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ARTICLE INFO ABSTRACT

Keywords: Soil moisture stress and low soil fertility are the main constraints to sorghum production in the
S‘_’rgk}um semi-arid region of northern Ethiopia. A field experiment was conducted in Lasta and Sekota
Tie ridge Woreda of Amhara Region, eastern Ethiopia, to evaluate the effect of ridge and tie ridge time on
I;/Ii:i(sjmre stress the yield and yield component of sorghum (Sorghum bicolor). The experiment consisted of eight

treatments of ridging time & time of tie (Tie-ridging at planting, Ridge at planting tying 2 Weeks
After Planting, Ridge at planting tying 4 Weeks After Planting, Tie-ridging 3 Weeks After Planting,
Ridging 2 Weeks After planting & tying 4 Weeks After Planting, Ridge 3 Weeks After Planting &
tying 6 Weeks After Planting, Tie-ridging 6 Weeks After Planting); including Shilshalo as a control
farmer practice which was arranged in a randomized complete block design (RCBD) with three
replication. The results of the experiment revealed that the timing of ridging and tie ridging had a
significant effect on sorghum yield. The results showed that tie ridging at planting time increased
sorghum yield by about 37.9% in Sekota compared to the control (farmer practice), and tie
ridging three weeks after planting in Lalibela increased sorghum yield by 30.11% compared to the
control (farmer practice). The highest yields of 3.642 tons/ha were obtained with tie ridging at
planting in Sekota and 1.903 tons/ha with tie ridging three weeks after planting in Lalibela.
Therefore, tie ridging and ridging at planting may be appropriate for sorghum production in the
Sekota and sorghum growing areas. However, in Lalibela and sorghum growing areas, tie-ridging
three weeks after planting may be appropriate for sorghum production.

1. Introduction

A total of 66.6% of Ethiopia’s land area is comprised of dry land regions, which have been identified by minimal annual precip-
itation [1]. In the semi-arid zone, the mean annual precipitation varies from 400 to 600 mm, while in the drier semi-arid to dry
sub-humid zone, it varies from 200 to 1000 mm [2]. Throughout the crop-growing period, precipitation in this semi-arid area can be
not enough, unevenly distributed, brief, and ranges in quantity. Moisture stress is the primary challenge restricting sorghum pro-
duction in East Africa. Deficits in soil water in crop establishment and grain fill were identified as substantial obstacles, particularly in
Ethiopia [3].

Among the world’s major cereal crops, maize, rice wheat, and barley, the fifth largest is sorghum (sorghum b.) [4]. As a con-
sumption base, it is the second major cereal crop after teff (Eragrostis tef). In Ethiopia, sorghum is the main traditional food crop, with
297,000 ha produced annually in northern Ethiopia [4]. Sorghum crop production is 15-20% of the country’s cereal production [3],
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especially in the Wag-himra zone of Amara Region with an average production of 1.52 tons/hectare [5]. In Ethiopia, it is a major crop
in the semi-arid areas of the country, although it is often affected by water scarcity [6,4&24]], low fertility and crust-sensitive soils [7,
8], and other climatic instabilities that make it susceptible to moisture.

The most utilized available water is taken from soil that is used for crop growth and development in dryland areas, rain should be
entered into the soil that was radially available for plant development as well as for water storage in the soil profile and the plant used
in critical time. A practice that facilitates and situates the storage and increment of water storage is important [9]. Ridging and Tied
Ridge Technologies are part of in-situ moisture conservation practices that facilitate water storage over the soil profile to increase
sorghum production [9]. As a comparison, Farmer practices and tie-ridge it is about 46% sorghum yield and its productivity has
increment in Ethiopia [10]. The importance of tillage such as tied ridge on crop yield has an effect the reasons are amount and dis-
tribution of rainfall, soil type, landscape position, crop type time of ridging, and the condition where rainfall events result in significant
runoff. An additional source tells tied-ridge increased sorghum production by 40% and soil moisture by 25% in comparison with the
traditional tillage practice in northern Ethiopia [11].

Ridging and tying Ridging increases surface water storage and prevents runoff by creating ridges and furrows and tying or damming
the furrows with small mounds. Ties increase the availability of soil moisture to crops because they provide a barrier to rainwater
movement and increase the contact time available for infiltration [9]. In tie ridging, ridges are made 20-30 cm high, usually 75 cm
apart, either before, during, or after planting. Row crops such as sorghum and corn may be sown on top of the ridges or in furrows. Crop
furrows are tied at intervals of 2 m or more, depending on field conditions, to prevent runoff in crop furrows. The effect of tie ridging on
water storage and subsequent crop yield varies considerably from year to year and location to location [12]. The effectiveness of tie
ridging depends on weather conditions, soil properties, slope, crop, and other factors [11]. Research has revealed that the most
important constraint to sorghum production in East Africa is water stress. Especially in Ethiopia, soil water scarcity during crop
establishment and kernel enlargement has been identified as a major constraint [3].

[13] Suggested that in the dry lands of Wag himra 75-cm spacing tied ridge resulted in significant yield improvements over other
moisture conservation practices and farmers’ practices. Thus, in areas where soil moisture availability is the most limiting factor for
overall crop production, the use of effective moisture conservation practices is the most important issue.

Tie ridging resulted in significant yield gains compared to other common moisture retention practices and farmers’ practices. In
general, one of the most limiting factors for crop production in the Wag-lasta region of northern Ethiopia is low rainfall, irregular
nature, and uneven distribution during the cropping season [14]. On the other hand, the inadequate and erratic nature of rainfall in
many parts of Ethiopia, including the study area, results in water stress during the crop growth phase. These factors require water
management techniques for dryland crop production at appropriate times, including ridging and tie-rigging. Therefore, this study
evaluated the effects of proper timing of ridging and tie ridging on sorghum productivity in dryland areas.
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Fig. 1. Location map of experimental sites.
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2. Methodology
2.1. Description of study area

The trial was done in Wag-himra zone Sekota Woreda and North Wollo administrative zone Lasta Woreda Amhara regional state.
The experimental areas were geographically located at 11° 58’ 20.442" N (latitude) 039° 03’ 00.804"E (Longitude) and 12° 437.482"N
(latitude) 39° 01'09.594"Elongitude an altitude of 2159 m and 1928 m above sea level (masl) respectively shown in (Fig. 1). The study
areas are categorized by a gentle slope (less than 5%) with soils appropriate for crop production.

The precipitation pattern of the experimental areas is unimodal and commonly happens between July and August. The precipi-
tation distribution is categorized as short, inconsistent, and flexible across the planting seasons. According to 10 years of meteoro-
logical data collected from nearby stations, Sekota has an average annual precipitation of 660.8 mm and maximum and minimum
temperatures of 26.55 °C and 14.97 °C, respectively. Similarly, in Lalibela, the annual mean precipitation is 737 mm, the maximum
temperature is 25 °C, and the minimum temperature is 13.6 °C shown in (Table 1). Precipitation in the experimental areas generally
runs from about mid-July to the end of August. However, the growing season for the main crops grown in these areas is mostly from
early July to the end of October, as shown in (Fig. 2). Precipitation generally stops early, mainly during the flowering and grain-
enrichment periods of the main crops, so low soil moisture and low soil fertility in most croplands during this period are the main
limiting factors for crop production in the study area. According to Ethiopia’s climate zone classification [15], based on elevation,
precipitation, average annual temperature, and length of the growing season, Sekota (Merkagenet Kebele) and Lalibela (Nakhtlab
Kebele) belong to the lowlands and midlands, respectively.

2.2. Experimental design and treatments

Field trials were done during the growing season (Kirmet) of 2016,/2017 and 2017,/2018 to study the effects of ridge and tie-ridging
time on the yield and yield component of sorghum. Throughout the experimental periods, each experiment was done in a randomized
complete block design with three replications shown in (Fig. 3).

The treatments considered were; (1) tie ridging at planting; (2) ridging at planting and tie two WAP; (3) ridging at planting and tie
four WAP (4) tied ridge three WAP; (5) ridging two WAP and tie four WAP; (6) ridging three WAP and tie six WAP; (7) tie ridging six
WAP (8) control (farmers’ practice shilshalo 6 and 8 WAP moisture harvesting techniques for sekota and Lalibela respectively). The
plot size of the treatment areas was 4.5 m width by 5 m length and the distance between plots and blocks was 1 m and 1.5 m,
respectively.

The test crop was Misker, an improved sorghum variety. The plots were mainly plowed three times and sowing was done in the first
week of July. The crop was planted in plots 4.5 m wide by 5 m long with rows spaced 75 x 15 cm. The tie rows were 20-30 cm deep and
spaced 75 cm apart, with 2 m spacing between the ridges and 1 m spacing between the tie rows, in staggered zigzag lines. The rec-
ommended nitrogen and phosphorus fertilizer requirements for sorghum production were 50 kg/ha of urea and 100 kg/ha of NPS at
Sekota and 50 kg/ha of urea and 50 kg/ha of NPS at Lalibela, respectively. Nitrogen fertilizer was applied in split applications, half at
planting and the other half in the form of urea 45 days after planting. Phosphorus was applied once at planting in the form of NPS.
Weeding, plowing, fertilization, and other agricultural practices were uniformly applied in all treatments as needed. Weed infestation
was monitored regularly and weeding was done by hand three times.

2.3. Data collected

2.3.1. Soil data

Composite soil samples were collected from 0 to 20 cm depth using an auger from representative locations in the study site and
analyzed in the laboratory for key physicochemical and soil moisture properties. For each sample collected, a texture class was defined
using the USDA (U.S. Department of Agriculture) texture classification triangle. In addition, soil samples were collected periodically at
2- to 3-week intervals from each treatment to monitor soil moisture with a core sampler during the growing season. The gravimetric
method was used to determine soil moisture content in this experiment.

2.3.2. Biological data

Agronomic data, including average plant height, sorghum head length, average weight of sorghum heads, grain yield, and above-
ground biomass of sorghum, were collected on all rows except the border rows of each plot. In addition, plant height and head length
data were taken on five randomly selected plants from the sorghum excluding the border rows.

Table 1
The experimental site’s annual precipitation and temperature in the growing season.
Precipitation (mm) Temperature (°c)
Location 2017 2018 2017 2018
Lalibela 818.7 886.5 Max Min Max Min
24.7 13.4 23.6 13.08

Sekota 673.7 713.6 24.2 10.02 27.2 12.6
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Fig. 2. Sekota monthly rainfall 2017 and 2018 cropping season left and Lalibela monthly rainfall for the 2017 and 2018 cropping season right.
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Fig. 3. Schematic diagram of the layout of the treatment arrangement
Where T = treatment p = plot.

2.3.3. Statistical analysis

The agronomic data obtained were subjected to analysis of variance using SAS version 9.1software, following the standard pro-
cedure of Gomez and Gomez, using Fisher’s Least Significant Differences test with significant mean differences in the treatment in-
terval calculated at the 5% probability level by the least significant difference (LSD) was calculated at the 5% probability level. Before
applying the statistical analysis, the data were first checked for normality and homogeneity of errors. Normality was checked with the
Shapiro-Walk test and homogeneity of errors was checked with the Levenen test.

2.3.4. Soil analysis

The soil was air-dried and sieved through a 2 mm sieve. Soil pH was measured from a filtered suspension with a soil-to-water ratio
of 1:2.5 using a glass electrode attached to a digital pH meter. Soil organic carbon was measured according to the wet digestion method
described in Ref. [16], and soil organic matter percentage was determined by multiplying the percent organic carbon value by 1.724.
Total nitrogen was determined by trace Kjeldahl digestion, distillation, and titration methods. Available phosphate was determined by
the Olsen method [17]. Field volume and permanent wilting point were determined by pedotransfer function using soil organic matter,
electrical conductivity, and soil texture.

Table 2
The soil Physico-chemical properties of the experimental site.
Parameter pH EC ds/m %0OM %TN avi. P (ppm) Texture class FC % PWP%
Location Year
Sekota 2017 6.1 0.14 0.538 0.025 16.1 sandy loam 14.6 5.9
2018 5.2 0.13 1.076 0.028 3.78 sandy loam
Lalibela 2017 7.6 0.04 0.666 0.045 15.95 sand clay loam 26.5 17.1
2018 6.8 0.11 0.37 0.032 4.13 sand clay loam

Where pH = Power of Hydrogen EC = Electrical conductivity OM= Organic Matter TN = Total Nitrogen avi. P = Available Phosphorus FC= Field
Capacity PWP= Permanent Welting Point.
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3. Result and discussion
3.1. The experimental sites soil physico-chemical characteristics

The major physiochemical characteristics of the soils in the experimental sites are summarized in (Table 2). The soil textural classes
were found to be sandy loam and sandy loam for Sekota and Sandy clay loam and sandy clay loam for Lalibela experimental sites. Many
agronomic practices require knowledge of the relation between the physical properties of the soil and the amount of soil water
contained in a particular soil volume. Based on the results obtained from soil analysis as shown in (Table 2) the soil pH of the trial sites
according to Ref. [18]; ranged from moderately alkaline and neutral for Lalibela and strongly acidic and slightly acidic for the Sekota
experimental site. The average total nitrogen (%TN) ranges from 0.025 to 0.045, according to Ref. [18]; was categorized under very
low and low, and it needs N fertilizer sources for optimal crop production and productivity. Available phosphorus (Av. P) ranged from
3.78 to 16.1 PPM, according to Ref. [19]; which is grouped under low, medium, and high classes, which need phosphorous fertilizer
sources for optimum crop production and productivity. Soil organic matter (% OM) status of the trial site ranged from 0.37 to 1.076,
according to Ref. [18], it was very low and low for both locations.

3.2. Effect tie and ridging time on soil moisture content and grain yield of sorghum

In the sandy clay loam soil at Sekota, the soil moisture content in the plots that were ridged at planting averaged 22.22% higher
than in the control plots. The results indicated that sorghum grain yield was affected by moisture content (Fig. 4). Soil moisture
accumulation in the tie-ridging plots was considerably higher than the farmer’s practice (shilshalo) throughout the growing season of
Sekota, except for the plots that were tie-ridging 6 weeks after planting. The highest moisture content and grain yield were obtained
from tie and ridging at planting 38.25% and 3.64 tons/ha for Sekota. The lower moisture content was recorded in tie ridging 6 weeks
after planting at 28.25% and the lower grain yield was obtained from ridging 3 WAP and tie 6WAP 2.22ton/ha. The study found that
decreasing the time of ridge and tie-ridge time increased the yield of the crop.

The gravimetric soil moisture content on plots with tied ridge at planting was significantly higher than the control plot in sandy
loam at Lalibela. This indicates a clear impact of moisture content on the grain yield of sorghum, as illustrated in (Fig. 5). Additionally,
the observation that the soil moisture content stored in plots with tie ridging was considerably 26.39% higher than the farmer’s
practice (Shilshalo) throughout the growing seasons in Lalibela is quite significant.

The results showed that sorghum grain yield was affected by moisture content, with Lalibela having the highest moisture content of
41.67% in tie-ridging at planting and the highest grain yield of 1.90 tons/ha in tie-ridging 3 WAP. Lalibela had the lowest moisture
content of 29.33% and yield of 1.22 tons/ha in tie-ridging 6 weeks after planting. As shown in (Fig. 5), yields increased from 1.20 to
1.90 tons/ha by shortening the timing of tie rows and ridge planting.

3.3. Effect tie and riding time on yield and yield component of sorghum at sekota

Ridging and tie ridging time had a significant (P < 0.05) effect on sorghum plant height, biomass, and yield parameters, but not on
sorghum head length at Sekota.
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Fig. 4. Effect of tie ridging time on soil moisture content and grain yield of sorghum in sekota.
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Fig. 5. Effect of tie ridging on soil moisture content and grain yield of sorghum in Lalibela.

3.3.1. Plant height and head length

The study showed that riding and tie riding time significantly (P < 0.05) affected the plant height of sorghum, with the higher
combined mean plant height (175.17 cm) at the tie and riding at planting being significantly higher than the farmers’ practice,
resulting in an 11.6% increase compared to the farmers’ practice. The lower mean plant height (153.4 cm) was recorded at the tie and
riding 6 weeks after planting. However, riding and tie riding time did not significantly affect the head length of sorghum as shown in
(Table 3), although the highest mean plant head length (21.6 cm) was recorded at the tie and riding at planting. The present results are
in agreement with [20] who reported that 18 kg/ha of nitrogen and 46 kg/ha of phosphorus with tie ridge had a significant effect on
plant height in an area in southern Ethiopia. Similarly [12], observed higher plant height when nitrogen and phosphorus were applied
at 18 kg/ha and 46 kg/ha with in situ moisture conservation [20].

3.3.2. Biomass and grain yield

The biomass yield of sorghum was significantly affected by ridge and tie-ridge time at (P < 0.05). Proper management of ridge and
tie-ridging time led to an increase in biomass yield. The highest biomass yield (15.515 ton/ha) was recorded at ridge and tie-ridge at
planting, while the lowest biomass yield (8.453 ton/ha) was recorded at ridging 3 weeks after planting and tied 6 weeks after planting
treatment. The result indicates that tie riding at planting with the recommended rate of nitrogen and phosphorus (23/46 kg/ha)
fertilizer increases the biomass yield by 32.38% over farmers’ practice shown in (Table 4). Biomass yield is very important because the
leaves and stems are used for mixed farm livestock feed during the long dry season. These results are similar to the results of another
study that showed that sorghum biomass yield was significantly affected by moisture retention practices, with the highest (15.50 tons/

Table 3

Combined mean value for the effect of tie and ridging time on the plant height and head length at Sekota.
Treatment Plant height (cm) Head length (cm)

2017 2018 Combined PH 2017 2018 Combined HL

Tie-ridging at planting 186.47% 163.87% 175.17% 22.4% 20.8* 21.60%
Ridge at planting tie 2 WAP 179.33% 154.072° 166.7%° 22.73% 16.88" 19.812
Ridge at planting tie 4 WAP 172.6% 149.87%° 161.23% 21.8° 16.31%¢ 19.05%
Tie-ridging 3WAP 171.07%%¢ 145.8%° 158.43% 22.46% 16.19 19.33%
Ridge 2 WAP & tie 4 WAP 179.2% 145.27° 162.23% 21.86% 14.24° 18.05%
Ridge 3WAP&tie 6 WAP 169.2° 148.13% 158.67%° 21.86° 16.43% 19.15%
Tie-ridging 6WAP 158.33% 148.47%° 153.4° 21.33% 17.53° 19.43%
Shilshalo 6 WAP 151.13¢ 158.47% 154.8" 20.26% 17.86" 19.06%
cv 5.61 6.87 9.94 7.9 9.44 16.7
LSD (0.05) 16.78 18.24 18.73 3.02 2.81 Ns

Where the same letters are not significantly different at p = 0.05 (5 % level of significance) PH = plant height HL. = head length WAP = week after
planting CV = coefficient of variation LSD = list significance difference Ns = no significance.
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Table 4
Combined mean value for the effect of tie and riding time on grain yield and biomass of sorghum at Sekota.
Total biomass(ton/ha) Grain yield (ton/ha)
Treat t
reatment 2017 2018 Combined 2017 2018 Combined
BM GY

Tie-ridging at planting 16.22° 14.80% 15.51% 3.59% 3.69° 3.64%
Ridge at planting tie 2 WAP 12.11% 11.38" 11.74% 2.99% 2.85> 2.92°
Ridge at planting tie 4 WAP 10.37¢ 9.81¢de 10.09% 2.46°% 2.75¢ 2.60%
Tie-ridging 3WAP 11.93b 10.50° 11.21b 2.87¢4 2.124 2.49%4
Ridge 2 WAP & tie §WAP 12.66" 11.47° 12.06" 3.28%° 2.74° 3.01°
Ridge 3WAP&tie 6WAP 8.40° 8.49° 8.45° 2.33° 2.10¢ 2.22¢
Tie-ridging 6WAP 10.69%¢ 8.92¢% 9.80°f 2.50¢d¢ 2.11¢ 2.30%
Shilshalo 6wAP 11.14b¢d 9.84°d¢ 10.49°% 2.454¢ 2.064 2.26%
cv 8.31 8.56 10.75 10.73 8.9 11.79
LSD (0.05) 17.016 15.97 14.04 4.79 4.075 3.75

Where the same letters are not significantly different at p = 0.05 (5 % level of significance) BM = biomass GY = grain yield WAP = week after planting
CV = coefficient of variation LSD = list significance difference Ns = no significance.

ha) and lowest (9.53 tons/ha) total biomass of tie-ridging and farmer-practice sorghum in southern Ethiopia, respectively similar to the
results of another study [21].

The grain yield of sorghum was significantly affected by the ridge and tie-ridge time at (P < 0.05). The study found that decreasing
the time of ridge and tie-ridge time increased the yield of the crop from 2.260 tons/ha to 3.642 tons/ha. When using the recommended
rate of N and P05 (23/46 kg/ha) with tie-ridge at planting, the sorghum grain yield increased by 37.9% compared to the farmer’s
practice. This suggests that proper management of tie-ridge time can lead to additional grain yield of sorghum. This suggests that
proper management of tie ridge time can increase the grain yield of sorghum. Consistent with the findings of [22], this study observed a
15-38% increase in sorghum grain yield when 46 P,05 and 18 N fertilizers were applied to tie ridges in moisture moisture-stressed area
in Eastern Ethiopia. According to other research findings, tied ridging integrated with furrow planting of sorghum yielded 19.39% in
2015 and 39.11% in 2016 over farmers’ practices (flat planting) under fertilizer application conditions [21]. Additionally the result
agrees with the finding [20] that the grain yield of sorghum was higher by 55.72% compared to farmers’ practices in southern
Ethiopia.

3.4. Effect of tie and riding time on yield and yield component of sorghum at Lalibela

Riding and tie riding time significantly affected sorghum biomass and yield parameters at Lalibela (P < 0.05), but there were no
significant differences in plant height and head length.

3.4.1. Plant height and head length

The study shows that riding and tie riding time did not significantly affect the plant height of sorghum, as indicated in (Table 5).
The higher mean plant height of sorghum at tie-riding 3 weeks after planting was significantly higher than the farmers’ practice, while
the lower mean plant height was recorded at riding 3 weeks after planting and tied 6 weeks after planting. However, riding and tie
riding time did significantly affect the head length of sorghum, with the highest mean plant head length recorded at riding two weeks
after planting and tie 4 weeks after planting.

3.4.2. Biomass and grain yield
The biomass yield of sorghum was significantly (P < 0.05) affected by the time of ridging and ties ridging. Biomass yield was

Table 5

Combined mean value for the effect of tie and riding time on the plant height and the head length of sorghum at Lalibela.
Treatment Plant height (cm) Head length (cm)

2017 2018 Combined PH 2017 2018 Combined HL

Tie-ridging at planting 110.07 130.60 120.33 15.46 14.2%° 14.833
Ridge at planting tie 2 WAP 114.4 143.07 128.73 15.53 14.8%° 15.167
Ridge at planting tie 4 WAP 116.13 144.93 130.53 15.40 15.733% 15.567
Tie-ridging 3SWAP 116.00 145.27 130.63 16.00 15.80% 15.90
Ridge 2 WAP & tie 4WAP 120.67 135.67 128.17 17.20 14.93%° 16.067
Ridge 3WAP&tie 6WAP 114.13 124.47 119.30 15.45 14.372° 14.912
Tie-ridging 6WAP 114.67 136.33 125.50 15.33 13.86%° 14.60
Shilshalo 8WAP 117.73 133.60 125.6 16.067 13.13° 14.60
Ccv 8.41 10.76 13.55 9.84 9.1 10.05
LSD Ns Ns Ns Ns 2.32 NS

Where the same letters are not significantly different at p = 0.05 (5 % level of significance) PH = plant height HL = head length WAP = week after
planting Ns = no significance.
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increased by proper management of ridging and tie-ridging time. The highest biomass yield (14.299 tons/ha) was recorded 3 weeks
after ridging and tie-rowing, while the lowest biomass yield (9.775 tons/ha) was recorded 6 weeks after tie-rowing. The results showed
that when tie-riding was applied 3 weeks after planting and the recommended nitrogen and phosphorus fertilizer rates (23/23 kg/ha)
were applied, biomass yield increased by 31.6% and 18.07%, respectively, compared to tie-riding 6 weeks after planting and the
farmer’s practice (shilshalo). Biomass yield increased by 31.6% and 18.07%, respectively. Biomass yield is very important because the
leaves and stems are used as fodder for cattle during the long dry season.

Ridging three weeks after planting resulted in higher yields than the other treatments because the soil was better suited to sorghum
production than the other treatments. Closed ridging with integrated ridging and ridging with integrated ridging resulted in signifi-
cantly higher dry biomass yields in both fertilizer- and no-fertilizer cropping seasons. The closed-row ridging with integrated ridging
and ridging had significantly higher dry biomass yields in both fertilizer- and no-fertilizer cropping seasons. The dry biomass yield was
significantly higher in the closed-row with integrated ridge and furrow construction in both the fertilizer- and no-fertilizer cropping
seasons. Ridging three weeks after planting resulted in higher yields than the other treatments because the soils were more suitable for
sorghum production than the other treatments. Enclosed ridging, which integrates ridging and rowing, had significantly higher dry
biomass yields in both fertilizer- and non-fertilizer-applied cropping seasons. As compared to closed tie ridging practice planting in-
furrow, conventional practice (flat planting) reduced sorghum biomass yield by 14.07-27.22% under fertilized conditions [21].

Grain yield was significantly (P < 0.05) affected by ridging and tie ridging time. Sorghum grain yield was affected by tie and ridging
time. Yield increased (from 1.331 tons/ha to 1.903 tons/ha) when ridging and tie-ridging times were reduced. Thus, compared to
farmers’ practices, tie-ridging three weeks after planting at the recommended N and P,Os rates (23/23 kg/ha) increased sorghum grain
yield by 30.11% shown in (Table 6). This suggests that proper management of tie ridge timing can increase grain yield in sorghum. The
results of this study are consistent with the findings of [23], who observed a 15-38% increase in sorghum grain yield when tie ridges
were fertilized with 46 P;0s and 18 N in a moisture-stressed area in Eastern Ethiopia. According to other research findings, sorghum
yields under the combination of tie-ridging and furrow planting exceeded farmers’ practices (flat planting) under fertilized conditions
by 19.39% in 2015 and 39.11% in 2016 [21].

The grain yield of sorghum at the Lalibela experimental site is lower compared to Sekota because in Lalibela there was a soil fertility
difference in the soil analysis result shown in Table 2. The Organic matter is under a very low range and the electrical conductivity of
soil at Sekota is better than the Lalibela experimental site.

4. Conclusion and recommendation

The study shows that the effectiveness of in situ moisture conservation practices for sorghum production in dry-land areas, such as
in Wag-lasta, varies based on climatic and soil conditions. The research findings suggest that the appropriate timing of ridge and tie-
ridge, along with the recommended rate of nitrogen and phosphorus fertilizer, can significantly contribute to soil moisture
improvement and increase production and productivity in these areas. Further research on soil moisture content and fertilizer is
recommended to strengthen these findings and to develop strategies for increased yield and improved sorghum production in the area.

This ongoing research will be crucial for enhancing sorghum cultivation in dry-land regions like Wag-lasta. The study clearly shows
that the grain yield of sorghum is influenced by the different times of tie and ridge time. Decreasing the time of ridge and tie ridge time
increased the yield of sorghum crops from (2.260 tons/ha to 3.642 tons/ha). Thus, compared to the farmer’s practice, tie-ridge at
planting increased sorghum grain yield by 37.9%. Tie ridging at planting is found to be the appropriate timing for the productivity of
sorghum in sekota (Aybira). Tie ridging at planting is recommended for Sekota (Aybira) and similar agro-ecology areas. The grain yield
of sorghum is also influenced by the different times of tie and ridge time at Lalibela. Decreasing the time of ridge and tie ridge time
increased the yield of sorghum crops from 1.331 tons/ha to 1.903 tons/ha). Thus, compared to the farmer’s practice with tie-ridge 3
weeks after planting increased sorghum grain yield by 30.11%. Tie-ridge 3 weeks after planting is found to be the appropriate time for
the productivity of sorghum in Lalibela (Kechinabeba) and similar agro ecology areas.
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Table 6

Combined mean value for the effect of tie and riding time on the grain yield and biomass of sorghum at Lalibela.
Treatment Total biomass (ton/ha) Grain yield (ton/ha)

2017 2018 Combined BM 2017 2018 Combined GY

Tie-ridging at planting 10.48°¢ 11.73% 10.91%¢ 1.57% 1.31¢ 1.44%
Ridge at planting tie 2 WAP 12.23° 12.26° 12.25° 1.33%4 1.37% 1.35%
Ridge at planting tie 4 WAP 12.50%° 12.53° 12.52° 1.46"4 1.415 1.43¢
Tie-ridging 3WAP 12,125 12.95% 12.54° 2.03° 1.77° 1.90%
Ridge 2 WAP & tie 4WAP 14,122 14.47% 14.29° 1.79% 1.59% 1.696%°
Ridge 3WAP&tie 6WAP 12.25° 11.97° 12.11% 1.4754 1.70° 1.587"
Tie-ridging 6WAP 9.51¢ 10.04° 9.77¢ 1.171¢ 1.23¢ 1.202¢
Shilshalo 8WAP 11.38% 12.04° 11.71% 1.46°4 1.20° 1.331¢
CV (%) 8.06 8.3 9.01 13.11 9.16 12.87
LSD(0.05) 16.7 17.8 12.65 3.52 2.32 2.24

Where the same letters are not significantly different at p = 0.05 (5 % level of significance) BM = biomass GY = grain yield WAP = week after planting
CV = coefficient of variation LSD = list significance difference.
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