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Abstract

Organic soil amendment is important for sustainable coffee production; however, efforts to establish its
scientific basis have been insufficient. This study evaluated the phenological and growth responses of selected
CBD-resistant coffee varieties to different vermicast application rates at Wonago, Gedeo, during 2022-2023
under irrigation. A 4 X 6 pot experiment was arranged in a randomized complete block design with three
replications. Treatments consisted of four coffee varieties (74112, 74110, Kotti, and Fayate) and six levels
of cow dung vermicast (4.5, 6.3, 8.1, 9.9, and 11.7t ha 1, plus a control) were considered as treatments.
ANOVA showed that both variety and vermicast significantly affected seedling girth, number of primary
branches, leaf number, leaf chlorophyll content, leaf area, specific leaf area, primary branch length, biomass,
and dry weight of seven-month-old coffee seedlings. In addition, node number, seedling height, and days
to 50% emergence were significantly influenced by the interaction between variety and vermicast. Variety
Kotti exhibited the highest biomass, seedling girth, leaf chlorophyll content, leaf area, and specific leaf area,
possibly in relation to this variety is native to the study area, while variety 74112 produced the highest
number of primary branches, primary branch length, leaf number, and seedling dry weight. Application of
9.9 and 11.7t ha~" vermicast shortened the number of days to first emergence and 50% emergence. As the
vermicast rate increased up to 9.9t ha™', seedling growth improved for most parameters; however, when
the rate exceeded 9.9t ha™', a slight decline was observed, possibly because some growth regulators in the
vermicast became dominant in the growth process. Further studies are suggested to determine the levels and
types of growth hormones present in cow dung vermicast.
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1 Introduction strained by multiple factors, including climate
change, poor postharvest handling practices, settle-

In Ethiopia, more than 22 million people depend  ment and resettlement activities, deforestation, low

directly or indirectly on coffee for their livelihoods
(Sisay, 2018; Woyesa & Kumar, 2021). Approxi-
mately 95% of the country’s coffee is produced by
smallholder farmers, who often face shortages of pro-
duction inputs and improved technologies required
for efficient coffee production (Dida, 2022; Sarira-
hayu & Aprianingsih, 2018).

In addition, Ethiopian coffee production is con-

market returns, and inadequate nutrient management
(Dida, 2022; Tadesse et al., 2020). Among these
constraints, nutrient management is one of the most
important determinants of coffee productivity and
sustainability across different production systems
(Wang et al., 2015).

Commercial coffee farms generally adopt better nu-
trient management practices than garden and semi-
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forest coffee production systems. In forest coffee
production, nutrient supply relies mainly on natural
soil amendments such as humus and green manure.
However, as in other agricultural lands, soil fertility
in many Ethiopian coffee-growing areas has been
declining at an alarming rate, requiring substantial
intervention to maintain productivity (Maryo et al.,
2025; Netsere & Takala, 2021; Tadesse et al., 2020).
Deficiencies of essential micronutrients, including
zinc (Zn), copper (Cu), boron (B), and molybdenum
(Mo), have been reported in several coffee-growing
regions of the country (Maryo et al., 2025; Netsere
& Takala, 2021).

Recently, vermicast has been reported as an excel-
lent source of nutrients and has been shown to im-
prove plant height, leaf number, stem circumference,
and leaf area of Robusta coffee seedlings during the
three- to six-month growth period (Adhikary, 2012).
Beyond nutrient management, coffee variety is also
an important factor influencing coffee growth and
yield performance (Fufa et al., 2020). Nevertheless,
the individual and interactive effects of vermicast
application and varietal differences on coffee growth
and development have not been adequately exam-
ined. Therefore, the present study aims to evaluate
the effects of vermicast, coffee varieties, and their in-
teractions on the phenological and growth responses
of coffee seedlings.

2 Materials and Methods

The study was conducted at Tumata Chirecha, Won-
ago, in the Gedeo Zone, on the coffee research farm
of the College of Agriculture and Natural Resources,
Dilla University. A 4 x 6 factorial pot experiment
was laid out in a randomized complete block design
(RCBD) and replicated three times. The treatments
consisted of four coffee varieties (74112, 74110,
Fayette, and Kotti) obtained from the Jimma Agri-
cultural Research Center, and six rates of cow dung
vermicast (4.5, 6.3, 8.1,9.9, and 11.7¢ ha‘l) plus a
control; these were the two factors studied.

Data were collected on days to first emergence, days
to 50% emergence, stem/seedling height at trans-
planting (cm), number of leaves per plant, specific
leaf area (SLA), total leaf area (LA), stem girth (cm),
number of primary branches, main branch length,
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total chlorophyll content, tap root length, biomass
yield (g), and total dry weight (g). The collected data
were checked for normality using univariate analysis
and then subjected to two-way analysis of variance
using Statistical Analysis System (SAS) software
version 9.4.

Soil Analysis: Soil samples were taken in compos-
ite form across the potting media by mixing soils
that received the same vermicast rate. The analyses
included percentage of organic carbon (OC), percent-
age of organic matter (OM), available phosphorus
(Av. P), total nitrogen (TN), cation exchange capac-
ity (CEC), soil pH, and textural class of the media.
For all parameters, the procedures were followed
according to the (SRD, 2014) soil analysis manual.

3 Results and Discussion

3.1 Effect of vermicast rates on number of days
to emergency

Vermicast rate significantly (P < 0.05) affected the
number of days to first emergence. The shortest
time to emergence after sowing (44.26 days) was
recorded at R5(11.7¢ ha™ '), followed by R4(9.9¢
ha™'). In contrast, the longest time to emergence
(52.99 days) was recorded in the control treatment
(R6), representing increases of 19.7%, 13.4%, and
12.8% compared to RS, R4, and R3 (8.1t ha™!), re-
spectively (Figure 1). The shorter time to emergence
observed in seedlings treated with the highest rate of
cow dung vermicast may be attributed to enhanced
seed germination (Nagavallemma et al., 2004). This
effect could be associated with increased soil temper-
ature resulting from microbial activity stimulated by
earthworm casts (Govindapillai et al., 2018). In ad-
dition, improved physicochemical properties of the
growing medium—such as increased concentrations
and availability of ammonium and nitrate—may help
break seed dormancy. Vermicast also improves the
moisture-holding capacity of the growing medium
(Arancon et al., 2003; Hilhorst & Karssen, 2000).

The findings of the present study are consistent with
those of previous research (Arancon et al., 2005; Ed-
wards et al., 1988), which reported that vermicast
application significantly improved the emergence of
tomato, radish, and cabbage seedlings.
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Daystoemergency t Grouping for Means of Rate
(Alpha =0.05)

Means covered by the same bar are not significantly different.

Rate Estimate
5 529917
1 50.3167
2 48 5000
3 46.9750
4 459083
g 44.2608

Figure 1. Effects of cow dung Vermicast rate on days to first emergency

3.2 Effect of coffee variety and vermicast rate
on number of days to 50% emergency
(DSO0E)

The interaction between coffee variety and vermicast
rate significantly (P < 0.05) affected the number of
days from sowing to 50% seedling emergence. The
shortest time to 50% emergence (49 days after sow-
ing [DAS]) was recorded from the combination of
the Kotti variety and 11.7¢ ha~! (R5) vermicast, fol-
lowed by 74110 x 11.7t ha~' (50.96 DAS), Kotti
% 9.9t ha—' (51.00 DAS), and Fayyetae x 11.7¢
ha=' (51.50 DAS). In contrast, the longest time to
50% emergence was observed in the combinations
of 74112 with R6 (control) and R1, respectively (Fig-
ure 2). Increasing the vermicast application rate
by at least 15% reduced the number of days re-
quired to reach 50% emergence by up to 24%. This
reduction may be attributed to enhanced soil tem-
perature resulting from increased microbial activity

stimulated by earthworm casts (Govindapillai ez al.,
2018), improved nutrient-use efficiency of the coffee
varieties, and increased availability of ammonium
and nitrate, which facilitate seed germination and
early seedling establishment (Arancon et al., 2003;
Hilhorst & Karssen, 2000). In addition, vermicast
contains higher concentrations of humic substances.
Humic acids are known to regulate plant growth by
influencing hormonal signaling and physiological
response pathways, thereby promoting seed germi-
nation and early seedling development (Aline et al.,
2022; Keiji Jindo, 2020; Norman et al., 2006).

The results of the present study are consistent with
those reported by Arancon et al. (2003) and R.M.
Atiyeh et al. (2000), who found that vermicast appli-
cation significantly improved seed germination and
several early growth parameters through enhanced
nutrient availability and improved soil conditions.

Ethiopian Journal of Environment and Development | 3



Wendimu Melese et al.

DSOE T Grouping for LS-Means of Varty"Rate (Alpha =0.05)

LS-means covered by the same bar are not significantly different.

Varty Rate Estimate
V74112 6 65.0000
V74112 1 63 6667
V74112 2 62.0000
V.74110 1 60.3333
V.74110 6 60.1667
V.Fayett 6 60.0000
V74112 3 59 6667
V.74110 2 58.8333
V. Kotti = 58.0000
V.Fayett 1 58.0000
V74112 4 57.8333
V.74110 3 57.3333
V.Fayett 2 56.6000
V.Fayett 3 55.7000
V.74110 4 55.5000
V. Kotti 1 55.0000
V74112 S 54.3333
V. Kotti 2 54.1000
V.Fayett 4 53.2000
V. Kotti 3 52.4000
W .Fayett 5 51.5000
V. Kotti 4 51.0000
V74110 S 50.9667
V. Kotti £ 49.0000

N Y D
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I N

I

Figure 2. Interaction effect of variety and Vermicast on number of days to 50%

3.3 Effect of Coffee variety and Vermicast rate
on the Number of nodes and Seedling height

The interaction between coffee variety and vermicast
rate significantly (P < 0.05) affected the number of
nodes (NN) and seedling height (SH). The highest
number of nodes (8.0 and 7.9) and seedling heights
(53.75 and 53.33c¢m) were recorded in the combina-
tions of Fayette x R4 and 74112 x RS, respectively
(Figure 3A and 3B).
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Variety Kotti showed the highest response to the
greatest vermicast rate for the variables NN and SH,
compared with all varieties evaluated in the experi-
ment, except variety 74112. This difference may be
associated with the genetic potential of Kotti to uti-
lize phytohormones that may be generated through
interactions between microorganisms in the rhizo-
sphere and earthworms in vermicast.
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Figure 3. A: Interaction effect of coffee variety and Vermicast rate on Number of Node and height of 7 months aged
coffee seedlings; B: Number of Node and height of 7 months aged coffee seedlings
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Among the coffee varieties tested, Kotti also exhib-
ited a greater response to the highest vermicast rate
with respect to both number of nodes and seedling
height, although its performance was comparable
to that of 74112. The variation in response may
be due to differences in the genetic capacity of cof-
fee varieties to utilize growth-promoting substances
present in vermicast. Vermicast is known to contain
phytohormones and beneficial microorganisms that
interact in the rhizosphere, thereby improving nutri-
ent uptake and enhancing plant growth (Rehman e¢
al., 2023).

The findings of the present study are in agreement
with those reported by Atiyeh et al. (2002) and R.M.
Atiyeh et al. (2000), as well as Govindapillai et
al. (2018) and Norman et al. (2006), who found
that vermicast significantly increased the number of
nodes and plant height compared with farmyard ma-
nure, conventional compost, chemical fertilizer, and
commercial synthetic plant growth hormones.

3.4 Effect of coffee variety and vermicast rate
on Seedling Girth

Regarding the main effects, both factors significantly
(P < 0.01) affected coffee seedling girth indepen-
dently. For the variety factor, the thickest seedling
girth (4.45cm) was recorded from variety Kotti, fol-
lowed by 74112 (4.19¢m) and Fayette (3.90cm). In
contrast, the least seedling girth was obtained from
variety 74110, which deviated by 20.2%, 15.3%, and
8.97% from varieties Kotti, 74112, and Fayette, re-
spectively.

Concerning vermicast rate, the highest mean
seedling girth (4.64cm)was observed in seedlings
treated with RS, followed by R4, which was statisti-
cally comparable with R3. The lowest seedling girth
was recorded in the control treatment (Table 1).

In living coffee plants, seedling girth is an impor-
tant indicator of potential crop performance in terms
of overall growth and yield. Therefore, only well-
vegetatively grown coffee seedlings can achieve
good transplanting quality and field establishment.
The probable reason for the greater seedling girth
observed in variety Kotti may be its genetic capacity
to tolerate environmental conditions such as temper-
ature, humidity, and radiation (Debela & Ayalew,
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2018), as well as the effects of the vermicast rates
applied (Arancon et al., 2003; Govindapillai et al.,
2018).

The present findings are consistent with those re-
ported by Atiyeh ef al. (2002), R.M. Atiyeh et al.
(2000), and Norman et al. (2006), who found that
using vermicast as a nutrient source, either alone or
combined with other organic or inorganic fertilizers,
increased most growth parameters compared with
other fertilizer sources. In addition, the presence of
readily available nutrient forms in vermicast —such
as NOj3, exchangeable phosphorus (P), potassium
(K), calcium (Ca), and magnesium (Mg) —may fur-
ther explain the superior performance of vermicast-
treated coffee seedlings (Arancon et al., 2005; Arora
etal.,2011; Edwards et al., 1988).

3.5 Effect of coffee variety and vermicast rate
on Primary Branch number

Seedling branch number is one of the most sensitive
indicators of variation among varieties and environ-
mental conditions (Atinafu & Mohammed, 2017).
It also determines the crop’s yield potential; there-
fore, differences in the number of primary branches
(NPB) among varieties reflect differences in poten-
tial growth and yield.

The analysis of variance showed that variety had a
highly significant effect (P < 0.01) on NPB. The
observed mean NPB ranged from 1.41 to 2.54 (Table
1). The highest NPB was recorded for variety 74112,
whereas the lowest NPB was observed in variety
74110.

Regarding vermicast rates, the highest mean NPB
(3.26) was recorded in R4, followed by R5(2.53).
The minimum NPB was obtained from the control
treatment (Table 1). Overall, the mean NPB of all
vermicast-treated 7-month-old seedlings increased
by 54% compared with the control. This improve-
ment may be attributed to enhanced nutrient avail-
ability —particularly nitrogen —and the presence of
growth-regulating hormones involved in vegetative
growth (Arora et al., 2011; Debela & Ayalew, 2018;
Edwards et al., 1988; Govindapillai et al., 2018).

According to the review by Theunissen et al. (2010),
nitrogen plays key roles in several physiological pro-
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cesses, including photosynthesis, cell division and
differentiation, growth and somatic embryogenesis,
chlorophyll content, Rubisco activity, and electron
transport rate.

3.6 Effect of coffee variety and vermicast rate
on Number of Leaf

Leaf is a vegetative part of the plant where several
physiological processes occur, including photosyn-
thesis, respiration, transpiration, phototropism, and
photophosphorylation (Faujiah et al., 2023). There-
fore, increases or decreases in the number of leaves
directly influence coffee growth and yield.

Results from the analysis of variance for the main
effects indicated that variety had a highly signifi-
cant effect (P < 0.01)on the number of leaves (NL).
The mean NL among the varieties used ranged from
13.66 to 18.93 (Table 1). The findings of this study
showed that variety 74112 had the highest NL, fol-
lowed by Fayette (16.38). In contrast, variety 74110
produced the lowest mean NL, which differed by
27.8% from variety 74112.

The analysis of variance also showed that vermi-
cast rate had a highly significant effect on NL. The
highest mean NL (18.93) was recorded in seedlings
treated with R4, followed by R5(17.55). The low-
est NL (12.93) was obtained from seedlings treated
with R6. The probable reason for the higher NL in
the plants treated with larger vermicast rates may
be related to the availability and concentration of
growth-regulating substances, such as ethylene and
cytokinin, which are involved in cell division and
differentiation (Abdallah et al., 1986; Grapelli et al.,
1985).

The findings of the present study are consistent with
those reported by Indrakumar and Chauhan (2009),
who found that vermicast-treated plants performed
best compared with inorganic nutrient sources, farm-
yard manure, and mixtures of these. Similarly,
Nijhawan and Kanwar (1951) reported that plants
treated with vermicast produced higher mean values
than other treatments. Govindapillai ez al. (2018)
also reported that 50% vermicast-treated Capsicum
annuum (L.) plants showed the best mean leaf num-
ber compared with other plant growth enhancers.

3.7 Effect of coffee variety and vermicast rate
on Leaf chlorophyll content

The energy of sunlight is first absorbed by plant pig-
ments located in the chloroplasts of leaves. Chloro-
phyll is a typical pigments that absorb photon en-
ergy, consisting primarily of chlorophyll-a and an
accessory pigment, chlorophyll-b (Ying et al., 2018).
When electrons are excited from their ground state
to an excited state through inductive resonance in
relation to wavelength, photosynthesis begins (Heber
et al., 1978). Therefore, biosynthesis and the distri-
bution of substrates in plants are strongly influenced
by leaf chlorophyll content (LCC). The analysis of
variance (ANOVA) results of the current study show
that variety had a highly significant effect (P < 0.05)
on LCC. The observed extremes between the highest
and lowest mean chlorophyll contents among the
tested coffee varieties were 63.06 and 60.42umol
cm™2, respectively. Variety Kotti was the highest,
while the remaining tested varieties produced results
that were statistically comparable to one another. In
addition to environmental factors (light, temperature,
CO,, and humidity) (EUmRSON, 1929) that affect
chlorophyll content, differences in chlorophyll con-
tent may also be attributed to genetic differences
among the varieties (Ying et al., 2018).

Besides variety, vermicast rate also had a significant
effect (P < 0.05) on the LCC of the tested coffee
seedlings. The minimum and maximum mean val-
ues recorded in the study were 55.07 and 66.88mol
cm ™2, respectively. Rate R4 was the best, followed
by R5(64.83) (Table 1). R6 showed the least varia-
tion, ranging from R4 and R5 by 17.6% and 15%,
respectively. Vermicast is often reported to be rich
in nitrogenous nutrients and growth-promoting sub-
stances (Nagavallemma et al., 2004; Theunissen et
al., 2010). Nitrogen is involved in several biochemi-
cal processes of photosynthesis, including reactions
that occur in the chloroplast such as chlorophyll
biosynthesis (Theunissen et al., 2010). The find-
ings of this study are consistent with those of Atiyeh
et al. (2000), who reported that using 10% or 20%
vermicast mixed with pig solid or food wastes signif-
icantly increased chlorophyll content compared with
other compost mixtures used in their study.
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Table 1. Effect of coffee variety and vermicast rate
on Seedling girth, primary branch number, number
of leaf and leaf chlorophyll content of 7 months aged
coffee seedlings

Factors Variables

Variety SG PBN NL LCC
Kotti 4.454 2,198 148  63.06
74112 4.198 2544 18.934  60.928
Fayette 3.90¢ 1.82€  16.38% 61348
74110 3.55P 1417 13.66°  60.428
LSD (P=0.05) 0.1746 02758 0.9867 1.1587
Vermicast Rate

RI1 1.34F 3.71P 14340 58.57F
R2 3.99¢ 1.72P  15.48°P  60.51P
R3 4.1585¢  2.12¢ 16435  62.75¢
R4 4.358 3264 18934  66.884
R5 4.644 2538 17558 64.838
R6 3308 0997  12.93F 55.07F
LSD (P=0.05) 0.2138 0.3377 12085 1.4191
CV % 6.466203  20.63 9.22 2.81

3.8 Effect of coffee variety and vermicast rate
on Leaf area (cm?)

The observed mean value for LA among varieties
wide ranged between 66.11cm? and 31.17cm?. The
highest mean LA recorded from variety Kotti fol-
lowed by Fayette (51.69) whereas the least mean
LA recorded from Variety 74112 (Figure 4A). The
genetic variations among varieties, could be a reason
for the current variation in mean LA (Gizachew &
Hussein 2017; Keiji Jindo, 2020).
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This Genotypic variation may also explain the dif-
ferences in seedling responses to environmental vari-
ables in which they grow, and this can provide a
good basis for further improvements in the coffee
industry (Fikadu et al., 2008).

Growth increases of up to 48% were observed in
the leaf area of marigold, tomato, green pepper, and
cornflower treated with vermicast (Bachman & Met-
zger, 2008). Leaves are known to function both as a
source and a sink—serving as a center for photosyn-
thesis and various physiological processes, as well
as for the storage of metabolites such as nitrogen to
increase leaf biomass (Adugna et al., 2018; Thomas
etal., 1997).

In this study, R5 and R4 produced the highest first-
and second-ranked mean leaf area (LA) values of
60.10 and 54.49, respectively, followed by R3(49.52)
(Figure 4B). The increased leaf area observed in
largely vermicast-treated seedlings may be due to
the availability and concentration of nutrients and
growth-promoting hormones that support vegetative
growth in coffee seedlings (Arancon et al., 2003;
Debela & Ayalew, 2018; Edwards et al., 1988). The
findings of the present study are consistent with those
reported by Arancon et al. (2005), who established
that humic acid extracted from vermicast using the
citric acid/alkaline fractionation technique increased
the leaf area of tomato. They also reported that
1kg) of vermicast has the potential to yield 4g of
humic acid. Furthermore, applying 15" of vermi-
cast increased growth variables, including leaf area
(Chandan & Azad 2015)
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LeafArea t Grouping for Means of Variety (Alpha

=0.05)

Means covered by the same bar are notsignificantly different.

Variety

V.74110

V.74112

V. Kot

V.Fayett

Estimate

64.3844

48.0950

34.7394

229322

LeafArea t Grouping for Means of Rate (Alpha =0.05)

Means covered by the same bar are notsignificantly different.

Rate

Estimate

§1.7617

49.4592

42.5800

40.2125

37.6692

335442

Figure 4. A: Effect of variety on Leaf area of 7 months aged coffee seedlings; B: Effect of Vermicast rate on Leaf area
of 7 months aged coffee seedlings
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3.9 Effect of variety and vermicast rate on Spe-
cific Leaf area (cm?)

Specific leaf area (SLA) measures leaf thickness and
is one of the most important traits in its sensitivity to
environmental conditions (Amanullah er al., 2007).
SLA is also a preferred soft plant trait for assessing
soil fertility compared with leaf dry matter content
(LDMC) (Hodgson et al., 2011). Higher SLA gen-
erally indicates greater potential productivity and a
better relative growth rate (Li et al., 2004; Poorter,
2001).

The highest SLA value (64.38cm?) was recorded
from variety 74110, followed by 48.09cm? and
30.66¢m? for varieties 74112 and Fayette, respec-
tively (Table 2). The possible reason for the higher
SLA of variety 74110 may be its greater photo-
synthetic capacity and improved nutrient-use effi-
ciency, which are genetically regulated (Arancon ef
al., 2003).

Table 2. Effects of coffee variety and vermicast rate
on Specific leaf area, primary branch length, dry
weight of 7 months aged coffee seedlings

Factors Variables

Variety SLA PBL Dw
Kotti 34.74¢ 14518 2658
74112 48.098 16204  30.784
Fayette 22932 12,84  19.05¢
74110 64.384  11.11°  21.72¢
LSD (P=0.05 235 1.62 2.8718
Vermicast Rate

R1 37.67¢  10.16F  18.58F
R2 40.215¢  12.58P  22.25P
R3 51.764  14.75€ 26¢
R4 49464 19.394  34.584
R5 42588 17.358  30.16°
R6 33.54P 7777 14.75F
LSD (P=0.05 333 1.98 3.51
CV % 9.52 17.69 17.55

Among the vermicast rates, the highest and statisti-
cally comparable mean SLA values were 51.89cm?
and 49.32cm?, recorded for R3 and R4, respec-
tively. In contrast, R6 produced the least mean value
(32.96¢cm?) (Table 2). The nutrient content of ver-
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micast is often higher and more readily available
than that of other organic nutrient sources used in
different studies (Govindapillai et al., 2018; Grapelli
et al., 1985; Indrakumar & Chauhan, 2009). The
promotion of plant growth by nutrients and growth-
promoting substances such as N, P, and K involves
several physiological processes that directly influ-
ence plant development. Therefore, the variations
observed among treatments may be associated with
improved soil physicochemical properties resulting
from the increased vermicast rate applied (Arancon
et al., 2005; Atiyeh et al., 2002).

3.10 Effect of coffee variety and vermicast rate
on Primary branch length

Primary branches and lateral branches are respon-
sible vegetative parts of the coffee tree that help
determine the number of secondary lateral branches
and inflorescences (Adriana & Thiago, 2015). The
analysis of variance showed that the main effects
of variety and vermicast rate were significant (P <
0.01) for primary branch length (PBL).

For the tested varieties, the mean PBL ranged from
11.11 to 16.21cm. Variety 74112 produced the high-
est mean PBL, followed by variety Kotti (14.51cm)
and Fayette (12.85¢cm) (Table 2). Similarly, the mean
PBL values across vermicast rates ranged from 7.77
to 19.40cm. The highest mean PBL was recorded
for seedlings treated with R4 (followed by RS at
17.35cm and R3 at 14.75c¢m), whereas the control
treatment produced the least mean value (Table 2).

The differences observed among the mean PBL val-
ues of the tested varieties and vermicast rates may be
due to genetic variability and their interaction with
the environment (Fikadu et al., 2008; Keiji Jindo,
2020). In addition, improvements in the physico-
chemical properties of the growing medium, which
depend on the level of vermicast applied, may also
explain the variation (Debela & Ayalew, 2018). The
results of this study are consistent with findings re-
ported by Arancon et al. (2005) and Atiyeh et al.
(2000), who reported that nutrients and humic acid
in vermicast improved plant growth in their experi-
ments.
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3.11 Effect of variety and vermicast rate on
seedling dry weight

Seedling dry weight (DW) influences leaf photosyn-
thetic capacity and the plant’s nutrient-using capacity
by reflecting nutrient availability and uptake ability
of nutrients supplied through vermicast (Arancon et
al., 2005; Atiyeh et al., 2002; Sheng & Hunt, 1991).
The highest mean DW (30.78¢) was recorded for va-
riety 74112, while the lowest (19.05g) was recorded
for Fayette (Table 2). Variety 74112 was superior
to all other tested varieties, possibly due to its effi-
cient nutrient uptake and utilization (Sheng & Hunt,
1991).

With respect to vermicast rate, seedlings treated with
R4 recorded the highest mean DW (34.58g) com-
pared with all other rates (Table 2). Increasing the
vermicast rate up to a certain level increased the DW
of the coffee seedlings. This may be because ver-
micast improves the availability and uptake ability
of both nutrients and growth regulators (Arancon et
al., 2003; Arancon et al., 2005; Stancheva & Mitova,
2002).

The results of the post-experimental soil analysis fur-
ther showed that all growing media amended with

IMPROVED COFFEE VARIETIES (Coffea arabica L.) TO

APPLICATION

vermicast had increased total nitrogen (TN), phos-
phorus (P), percent organic carbon (%OC), and or-
ganic matter (OM).

3.12 Effect of coffee variety and vermicast rate
on seedling biomass

The interaction between vermicast rate and vari-
ety had a significant (P < 0.05) effect on seedling
biomass (BM). The highest BM (62.17g) recorded
from variety Kotti when treated with R4 while the
least mean value recorded from variety Fayette when
treated as control (Figure 5). One of the possible rea-
sons for variation in BM among evaluated seedlings
is change in physiology that influenced by growth
regulating hormones which impacts are mainly in re-
lation to micro flora and /microbial metabolites that
are capable of influencing plant metabolism, growth
and development (Edwards et al., 1988; Tomati; et
al., 1988). The level of reaction of seedlings to
growth hormones that are contented in vermicast
and nutrients such as N use efficiency is possibly
associated to the genetic condition of the seedlings
(Herminia et al., 2020). This result is in line with
the findings of (Arancon et al., 2003; Arancon et al.,
2005) who reported that Vermicast as organic nutri-
ent source significantly improved seedlings biomass.
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Figure 5. Effect of variety and Vermicast rate on seedling Biomass of 7 months aged coffee seedlings
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4 Summary and Conclusion

In this study, twelve variables were evaluated to de-
termine how selected improved coffee varieties re-
sponded to different vermicast application rates.

The results of the analysis revealed that both factors
significantly affected 50% emergence, number of
nodes, and seedling height. Both factors also signifi-
cantly influenced seedling girth, number of primary
branches, number of leaves, leaf chlorophyll content,
leaf area, specific leaf area, primary branch length,
biomass, and dry weight. However, only vermicast
application rate significantly affected days to first
emergence, whereas variety had no significant ef-
fect.

For most of the evaluated variables, the trends in the
graphs showed that increasing the vermicast appli-
cation rate enhanced coffee seedling growth up to
a certain level. Growth, however, began to decline
when the application rate exceeded 9.9¢ ha—'. This
reduction may be attributed to vermicast phytohor-
mones reaching concentrations that negatively affect
growth processes. The findings are consistent with
approximately 95% of previous studies on vermi-
compost, which reported that vermicast improves
plant growth up to an optimum concentration due
to its nutrient content, phytohormones, and humic
substances (Oyege & Balaji Bhaskar, 2023; Prisa &
Jamal, 2025; Rehman et al., 2023).

The mechanisms controlling the availability, uptake,
and activity of growth-promoting substances in ver-
micast are not yet fully understood. Further research
is therefore needed to identify the types and concen-
trations of growth hormones present in cow dung ver-
micast, how they distribute and persist in the grow-
ing medium, their uptake by coffee seedlings, and
the threshold concentrations beyond which they no
longer promote growth.
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