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Abstract. This study evaluated the growth and production performance of four
cassava varieties, namely Adira 5, Bintang, Siaputih, and Toyando, under the
agroecological conditions of Wain Village, Southeast Maluku, Indonesia. The
objective was to identify locally adapted, high-yielding, and early-maturing
varieties that could strengthen local food security and support sustainable
agricultural development in island regions. A quantitative experimental approach
using a one-factor Randomized Block Design (RBD) with four replications was
applied, involving a total of 1,200 plants. Growth parameters measured included
plant height, petiole length, stem diameter, and number of leaves at two, three,
four, five, and six months after planting, while yield was assessed by the number
of tubers and total tuber weight. Data were analyzed using analysis of variance
(ANOVA) and further tested with the Least Significant Difference (LSD) at the
5% level. The results showed significant differences among varieties in both
vegetative growth and yield performance. Siaputih exhibited the best early
growth with strong vigor and adaptability during the initial phase, while Bintang
maintained sustained growth and achieved the highest yield with an average of
10.70 tubers per plant and a total tuber weight of 6.43 kilograms after six months.
The application of organic cow manure enhanced growth performance and
productivity across all varieties. The findings demonstrate that local varieties,
particularly Bintang and Siaputih, possess high adaptability and can serve as
valuable genetic resources for regional cassava development and food security
improvement in the Maluku Islands.
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1 Introduction

Food availability is a fundamental component of sustainable national
development. In the Indonesian context, food is not only a basic human necessity but
also a strategic factor influencing economic stability, social welfare, and political
resilience. The Law of the Republic of Indonesia Number 7 of 1996 concerning Food
affirms the right of every citizen to access sufficient, safe, high-quality, and
nutritionally balanced food to support a healthy and productive life. Despite this
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mandate, food consumption patterns in Indonesia remain highly dependent on a single
staple crop, namely rice, while the potential of local food resources such as tubers, sago,
and maize has not been optimally utilized. Under these conditions, cassava (Manihot
esculenta) represents a highly promising alternative food crop due to its wide ecological
adaptability, drought tolerance, and strategic role in supporting regional food security,
particularly in island regions such as Maluku [1, 2, 3]. Maluku Province is characterized
by its archipelagic geography, fragile ecosystems, and high dependence on food
supplies transported from outside the region. This structural dependency increases
vulnerability to food insecurity, especially when supply chains are disrupted by extreme
weather events or price volatility in inter-island markets [4]. Consequently, food
development strategies grounded in local resources are essential to achieve sustainable
food independence at the community level [5]. Cassava has long been cultivated and
processed by communities in eastern Indonesia and serves as a culturally embedded
food source. In the Kei Islands, cassava is traditionally processed into enbal, a product
derived from toxic cassava varieties that undergo fermentation and drying to ensure
food safety [6]. Beyond its long shelf life, enbal can be nutritionally enhanced with
locally available protein sources such as fish, positioning it as a viable solution for
strengthening food security in archipelagic regions [7].

Cassava varieties exhibit substantial genetic variation in growth patterns,
adaptability, drought tolerance, and productivity [8, 9]. Nationally released varieties
such as Adira 5 generally perform well in major production centers like Java and
Sumatra but may not be optimally suited to island agroecological conditions such as
those found in Maluku. In contrast, local varieties including Siaputih, Bintang, and
Toyando have been cultivated for generations and are presumed to possess specific
adaptive traits shaped by long-term interaction with local environments [10]. However,
continuous vegetative propagation without systematic selection or rejuvenation may
lead to genetic degradation, potentially reducing productivity and resilience [11].
Therefore, systematic evaluation of cassava varietal performance under local conditions
is essential to identify varieties with high adaptive capacity and yield potential for
regional development [12]. Previous studies have consistently demonstrated that
varietal differences significantly influence cassava adaptability, productivity, and
suitability as an alternative food crop. Genetic diversity among cassava varieties affects
yield components and starch content, which ultimately determine harvest quality [13].
Varieties with enhanced drought tolerance have been shown to exhibit superior
performance in tropical dryland systems [14], while the development of climate-
resilient local varieties is increasingly recognized as a strategic pathway to maintaining
long-term food security [15]. Moreover, integrating appropriate varietal selection with
sustainable crop management practices has been shown to improve land-use efficiency
and tuber yield [16]. Given its resilience to environmental stress and contribution to
crop diversification, cassava is widely regarded as a future-oriented food crop within
global food systems [17].

In Indonesia, the development of local food crops based on domestic resources
such as sago, maize, and cassava constitutes a key strategy for strengthening food
security, particularly in island regions like Maluku. This approach extends beyond
production efficiency to encompass cultural relevance and local economic value [4, 5].
Sustainable management of local food systems requires community-based approaches
supported by adaptive cultivation practices. Among these, the application of organic
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fertilizers has been shown to improve soil structure and nutrient availability in a
sustainable manner, particularly on marginal lands [18]. At the same time, cassava
varieties respond differently to agroecological factors such as soil fertility and moisture
availability, reinforcing the importance of selecting locally adapted superior varieties
within sustainable agricultural systems [11]. Consequently, integrative strategies
combining agronomic, ecological, and social dimensions are critical for building
resilient, locally based food security in island regions. Despite the recognized
importance of local adaptation, a clear knowledge gap remains regarding the
performance of Maluku cassava varieties under their native agroclimatic conditions.
Most existing studies emphasize nationally released varieties, with limited
experimental evaluation of local genotypes in island ecosystems. Evidence suggests
that environment-specific approaches are essential for accurately assessing varietal
resilience under constraints such as drought stress and low soil fertility [19]. Field trials
across tropical Asia further indicate that local varieties often exhibit superior adaptive
capacity and yield stability in marginal environments compared to non-local genotypes
[20]. Therefore, empirical research directly comparing national and local cassava
varieties under island agroecological conditions is required to identify varieties most
suitable for sustainable development in regions such as Maluku.

This study aimed to evaluate the growth performance and yield potential of four
cassava varieties, namely Adira 5, Bintang, Siaputih, and Toyando, under the
agroecological conditions of Wain Village, Southeast Maluku. Specifically, this study
addressed two research questions. First, how do growth characteristics of national and
local cassava varieties differ under island agroecological conditions. Second, which
varieties exhibit the highest adaptability and yield potential to support sustainable food
production in Maluku. The novelty of this research lies in its direct comparison of
nationally released and local cassava varieties within an island ecosystem, generating
empirical evidence on genotype—environment interactions under real field conditions.
The integration of agronomic observations with local farmer knowledge provides
contextual insight into traditional cassava cultivation practices, while the use of organic
cow manure introduces a sustainable input strategy aligned with agroecological
principles. From a theoretical perspective, this study contributes to strengthening the
concept of variety-specific adaptation in tropical island environments and enriches the
literature on genotype—environment interactions in cassava. From a policy perspective,
the findings provide an empirical basis for local governments to formulate strategies
for developing superior local varieties and reinforcing region-based food security
initiatives. Practically, the results offer direct recommendations for farmers in
Southeast Maluku regarding varieties best suited to local land and climatic conditions,
while promoting sustainable productivity through the use of organic fertilizers. In the
long term, the development of regionally adapted varieties such as Bintang and Siaputih
supports the sustainability of alternative food systems, enhances household livelihoods,
and preserves cassava germplasm as an important genetic heritage of eastern Indonesia.
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2 Research Methods

2.1  Research Design

This study employed a quantitative experimental approach using a one-factor
Randomized Block Design (RBD) to evaluate differences in growth among four
cassava varieties under agroecological conditions in Wain Village, Kei Kecil Timur
District, Southeast Maluku Regency, in 2024. This design was selected because it is
effective for detecting varietal effects on plant growth parameters under relatively
uniform field conditions while controlling spatial variability [21]. The experimental
factor consisted of four cassava varieties, namely V1 (Adira 5) as a nationally released
variety, V2 (Bintang) and V4 (Toyando) as local varieties from Southeast Maluku, and
V3 (Siaputih) as a regional variety originating from West Seram. The experiment was
arranged into four blocks based on field position to account for potential environmental
heterogeneity such as soil fertility gradients and microtopography. Within each block,
the four varieties were randomly assigned to experimental plots to ensure unbiased
treatment allocation. Each experimental plot constituted a single treatment unit and
consisted of 75 plants, resulting in a total of 16 plots and 1,200 plants. Cassava cuttings
were planted at a spacing of 1 x 1.5 meters to allow sufficient canopy development and
tuber formation. The use of an RBD ensured that each variety had an equal opportunity
to be evaluated under comparable environmental conditions, thereby minimizing
experimental bias. This experimental design aligns with the research objective of
identifying varietal differences in growth characteristics and determining varieties with
superior adaptability to local agroclimatic conditions [22].

2.2 Research Location

Data were collected through direct field observation and measurement of
cassava growth and yield parameters. Growth variables included plant height, petiole
length, stem diameter, and number of leaves. These parameters were measured monthly
from two to six months after planting. Within each experimental plot, ten plants were
randomly selected and consistently observed throughout the study period to represent
the plot. Measurements were conducted using standardized instruments, including
measuring tapes and calipers, to ensure precision. Yield data, comprising the number
of tubers and total tuber weight per plant, were recorded at harvest. To enhance data
reliability, measurements were independently conducted by two observers, and
repeated measurements were cross-checked to minimize observer bias. All data were
systematically recorded on observation sheets and verified prior to statistical analysis.
Ethical considerations were applied throughout the study, including obtaining informed
consent from participating farmers, ensuring confidentiality, and acknowledging their
contribution as local partners in the research process.
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2.3  Data Collection Techniques

Data in this study were collected through direct field observation and
measurement of cassava growth and yield parameters. Observations focused on plant
height, petiole length, stem diameter, and number of leaves, conducted monthly from
two to six months after planting. Measurements were taken from ten randomly selected
sample plants in each treatment unit using standardized tools such as a measuring tape
and caliper to ensure accuracy. Yield data, including the number of tubers and total
tuber weight per plant, were collected at harvest. To maintain data reliability, all
measurements were carried out by two independent observers, and technical
triangulation was applied by comparing repeated measurements taken at different
times. Data were recorded systematically on observation sheets and verified before
analysis. Ethical considerations were also applied, including obtaining informed
consent from farmers involved in the research, ensuring privacy and anonymity, and
acknowledging their participation as local partners in the fieldwork.

2.4  Research Procedures

The research was implemented through a series of structured stages. The first
stage involved land preparation, which included clearing weeds, soil tillage, and the
formation of planting ridges approximately 30 centimeters high to improve soil aeration
and drainage. The second stage was planting, using cassava stem cuttings measuring
25 to 30 centimeters, planted at an angle of approximately 45 degrees to facilitate root
development. All planting holes received 2 kilograms of organic cow manure applied
uniformly across treatments. This manure application was intended to support plant
growth under a consistent management regime rather than to test its specific effect.
Crop maintenance included watering every two days during the first month after
planting, manual weeding at two-week intervals, and non-chemical pest control to
maintain ecological balance. Growth observations were conducted monthly from two
to six months after planting. The final stage involved data compilation and statistical
analysis, in which all measurements were tabulated and analyzed using analysis of
variance (ANOVA) followed by the Least Significant Difference (LSD) test at the 5
percent significance level to identify differences among varieties.

2.5 Data Analysis Techniques

Data analysis was performed quantitatively using one-way analysis of variance
(ANOVA) appropriate for a randomized block design. The ANOVA was used to test
the effect of cassava variety on growth and yield parameters. Prior to analysis, data
were evaluated to ensure conformity with key statistical assumptions, including
normality of residuals and homogeneity of variance. Monthly growth measurements
were analyzed separately for each observation time to avoid pseudo-replication and to
allow comparison of varietal performance across growth stages. When ANOVA results
indicated significant varietal effects at a = 0.05, further comparisons among treatment
means were conducted using the LSD test at the 5 percent level. Results were presented
in tabular and graphical forms and interpreted descriptively to illustrate growth trends
of each variety from two to six months after planting. Interpretation of findings was
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supported by plant physiology concepts and relevant previous studies. This analytical
approach provides a robust and transparent assessment of varietal differences in growth
potential under island agroecological conditions and supports evidence-based selection
of locally adapted cassava varieties for strengthening regional food security in the
Maluku Islands.

3 Results and Discussion

31 Growth of Cassava Varieties

All observation and variance analysis results for the four cassava varieties are
summarized in Figure 1 to 5, covering key growth parameters measured monthly from
2 to 6 months after planting. These parameters include plant height, leaf stalk length,
stem diameter, and number of leaves. Significant differences among varieties were ob-
served in several variables at specific growth stages, particularly at 2 and 5—-6 months,
indicating varietal responses to the local agroecological conditions.

Growth Parameters Comparison by Variety (2 Months) - Horizontal

-1
-2
10.90 (b} -3
- Va4

Number of Leaves

Stem Diameter

Leaf Stalk Length

Plant Height

0 5 10 15 20 25 30
Average Values

Fig. 1. Growth parameters of four cassava varieties at two months after planting based on re-
search data collected in 2024

Table 1. Mean Growth Parameters (= SD/SE) of Four Cassava Varieties at Two Months After

Planting
Variet Plant Height  Leaf Stalk Length  Stem Diameter Number of
y (cm) (cm) (cm) Leaves
A(‘i‘,rf‘)s 23.73 + SD (a) 16.60 + SD (a) 1.66+SD (a)  8.85+SD (a)
BE‘\’};I)’g 24.50 + SD (a) 16.12 = SD (a) 1.72+SD (a)  8.35+SD (a)
S‘("‘%‘;lh 3145+£SD(b)  17.44 £SD (a) 204+SD(b)  10.90 +SD (b)
Toyando 55 554 gy (a) 16.65+ SD (a) 1.88+SD(a)  8.55+SD (a)

V4)
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Growth Parameters Comparison by Variety (3 Months) - Horizontal
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Fig. 2. Growth parameters of four cassava varieties at three months after planting based on re-
search data collected in 2024

Table 2. Growth Performance of Four Cassava Varieties at 3 Months After Planting

. Plant Height  Leaf Stalk Length  Stem Diameter Number of
Variety

(cm) (cm) (cm) Leaves
Agi,rf)s 154'65; SD 14.51 + SD (a) 208+SD(a) 1320+ SD (a)
B;‘\‘,t;?g 172'25; SD 17.48 £SD (a) 230+SD(a)  11.75+SD (a)
S‘(""%‘;lh 15 7'9(2;[ SD 17.99 + SD (a) 2.02+SD(b)  12.69+SD (a)
T‘z{f‘f)do 167'92; SD 20.02 + SD (a) 216+SD(a)  13.51+SD (a)

Growth Parameters Comparison by Variety (4 Months) - Horizontal
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Fig. 3. Growth parameters of four cassava varieties at four months after planting based on re-
search data collected in 2024
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Table 3. Growth Parameters of Four Cassava Varieties at 4 Months After Planting

. Plant Height  Leaf Stalk Length  Stem Diameter Number of
Variety

(cm) (cm) (cm) Leaves
A(‘ii,rf)S 167.05 (a) 24.67 (a) 3.13 (a) 18.20 (ab)
Bénvtg‘)’g 184.98 (a) 24.64 (a) 3.11 (a) 16.75 (a)
Si(a\‘;g;ih 168.58 (a) 25.56 (a) 3.27 (ab) 17.48 (ab)
T"({j‘gd" 176.02 (a) 25.41 (a) 3.46 (b) 18.31 (b)

Growth Parameters Comparison by Variety (5 Months) - Horizontal
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Fig. 4. Growth parameters of four cassava varieties at five months after planting
based on research data collected in 2024

Table 4. Growth Parameters of Four Cassava Varieties at 5 Months After Planting

Variet Plant Leaf Stalk Stem Diam- Number of
Y Height (cm) Length (cm) eter (cm) Leaves

v

(\fll;a > 185.06 (ab) 25.74 (a) 3.74 (a) 24.00 (a)
Bint

tmang 205.68 (b) 25.45 (a) 432 (b) 23.75 (a)
(V2)

iaputih
?ij‘;’;‘ ! 192.43 (ab) 2638 (a) 3.49 (ab) 27.50 (a)
T

(%jndo 176.18 (a) 26.42 (a) 3.93 (ab) 25.50 (a)

Observations on four cassava varieties, consisting of Adira 5 (V1), Bintang
(V2), Siaputih (V3), and Toyando (V4), showed varying differences at each stage of
plant growth. At two months of age, the Siaputih variety showed the best performance
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in all growth parameters. The height of the Siaputih plant reached 31.45 cm, much
higher than other varieties and statistically significantly different, with a calculated F
value of 20.47, greater than the F table of 3.86. The length of the leaf stalk of the Sia-
putih variety reached 17.44 cm, the stem diameter was 2.04 cm, and the number of
leaves was 10.90. All of these parameters showed very significant differences, indicat-
ing that the Siaputih variety has good initial adaptation capabilities to environmental
conditions in Wain Village, Southeast Maluku. This suggests that the variety is able to
utilize nutrients from organic cow dung fertilizer efficiently in the early growth phase.
At three months of age, plant growth showed a more uniform pattern across all varieties.
Plant height ranged from 154.63 to 172.25 cm, leaf stalk length from 14.78 to 20.02
cm, stem diameter from 2.08 to 2.30 cm, and leaf number from 11.75 to 13.31. There
were no significant differences in any of these parameters, indicating that the four va-
rieties grew at a relatively similar rate. This uniformity suggests that in the middle
growth phase, the influence of environmental factors and the same fertilizer treatment
resulted in homogeneous growth across varieties.

Observations at four months also showed a similar trend. All parameters showed
no statistically significant differences. However, the Toyando variety appeared to have
a slightly higher stem diameter and leaf number than the other varieties. This may in-
dicate that the Toyando variety is beginning to show morphological adaptation to its
growing environment, although not yet strong enough to produce significant differ-
ences. When the plants reached five months of age, significant differences in plant
height began to appear. The Bintang variety had the highest plant height at 205.68 cm,
significantly different from the other varieties, especially Toyando, which only reached
176.18 cm. Although the parameters of leaf stalk length, stem diameter, and number of
leaves were not significantly different, these data indicate that the Bintang variety be-
gan to dominate growth in the phase leading up to optimal stem biomass formation. At
six months of age, observations showed increasingly clear differences between the va-
rieties. The Bintang variety held the highest position with a plant height of 219 cm and
several leaves of 35.25, while the Toyando variety showed the lowest yield with a
height of 185.85 cm and several leaves of 33.25. In general, at six months of age, the
average plant height reached 201.59 cm, leaf stalk length 27.07 cm, stem diameter 4.45
cm, and number of leaves 30.94.

Differences between varieties in the early growth phase indicate that genetic
factors strongly influence plant morphological responses to the environment. The su-
periority of the Siaputih variety in the first two months demonstrates its high initial
adaptation potential to local agroecological conditions. This variety appears to be able
to efficiently utilize nutrients from organic fertilizers, thereby accelerating the for-
mation of vegetative biomass. However, at three to four months, the lack of significant
differences among varieties suggests that relatively uniform environmental conditions
and similar maintenance practices tend to contribute to homogenous plant growth. The
significant growth increase in the Bintang variety from five to six months of age indi-
cates a genetic advantage in maintaining long-term growth rates. This variety exhibits
higher photosynthetic capacity through increased leaf number and plant height. This
shows better water and nutrient transport efficiency, particularly during the stem en-
largement and internodal elongation phases. Meanwhile, the Toyando variety's ten-
dency to exhibit slower growth is likely the result of adaptation to marginal environ-
ments, which limits the expression of vegetative growth-regulating genes.
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Physiologically, the results of this study indicate two types of growth strategies.
The Siaputih variety exhibits rapid growth in the early stages of the plant's life, known
as early vigor. In contrast, the Bintang variety exhibits sustained growth that increases
steadily until the later stages. These different growth strategies reflect genetic diversity
with significant potential for the development of superior varieties in the future. Both
varieties demonstrate good adaptability, but in other contexts. Siaputih excels in the
early stages, making it suitable for cropping systems with rapid rotation, while Bintang
excels in the later stages, making it ideal for high-productivity purposes. Theoretically,
the results of this study emphasize the importance of selecting cassava varieties suited
to local environmental conditions as part of a precision agriculture strategy. These find-
ings reinforce the theory of plant ecophysiology, which states that the interaction be-
tween genetic and environmental factors strongly influences plant growth and yield. In
this regard, the concept of specific adaptation proposed by Allard (1999) is relevant,
namely that each variety has an optimal range of adaptation in a particular environment,
and not all superior varieties can thrive universally [23] Several international studies
have shown that local varieties often exhibit physiological superiority and higher yield
stability in their native environment, because they have undergone a natural adaptation
process passed down through generations[11]. This is also reflected in research results
showing that local varieties such as Bintang and Siaputih are able to show superior
growth compared to the national variety Adira 5 in the Southeast Maluku archipelago.

Physiologically, the superiority of local varieties is not only evident in initial
growth rate but also in morphological responses such as plant height and leaf number,
which correlate with photosynthetic capacity and tuber yield potential. This aligns with
the findings of Okogbenin et al. (2018), who showed that adaptive traits such as water
use efficiency and tolerance to soil stress are advantages of local varieties on marginal
land [24]. Furthermore, a specific growing environment-based approach is also crucial
in variety development, given Indonesia's complex agroclimatic variations, particularly
in the archipelago. Therefore, local variety testing is essential for identifying superior
regional varieties. Practically, the results of this study have important implications for
farmers and local policymakers. The Bintang variety, for example, demonstrated
exemplary performance in the later growth phase, with significant plant height and leaf
number, indicators of vigor and productivity. Meanwhile, the Siaputih variety
demonstrated superiority in the early growth phase, making it a candidate genetic
resource for further breeding programs. This study supports the view that the
conservation and utilization of local varieties is not only crucial for agricultural
diversification but also a strategic step in addressing climate change and environmental
challenges [15]. In addition to variety, the use of organic fertilizers such as cow manure
also has positive results in supporting cassava growth. Organic fertilizers not only
improve soil structure and fertility but also contribute to sustainable agricultural
systems by reducing dependence on chemical inputs [18]. This approach supports the
principles of agricultural ecology, which emphasize the balance between production
and environmental sustainability. With increasing awareness of the importance of
environmentally friendly agriculture, these results provide an essential foundation for
developing more efficient and sustainable farming systems in the archipelago.

In a broader context, the successful use of adaptive and productive local varieties
contributes directly to regional food security. Utilizing local genetic resources not only
increases food crop production but also strengthens community food self-sufficiency,
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particularly in areas vulnerable to distribution disruptions, such as Maluku. One
example is enbal, a processed product made from poisonous cassava that has been
traditionally processed by the Kei community into a safe, nutritious, and long-lasting
food. This product has the potential to be developed as an emergency food and a
strategic alternative in the local food distribution system [5]. Thus, the results of this
research have broad contributions, both in terms of increasing agricultural productivity,
environmental sustainability, and food security for communities in the island region.
The findings of this study support the importance of selecting cassava varieties based
on local agroecological suitability. This is reinforced by studies showing that cassava
genetic variation significantly influences plant growth performance and resilience,
particularly when tested on marginal land [19]. Environmental factors such as rainfall,
temperature, and soil quality play a crucial role in revealing a variety's genetic potential.
Adapting local varieties to specific regional conditions, such as those in island regions,
also provides a competitive advantage over national varieties, particularly in terms of
yield stability [11]. Therefore, the poor performance of the Adira 5 variety in this study,
despite showing high productivity in Java and Sumatra, is empirical evidence that the
success of the array is highly contextual and cannot be generalized across Indonesia
[20].

The use of organic fertilizer was also an essential aspect of this research. The
application of cow manure was shown to effectively support the vegetative growth of
cassava [18]. This fertilization system is also in line with the sustainable agricultural
approach that is currently being increasingly developed in tropical regions [25].
Reducing dependence on chemical fertilizers not only lowers production costs for
farmers but also reduces the risk of long-term soil degradation. In addition to
environmental and input aspects, field findings indicate genetic degradation that may
occur due to vegetative propagation carried out without selection or rejuvenation for
years. Farmers in Wain Village rely on inherited seeds, which risks reducing the genetic
quality of the plants. These findings are consistent with research emphasizing that
traditional agricultural systems need to be combined with a scientific approach in
managing planting material to maintain production quality and variety resistance to
environmental stress [26].

The Bintang and Siaputih varieties in this study demonstrated significant
superiority in both early growth rate and late-stage plant vigor. The potential for these
two varieties to be developed as superior local varieties is substantial, especially when
combined in breeding programs. The existence of adaptive local varieties is crucial in
the food systems of island regions like Maluku, which have limited access to superior
seeds from outside the area [5]. In terms of scientific contribution, this research
broadens the understanding of the importance of exploring local varieties in island-
specific agronomic systems. It supports global literature emphasizing that food security
depends not only on productivity but also on the social and ecological sustainability of
agricultural systems [15]. Thus, the results of this research not only contribute to the
development of cassava varieties but also serve as a scientific foundation for local food
security planning and improving the welfare of island communities such as those in
Southeast Maluku.
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3.2 Cassava Varieties Production

The productivity performance of cassava varieties was evaluated based on the
number of tubers produced per plant and the total tuber weight after six months of
growth. These parameters serve as key indicators of varietal potential in determining
yield capacity and adaptability to the agroecological conditions of Wain Village, South-
east Maluku. The assessment aimed to identify which variety demonstrated the most
efficient conversion of vegetative growth into tuber biomass under uniform manage-
ment and organic fertilization. The results are summarized in Figure 6, which illustrates
the comparative performance of the four tested varieties in terms of both yield quantity
and weight.

Number of Tubers and Tuber Weight (6 Months) - Horizontal

. V1
- V2
- V3

Tuber Weight (kg) [

Number of Tubers
10.70 (8)

Average Values

Fig. 5. Number of tubers and total tuber weight of four cassava varieties at six months after
planting based on research data collected in 2024

Figure 6 presents the comparative performance of four cassava varieties: Adira
5 (V1), Bintang (V2), Siaputih (V3), and Toyando (V4) in terms of the number of tubers
and total tuber weight after six months of growth under the agroecological conditions
of Wain Village, Southeast Maluku. The results show clear varietal differences in both
parameters. The Bintang variety (V2) demonstrated the highest performance, producing
an average of 10.70 tubers per plant and a total tuber weight of 6.43 kg, indicating
strong adaptability and superior biomass accumulation capacity. The Siaputih variety
(V3) produced a similar number of tubers, 8.13, but a significantly lower total tuber
weight of 2.50 kg, suggesting that although it forms many tubers, they tend to be smaller
in size. The Adira 5 (V1) and Toyando (V4) varieties performed moderately, with Adira
5 showing 8.37 tubers and 3.50 kg, while Toyando yielded the lowest with 7.92 tubers
and 2.30 kg. Statistical analysis confirmed that the Bintang variety was significantly
superior at the 5% level for both parameters, proving its strong yield potential in the
local environment. This result aligns with field observations showing vigorous vegeta-
tive growth of Bintang in the later stages of development, corresponding to its higher
photosynthetic capacity and efficient translocation of assimilates to the tubers. The con-
sistent performance of Siaputih at the early stage but its lower final tuber weight also
reflects an early vigor growth strategy, emphasizing rapid canopy formation but limited
biomass allocation to storage roots. Conversely, Toyando’s relatively low performance
indicates that this local landrace might be less responsive to organic fertilization and
could require longer maturity periods for optimal tuber formation.
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The observed differences among cassava varieties indicate the significant influ-
ence of genotype and environment interactions on productivity, where variations in
physiological plasticity determine the plant’s ability to adapt under different agroeco-
logical conditions [27]. This result supports Allard’s (1999) theory of specific adapta-
tion, which states that each genotype exhibits unique physiological responses based on
its compatibility with the surrounding environment [23]. The superior performance of
the Bintang variety reflects a high degree of ecophysiological adaptation to Maluku’s
humid tropical conditions, characterized by stable soil moisture and moderate fertility
that promote extended vegetative growth and efficient carbohydrate partitioning. These
findings are consistent with the concept of cassava source—sink balance described [28].
The higher tuber weight observed in this variety suggests strong sink capacity and ef-
ficient allocation of photosynthates, which are essential components of cassava yield
potential [29]. In contrast, the Siaputih variety shows lower tuber weight despite a
higher tuber count, which may result from early leaf senescence and reduced assimilate
translocation efficiency, as commonly reported in rapidly maturing cassava genotypes
[30]. Overall, these results highlight the need for region-specific variety evaluation and
breeding programs in diverse tropical environments to ensure sustainable yield im-
provement and reinforce local food security [31].

From a practical standpoint, the results demonstrate that the Bintang variety is
the most promising candidate for local cassava development programs. Its combination
of large tuber size and high productivity suggests strong potential for commercial cul-
tivation and integration into local food industries such as enbal production. The use of
organic cow manure, as practiced in this study, enhanced root development and con-
tributed to improved soil fertility, supporting the principles of sustainable and low-input
agriculture as described [32]. Promoting such practices aligns with Indonesia’s agricul-
tural transformation agenda that encourages organic and adaptive farming systems, par-
ticularly in island regions facing input and distribution constraints [33]. Furthermore,
supporting farmer-based seed systems for locally adapted varieties can mitigate the risk
of genetic erosion and enhance resilience in traditional food systems, as emphasized.

These findings are consistent with recent research in tropical regions showing
that locally adapted cassava landraces often outperform improved genotypes under
marginal soil and climatic conditions due to their long-term adaptation to environmen-
tal stress [34]. The superior performance of the Bintang variety supports the findings
of Onyenali et al. (2025), who reported that local cassava genotypes maintain yield
stability across diverse environments through efficient root development and water-use
mechanisms [35]. Similarly, the contrasting performance of Adira 5 aligns with the
observation of Byiringiro, Uchendu, Paliwal, and Abberton (2025) that genotype adapt-
ability is highly dependent on specific ecological compatibility and cannot be general-
ized across heterogeneous tropical agroecosystems [36]. These results reaffirm the im-
portance of conserving and integrating local genetic resources such as Bintang and Si-
aputih into breeding programs to enhance the resilience and sustainability of island-
based food systems.
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4 Conclusion and Suggestions

This study identified clear differences in growth and production performance
among four cassava varieties cultivated under the agroecological conditions of Wain
Village, Southeast Maluku. The results demonstrated that the Siaputih variety exhibited
superior performance during the early growth stage, characterized by rapid vegetative
development as reflected in greater plant height, stem diameter, petiole length, and
number of leaves at two months after planting. This indicates strong early adaptability
and effective utilization of available resources in the local environment. During the
mid-growth phase at three to four months after planting, growth among all varieties was
relatively uniform, suggesting that similar crop management practices and stable
environmental conditions minimized genotypic growth variation. In the later growth
phase, particularly at five to six months after planting, the Bintang variety showed
superior performance, achieving the greatest plant height, the highest leaf number, and
the highest tuber yield, with an average of 10.70 tubers per plant and a total tuber weight
of 6.43 kg. These findings confirm that Bintang possesses strong adaptability, sustained
vegetative vigor, and efficient photosynthate allocation under island agroecological
conditions. Based on these results, Siaputih and Bintang can be recommended as
promising cassava varieties for development in Southeast Maluku and similar island
regions. Their complementary traits, with Siaputih characterized by early vegetative
vigor and Bintang by sustained growth and high yield potential, highlight their value as
genetic resources for both cultivation and breeding programs aimed at improving
productivity and resilience.

Nevertheless, this study has several limitations that should be acknowledged.
The experiment was conducted at a single location and within one planting season,
which may limit the generalizability of the results across different agroecological
conditions. Harvest observations were carried out up to six months after planting,
whereas some cassava varieties may express their full yield potential at longer maturity
periods. In addition, organic cow manure was applied uniformly across treatments
without an unfertilized control, which restricts causal inference regarding the specific
contribution of fertilization to growth and yield responses. Future research is therefore
recommended to include multi-location and multi-season trials to better capture
genotype—environment interactions across diverse island agroecosystems. Evaluations
at longer harvest ages are also needed to assess yield stability and tuber development
over extended growth periods. Furthermore, participatory approaches involving
farmers in seed selection and rejuvenation are suggested to reduce genetic degradation
of local varieties and enhance the sustainability of cassava-based food systems.
Through these steps, locally adapted cassava varieties can be more effectively
developed to support long-term food security, environmental sustainability, and farmer
livelihoods in the Maluku Islands.
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