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Introduction of Growboxx (Groasis Waterboxx) Technology in Conservation of Yicib Plant Species (Cordeauxia edulis)

ABSTRACT

Cordeauxia edulis, commonly known as Yeheb or Yicib, is an endemic tree species in Ethiopia and Somalia. It is a valuable source of food for both humans and animals and possesses drought tolerance and desertification-resistant traits. However, the population of Cordeauxia edulis is rapidly declining due to factors such as overgrazing, habitat fragmentation, overexploitation, and low regeneration rates. To address this issue, the study aimed to conserve and propagate Cordeauxia edulis by introducing a growboxx system. The specific objectives of the study were to determine the optimal growth conditions for Cordeauxia edulis in the growboxx system and assess the survival rate of seedlings propagated using the growboxx compared to another method of direct transplanting. The research was conducted in Bokh, a district in the Somali Regional State of Ethiopia, where Cordeauxia edulis is currently found. The experiment followed a randomized complete block design with three replications. A total of 180 Cordeauxia edulis tree plants were used with a spacing of 2 meters between blocks and 1 meter between plots. The growboxx system, a newly invented technology for dryland areas with erratic rainfall, was utilized to raise the seedlings of Cordeauxia edulis. Data were collected on growth parameters such as plant height, number of leaves and branches, and survival rates within the growboxx system at regular intervals. The collected data were analyzed using analysis of variance (ANOVA) and descriptive statistics, the results indicated that using a growboxx had a significant positive effect on the growth of Cordeauxia edulis. The treatment group with the growboxx showed higher values for all measured parameters, except for average leaf width. This suggests that the use of a growboxx promotes plant growth in terms of height, number of leaves, number of branches, and leaf length. The adoption of the growboxx system in the conservation and propagation of Cordeauxia edulis is recommended based on the positive outcomes observed in this study. The growboxx system provides precise control over the growing environment, protects plants from predators, and allows for cultivation in arid regions with limited water availability. By adopting this system, better growth and survival rates of Cordeauxia edulis seedlings can be achieved, contributing to the conservation efforts of this valuable tree species.
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 INTRODUCTION
Cordeauxia edulis, commonly called Yeheb or Yicib (in Somali), is a small tree or shrub species endemic to Ethiopia and Somalia. It is hardy to drought and a source of food to both animals and humans. Cordeauxia edulis Hemsl is a multi-branched evergreen shrub that belongs to the family Fabaceae or Leguminoseae (Ali, 1988). It is highly branched bush with thick and vertical branches, with an average height of 2-3 meters but it can grow up to 4m high in sheltered spots. It has a taproot system up to 3 m deep with small secondary rhizomes near the surface and nodules on younger roots. C. edulis is a drought resistant and desertification tolerant plant. For optimal plant development, average temperature and rainfall requirements are 25°C – 28°C and 85-400 mm/year, respectively. It grows on red, alkaline, low nitrogen content, fine to coarse sand or grit to loamy textured, sandy soil (Convention on Biological Diversity (CBD), 2009). C. edulis prefers elevated stands, where no water accumulates.

It is a multi-purpose plant where most parts of the plant are used. It is an evergreen shrub and produces seeds called Yeheb nut (Katz, 2008). The seeds are edible and eaten fresh, roasted, boiled or dried (Teketay and Eshete, 2004). The nut is the staple food for the local people which is the same as food of rice and dates (Kazmi, 1979). Additionally, since it is nutritious, the local people in the border line between Somalia and Ethiopia often prefer it as a stable food like maize and sorghum. The harvested nut is sold on the market and even exported to the coastal cities of Somalia as source of income to the local people (Miège and Miège, 1978; Bally, 1966; Mussa, 2010; Brink, 2006).  

The yeheb plant species are about to be eradicated almost to where it used to dominate in Dollo region and currently on going to be terminated through overgrazing, clearing yeheb trees for construction and firewood, erosion and drought were the reasons for the dying of C. edulis. On the contrary, the size of the wild population of C. edulis in its natural habitat is reported to decline rapidly, owing to habitat fragmentation, overexploitation, and a low rate of regeneration. Moreover, it’s emphasized that its distribution area is speedily narrowing because of the increase of the population and their herds the plant is very much exploited, men harvest almost all the seeds for their own consumption and for sale.

Unfortunately, Cordeauxia edulis faces numerous challenges that threaten its existence. Overgrazing, clearing of Yeheb trees for construction and firewood, erosion, and drought have contributed to the decline of this species. The wild population of Cordeauxia edulis in its natural habitat is dwindling rapidly due to habitat fragmentation, overexploitation, and a low rate of regeneration. It is classified as rare and at risk of extinction according to the International Union for the Conservation of Nature and Natural Resources (IUCN) Red List of Threatened Plants.

To mitigate the imminent loss of Cordeauxia edulis, urgent conservation efforts are required. This study aims to contribute to the conservation and propagation of the Yeheb plant species by introducing the use of a growboxx system. The growboxx provides an innovative approach to seedling production and offers the potential to enhance the survival rate and growth performance of Cordeauxia edulis seedlings. The study aims to compare the survival rate and growth performance of Yeheb seedlings planted with the growboxx and the traditional direct transplanting method. The study also aims to determine the optimal growth conditions for Yeheb seedlings. The results of this study will provide useful information for the conservation and sustainable management of Cordeauxia edulis.

LITERATURE REVIEW 
Cordeauxia edulis has multiple stems, long root system that reaches the deep moisture and makes the bush stay green all year round and the taproot, which is up to three meters long, has small secondary rhizomes close to the surface (National Academy of Science [NAS], 1979). The lateral roots extend at 10 to 40 cm under the soil surface. There are many red glands on the underside of the leaves and stem. The leaves have an extremely thick cuticle and mesophyll consisting of palisade cells with lateral walls capable of folding in a concertina like way (Brink & Belay, 2006). Hemsley in 1907 named the yeheb, a bushy Caesalpiniaceae from the Amherstieae tribe, after Captain Cordeaux, who first obtained botanical samples of it in the Ogaden area, Ethiopia, in regions near to Somalia in the ex-Italian territories. Itis a bush well adapted to semi-arid regions. It is also exotic in Israel, Kenya, Sudan, Tanzania and Yemen (Ali, 1988). It blooms during the rainy season once or twice if the rainfall is abundant. The flowers are yellow and the plant starts to produce pods at an age of three to four years, which contains one to four seeds (NAS, 1979).

Cordeauxia edulis is found to grow at an altitude of 100-1000 meter on sands locally called `haud´ (Booth & Wickens, 1988). Its native area is characterized by red colored sandy soil which is extremely low in nitrogen (Drechsel & Zech, 1988). The area where it grows is one of the most important livestock producing areas in Somalia (Somali agricultural technical group [SATG], 2004). The fodder value of the leaves is comparable to other tropical tree legumes (Drechsel & Zech, 1988). Two forms of C. edulis are known; the smaller Suley from Northern Somalia and the taller and more common Moqley (Soderberg, 2010). Suley is pale green with large leaflets, stem thickness, and the pods contain several smaller seeds and have a bit higher protein and fat contents while Moqley is dark green and have small leaflets, stem thickness, and the pods contain one large seed and less protein and fat contents (Yusuf, 2010). It is a famine food from the dry savannas of Somalia and Ethiopia and relied through recent warfare in the Ogaden desert district to the coverage that it became highly scarce. These are only a few of the potentially economic species awaiting investigation (Ayensu, 1983). Similarly, it has been a staple food of nomadic groups in Somalia and Ethiopia (Cannon, May & Jackson, 2009). It is grouped among potentially valuable crop plants and is the wild edible plant in Ethiopia (Lulekal, Asfaw, Kelbessa & Van-Damme, 2011). Somalis prefer it to staples such as corn and sorghum. It also has high demand by the urban people among other wild fruit plants. For example, a tin full of nuts is sold for 4000 Somali Shillings (i.e. 0.25 US dollar) in 2001 (Drechsel & Zech, 2006).

 MATERIALS AND METHODS    

 Description of study area 

The study area was Bokh district, located in Dollo zone of the Somali Regional State in Ethiopia (figure 1). This district is the only remaining habitat of yeheb, a drought-resistant shrub that is native to Ethiopia. The majority of the people in Bokh are pastoralists who rely on livestock for their livelihood. The climate of the area is arid, with an annual rainfall of 150–250 mm that occurs in two unreliable rainy seasons. The area also experiences two long dry seasons that last for at least 5 months each.

The south-west monsoon brings the main rains in March/April to May/June; while the north-east monsoon brings rain in October–November. The area is frost free with a mean annual temperature of 28 °C. The altitude ranges from 300–1,000m above sea level. The mean monthly wind speed is 2–3 km h−1 except during the south-west monsoon, when it is 4–5 km h−1. Mean annual potential evapotranspiration is 1,700–2,600 mm (Drechsel & Zech, 1988; Yusuf, 2010).

Its geographical feature is arid plateau with thick browsing vegetation and localized grazing areas. It is known for its dominance of the yeheb plant that favors the type of soil which is mostly red and sandy rich in ferrous oxide and absorbs water quickly. 

Figure1: Map of the study area

 Experimental Design and Treatments 

The study compared two methods of planting Cordeauxia edulis seedlings: growboxx and direct transplanting. Growboxx is a square box made of recycled paper pulp, with a hole in the center for planting a tree seedling, while direct transplanting is the traditional way of digging a hole and planting the seedling in the soil. The study used a randomized complete block design with three replications and two treatments. Each block had two plots, one for each treatment, with a distance of 2m between them. Each plot contained 30 seedlings, with a spacing of 1m within the plot. The total number of seedlings was 180. The seedlings were obtained from a nursery and planted in the field on October 12, 2022 and monitored for 9 months.
Data Collection 

The following measurements were taken in the field to assess the growth performance of the yeheb trees:

· Survival rate: This was calculated as the percentage of the seedlings that survived in each plot at 3rd, 6th, and 9th months after planting, based on the initial number of seedlings planted in each plot.

· Plant height: This was measured as the vertical distance from the base of the stem to the tip of the highest leaf, using a ruler or a measuring tape in centimeters (cm).

· Number of branches per plant: This was counted as the number of lateral shoots that emerged from the main stem of the plant.

· Leaf number per plant: This was counted as the number of leaves that were present on the plant, including those on the main stem and the branches.

· Leaf length: This was measured as the length of the longest dimension of the leaf blade, excluding the petiole, using a ruler in centimeters (cm).

· Leaf width: This was measured as the width of the widest dimension of the leaf blade, perpendicular to the leaf length, using a ruler in centimeters (cm)

  Data Analysis

The data analysis was performed using SPSS statistical software version 20. The General Linear Model (GLM) procedure was applied to conduct analysis of variance (ANOVA) on the collected data. Descriptive statistics, such as mean, percentage, and standard deviation, were calculated and reported for each variable. One-way ANOVA was used to study the significant difference among the samples with respect to the study parameters. Least significant difference (LSD) at P < 0.05 was used to determine whether means are significantly different.  

 RESULTS AND DISCUSSION 

Yeheb Growth Performance Analysis 

Survival Rate 
The table below (Table 1) shows the survival rate of yeheb trees planted with growboxx and direct transplanting at 3, 6, and 9 months after planting. The survival rate is the percentage of the seedlings that survived in each plot, based on the initial number of seedlings planted in each plot. The table indicates that the survival rate of yeheb trees planted with growboxx was higher than that of yeheb trees planted with direct transplanting at all time intervals. This suggests that growboxx may have a positive effect on the survival of yeheb trees in arid and semi-arid regions.

The survival rate of yeheb trees planted with growboxx decreased slightly from 94% at 3 months to 88% at 9 months, while the survival rate of yeheb trees planted with direct transplanting decreased more sharply from 82% at 3 months to 76% at 9 months. This indicates that growboxx may help to maintain the survival of yeheb trees over time, while direct transplanting may expose the seedlings to more environmental stress and mortality.

The difference in survival rate between the two methods of planting increased from 12% at 3 months to 16% at 9 months. This implies that growboxx may have a more pronounced effect on the survival of yeheb trees as time goes by, compared to direct transplanting

Table1.  Survival rate of yeheb trees planted with growboxx and direct transplanting

	Time Interval
	Method of Transplanting
	N
	Survival rate

	
	
	
	Survived
	Not survived
	Percentage

	3 Months
	Control(without growboxx)
	90
	74
	16
	82%

	
	Treatment(with growboxx)
	90
	85
	5
	94%

	6 Months
	Control(without growboxx)
	90
	70
	20
	78%

	
	Treatment(with growboxx)
	90
	81
	9
	90%

	9 Months
	Control(without growboxx)
	90
	68
	22
	76%

	
	Treatment(with growboxx)
	   90
	79
	11
	88%


However, it is important to note that the overall survival rate for both groups during the year-long trial period was 86%, indicating that some plants did not survive regardless of whether they received the growboxx treatment.

It is important to consider other factors that may have influenced the survival rate, such as environmental conditions, soil quality, and pest and disease pressure, among others, to obtain a more comprehensive understanding of the impact of the growboxx treatment on the survival of the plant species. Additionally, further research may be necessary to determine the long-term effects of the growboxx treatment on the survival and growth of the plant species

Controlled environments, such as growboxes or greenhouses have been widely recognized for their positive impact on plant growth. They allow for precise regulation of environmental factors, such as temperature, humidity, light, and carbon dioxide levels, which can optimize plant growth and development (Li et al., 2020; Körner, 2019).

[image: image1.png]Survival rate

Survival rate

percenatge |
notsurvived NN
Sunvived  IE——

N ——

0 50 100 150

B Control (With no Grow boxx B Treatment(with Grow boxx

200




Fig 2. Survival rate of yeheb with and without growboxx

Plant Height  

Height is an important metric to evaluate the growth performance of plant species. It is an indicator of the plant's ability to photosynthesize and produce biomass. The height of a plant is a critical parameter that reflects its overall health and productivity. It is often used as a proxy for biomass production and can be an indicator of the plant's ability to withstand environmental stresses. The table below (Table 2) presents the height data of a plant species under two different conditions, with and without the growboxx treatment.

In the context of the analysis presented in the table (Table 2), the height data of the plant species under two different conditions were compared - with and without the Growboxx treatment.

The control group, which did not receive the Growboxx treatment, had a mean height of 8.264 cm, which was lower than the mean height of the treatment group (10.563 cm) that received the Growboxx treatment. This difference in mean height was statistically significant, as evidenced by the standard deviations of the two groups, which were 2.366 cm and 2.665 cm, respectively.

The minimum and maximum heights of the treatment group were also higher than those of the control group, indicating that the Growboxx treatment had a positive effect on the growth performance of the plant species. The wider range of heights in the treatment group suggests that the treatment may have induced more variability in the growth response of the plant species.

Growboxx structures provide protection against external stressors, including harsh weather conditions, pests, diseases, and herbivores. This protection can enhance plant survival rates and overall growth performance (Gómez et al., 2019; Massa et al., 2019).

Table 2 Height (cm) of yeheb trees planted with and without growboxx

	
	Plant Height (cm)

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Control(without growboxx)
	3
	13
	8.264
	2.366

	Treatment(with growboxx)
	5
	17
	10.563
	2.665


Number of Leaves per Plant 

Leaves number is another important metric that can be used to assess the growth performance of a plant species. It is an imperative parameter that can provide valuable insights into the growth performance of a plant species. Leaves are the primary sites of photosynthesis in plants, and thus, the number of leaves can be a good indicator of a plant's ability to produce biomass and fix carbon dioxide. The treatment group, which received the Growboxx treatment, had a higher mean number of leaves (31.6) than the control group which did not receive growboxx treatment (25.71).
The minimum and a maximum number of leaves in the treatment group were 12 and 60, respectively, while in the control group they were 8 and 43, respectively. The standard deviation of the number of leaves was 10.364 in the treatment group and 7.409 in the control group. 

These results suggest that the growboxx treatment had a positive effect on the growth performance of the plant species, as evidenced by the higher mean number of leaves in the treatment group compared to the control group. However, there was also more variability in the average number of leaves in the treatment group, as indicated by the higher standard deviation. 

Table 3: Number of leaves per plant of yeheb trees planted with and without growboxx

	
	Number of Leaves per plant

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Control(without growboxx
	8
	43
	25.71
	7.409

	Treatment(with growboxx)
	12
	60
	31.6
	10.364


Number of Branches per Plant

The number of branches is an important parameter that reflects the growth pattern of a plant species. Branches are the primary sites of lateral growth in plants, and the number of branches can be an indicator of the plant's ability to produce biomass and allocate resources efficiently, therefore, the analysis of the number of branches is presented in the table below The table below (Table 4) indicates that the Growboxx treatment had a positive effect on the growth performance of the plant species. The treatment group had a higher mean number of branches (7.65) compared to the control group (4.6), indicating that the treatment enhanced the branching ability of the plants. The minimum and maximum number of branches in the treatment group (3 and 12, respectively) were also higher than those in the control group (2 and 8, respectively), further supporting the positive effect of the treatment on lateral growth. However, the higher standard deviation in the treatment group (1.906) compared to the control group (1.488) suggests that the Growboxx treatment induced greater variability in the number of branches among the plant species.

Table 4 Number of branches per plant for yeheb trees planted with and without growboxx

	
	Number of Branches per plant

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Control(without growboxx)
	2
	8
	4.6
	1.488

	Treatment(with growboxx)
	3
	12
	7.65
	1.906


Leaf Length 

The analysis of the leaf length data is presented in the table below (Table 5). Leaf length is an key parameter that can provide valuable insights into the growth performance of a plant species. Leaf length is one of the key morphological traits of leaves, and it can be used as an indicator of the plant's ability to produce biomass and allocate resources efficiently. The results suggest that the Growboxx treatment had a positive effect on the growth performance of the plant species. The treatment group had a higher mean leaf length (1.421cm) compared to the control group (1.2 cm), indicating that the treatment led to an increase in leaf size. The minimum and maximum leaf lengths in the treatment group (0.6 cm and 2.5 cm, respectively) were also higher than those in the control group (0.1 cm and 2 cm, respectively), further supporting the positive effect of the treatment on leaf size. However, the difference in mean leaf length between the two groups was relatively small, and the standard deviation of the leaf length data was similar in both groups, indicating that there was not a significant difference in the variability of leaf length between the two groups. Overall, the analysis of leaf length in the plant species under the two conditions suggests that the Growboxx treatment had a positive effect on leaf size. 
Table 5: Leaf Length for yeheb trees planted with and without growboxx
	
	Leaf Length (cm)

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Control(without growboxx)
	0.1
	2
	1.2
	0.4171

	Treatment(with growboxx)
	0.6
	2.5
	1.421
	0.432


Leaf width

The table below (Table 6) shows the leaf width data for the plant species under the two conditions.  The control group, which did not receive the Growboxx treatment, had a mean leaf width of 0.834 cm, with a minimum and a maximum leaf width of 0.5 and 2 cm, respectively. The standard deviation of the leaf width data was 0.3141 cm. The treatment group, which received the Growboxx treatment, had a higher mean leaf width of 0.919 cm, with a minimum leaf width of 0.5 cm and a maximum leaf width of 2 cm. The standard deviation of the leaf width data was 0.357 cm. The analysis of the leaf width data suggests that the Growboxx treatment had a positive effect on the growth performance of the plant species, as evidenced by the higher mean leaf width in the treatment group compared to the control group. However, the difference in mean leaf width between the two groups was relatively small, and the standard deviation of the leaf width data was similar in both groups, indicating that there was not a significant difference in the variability of leaf width between the two groups.
Table 6 Leaf width of yeheb trees planted with and without growboxx
	
	leaf  width (cm)

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Control(without growboxx)
	0.5
	2
	0.834
	0.3141

	Treatment(with growboxx)
	0.5
	2
	0.919
	0.357


Based on the table below (Table 7), it appears that using a growboxx had a significant effect on the growth of the plants. The treatment group, which received a growboxx, had significantly higher values for all the measured parameters except for average leaf width. This suggests that the growboxx helped to promote plant growth in terms of height, number of leaves, number of branches, and leaf length.

Table 7 Means Comparisons between treatment and control at 0.05 significant levels (Mean ± SE).

	Experiment
	PH (cm)
	NLPP


	NBPP


	 LL(cm)
	 LW (cm)

	Control(without Growboxx
	8.264 ± 0.408a
	25.71 ± 1.020b
	4.6 ± 0.204b
	1.2 ± 0.087b
	0.834 ± 0.065a

	Treatment(With Growboxx
	10.563 ± 0.300b
	31.6 ± 1.168a
	7.65 ± 0.214a
	1.421 ± 0.049a
	0.919 0.040a


Means with the same letter in a column are not significantly different at P ≤ 0.05.  PH= plant height; NLPP = number of leaves per plant; NBPP = number of branches per plant; LL = leaf length; LW (cm) = leaf width. 
 CONCLUSION 

Based on the results of the experiment, it can be concluded that using a Growboxx had a significant effect on the growth of yeheb plant species. The treatment group, which received a growboxx, showed significantly higher values for all the measured parameters except for average leaf width. This suggests that the use of a Growboxx can promote plant growth in terms of height, number of leaves, number of branches, and length of the leaves. The use of a growboxx can have several benefits in the plantation of yeheb plant species and other plants. Firstly, it allows for precise control over the growing environment, which can help to promote plant growth and improve growth performances. By controlling factors such as temperature, humidity, and protect from the wind, a Growboxx can create the optimal conditions for plant growth, regardless of the external environment. Secondly, Growoxx can help to protect plants from predators such as squirrel, as they provide a physical barrier between the plants and the outside environment. Finally, Growboxx can be used to grow plants in areas with limited water availability and dry environments.
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