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ARTICLE INFO ABSTRACT
Keywords: There is a significant production of coffee in the Gedeo zone, southern Ethiopia, which has could
Organic amendment generate a huge amount of coffee husk wastes that have polluted the environment. However,
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organically enriching the soil is an effective method to enhance the development and productivity
of coffee. Thus, this study aims to understand the effects of the interaction between sowing depth
and organic amending practices. Three sowing depths and sixteen different organic amendment
compositions were tested in a complete randomized design with three replications. Coffee
seedling growth biometrics was measured, and R-program was used to calculate the statistical
difference at a 5 % significance level. The organic amendment composition with 3:2:1 (topsoil:
forest soil: sand) sown at a depth of 2 cm had statistically higher values of seedling stem height,
leaf length, and taproot length by 82.82 %, 93.35 %, and 85.41 % than in the topsoil at a depth of
3 cm. Likewise, the main effect of organic amendment with 3:2:1 (topsoil: forest soil: sand) in
internode length, number of nodes per seedling stem, number of true leaves per seedling, and leaf
width were also higher by 70.42 %, 63.16 %, 92.23 % and 91.80 % than seedlings grown in
topsoil solely. Interestingly, the days of 50 % emergence in 3:2:1 (ratio of topsoil: forest soil: sand)
organic amendment composition were earlier by 62.11 days than using topsoil. This could be
because of the accessibility of a significant quantity of organic carbon, primary macronutrients,
alkaline nature of the growth media in addition to having low bulk and particle densities in the
forest soil that could increase coffee seedling growth biometrics by improving soil porosity,
aeration and nutrient uptake capacity, producing important soil microbes and neutralizing
organic acids in comparison with the topsoil.

1. Introduction

Coffee is cultivated in more than 60 countries located in tropical and subtropical regions of the world [1]. Its agro-ecosystems
support millions of farmers through income-generating and offering environmental services [2-6]. Coffee is one of the main crops
grown in countries such as Brazil, Vietnam, Colombia, Indonesia, and Ethiopia [7,8]. In Ethiopia, the area dedicated to coffee farms in
2017 was approximately 700,475 ha from which 496,091 tons were produced. Oromia Region and Southern Region accounted for 64
and 30 % of the national production share respectively. Gedeo is the second major coffee producer zone in Southern Regional State,
after Sidama Zone in Ethiopia ([9]; CSA, 2017). According to Kuma et al. [10] and USAID [11], livelihood in Gedeo Zone is divided into
Coffee livelihood areas and Enset livelihood areas where the former is the dominant one.

Coffee seedlings can be grown on raised beds (15 cm height) or in polythene tubes (16 cm diameter and 22 cm height) filled with
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forest soil collected from the top 5-10 cm depth. Forest soil is the best organic amendment for quality seedling production [12].
However, in the absence of forest soil (FS), a mixture of decomposed coffee husk, topsoil, and sand soil can be used. According to EIAR
[12], the use of topsoil, decomposed coffee husk, and sand in ratios of 3:1:0, 2:1:1, 2:1:0, and 6:3:2 resulted in maximum germination
percent and early seedling vigor in diminishing order. Nevertheless, if these media blends are expected to be low in plant nutrients, the
addition of 2 g DAP/seedling after the seedling attains two pairs of true leaves would improve seedling growth [13]. Sowing depth
could also affect the germination and seedling growth of coffee. According to EIAR [12], for maximum coffee germination and quality
seedling production, coffee seeds should be sown at a depth of 1 cm with a grooved side of the seed down. In the Yirgacheffee district,
experts use a combination of topsoil, decomposed coffee husk, and sand in a ratio of 4:2:1 and a sowing depth of about 2-3 cm.

The lack of soil fertility in Yirgacheffee, which is closely linked to the low organic matter content, is one of the factors limiting
coffee yield in the entire area [14]. Yirgacheffee speciality coffee faces substantial risks in the event of climate change, and adaptation
strategies are required to address this issue. The EIAR [12] highlights organic fertilization of soil as one of the key strategies because
organic matter improves the physical, chemical, and biological properties of soils and sustains fertility, which is important for
long-term soil conservation and/or restoration [15-19]. Among the techniques to increase the amount of organic matter in the soil are
crop rotations, no-tillage farming, and the removal of pruning wood from the plant-soil [20]. But applying organic waste, which
typically contains high levels of organic matter and significant amounts of nutrients, can also improve soil fertility. Moreover, using
organic waste in agriculture can help close natural ecological cycles [21,22].

The supply of organic fertilizers made from alternative leftovers has increased, making up for the decline in soil organic matter
replacement caused by the scarcity of animal manures. There is a particular interest in forest soil, coffee husk compost, and farmyard
manure, due to their huge availability in the study area. Sowing depth appears to be an interesting strategy to increase seed germi-
nation and seedling growth. Conversely, organic amendments tend to boost productivity and enhance soil fertility. However, the
interaction between a sowing depth and an organic amendment was not previously studied, to the best of my knowledge. In this
context, the main objective of this study is to evaluate the response of coffee seedling growth biometrics to the interactive effects of
different organic amendment compositions and sowing depths.

2. Materials and method
2.1. Study area description

The experiment was carried out in Dumerso kebele of Yirgacheffe district (Fig. 1) which is located at 6° 12’ 49" N latitude and 38°
12' 21" E longitudes from January 2020 to February 2021. Dumerso has an altitude of 1859 m above sea level and the area is highly
suitable for quality coffee production. There are about twenty coffee-processing businesses in the area that process coffee both wet and
dry and have the potential to generate enormous amounts of discarded coffee pulp. Due to possible animal production in the area, there
was also a huge amount of animal dung waste available. The climate in Yirgacheffe is warm and tropical climate with moderate wet
and dry seasons. The soil type is a red brown, well drainage clay soil. Yirgacheffe has the ideal topography, elevation, and water
sources to produce and process exceptional specialty organic coffees.

2.2. Experimental design and treatments

A total of 48 treatments consisting of sixteen organic amendment compositions and three sowing depths were evaluated using
Complete Randomized Design (CRD) with three replications in a factorial arrangement (Table 1). Organic amendments were collected,
sieved, mixed thoroughly to formulate treatments, and filled in a polythene tube (with 16 cm diameter and 22 cm height). Each plot
was accommodated 30 polythene tubes and hence a total of 4320 (16 organic amendment compositions x 3 sowing depth x 3
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Fig. 1. The experimental research area (blue color = SNNPRS; Red color=Yirgacheffe). (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)
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Table 1

Treatment combinations of organic amendments and sowing depths.
Treatments Organic amendment Composition Sowing Depth (cm)
Tq-T3 Topsoil only (Control) 1,2,3
T4-Te 3 Topsoil: 1 Coffee Husk Compost: 0 Sand 1,2,3
T7-To 2 Topsoil: 1 Coffee Husk Compos: 1 Sand 1,2,3
T10-T12 2 Topsoil: 1 Coffee Husk Compos: 0 Sand 1,2,3
Ti13-T1s 4 Topsoil: 2 Coffee Husk Compos: 1 Sand 1,2,3
T16-T1s 3 Topsoil: 2 Coffee Husk Compos: 1 Sand 1,2,3
T19-T21 3 Topsoil: 1 Forest Soil: 0 Sand 1,2,3
Too-Tog 2 Topsoil: 1 Forest Soil: 1 Sand 1,2,3
Tas-Tay 2 Topsoil: 1 Forest Soil: 0 Sand 1,2,3
Tog-T30 4 Topsoil: 2 Forest Soil: 1 Sand 1,2,3
T31-Ts3 3 Topsoil: 2 Forest Soil: 1 Sand 1,2,3
T34-T3e 3 Topsoil: 1 Farmyard Manure: 0 Sand 1,2,3
T37-T3g 2 Topsoil: 1 Farmyard Manure: 1 Sand 1,2,3
T40-Ts2 2 Topsoil: 1 Farmyard Manure: 0 Sand 1,2,3
T43-Tas 4 Topsoil: 2 Farmyard Manure: 1 Sand 1,2,3
Ta6-Tag 3 Topsoil: 2 Farmyard Manure: 1 Sand 1,2,3

replications x 30 polythene per plot) was used for the study. Coffee seeds (variety, 74112) were sown at different depths in a field.
Watering, weeding, and other agronomic practices were applied to all treatments uniformly.

2.3. Data collection procedures

Days to 50 % emergence were registered by counting the average days from sowing to 50 % seedling emergence at the first true
leaves growth stage. Plant height is recorded by holding the ruler close to the stem of the seedling. The height was measured from the
ground level to the tip of the seedling with a ruler in centimeters. At the matured stage, the number of reproductive nodes was
determined by counting all nodes along the main seedling stem. Besides, the internode length of the stem was recorded by dividing
plant height by the number of internodes. The number of true leaves per plant at a maximum stage of seedling growth was counted.
Leaf length and leaf width of normal leaves (excluding 3 nodes from the terminal bud) was measured from petiole end to apex of a leaf
and at the widest part using a ruler respectively. Additionally, the roots were carefully excavated, cleaned with water and measured the
length of the taproot using a ruler in centimeters.

2.4. Organic amendments nutrient analysis

pH, organic carbon (CO), total nitrogen (N), available phosphorus (P), exchangeable potassium (K), exchangeable calcium (Ca),
exchangeable magnesium (Mg), bulk density (BD) and particle density (PD) were determined for four media components namely
topsoil, forest soil, coffee husk compost and farmyard manure. Organic carbon was determined by the Walkley-Black dichromate
method [23,24] as cited by Landon [25]. The results were quoted as the percentage by weight of organic carbon in the organic
amendments according to Bashour and Sayegh [26]. According to Tan [27], the pH of organic amendments was tested using a 1:10
(w/v) water solution of the samples. The total nitrogen content was determined by the micro Kjeldahl digestion and distillation system,
which involves the catalytic oxidation of organic and chemically combined N and subsequent alteration to NH4, then to NH3 [24]. The
colorimetric molybdate blue approach was used to measure the available phosphorus [28]. The exchangeable bases, namely, potas-
sium (K), calcium (Ca) and magnesium (Mg) were extracted from the soil media using neutral normal ammonium acetate [29] and
measured by titration with Trilon [30]. Particle density (PD) was determined using a graduated cylinder followed by Tan et al. [31]
method and the bulk density (BD) was calculated by the following equation:

Dried weight of the soil

Bulk density = Volume of the soil

2.5. Statistical data analysis

Shapiro-Wilk’s test was used to check if the data satisfied the assumptions of the analysis of variance (ANOVA), and two-way
ANOVA (organic amendment x sowing depth) was then applied in a complete randomized design. The significance level was set at
a = 0.05 and means were separated using Tukey’s honestly significant difference test. The statistical analysis was performed using R-
program (version 4.3.3, 2024). To determine the relationship between the variables, correlation analysis was also performed.
3. Results and discussion

3.1. Physicochemical properties of organic amendments

There were highly significant (P < 0.001) differences among all physical and chemical properties of the organic amendments. The
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highest percentage of organic carbon was found in the forest soil (39.90 + 1.20) followed by coffee husk compost (34.82 + 0.36),
while the lowest values were recorded in topsoil (1.21 + 0.04) and farmyard manure (19.95 + 0.11). Likewise, the highest percentage
of total nitrogen content (2.39 + 0.06), percentage of available phosphorus (0.41 + 0.02), and the exchangeable potassium (1.87 +
0.05 cmol(4y/kg of soil), calcium (33.11 + 0.31 cmol(4)/kg) and magnesium (19.69 + 0.63 cmol(,)/kg) were registered in forest soil;
in contrast, the topsoil had lower levels of the aforementioned soil chemical characteristics. Furthermore, the pH levels that were
higher were observed in forest soil (8.83 + 0.25) and coffee husk compost (7.93 + 0.25) while the lower pH values were found in the
topsoil (5.87 + 0.25) and farmyard manure (7.37 + 0.15) organic amendments (Fig. 2).

Conversely, the maximum bulk density (1.51 + 0.03 g/cm®) and particle density (2.69 + 0.03 g/cm®) were registered in the topsoil
while the minimum bulk density (0.40 £ 0.03 g/cm?’) and particle density (1.26 + 0.04 g/cmg) were recorded in the forest soil (Fig. 2).

3.2. Days of 50 % emergence

The main effect of organic amendments on days of 50 % emergence has shown highly significant (P < 0.001) variation while its
interaction effect with the sowing depth was not significant (P > 0.05). The earlier days of 50 % emergence (25.22 + 1.79) were
observed in 3:2:1 (topsoil: forest soil: sand) followed by 3 topsoil: 2 coffee husk: 1 sand (35.44 + 1.42) and 4 topsoil: 2 forest soil: 1
sand (30.56 + 2.40) whereas the delayed 50 % emergence days were observed in topsoil (87.33 + 1.58) followed by the ratio of 3
topsoil: 1 farmyard manure: 0 sand (85.88 + 1.27) and 3 topsoil: 1 coffee husk: 0 sand (83.89 + 1.45). The days of 50 % emergence in
3:2:1 (ratio of topsoil: forest soil: sand) proportion emerged earlier by 62.11 days compared with using topsoil exclusively (Fig. 3)
perhaps as a result of the notable variation in the physical and chemical properties of the growth media (Fig. 2).

The main effect of a sowing depth on mean days to 50 % emergence was also highly significant (P < 0.001). The earlier days of 50 %
emergence (59.89 + 20.71) were observed at a depth of 2 cm whereas the delayed seedling emergence (63.65 + 20.44) was found at 3
cm sowing depth (Table 3). In line with the current study, some authors describe that forest soil and organic fertilizers improve plant
emergence velocity and yield enrichment [32-37]. In addition, seedling emergence in decomposed coffee husk application is more
effective compared to using topsoil only [5,33,38-41], probably due to the availability of high organic carbon and the primary
macronutrients [15-18] and low pH value, bulk and particle density (Fig. 2) density which improves soil porosity, aeration and
nutrient uptake capacity [42] in the organic amendments. The availability of calcium, magnesium, and potassium contents may aid in
the neutralization of organic acids and enhance the absorption of other nutrients by roots and their translocation within the coffee
plant [40]. The higher pH values in the organic amendments may be related to increased plant growth rate and produce more root
exudates as a carbon source available for survival and multiplication of microbes [43].

Forest soil
Coffee husk compost
Farmyard manure

Topseil

K Ca

Fig. 2. Spider plot for soil physicochemical properties of different organic amendments.
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Fig. 3. Response of days of 50 % coffee seedling emergence to organic amendment composition; TS = topsoil, FS = forest soil, CH = coffee husk, FM =
farmyard manure, S = sand.

3.3. Seedling height (cm)

The interaction effect of growth media and a sowing depth on mean coffee seedling height was a highly significant (P < 0.001)
difference. Interestingly, the tallest seedling height (57.11 + 1.37) was recorded in the organic amendment substrate constituting with
3:2:1 (topsoil: forest soil: sand) proportion sown at a depth of 2 cm followed by 4:2:1 (topsoil: forest soil: sand) ratio in 1 cm depth
(54.83 + 1.18) and 3:2:1 (topsoil: forest soil: sand) at a depth of 1 cm (53.63 + 1.25) while the shortest seedling heights were
registered in the topsoil solely in 3 cm (9.81 + 0.25), 1 cm (10.83 + 0.49) and 2 cm (11.35 + 0.68) sowing depths, respectively.
Besides, coffee seedling height in 3:2:1 (topsoil: forest soil: sand) ratio sown in 2 cm depth was statistically taller by 82.82 % than
seedling height grown using topsoil merely at a depth of 3 cm (Table 2).

As depicted in Fig. 2, forest soil showed higher seedling height compared to coffee husk compost and farmyard manure perhaps as a
result of the notable differences in the contents of total nitrogen and organic carbon [15,17] which led to raise plant height by
enhancing soil fertility and nutrient uptake capacity. The alkaline nature of forest soil pH is accountable for producing more root
exudates and multiplication of soil microbes [43]. Similarly, the low bulk and particle densities in the organic amendments could
improve soil porosity, aeration and nutrient uptake capacity as supported by Pham et al. [42]. According to Getachew and Muleta [40],
the organic amendments’ exchangeable calcium, magnesium, and potassium content may neutralize organic acids and enhance the
absorption of other nutrients.

This study’s outcome also agreed with several other research outputs [2,4,5,32,34,44-49] who generally and concisely reported
that taller plant heights were observed when grown using organic amendments such as forest soil, decomposed coffee husk, farmyard
manure, vermicompost, animal and plant biochar etc. This could be because of a huge amount of organic matter and total nitrogen
present [15,17,19,50] which enhance the capacity to easily uptake nutrients [42,51], maintain soil moisture and enhance soil fertility
[52,53] that ultimately improves growth media porosity, aeration and water retention capacity [54]. Pampuro et al. [55] show evi-
dence that organic amendments act as growth regulators, enabling plants to withstand adverse environmental conditions. Through
destructive, antagonism, and inhibitory actions, it also aids in maintaining the biological balance of the soil and inhibits the growth of
hazardous microbes [52]. Chemura et al. [56] came to the conclusion that an overabundance of organic amendments might cause more
vegetative growth to accumulate than an improvement in crop yield.

3.4. Leaf length (cm)

The combination influence of organic amendment and a sowing depth on average coffee leaf length was a highly significant (P <
0.05) difference. The maximum leaf length (23.15 + 0.32) was recorded in the organic substrate constitutes with 3:2:1 (topsoil: forest
soil: sand) proportion sown at a depth of 2 cm followed by 3:2:1 (topsoil: forest soil: sand) in 1 cm depth (22.17 + 0.35) and 4:2:1
(topsoil: forest soil: sand) sown at a depth of 2 cm (21.96 + 0.50) while the minimum leaf lengths were registered using topsoil alone in
3cm (1.54 £0.16),1 cm (1.93 £+ 0.15) and 2 cm (1.98 + 0.24) sowing depths, respectively. The coffee leaf length in the 3:2:1 (topsoil:
forest soil: sand) was exceeded by 93.35 % compared to seedling grown using topsoil at a depth of 3 cm (Table 2).

In a more general context, coffee seedling leaf length was higher in soil substrate constitutes of forest soil followed by coffee husk
while the shorter leaf lengths were observed in the control treatment using topsoil only and soil composition with farmyard manure.
The growth media compositions with forest soil had adequately longer leaves probably due to the high percentages of organic carbon,
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Table 2

Interaction effect of growth media and a sowing depth on coffee seedling height, leaf length, taproot length.
Growth Media Sowing Depth Seedling Leaf Taproot

Height Length Length

Top Soil only 1cm 10.83 + 0.49K¢ 1.93 + 0.15%% 6.87 + 0.32¢
2 TS_1CH_0S 1cm 22.17 + 0.40% 5.23 + 0.15°P%" 16.79 + 0.68""
2 TS_1CH_1S 1cm 29.93 + 0.15P 10.60 + 0.82¢ 23.93 + 0.15"
3 TS_1CH_0S 1cm 14.87 + 0.42H 3.56 + 0.25"V"X 11.60 + 0.11°
3 TS_2CH_1S 1cm 45.66 + 0.758 20.67 + 1.32¢ 30.53 + 0.828
4 TS_2CH_1S 1cm 41.94 + 0.79' 18.03 + 1.16°% 27.47 + 0.60Y
2 TS_1FS_0S 1cm 27.33 + 0.36™ 6.63 + 0.45™" 19.68 + 0.75°
2 TS_1FS_1S 1cm 39.16 + 0.85% 17.40 + 0.73%" 26.13 + 0.694
3 TS_1FS_0S 1cm 17.67 + 0.38% 3.83 + 0.31""W 13.72 + 0.36%
3 TS_2FS_1S 1cm 53.63 + 1.25° 22.17 + 0.35° 40.67 + 1.68°
4 TS_2FS_1S 1cm 51.74 + 0.82¢ 20.90 + 0.79¢ 34.19 + 0.90°
2 TS_1FM_0S 1cm 19.81 + 0.40%¢ 4.33 +0.51"" 15.63++0.32%
2 TS_1FM_1S 1cm 24.32 + 1.00"Y 5.67 + 0.15"°Pd 18.22 + 0.40%
3 TS_1FM_0S 1cm 12.36 + 0.64Y 2.80 + 0.26% 10.27 + 0.35°
3 TS_2FM_1S 1cm 34.62 + 0.65™ 13.10 + 1.08’ 25.64 + 0.44™
4 TS_2FM_1S 1cm 29.03 + 0.319° 7.53 + 0.67™ 21.87 + 0.31%
Top Soil only 2 cm 11.35 + 0.68°% 1.98 + 0.24%% 8.31 + 0.34"
2 TS_1CH_0S 2 cm 22.96 + 0.21% 6.10 + 0.36™ 17.74 + 0.42%
2 TS_1CH_1S 2 cm 31.15 + 0.35° 11.33 + 0.50 24.33 + 0.44™
3 TS_1CH_0S 2 cm 15.60 + 0.62F¢ 4.03 4+ 0.14% 12.25 + 0.385%¢
3 TS_2CH_1S 2 cm 47.91 + 0.36 21.40 + 0.62" 32.71 + 1.64
4TS_2CH_1S 2 cm 42.69 + 1.15" 18.60 + 1.39% 28.57 + 1.358
2 TS_1FS_0S 2 cm 27.98 + 0.15% 7.23 + 0.38™ 20.83 + 0.55"
2 TS_1FS_1S 2 cm 39.74 + 0.40% 17.97 + 0.49°%® 26.96 + 0.93%
3 TS_1FS_0S 2 cm 18.69 + 0.36™F 4.27 + 0.21™t 14.18 + 0.23”
3 TS_2FS_1S 2 cm 57.11 + 1.37° 23.15 + 0.32° 43.53 +1.12°
4 TS_2FS_1S 2 cm 54.83 +1.18° 21.96 + 0.50° 35.64 + 0.75¢
2 TS_1FM_0S 2 cm 20.51 + 0.74P 4.77 + 0.359 15.80 + 0.36"Y
2 TS_1FM_1S 2 cm 25.17 +1.23% 6.64 + 0.55™" 19.55 + 0.70%
3 TS_1FM_0S 2 cm 13.02 + 0.31" 3.11 + 0.32"™* 11.13 + 0.31°%
3 TS_2FM_1S 2 cm 35.62 + 0.76™ 14.52 + 1.01 25.97 + 0.251
4 TS_2FM_1S 2 cm 29.74 + 0.31P% 8.55 + 0.76' 22.88 + 0.24P4
Top Soil only 3cm 9.81 + 0.25" 1.54 + 0.167 6.35 + 0.26%
2 TS_1CH_0S 3cm 21.15 + 0.25% 4,95 + 0.15P9 16.14 + 0.17"%
2 TS_1CH_1S 3cm 30.31 + 0.46°° 8.72 + 0.98! 23.32 + 0.28°°
3 TS_1CH_0S 3cm 14.31 + 0.72" 3.02 + 0.36"* 10.80 + 0.26°
3 TS_2CH_1S 3cm 43.60 + 0.92" 18.34 + 0.45%f 28.29 + 0.61™
4TS_2CH_1S 3cm 40.52 + 0.519 17.35 + 0.408" 26.54 + 0.441
2 TS_1FS_0S 3cm 26.66 + 0.86" 5.91 + 0.36"P 18.58 + 0.38™
2 TS_1FS_1S 3cm 37.93 + 0.15' 16.61 + 0.82" 25.50 + 0.36'™
3 TS_1FS_0S 3cm 16.40 + 0.57F 3.24 + 0.26""* 12.87 + 0.43"B
3 TS_2FS_1S 3cm 51.87 + 0.31¢ 20.76 + 0.47¢ 39.03 + 1.83°
4 TS_2FS_1S 3cm 49.46 + 0.60° 19.13 £ 0.73¢ 33.41 + 0.62°F
2 TS_1FM_0S 3cm 19.00 + 0.10°P 3.81 + 0.15™"W 14.73 + 0.31%
2 TS_1FM_1S 3cm 23.57 + 0.76"% 5.53 + 0.26°P4 17.87 + 0.39"
3 TS_1FM_0S 3cm 11.70 + 0.46"¢ 1.98 + 0.22%* 8.96 + 0.25"
3 TS_2FM_1S 3cm 32.50 =+ 0.87" 11.22 + 0.465 24.78 + 0.27™
4 TS_2FM_1S 3cm 28.80 + 0.30™ 7.45 + 1.16™ 21.23 + 0.57"
Mean 29.72 10.19 21.49
cv 2.23 5.97 3.13
LSD 1.08 0.99 1.09
P—Value ek k¥ ¥k

Means within a column followed by the same letter(s) are not significantly different at a 5 % LSD test; TS = topsoil, FS = forest soil, CH = coffee husk, FM =

farmyard manure, S = sand.

total nitrogen content, exchangeable potassium, calcium, magnesium and pH but low in bulk and particle density (Fig. 2). Likewise,
seedling leaf lengths were declined when the ratios of organic amendments reduced in the media compositions.

In this regard, Takala [46] and Hirpa [47] explored similar findings that the organic amendments produce longer leaves, possibly
due to the presence of high organic carbon [15-18], total nitrogen content [19], which plays a massive role in light interception [57],
vegetative growth and development rates [19], photosynthetic efficiency [58], evapotranspiration [57] and the use of nutrients [42]
and water (Adrinal et al., 2021). In this sense, Castillo and Andrade [5] confirmed that the leaves of Arabica coffee patterns signifi-

cantly varied in various fertilizers types and rates.
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Table 3

The effect of a sowing depth on days to 50 % emergence, internode length, number of nodes, number of true leaves and leaf width.
Sowing Days to 50 % Internode length Number of nodes Number of true leaves Leaf width
Depth Emergence
1cm 61.73 + 20.67° 3.31 + 1.01° 6.52 + 2.25% 26.00 + 16.02° 6.75 + 4.08°
2 cm 59.89 + 20.71¢ 3.40 + 1.05° 6.68 + 2.24° 27.60 + 16.63% 7.06 + 4.24°
3 cm 63.65 + 20.44° 3.27 + 1.04° 6.29 + 2.15° 24.42 + 15.44° 6.39 + 4.02°
Mean 61.76 3.33 6.49 26.01 6.73
Ccv 1.56 3.59 8.80 5.82 4.47
LSD 0.39 0.05 0.23 0.61 0.12
P-value Fekk ok %k Tk Tk

Means within a column followed by the same letter(s) are not significantly different at a 5 % LSD test.
3.5. Taproot length (cm)

The combination effect of organic amendment and a sowing depth on average coffee taproot length was substantially significant (P
< 0.05). The longest taproot (43.53 + 1.12) was recorded in the organic matter and available phosphorus-rich forest soil substrate
constitutes with 3:2:1 (topsoil: forest soil: sand) proportion sown at a depth of 2 cm followed by 3:2:1 (topsoil: forest soil: sand) at a
depth of 1 cm (40.67 + 1.68) and 3 cm (39.03 + 1.83) while the shortest taproot lengths were registered in the poor in phosphorus and
organic carbon topsoil in 3 cm (6.35 + 0.26), 1 cm (6.87 + 0.32) and 2 cm (8.31 + 0.34) sowing depths, respectively. Accordingly,
coffee taproot length in the 3:2:1 (topsoil: forest soil: sand) ratio in 2 cm depth was statistically longer by 85.41 % than grown in topsoil
at a depth of 3 cm (Table 2).

The taproot length was higher in soil substrate constitutes of forest soil followed by coffee husk compost while the shorter taproots
were observed using topsoil only and soil composition with farmyard manure possibly due to the amount of growth media physical and
chemical properties (Fig. 2). The available phosphorus in the organic amendments mainly in forest soil may improve cell division and
development of new tissue, associate with energy transformations in the plant, promote root growth and stimulate root penetration,
and often hastens maturity as supported by Anteneh and Heluf [13]. On other hand, the topsoil had low bulk and particle densities
(Fig. 2) which could be used as indicators for problems in root growth and poor soil aeration.

The current findings are also in agreement with Poncet et al. (2024), Bracken et al. [3], Castillo and Andrade [5], Wegari and Amin
[591, Bohdrquez et al. [60], Silva et al. [61], Defrenet et al. [62], who reported that top root length exhibits significant variation in
different plant growth media compositions. This might be chiefly due to the fertility variation of the organic amendment compositions
[63] and growing condition difference [64] that enabled the seedling taproot to penetrate deeply and store assimilates from source to
sink. Likewise, Ribeirinho et al. [50] explored that taproot length in soil with enough organic matter and available phosphorus is
longer and stabilized on soil minerals more efficiently. Roots are thus major contributors to stable soil organic matter build-up,
especially in deep soil layers as substantiated by Yenani et al. [17].

3.6. Number of nodes

The main effect of organic amendments on the mean number of nodes was highly significant (P < 0.001) whereas the interaction
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effect with a sowing depth was not significant (P > 0.05). The highest numbers of nodes (10.56 + 0.53) were found in 3 topsoil: 2 forest
soil: 1 sand and in the growth media composition of 4 topsoil: 2 forest soil: 1 sand (10.21 + 0.66) while the lowest number of nodes was
observed in topsoil (3.89 + 0.60) followed by in the soil substrates constitutes with 3 topsoil: 1 farmyard manure: 0 sand (4.22 + 0.44).
The number of nodes in 3:2:1 (ratio of topsoil: forest soil: sand) organic amendment proportion was elevated by 63.16 % compared
with the number of nodes in the topsoil alone (Fig. 4) possibly due to the high percentage of organic carbon, the primary macronu-
trients, alkaline nature of the growth media and low in bulk and particle density of forest soil (Fig. 2).

The finding of this study was in agreement with some research results [2,5,65-69] who reported that higher number of nodes were
observed when coffee seedlings grown using organic amendments possibly due to the availability of rich organic carbon [15-19] that
eventually improves growth media porosity, aeration, nutrient uptake and water retention capacity (Adrinal et al., 2021).

The average number of nodes was significantly influenced (P < 0.05) by the main effect of a sowing depth. Likewise, the maximum
number of coffee seedling nodes (6.68 + 2.24) was scored at a depth of 2 cm while the minimum numbers of nodes were recorded in 3
cm (6.29 £ 2.15) and 1 cm (6.52 + 2.25) sowing depths, respectively (Table 3). In contrast, Netsere and Kufa [69] reported that coffee
seed germination and seedling growth was higher at a depth of 1 cm and had declined tendency with increasing a sowing depth. This
might be due to the variation in the physicochemical properties of the growth media and other abiotic factors [62] particularly high
temperature and light [70].

3.7. Internode length (cm)

The interaction effect of organic amendment composition and a sowing depth on mean internode length was not significant (P >
0.05) however there was a highly significant (P < 0.001) difference in the main effect of sowing media. Generally, the maximum
internode length (5.68 + 0.34) was recorded in the soil substrate constitutes with 3:2:1 (topsoil: forest soil: sand) proportion followed
by a ratio of 4 topsoil: 2 forest soil: 1 sand (4.89 + 0.22) and 3 topsoil: 2 coffee husk: 1 sand (4.31 + 0.12) while the minimum seedling
internode lengths were registered in the topsoil (1.68 + 0.14) and 3 topsoil: 1 farmyard manure: 0 sand (2.14 + 0.06) proportion.
Concisely, coffee seedling internode length in the soil substrate constitutes with 3:2:1 (topsoil: forest soil: sand) was statistically longer
by 70.42 % than seedling internode length grown using solely topsoil (Fig. 5) probably due to the high percentage of organic carbon,
the primary macronutrients content, alkaline nature of the growth media and low bulk and particle density of forest soil (Fig. 2).

The current findings concur with Teixeira et al. [65], Muvunyi et al. [66], Rodrigues et al. [67] and Netsere and Kufa [69] who
reported that internode lengths of coffee seedlings significantly varied in different plant growth media compositions, probably due to
the fertility variation of the organic amendment [68] and the variation in growing condition [64]. Besides, DaMatta et al. [71] and
Ribeirinho et al. [50] supported that the internode length of coffee seedlings in soil with enough organic matter is longer compared
with seedlings grown merely in topsoil.

The main effect of a sowing depth on mean internode length was a highly significant difference (P < 0.001). The longer internode
(3.40 + 1.05) was recorded at a depth of 2 cm while the shorter internodes were registered in 3 cm (3.27 + 1.04) and 1 cm (3.31 £+
1.01) sowing depths, respectively (Table 3) probably due to the variation in the physicochemical properties of the growth media
(Fig. 2) and other abiotic factors [62] particularly temperature and light [70].
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3.8. Number of true leaves

The main effect of organic amendment on the average number of true leaves has shown a highly significant difference (P < 0.001)
whereas the interaction effect of organic amendment and a sowing depth was non-significance (P > 0.05). The maximum number of
true leaves (55.32 + 3.24) was observed in 3 topsoil: 2 forest soil: 1 sand proportion followed by in the ratios of 4 topsoil: 2 forest soil: 1
sand (50.03 £ 2.74) and 3 topsoil: 2 coffee husk: 1 sand (46.01 + 2.45) while the minimum number of true leaves was found in topsoil
(4.30 £ 0.71) followed by the ratios of 3 topsoil: 1 farmyard manure: 0 sand (5.46 + 1.22) and 3 topsoil: 1 coffee husk: 0 sand (8.19 &
1.87). The number of true leaves in 3:2:1 (ratio of topsoil: forest soil: sand) organic amendment proportion was higher by 92.23 % than
with using topsoil exclusively (Fig. 6).

Generally, the true number of leaves in coffee seedling was higher in soil substrate constitutes of forest soil followed by coffee husk
compost while the lower true leaf numbers were observed in the control treatment using topsoil followed by the farmyard manure
probably due to high percentages of organic carbon, calcium, magnesium, exchangeable potassium, total nitrogen content, and
alkaline nature of the pH but low in bulk and particle density (Fig. 2). Likewise, the number of true leaves was declined when the ratios
of organic amendments reduced in the growth media compositions supported by Castillo and Andrade [5], Letort et al. [72], Fernandes
et al. [45] and Hirpa [47]. This could be also due to the photosynthetically active radiation and solar brightness [3,5,73] as the leaf is
responsible for evapotranspiration, nutrient and water use, carbon assimilation, development rate, and photosynthetic efficiency [74].

The main effect of a sowing depth on the average number of true leaves was a highly significant difference (P < 0.001). The higher
(27.60 £ 16.63) and lower (24.42 + 15.44) number of true leaves were explored at a depth of 2 cm and 3 cm respectively (Table 3)
possibly due to various abiotic factors [62] mainly the influence of temperature and light [70].

3.9. Leaf width (cm)

The principal influence of organic amendment on mean leaf width was a highly significant difference (P < 0.001) whereas the
interaction effect of organic amendment and a sowing depth was non-significance (P > 0.05). The highest value of leaf width (14.02 +
0.50) was found in 3 topsoil: 2 forest soil: 1 sand growth media proportion followed by the ratios of 4 topsoil: 2 forest soil: 1 sand (13.11
=+ 0.37) and 3 topsoil: 2 coffee husk: 1 sand (12.19 + 0.62) while the lowest leaf width was observed in topsoil (1.15 + 0.24) followed
by the ratios of 3 topsoil: 1 farmyard manure: 0 sand (1.94 + 0.18) and 3 topsoil: 1 coffee husk: 0 sand (2.43 £ 0.15). The leaf width in
3:2:1 (ratio of topsoil: forest soil: sand) organic amendment proportion was higher by 91.80 % than with using topsoil alone (Fig. 7).

Interestingly, forest soil had statistically longer leaf width compared to the control treatment (topsoil) probably because of the
substantial difference in total nitrogen and organic carbon [16-18] which led to increate leaf width by improving soil fertility.
Likewise, the alkaline nature of forest soil pH could be accountable for the multiplication of important soil microbes [43]. Similarly,
the low bulk and particle densities in the organic amendments could improve soil porosity, aeration and nutrient uptake capacity as
supported by Pham et al. [42]. The availability of potassium, magnesium and exchangeable calcium in the organic amendments could
neutralize organic acids and improve the absorption of other nutrients [40].

This is in coherence with several research findings [32,33,37-40,46,47] who reported that leaf dimension increases when grown
using forest soil and various composts, possibly due to the availability of organic matter [15-18] and easily nutrient uptake [42]. Leaf
width variation might be also depend on light interception [57], photosynthetic efficiency [58], and evapotranspiration [57].

The main effect of a sowing depth on mean leaf width was a highly significant difference (P < 0.001). The larger leaf width (7.06 +
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4.24) was recorded at a depth of 2 cm while the narrower leaf widths were registered in 3 cm (6.39 + 4.02) and 1 cm (6.75 + 4.08)
sowing depths, respectively (Table 3). Conversely, Netsere and Kufa [69] observed higher leaf width was found at a depth of 1 cm
possibly due to the variation in the physicochemical properties of the growth media (Fig. 2) and other abiotic factors [62] mainly the
soil temperature [70].

4. Conclusion

Coffee husk and farmyard wastes generated from various processing industries were the primary ecological confronts in Yirga-
cheffee, Southern Ethiopia. On other hand, soil fertility is the primary factor of coffee productivity challenge in the study area.
However, these wastes are vital if there is proper management and use as an organic fertilizer to replace the expensive chemical
fertilizers. In this study, the taller seedling height, elongated leaf, longest taproot, larger internode, the higher number of nodes per
seedling stem, maximum number of true leaves per seedling, wider leaves and earlier days of 50 % emergence were recorded in the
organic amendment constitutes with 3:2:1 (topsoil: forest soil: sand) at a depth of 2 cm while lowest values of the aforementioned
variables were registered in coffee seedlings grown in the topsoil solely at a depth of 3 cm. Potential coffee seedling growth biometrics
were also scored in the soils amended by coffee husk and farmyard manure, possibly due to high amount of organic carbon and primary
macronutrients. Hence, reusing farmyard manure wastes and coffee husk or switching them into reusable organic fertilizers could be a
master key to opening dual doors of high-yielded quality coffee and a clean environment.
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