flat 151.1a 21.9c 8.9b 3277a 34321a 37201.6ab 17.4c 

Mean 152.7 23.8 9.9 2925 36358 39705.1 24 

LSD0.05 10.7 2.2 2.08 662.7 9296.7 9659.9 5.4 

CV (%) 3.9 5.1 11.6 12.5 14.1 13.4 12.4 
 

Effect on Plant Height 
The highest mean plant height was recorded 
from TS and TD with mean values of 156.3 and 
155.6 cm, respectively while the lowest was 
recorded from Flat and Pit with values of 151.1 
and 146.6 cm respectively at Daro Lebu district 
in both cropping season (Table 4) while at Boke 
district during 2016, TS and TD with mean 
values of 137.0 and 135.4 cm while lowest from 
Flat and Pit with mean values of 127.9 and 
126.7cm, respectively (Table 2). This was in 
agreement with the findings of Takle and 
Wedajo (2015) reported that the highest and the 
lowest plant height were obtained from tied ridge 
and farmers practices respectively.  
 

Effect on Panicle Length, Panicle Width and 
Head Weight Per Plant  
The analysis of variance shows that the mean of 
panicle length, head weight per plant and width 
were not significant difference on different in-situ 
moisture conservation structures (Table 4). 
However, the highest mean of panicle length, 
head weight per plant and width were observed 
on open ridge with single sorghum and the 
lowest was obtained on pit. This result was 
supported by Takle and Wedajo (2015) 

indicating that the highest panicle length was 
recorded from tied ridge than without in-situ 
moisture conservation due to its relatively high 
efficiency in soil moisture retention capacity. 
Generally, in this study it was observed that in-
situ water harvesting practices had brought a 
dramatic improvement on all the studied growth 
and yield attributing parameters compared to the 
other moisture conservation practices. 
 

Effect on Plant Density 
There was significant difference between in-situ 
water harvesting techniques on plant density 
parameter. This was due to when sorghum sown 
on the structures, the structures stored high 
moisture and after sown the rain was delayed 
and negatively affected germination caused 
sparse plant populations. Especially structures 
other than flat affected by this and after 
germinated made many tillers. This was due to 
the seed sown on the flat structures germinated 
well while other in-situ water harvesting was 
increase plant density through forming tillers 
which couldn’t bear head and affect yields (see 
Table 4). The lowest yield was obtained from pit 
which is about 10.2 Q/ha while the highest yield 
was recorded on flat which was about 19.9 Q/ha 
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(Table 4). The values of the yield in Q/ha can be 
put in a descending order as flat, OS, TS, OD, 
TD, and Pit with mean values of 19.9, 19.8, 19.0, 
17.4, 13.7and 10.2 Q/ha respectively at Daro 
Lebu district in 2017 cropping season. The plant 
density of pit was less than other in-situ moisture 
conservation structures it gave low yield at Daro 
Lebu during average of both seasons. This 
result is shows disagreement with the findings of 
Beshir et al. (2012). This was due to early 
cessation of rainfall during germination and 
caused sparse population of plant on moisture 
conservation structures. In addition, the area is 
known by producing beef cattle, thus the straw 
of sorghum could be used for animal feed.  
 

Grain Yield  
The highest mean yield was recorded from tied 
ridge with single rows of sorghum and tied ridge 
with double rows with values of 29.3 and 27.8 
Q/ha while the lowest mean yield was recorded 
from pit and flat structure with value of 18.4 and 
17.4 Q/ha respectively at Daro Lebu district 
(Table 5). Sorghum grain yield was increased by 
83.3, 72.2, and 22.2 percent compared to flat 
planting in the tied ridging with single rows of 
crop, tied ridging with double rows of sorghum in 
furrow and open ridging with double rows of 
sorghum treatments on Boke district in 2016 
while 39, 30.7 and 20 percent respectively at 
Daro Lebu district during the same year. The 
yield increments on these structures were due to 
the effect of in-situ water harvesting practices 
harvest moisture within a root zone to alleviate 
moisture stress.  This result is in agreement with 
the previous findings of Heluf and Yohannes 
(2002), reported that tied ridge, has resulted in 
yield increments of 15 to 50% on maize and they 
also stated that yield increment of 15 to 38% was 
recorded for sorghum on different soil types of 
eastern Ethiopia. Similarly, Tekle (2014b) 
reported that the grain yield advantage of 12.5% 
was obtained from tied ridge over the farmers’ 
practice for pearl millet. Likewise, Tekle (2014a) 
reported that tied ridge had resulted in grain yield 
advantage of 26% over farmers’ practice for 
cowpea. However, during 2017 at Daro Lebu 
district there was no difference between flat and 
other in-situ water harvesting structures except 

pit which was the lowest compared to others due 
to dry spell occur in the area. 
 

CONCLUSION 
 

Integrating in-situ water harvesting structures to 
crop production could make an important 
contribution to improve agricultural production 
and productivity where there is high moisture 
stress. In-situ moisture conservation techniques 
improved soil moisture stored within the root 
zone as compared to the farmers practice 
resulting in higher yield and yield components of 
sorghum. From in-situ water harvesting 
practices four structures shown better 
performance in improving soil moisture stored 
within the root zone as well as yield and yield 
components in moisture stress areas on two 
locations. These structures were tied ridge with 
single rows of sorghum in furrow(TS), Tied ridge 
with double rows of sorghum in furrow(TD), 
Open ridge with double rows of sorghum in 
furrow(OD) and Open ridge with single rows of 
sorghum in furrow(OS) in order first up to four on 
both locations at rain fed condition. These in-situ 
water harvesting structures increased grain 
yields of sorghum from 20 to 83.3 percent in the 
study area. In addition, these structures 
reducing the runoff, slowing runoff velocities and 
improving soil characteristics to resist erosion. 
From the above four structures recommended 
structure Open ridge with double rows of 
sorghum in furrow (OD) and Open ridge with 
single rows of sorghum in furrow (OS) saves 
labor compared to tied ridge with single rows of 
sorghum in furrow (TS) and Tied ridge with 
double rows of sorghum in furrow (TD). 
Therefore, it can be concluded that the use of 
the in-situ water harvesting practices tied ridge 
with single rows of sorghum in furrow (TS), Open 
ridge with single rows of sorghum in furrow (OS), 
Tied ridge with double rows of sorghum in furrow 
(TD) and Open ridge with double rows of 
sorghum in furrow (OS) are advisable and could 
be appropriate for sorghum production as well 
as improving soil moisture of root zone of 
sorghum in test area and similar moisture stress 
area. Promotion of the technology should be 
done to improve agricultural production similar 
agro ecologies. 
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