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Effects of Stem Cuttings and Growing Media on Vegetative Growth of
Cassava (Manihot esculenta Crantzg)

Abstract. Cassava (Manihot esculenta Crantz) leaves are widely utilized as a leafy vegetable due to their high
protein and bioactive compound content. However, information regarding suitable planting materials and planting
media composition for optimizing cassava leaf production is still limited. This study aimed to determine the
appropriate planting material and planting media composition to improve the growth and yield of cassava leaf
shoots. The experiment was conducted from July-August 2024 at the Experimental Field, Faculty of Agriculture,
Universitas Sriwijaya. This study used a factorial Randomized Block Design consisting of two factors: planting
material (three levels: upper stem, middle stem, and lower stem) and planting media composition (three levels:
soil, soil + cattle manure, and soil + goat manure). Each treatment combination was replicated three times, and
each experimental unit consisted of three plants, resulting in 9 treatment combinations x 3 replications x 3 plants
per unit, for a total of 81 plants used in the experiment. The results showed that the use of middle stem cuttings
combined with soil + cattle manure resulted in higher sprout growth, number of leaves, SPAD index, and leaf
shoot harvest compared to other treatments. Regular leaf shoot pruning increases the number of edible leaf shoots.
Selection of planting material with the right composition of planting medium can sustainably increase the
productivity of leafy vegetables in cassava.
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1. Introduction
Cassava (Manihot esculenta Crantz) is one of important crops that are widely cultivated in

NN
[US I\

24 tropical and subtropical regions around the world (Harlina et al., 2023). Leaves of cassava are
25  increasingly utilized as a leafy vegetable due to their high protein content 20-27% and bioactive
26  compounds such as flavonoid and saponins, which have anti-inflammatory and antibacterial
27  properties (Mohidin et al., 2023; Riyanti & Nur Aini, 2022). Cassava leaves are widely
28 consumed in many tropical regions and represent a potential alternative vegetable source

(Lakitan et al., 2023). However, cassava tubers are a source of carbohydrates for food and feed
3 (Krajang et al., 2021) and are also used as included as raw materials for agroindustry
@ q1 (Zoungranan et al., 2020). Ravi et al. (2021) noted that cassava serves as a staple food source
2
3
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O

==

for more than 800 million people worldwide. Cassava has important prospects as a substitute
3 for staple foods, so its production needs to be increased (Harlina et al., 2023). In addition,
34  cassava leaf production has gained attention as an alternative vegetable source. Despite this
35 potential, research on optimizing cassava leaf production, particularly through appropriate
36  planting materials and planting media composition to optimize leaf shoot production remains
37  limited.
38 Cassava is commonly propagated vegetatively using stem cutting to maintain genetic
39  uniformly and ensure rapid establishment (Gustiar et al., 2023; Susiyanti et al., 2022). This
40  method is widely applied in cassava cultivation for tuber production. However, for leaf-oriented
41  production system, the selection of cutting source (upper, middle, or lower stem) becomes more
42 critical, as it may influence sprouting capacity and leaf biomass rather than root yield. Cuttings
43 guarantee the purity of planting material with more uniform plant growth, sturdy roots and
44  faster production time compared to generative propagation (Simanjuntak & Wardani, 2021).
45  The upper, middle, and lower stems can be used as cuttings material (Pakpahan et al., 2021).
46  Differences in stem position may influence carbohydrate reserves and physiological maturity,
47  which subsequently affect sprouting ability and early plant growth
48 Previous study have shown that a success of plant cuttings is supported by several factors
49  such as physiological age, environment (including sunlight, humidity, and temperature),
@ 50  planting medium (Sandhya et al., 2022) and availability of nutrients (Fauza et al., 2016).
51  Organic fertilizers such as cattle and goat manure have been reported to improve soil fertility
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and plant growth due to their nutrient content and ability to enhance soil physical and biological
properties. However, most studies have evaluated these factors separately, with limited
attention to their combined effects on cassava leaf production. In particular, comparative
information on the interaction between cutting position and organic based planting media for
optimizing leaf shoot yield is still lacking. Organic fertilizers that are easy to obtain are cattle
and goat manure. The nutritional content of cattle manure is 0.24% N, 0.09% P, and 0.35% K
(Barlog et al., 2020). Goat manure contains 1.34% N, 0.54% P205, 3.67% K20, and 31%
organic matter (Batubara et al., 2021). The high nitrogen content of manure plays an important
role in the vegetative growth of plants (Dewi, 2018; Hali & Telan, 2018). In this study, a soil—
manure ratio of 4:1 was selected because this proportion has been reported to provide sufficient
organic matter while maintaining adequate soil structure and aeration for root development in
vegetative propagation systems.

In addition, basal NPK fertilizer was applied uniformly to all treatments to ensure that
differences in plant growth were primarily influenced by planting material and planting media
composition rather than by unequal nutrient supply. Therefore, this study was aimed to evaluate
the effect of different sources of planting material and planting media compositions on the
growth and yield of cassava leaf shoots, rather than tuber yield.

2. Materials and Methods

This research was conducted at the Experimental Field of the Faculty of Agriculture,
Sriwijaya University (104°39°7"'E; 3°12°57"’S), North Indralaya District, Ogan Ilir Regency,
South Sumatra, Indonesia with a maximum temperature of + 32.4°C and a relative humidity of
+ 83°C (BMKG Agroclimatology Station South Sumatra). The research was carried out from
July to August 2024. This period corresponds to the dry season in South Sumatra, which is
characterized by relatively stable rainfall, adequate solar radiation, and moderate humidity that
support sprouting and early vegetative growth of cassava cuttings while minimizing excessive
soil moisture that may inhibit root establishment.

Planting media on each polybag (35 x 40 cm) consisted of a mixture of soil and manure at
a ratio of 4:1 (v/v). This ratio was selected to provide sufficient organic matter and nutrients
from manure while maintaining adequate soil structure, aeration, and drainage for optimal root
development of cassava cuttings. The manure used in the media consisted of either cattle
manure or goat manure depending on the treatment. Each plant was fertilized with 5 g of NPK
fertilizer (16:16:16) at 24 days after planting (DAP), and the fertilizer was applied uniformly to
all treatments to avoid confounding effects caused by unequal nutrient supply.

The experimental design used a Factorial Randomized Block Design (RBD) with 3
replicates. The first factor is planting material, namely the upper stem (B1), middle stem (B2),
and lower stem (B3). The second factor is the composition of planting media, namely soil (P1),
soil mixture: cattle manure [4:1 v/v] (P2), and soil mixture: goat manure [4:1 v/v] (P3). The
experiment consisted of 9 treatment combinations (3 planting materials X 3 planting media),
each replicated three times, resulting in a total of 27 experimental units. Each plant with the
experimental unit was considered as a sampling unit, and observation were recorded from all
three plant and then averaged per experimental unit. Although organic manure was used as part
of the planting media, potential nutrient carryover effects between treatments may still occur
due to different in nutrient release rates between cattle and goat manure. In addition, the use of
polybags may limit root expansion and does not fully represent field condition, which could
influence plant growth and biomass accumulation. However, this approach was selected to
ensure controlled growing condition and uniform treatment application across experimental
units.

Growth data collected included the number of new shoots, length of shoots (cm), diameter
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101 of shoots (mm), number of leaves, and chlorophyll index of leaves. The leaf chlorophyll index
102 was measured using a Soil Plant Analysis Development meter (SPAD-502 Plus, Konica
103  Minolta, Japan). Harvesting was carried out three times at 42, 63, and 77 days after planting
104  (DAP). The data measured at harvest time included number of shoots harvested, leaf canopy
105  area (cm2), fresh and dry leaf weight (g), fresh and dry weight of non-consumption leaves (g),
106  fresh and dry weight of petiole (g), fresh and dry weight of stems (g), fresh and dry weight of
107 roots (g), and length of roots (cm). The leaf canopy area was measured using Easy Leaf Area
108  software. Measurements related to biomass weight were carried out at the Plant Physiology
109  Laboratory, Faculty of Agriculture, Sriwijaya University.

110 Analysis of Variance (ANOVA) was performed using Microsoft Excel and RStudio
111 software version 4.2.1. The significant difference between the treatments was tested using the
112 Least Significant Difference (LSD) test at P < 0.05.

113 3. Results and Discussion

114 Shoots growth is a vegetative growth stage that reflects the ability of cassava stem cuttings
115  toinitiate new meristematic tissues and establish early plant development. The difference origin
116  of planting material affects the number of shoots. The middle and upper stems have a higher
117  number of shoots than the rootstock, as can be seen from number of shoots at the age of 7 to 70
118  days after planting (DAP). This difference is related to the physiological condition and
119  carbohydrate reserves of the stem segments, which influence sprouting ability and early
120  vegetative growth (El-sharkawy, 2012; Otiende & Maimba, 2020). Planting material derived
121 from the middle stem has better growth potential because it has an active shooter growth point
122 (Ratnasari, 2014). Previous studies reported that stem segments with balanced physiological
123 maturity tend to produce more vigorous shoots because they contain adequate stored assimilates
124 and active buds. Cuttings at the base of semi-woody plants will be harder, softer the tip of
125  branch (Gustiar et al., 2023). The number of shoots increases after harvest of tip (Figure 1).
126  This happened after harvesting tip on 42 DAP. Removal of the apical shoot reduces apical
127  dominance and stimulates the development of lateral buds, leading to the formation of
128  additional shoots (Taiz et al., 2015).

129 The increase number of shoots is supported by planting media that effects of growth and
130  development cuttings (Figure 1). Application of manure improves soil physical and chemical
131  properties, enhances nutrient availability, and supports root establishment, thereby promoting
132 shoot and leaf development. (Situmeang et al., 2019; Gustiar et al., 2025). The right
133 composition of planting media can improve cassava grafting (Yelli et al., 2021). Similar results
134 have been reported in cassava cultivation systems where improved soil fertility significantly
135  enhances vegetative growth and biomass accumulation (Kaluba et al., 2021).
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138  Figure 1. Effect of planting material [A] and composition planting media [B] on the number of
139  shoots
140
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141 This study showed that the difference origin of planting material affects the number of
142 leaves. Use of rootstocks showed the highest number of leaves than upper stem (Figure 2).
143 Upper stem cuttings tend to have a smaller number of leaves than the middle and lower stems.
144 The middle stem has an optimal hormonal balance with active meristem tissue and better
145  structural strength (Anggara et al., 2023), so it can affect the number of shoots, number of
146  leaves, height of shoots and weight of roots. However, the differences among stem positions
147  may also be explained by variations in physiological maturity and internal nutrient reserves of
148  the cuttings. An increase in leaf number enhances the photosynthetic surface area and supports
149  carbohydrate production for plant growth (Sari & Arifandi, 2019). The use of the middle and
150  lower stems is good to be used as a vegetative propagation material to obtain more cassava leaf
151  vegetable yields. Meanwhile, manure with a high N content plays an important role in the
152 vegetative growth of plants (Hali & Telan, 2018). Nitrogen availability supports chlorophyll
153 formation and leaf expansion, which are essential for vegetative biomass production.
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156  Figure 2. Effect of planting material [A] and composition of planting media [B] on the number

157  of leaves

158

159 In 24 DAP, cassava plants were fertilized using 5 g of NPK. The application of fertilizer
160  has effect on SPAD value which increases from 25-41 DAP. The highest increase occurred at
161  29-33 DAP (Figure 3). SPAD measurements were carried out to determine the concentration of
162 chlorophyll based on optical principles, so that it could not distinguish between chlorophyll a
163  and b (Fadilah et al., 2022). SPAD meter is also widely used an indicator of leaf nitrogen status
164  (Rongting et al., 2020), in order to determine the right fertilization time. Therefore, the increase
165 in SPAD value after fertilization indicates improved nitrogen availability for chlorophyll
166  synthesis. The origin of stem cuttings shows differences in SPAD values, especially upper stem
167  cuttings and middle stem cuttings (Figure 3). Middle stem cuttings have a higher nitrogen
168  content than other stem cuttings (Simatupang et al., 2020).
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171  Figure 3. Effect of planting material [A] and composition of planting media [B] on SPAD value
172
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173 The results of this study showed that cuttings on the upper stem had a smaller diameter
174  than middle and lower stems. The shoot on the upper stem is shorter than the middle and lower
175  stems (Table 1). Smaller diameter in younger stem tissue (Gustiar et al., 2023). Younger tissues
176  generally contain less lignified vascular structures and lower carbohydrate reserves, which may
177  limit early shoot growth. Shoot growth supported by respiratory activity in decomposing
178  nutrients in stem cuttings (O’Leary et al., 2019). The canopy area was measured before making
179  destructive observations at age 77 DAP. On the middle stem has a larger canopy area than the
180  upper and lower stems (Table 1). Larger canopy area indicates greater leaf development and
181  improved interception of solar radiation for photosynthesis. The results of Gustiar et al. (2023)
182  stated that a consistent increase in crown area occurred at the age of 21-35 DAP. At the age of
183 77 DAP there was an increase in the percentage of overlapping leaves in crown, so there was
184  no significant increase canopy area.

185
186  Table 1. Effect of planting material and planting media on the diameter and length shoots
Shoot diameter Length shoot Leaf Canopy Area
(mm) (cm) (em?)
Planting Material
Bl 6.13+1.18 b 16.60+3.33 b 1023.68 +371.17 b
B2 8.38+0.27 a 23.09+2.29 a 1559.82+ 33892 a
B3 8.51£0.29 a 25.67+2.02 a 1095.93 £179.90 b
BNT o.05 0.99 2.81 804.79
Planting Media
P1 8.24+£0.40 a 22.16+191 b 649.06 = 111.99 b
P2 842+0.25 a 2394+2.12 a 1775.68 +326.39 a
P3 8.89+0.14 a 23.26+1.48 a 1701.82 + 328.55 a
BNT .05 0.99 2.81 804.79

187  *Numbers with different letters in the same column show a significant difference based on the LSD test
188  at the level of 5%

189

190 Cassava leaves, especially the shoots, are consumed as leafy vegetables. The edible part is
191  limited to the young stem that can be broken up to the apical meristem of the shoot (Gustiar et
192 al., 2023). Harvesting on cassava shoots is carried out in 3 stages, with the yield continuing to
193 increase (Figure 4). This increase occurs because harvesting stimulates the formation of new
194  shoots from axillary buds, resulting in a higher number of shoots than before pruning. So, to
195 increase the yield of cassava leaves, it can be done by harvesting shoots regularly. This
196  phenomenon is commonly observed in leafy cassava production systems where repeated
197  harvesting promotes continuous vegetative regrowth (Ravi et al., 2021). The harvest weight of
198  cassava leaf tip experienced a significant increase at 63 DAP. This is clearly seen in the
199  treatment of B2 and P2 (Figure 5). The use of middle stem as a planting material with a mixed
200  planting media of cattle manure increases number of cassava shoots. The results in this study
201  arein line with the research of Ratnasari (2014) which states that the middle stem cuttings have
202  the potential to provide better growth. In planting media, use of cattle manure contains high N
203  nutrients that play a role in vegetative plant growth (Hali & Telan, 2018).

204
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Figure 5. Effect of planting material on fresh [A] and dry [B] weight (g) of shoots; and effect
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The maturity level of cuttings and composition of planting media have an effect on
destructive parameters including; fresh and dry weight non-edible leaves, petioles, and stems
(Table 2). Similar to weight of shoots; B2 and P2 treatments also showed the highest leaves,
petioles, stems, and roots weight. Higher biomass accumulation indicates more efficient
photosynthetic activity and nutrient utilization during vegetative growth. In cassava plants,
leaves that are widely used are only leaves of tip, so in addition to leaves of tip, they are
categorized as non-consumption leaves.

Meanwhile, root length showed different results. This is seen in P3 which affects longer
roots (Table 3). This is supported by research of Irawan et al. (2021) which states that goat
manure contains high N, K, and C-Organic. Organic matter from goat manure improves soil
structure and stimulates root development, thereby enhancing nutrient absorption (Odedina et
al., 2011).
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o 228  Table 2. Effect of planting material and planting medium on fresh weight and dry weight of
229 non-edible leaves, petiole, and stem

NLFW NLDW PFW PDW SFW SDW
(4] (4] (4] (4] (4] (4]
Planting Material
B1 16.50£2.90 b 3.81+0.65 b 8.87+2.20 b 1.34+0.29 b 22.84+3.90 b 6.14+097b

B2 39.87£11.69 a 8.61£2.67 a 26.14+791a 3.33+£1.06 a 69.25+20.14a 10.83 £2.63 a
B3 21.85+3.96 b 6.49+1.09 ab 11.64+3.59b 1.82+0.45 b 42.83+£8.41 b 8.73 £1.04 ab

LSDy.05 12.99 3.56 10.91 1.26 22.30 3.36
Planting Media
P1 12.23+2.84 b 3.15+0.68 b 854+2.82b 0.97+0.30b 17.97+2.08 b 5.10+091 b
P2 47.05+10.62a 11.04 +2.42a 30.11 £7.62a 4.12+0.98 a 84.28 +18.78a 13.28+2.34a
P3 18.94+1.95 b 4.724+0.50 b 7.99+40.73b 1.42+0.13b 32.67+295 b 7.31£0.56 b
LSD .05 12.99 3.56 10.91 1.26 22.30 3.36
230  Note: Non-edible Leaves Fresh Weight (NLFW), Non_edible Leaves Dry Weight (NLDW), Petiole
g 231 Fresh Weight (PFW), Petiole Dry Weight (PDW), Stem Fresh Weight (SFW), Stem Dry Weight
232 (SDW). Numbers with different letters in the same column show a significant difference based
233 on the LSD test at the level of 5%
234
@ 235  Table 3. Effect of planting material and planting media on length, fresh weight and dry weight
236  of root
Root Lenght Root Fresh Weight Root Dry Weight
(cm) @ @
Planting Material
Bl 38.33+193 a 12.23+1.73 a 5.78+0.61 a
B2 3533+ 1.16 a 14.12£1.71 a 8.07+1.67 a
B3 42.02+2.54 a 11.28+1.48 a 6.75+0.79 a
LSD .05 7.11 5.79 4.21
Planting Media
P1 37.90+2.50 a 10.30£ 1.77 a 5.87+£0.76 a
P2 38.15+224 a 12.77£1.34 a 6.12+0.32 a
P3 39.63+1.49 a 14.56+£ 1.65 a 8.60+1.71 a
LSD .05 7.11 5.79 4.21
° 237  Note : Numbers with different letters in the same column show a significant difference based on the
238 LSD test at the level of 5%
239
240

241 4. Limitations and Future Directions

242 This study provides useful insights into the effects of planting material and growing media on
243 cassava leaf production; however, several limitations should be acknowledged. The experiment was
244 conducted over a relatively short period, which may not fully represent long-term growth dynamics and
245  productivity under varying environmental conditions. In addition, the study primarily focused on
246  morphological and yield-related parameters, while physiological responses such as photosynthetic rate,
247  transpiration, and nutrient uptake were not evaluated. Future studies are therefore recommended to
248  extend the observation period and include more comprehensive physiological parameters to better
249  understand the mechanisms underlying cassava growth and yield responses.

250 5. Conclusion

251 This study aimed to evaluate the effects of different planting material (stem cutting
252 position; upper, middle, and lower) and planting media composition on the growth and yield of
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cassava leaf shoots cultivated as leafy vegetables. The selection of planting material and
planting media significantly influenced several vegetative growth parameters of cassava under
the condition of this experiment. Cuttings derived from the middle stem tended to produce
higher shoot growth and leaf production compared with upper and lower stem cuttings under
the conditions of this study. Within the experimental conditions of this study, shoot pruning
stimulated the formation of additional shoots and increased the harvestable cassava leaf yield.
Among the planting media tested, the soil + cattle manure treatment (P2) tended to support
better vegetative growth and shoot production, whereas the soil + goat manure treatment (P3)
was more associated with root development.

These results suggest that the use of middle stem cuttings combined with soil + cattle
manure may be considered as a potential approach for cassava leafy vegetable production under
similar environmental conditions.

Declaration of Generative AI and Al-Assisted Technologies in the Writing Process

During the preparation of this work, the author did not use Al, the author reviewed and
edited the content as needed and is fully responsible for the content of the publication.

Authorship Contribution Statement

Lya Nailatul Fadilah: Methodology, Data analysis, Data curation, Writing original draft,
Visualization; Fitra Gustiar: Conceptualization, Methodology, Writing (review and editing);
Marlin Sefrila: Validation, Formal analysis, Writing (review and editing); Didik Wisnu
Widjajanto: Validation, Writing (review and editing); Adiba Mutia Rahmah: Data collection,
Writing (review and editing).

Data Availability

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Declaration of Competing Interest

The authors declare that they have no known financial interests could have appeared to
influence the work reported in this manuscript.

References

Anggara, M. U., Rusmarini, U. K., & Putra, D. P. (2023). The effect of stem material origin on
the growth and flowering of Turnera Subulata on different soil types. Agroforetech, 1(1),
142—-146. https://jurnal.instiperjogja.ac.id/index.php/JOM/article/view/420

Barlog, P., Hlisnikovsky, L., & Kunzova, E. (2020). Effect of digestate on soil organic carbon
and plant-available nutrient content compared to cattle slurry and mineral fertilization.
Agronomy,10(3), 379. https://doi.org/10.3390/agronomy 10030379

Batubara, S. F., Santoso, A. B., & El Ramija, K. (2021). Potential of goat manure as organic
fertilizer in North Sumatera. BIO Web Conf., 33.
https://doi.org/10.1051/bioconf/20213305001

Dewi, W. W. (2018). Response of goat manure dosage to the growth and yield of cucumber
plants (Cucumis sativus L.) hybrid varieties. VIABEL: Jurnal llmiah llmu-Ilmu Pertanian,
10(2), 11-29. https://doi.org/10.30957/viabel.v10i2.140

El-sharkawy, M. A. (2012). Stress-tolerant cassava : The role of integrative ecophysiology-



Z"-.I turnltln Page 15 of 17 - Integrity Submission Submission ID  trn:oid:::1:3528796983

294 breeding research in crop improvement. Open Journal of Soil Science, 162—186.
295 https://doi.org/10.4236/0jss.2012.22022

296  Fadilah, L. N., Lakitan, B., & Marlina, M. (2022). Effects of shading on the growth of the purple
297 pakchoy (Brassica rapa var. Chinensis) in the urban ecosystem. Agronomy Research,
298 20(Special Issue 1), 938-950. https://doi.org/10.15159/AR.22.057

299  Fauza, S., Sabrina, T., & Hanum, H. (2016). Effect of the composition of the planting medium
300 and the application of Azotobacter chroococcum on the growth of cuttings of fig plants
301 (Ficus carica L.). Jurnal Pertanian Tropik, 3(1). https://doi.org/10.32734/jpt.v3i11.2961
302  Gustiar, F., Lakitan, B., Budianta, D., & Negara, Z. P. (2023). Non-destructive model for
303 estimating leaf area and growth of Cnidoscolus aconitifolius cultivated using different
304 stem diameter of the semi hardwood cuttings. AGRIVITA Journal of Agricultural Science,
305 45(2), 188—198. https://doi.org/10.17503/agrivita.v45i2.3849

306  Gustiar, F., Pratama, F., Widjajanto, D. W., Ria, R. P., Muda, S. A., & Setyawan, L. A. P.
307 (2025). Drought stress and selective manure on the growth and yield of Chaya (
308 Cnidoscolus aconitifolius) in a tropical climate. Agronomy Research, 23, 822-837.
309 https://doi.org/10.15159/AR.25.061

310 Hali, A. S., & Telan, A. B. (2018). Effect of several combinations of organic planting media:
311 husk charcoal, cow manure, charcoal, coconut coir powder, and soil on the growth and
312 yield of eggplant (Solanum melongena L.). Jurnal Info Kesehatan, 16(1), 83-95.
313 https://doi.org/10.31965/infokes.vol16.iss1.174

314 Harlina, P W., Fitriansyah, F. A., & Shahzad, R. (2023). The challenging concept of
315 diversifying non-rice products from cassava by changing Indonesian people's behavior and
316 perception: a review. Food Research, 7(5), 251-259.
317 https://doi.org/10.26656/{r.2017.7(5).96

318  Irawan, S., Tampubolon, K., Elazhari, E., & Julian, J. (2021). Training on making organic liquid
319 fertilizer from coconut water and molasses, stale rice, goat manure and activators of EM4
320 products. Journal Liaison Academia and Society, 1(3), 1-18. https://doi.org/10.58939/}-
321 las.v1i3.685

322 Kaluba, P., Mwamba, S., Moualeu-Ngangue, D. P., Chiona, M., Munyinda, K., Winter, E.,
323 Stiitzel, H., & Chishala, B. H. (2021). Cropping practices and effects on soil nutrient
324 adequacy levels and cassava yield of smallholder farmers in northern Zambia.
325 International Journal of Agronomy, 1(1), 1325964. https://doi.org/10.1155/2021/1325964
326  Krajang, M., Malairuang, K., Sukna, J., & Rattanapradit, K Chamsart, S. (2021). Single-step
327 ethanol production from raw cassava starch using a combination of raw starch hydrolysis
328 and fermentation, scale-up from 5-L laboratory and 200-L pilot plant to 3000-L industrial
329 fermenters. Biotechnology for Biofuels, 14, 1-15. https://doi.org/10.1186/s13068-021-
330 01903-3

331  Lakitan, B., Siaga, E., Fadilah, L. N., Nurshanti, D. F., Widuri, L. L., Gustiar, F., & Putri, H. H.
332 (2023). Accurate and non-destructive estimation of palmate compound leaf area in cassava
333 (Manihot esculenta Crantz) based on morphological traits of its selected lobes.
334 International Journal of Agricultural Technology, 19(1), 129-144. https://1104.tci-
335 thaijo.org/index.php/IJAT/article/view/9420

336  Mohidin, S. R. N. S. P., Moshawih, S., Hermansyah, A., Asmuni, M. L., Shafqat, N., & Ming,
337 L. C. (2023). Cassava (Manihot esculenta Crantz): A systematic review for the
338 pharmacological activities, traditional uses, nutritional values, and phytochemistry.
339 Journal of Evidence-Based Integrative Medicine, 28.
340 https://doi.org/10.1177/2515690X231206227

Z'l—.l turnltln Page 15 of 17 - Integrity Submission Submission ID  trn:oid:::1:3528796983



Z"-.I turnltln Page 16 of 17 - Integrity Submission Submission ID  trn:oid:::1:3528796983

341
342
343

344
345
346

347
348
349
350

351
352
353
354

355
356

357
358
359

360
361

362
363
364

365
366
367

368
369
370

371
372
373
374

375
376
377

378
379
380
381

382
383

384
385

386

Z'l—.l turnltln Page 16 of 17 - Integrity Submission Submission ID  trn:oid:::1:3528796983

O’Leary, B. M., Asao, S., Millar, A. H., & Atkin, O. K. (2019). Core principles which explain
variation in respiration across biological scales. New Phytologist, 222(2). 670—686.
https://doi.org/10.1111/nph.15576

Odedina, J. N., Odedina, S. A., & Ojeniyi, S. O. (2011). Effect of types of manure on growth
and yield of cassava (Manihot esculenta, Crantz). Researcher, 3(5), 1-8.
http://www.sciencepub.net/researcher

Otiende, M. A., & Maimba, F. M. (2020). Endogenous carbohydrate content of the cutting
positions at time of severance and IBA concentration influence rooting of Rosa hybrida
rootstocks. Journal of Environmental & Agricultural Sciences (JEAS)., 22(1), 1-9.
https://doi.org/handle/123456789/521

Pakpahan, E. Y., Syafi’i, M., & Saputro, N. W. (2021). Response of shoot growth to several
sources of cuttings and ZPT types in vegetative cassava plants (Manihot esculenta Crantz)
Danar Ristono variety. Syntax Literate,; Jurnal Ilmiah Indonesia, 6(10), 4954.
https://doi.org/10.36418/syntax-literate.v6i10.1738

Ratnasari, N. (2014). Effect of material origin and stem base shape on cassava cuttings growth.
Berkala Ilmiah Pertanian, 1-3.

Ravi, V., Suja, G., Saravanan, R., & More, S. J. (2021). Advances in cassava-based multiple-
cropping systems. Horticultural Reviews, 153-232.
https://doi.org/10.1002/9781119750802.ch3

Riyanti, B., & Nur Aini, N. A. (2022). Strategies for the sustainability of cassava village during
the covid-19 pandemic. Among Makarti, 15(2). https://doi.org/10.52353/ama.v15i2.309

Rongting, J., Weiming, S., Yuan, W., Hailin, Z., & Ju, M. (2020). Nondestructive estimation
of bok choy nitrogen status with an active canopy sensor in comparison to a chlorophyll
meter. Pedosphere, 30(6), 769—777. https://doi.org/10.1016/s1002-0160(20)60037-6

Sandhya, S., Mehta, S., Pandey, S., & Husen, A. (2022). Adventitious root formation in cuttings
as influenced by genotypes, leaf area, and types of cuttings. Elsevier, 381-395.
https://doi.org/10.1016/b978-0-323-90636-4.00021-0

Sari, P. T., & Arifandi, J. A. (2019). Effect of humate compounds and chicken manure on
nitrogen nutrient uptake and seed quality of sweet potato cuttings (Ipomoea batatas L.).
Jurnal Bioindustri, 1(2), 83-97. https://doi.org/10.31326/jbio.v1i2.176

Simanjuntak, B. H., & Wardani, D. K. (2021). The effect of stem segment cuttings of robusta
coffee (Coffea canephora) on growth of root and leaf sprout. Asian Journal of Agriculture
and Rural Development, 11(1), 28-34.
https://doi.org/10.18488/journal.ajard.2021.111.28.34

Simatupang, R. W. B., Aji, I. M. L., & Rini, D. S. (2020). Effect of cuttings and planting media
on the growth of patchouli (Pogostemon cablin Benth). Jurnal Silva Samalas, 3(1), 1.
https://doi.org/10.33394/jss.v311.3675

Situmeang, Y. P., Sudita, I. D. N., & Suarta, M. (2019). Manure utilization from cows, goats,
and chickens as compost, biochar, and poschar in increasing the red chili yield.
International Journal on Advanced Science, Engineering and Information Technology,
9(6), 2088—2095. https://doi.org/10.18517/ijaseit.9.6.10345

Susiyanti, S., Utama, P., Nurmayulis, N., & Fatmawaty, A. A. (2022). SOP Production of
Durian Seeds of Siseupah Varieties.

Taiz, L., Zeiger, E., Moller, I. M., & Murphy, A. (2015). Plant Physiology and Development
(A. D. Sinauer (ed.); Sixth edit). Sinauer Associates, Inc.

Yelli, F., Giannini, T. K., Utomo, S. D., & Edy, A. (2021). Effect of the composition of the



z"-.l turnltln Page 17 of 17 - Integrity Submission Submission ID  trn:oid:::1:3528796983

387 planting medium on the growth of cuttings of four cassava clones (Manihot esculenta
388 Crantz). Jurnal Agrotek Tropika, 9(2), 271. https://doi.org/10.23960/jat.v912.4802

389  Zoungranan, Y., Lynda, E., Dobi-Brice, K. K., Tchirioua, E., Bakary, C., & Yannick, D. D.
390 (2020). Influence of natural factors on the biodegradation of simple and composite
391 bioplastics based on cassava starch and corn starch. Journal of Environmental Chemical
392 Engineering, 8(5), 104396. https://doi.org/10.1016/j.jece.2020.104396

z'l—.l turnltln Page 17 of 17 - Integrity Submission Submission ID  trn:oid:::1:3528796983



