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ABSTRACT 
Cassava is an important crop for carbohydrate production, primarily propagated through 
stem cuttings. Auxin has been proven for decades to be an effective material for increasing 
the rooting of cuttings. The combination of NAA and IBA is more effective than a single auxin 
and synergizes in promoting root growth. This study aimed to evaluate the growth and yield 
of cassava clones to different auxin concentrations of NAA+IBA mixture. The research used 
a randomized complete block design arranged in a factorial with 9 treatments repeated 3 
times. The first factor was the type of cassava clone, consisting of K1 = Garuda, K2 = 
Katsesart, and K3 = Roti, while the second factor was the concentration of NAA + IBA (1:1), 
namely A0 (0 ppm), A1 (1,000 ppm), and A2 (2,000 ppm). The results showed that clones 
responded differently to auxin concentration. Increasing the auxin concentration from 
1,000 ppm to 2,000 ppm did not increase growth and yield, irrespective of clones. The 
application NAA + IBA (1:1) significantly increased fresh leaf weight, plant height, fresh 
stem weight, total number of roots, and number of storage roots as compared to the control 
at 8 months after planting (MAP). At 8 MAP, the Kasetsart clone produced higher growth 
and yield than Garuda and Roti clones, as indicated by the average plant height, total 
number of roots, and number of storage roots. 
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INTRODUCTION 
Cassava (Manihot esculenta Crantz.) is a global crop with about 105 countries 

cultivating it and is a global commodity to answer the challenges of climate (Pushpalatha 
& Gangadharan, 2020; de Olanda Souza et al., 2023). The roots are the third most 
important source of carbohydrates in the tropics because of their high starch production, 
tolerant to drought, and suitability to soil with low fertility (Okogbenin et al., 2013; Li et 
al., 2017; Velmurugan et al., 2024). Indonesia is among the top 10 cassava producers in 
the world, after Brazil and Cambodia. The productivity curve of Indonesian cassava has 
always increased for 2 decades (1998-2022) from 12.19 to 27.19 tons ha-1 with a 
shrinking area of 1.2 million ha of land to 499 thousand ha (FAOSTAT, 2024).  

Although cassava productivity has increased, Indonesian cassava production has 
continued to decline in the past decade (Endaryanto et al., 2022). Lampung, as a province 
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that contributes the highest cassava production in Indonesia, actually has low 
productivity when compared to other provinces, which is around 26 tons ha-1 (Suryani et 
al., 2023). Other provinces such as West Sumatra, North Sumatra, and Central Kalimantan 
have productivity of ≥30 tons ha-1 (Ministry of Agriculture, 2020). Cassava clones that are 
widely planted by farmers in Lampung province include the Garuda, Katsesart, and Roti 
clones (Yelli et al., 2023; Pranowo et al., 2021). The Garuda clone has an early harvest age 
(≤8 months), the Katsesart clone has a high starch content (20-25%), and the Roti clone 
has a sweet tuber taste (Wahyuni & Noerwijati, 2021; Setiawan et al., 2024). 

Several studies have been done to increase cassava productivity such as soil 
manipulation (Anwar et al., 2023), root manipulation (Tokunaga et al., 2020), and 
hormonal applications like exogenous auxin (Zierer et al., 2021). Auxin has been proven 
for decades to be used as a material to increase rooting of cuttings (Kumar et al., 2019; 
Tien et al., 2020; Rajan & Singh, 2021). The use of auxin has been proven effective in 
accelerating root initiation and increasing the number of adventitious roots (Guan et al., 
2015). However, auxin application on cutting as planting material is rarely evaluated. 

Auxins that are often used to increase the rooting of cuttings are naphthalene acetic 
acid (NAA) and indole butyric acid (IBA) (Husen & Pal, 2007; Yusnita et al., 2024). Several 
previous studies have stated that the combination of NAA and IBA is better than a single 
auxin, e.g., in Malay apple and pepper (Artha et al., 2015; Yusnita et al., 2018). The 
combination of NAA and IBA has a synergistic effect in increasing root growth (Blythe et 
al., 2007; Kaushik & Shukla, 2020). In addition to increasing the number of roots, auxin 
can also increase the number of storage roots (Kolachevskaya et al., 2019). Differences in 
cassava genotypes have different growth characteristics and responses to the type and 
concentration of auxin given. It has been reported in tissue culture (Medina et al., 2007). 
This study aimed to evaluate the growth and yield of cassava clones to different auxin 
concentrations of NAA+IBA mixture. 

MATERIALS AND METHODS 
This research was conducted from July 2023 to April 2024 in Tulang Bawang Barat 

Regency, Lampung Province, Indonesia (-4.6378977, 105.0811664). This experiment 
utilized a factorial randomized complete block design (RCBD). The first factor was 
cassava clone (K1: Garuda, K2: Kasetsart, and K3: Roti); while the second factor was the 
concentration level of NAA + IBA (1:1), namely (A0: 0 ppm, A1: 1,000 ppm, and A2: 2,000 
ppm). Each treatment was repeated 3 times, and each experimental unit contained 10 
cuttings.  

The stem cuttings were obtained from 8-month-old plants according to Murray and 
Cohen (2021). Auxin powder with 95% purity, consisting of naphthalene acetic acid 
(NAA) and indole-3-butyric acid (IBA) was used as raw materials for auxin paste. The 
auxin was dissolved in 90% ethanol plus 1 M KOH as a pH neutralizer. To form auxin 
paste, the auxin solution was mixed with talc powder as a carrier material for auxin, 
fungicide with 80% mancozeb active ingredient for controlling fungi, and insecticide with 
3 GR carbofuran active ingredient for controlling pests. 

The land was plowed using a tractor, and then a raised bed was made with a height 
of 50 cm and a width of 40 cm. Each experimental unit size is 2 m in width and 5 m in 
length. Planting distance used 1 m x 1 m, facilitating 10 plants.  

To maintain soil fertility, organic fertilization of cow manure was applied one week 
before planting using 1 ton ha-1. NPK fertilizer was applied twice with a total dose of 200 
kg ha-1 of urea, 100 kg ha-1 of SP-36, and 100 kg ha-1 of KCl. The first application used all 
SP-36, half of urea, and half of KCl at one month after planting (MAP). At three MAP, the 
rest of urea and KCl fertilizers were applied.  

The cassava stem of each clone was cut to a length of 20 cm (Hyde et al., 2024). Auxin 
powder was made from a mixture of NAA and IBA dissolved in alcohol in talc powder and 
4% Mancozeb so that NAA+IBA (1:1) / (w:w) 1,000 ppm and 2,000 ppm were obtained 
(Higuchi et al., 2021). Auxin paste was made by mixing NAA+IBA powder (1:1) with water 
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in a ratio of 1:1, namely 1 g NAA+IBA (1:1): 1 mL water. Auxin paste was applied by a 
brush to the base of the cuttings up to 5 cm, then waited until it dried. 

Observations were made at 4 and 8 MAP. Observation variables were the number of 
leaves, fresh leaf weight, plant height, fresh stem weight, total number of roots (all 
adventitious roots that appear on the stem), number of storage roots (all adventitious 
roots that have a diameter >5 mm), storage root weight, and total plant weight. 
Observation data were tested using ANOVA, and if significantly different, they would be 
further tested using the least significant difference (LSD) test at the 5% significance level. 

RESULTS AND DISCUSSION 
The effect of clone was very significant, which was shown in almost all variables at 

4 MAP and 8 MAP except for total plant weight (Table 1). The effect of NAA+IBA 
concentration (1:1) was only seen in fresh leaf weight, total number of roots, number of 
storage roots, and storage root weight. The interaction between the two treatment factors 
occurred in one of the cassava growth phases (4 MAP or 8 MAP) and did not show any 
interaction at all in the variables plant height, fresh stem weight, and number of storage 
roots. 

Table 1. Summary of ANOVA of several observation variables of the influence of auxin on the growth and rooting 
of several cassava clones at 4 and 8 months after planting (MAP). 

Observation variables Clone (C) Auxin (A) C x A 
4 MAP 8 MAP 4 MAP 8 MAP 4 MAP 8 MAP 

Number of leaves ** ** ns ns ns ** 
Fresh weight of leaves (kg) ** ** * * ** ns 
Plant height (cm) ** ** ns ns ns ns 
Fresh weight of stem (kg) ** ** ns ns ns ns 
Total number of roots ** ** ** ** * ns 
Number of storage roots ** ** * ** ns ns 
Weight of storage roots (kg) ** ** ** ns ** ns 
Total plant weight (kg per plant) ns ns ** ns * ns 

Note: ns = not significant, * = significant at 5%, ** = significant at 1% 

Different clones responded differently to NAA+IBA (1:1) levels at 4 MAP. Garuda and 
Kasetsart clones were not responsive to increasing NAA+IBA (1:1) levels, they were 
different from Roti clones, which were responsive to increasing NAA+IBA (1:1) levels up 
to 2,000 ppm based on the fresh weight of leaves (Figure 1A). Increasing NAA+IBA (1:1) 
levels in all clones significantly increased the total number of roots compared to the 
control, but increasing 1,000 ppm to 2,000 ppm NAA+IBA (1:1) in Kasetsart and Roti 
clones was not significant (Figure 1B).  

The influence of different clones on NAA+IBA (1:1) levels was the same in the 
variables of weight of storage roots and total plant weight. Application of NAA+IBA (1:1) 
1,000 ppm or 2,000 ppm increased the weight of storage roots and total plant weight 
compared to the control, while Kasetsart and Roti clones did not (Figure 1C). Similar to 
the storage root weight parameter, Garuda clone gave a positive response to the 
application of NAA+IBA (1:1) up to 2,000 ppm, which could increase the total weight of 
the plant. We suspect that the influence of the early maturing nature causes the 
interaction with auxin to make the bulking process faster (Chipeta et al., 2016). The Roti 
clone, which was previously not seen to increase significantly with the application of 
NAA+IBA (1:1), turned out to significantly increase the total weight of the plant at 
NAA+IBA (1:1) by 2,000 ppm (Figure 1D). It has been reported in Feyisa (2021) that 
different cassava genotypes respond differently to different auxin concentrations. 

The Roti clone produced the highest number of leaves compared to the Roti and 
Kasetsart clones at 4 MAP (Table 2). However, at 8 MAP, the Roti clone had the lowest 
number of leaves, with an average of 105 leaves (Figure 2). The plant's ability to retain 
leaves is in line with the characteristics of drought resistance (Okogbenin et al., 2013; 
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Orek et al., 2020). This indicates that the Roti clone is not more resistant than the Garuda 
and Kasetsart clones. The Garuda clone is responsive to the application of NAA+IBA (1:1) 
1,000 ppm paste, which can produce the highest number of leaves of 227,8 leaves, in 
contrast to the Kasetsart and Roti clones, which tend to increase the number of leaves 
with increasing concentrations of NAA+IBA (1:1) but are still not significant. The 
increased number of leaves indicates that the auxin previously applied to the basal 
cuttings can be translocated to the shoot parts of the plant (Korobova et al., 2023). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Biomass production of cassava clone from different NAA+IBA treatments at 4 months after planting. a. 
Fresh leaf weight; b. Total number of roots; c. Weight of storage roots; d. Total plant weight. Bars 
followed by the same letter are not significantly different by LSD 5%. Bars represent S.E. 

 
Cassava clones had different plant heights, e.g., the Garuda had a lower plant height 

than the Roti and Kasetsart at 4 and 8 MAP (Figure 2 and Figure 3), in line with Cai et al. 
(2024). The Kasetsart and Roti clones have the same height at 4 MAP, but at 8 MAP the 
Kasetsart clone has a higher plant height than the Roti clone (Table 2). The Kasetsart and 
Roti clones, which had similar plant heights, also produced high fresh stem weights 
compared to the Garuda clone. 

Table 2. Shoot characteristics of differences in cassava clones at 4 and 8 months after planting (MAP). 

Clone 
Number of  Fresh weight 

Plant height (cm per plant) Fresh stem weight  
(kg per plant) leaves  

(per plant) 
of leaves  

(kg per plant) 
  4 MAP 8 MAP 4 MAP 8 MAP 4 MAP 8 MAP 

Garuda 100.56c 1.26b 96.30b 311.50c 0.328b 3.68b 
Katsesart 108.19b 2.07a 114.22a 375.15a 0.467a 5.14a 
Roti 117.04a 1.48b 123.31a 333.13b 0.497a 4.64a 
LSD (0.05) 6.22 0.25 10.99 13.45 0.075 0.56 

Note: Numbers in the same column and factor followed by the same letter are not significantly different based on the LSD test 
at 5% level. 
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The highest total root number in the Kasetsart clone (4 and 8 MAP) also produced 
the highest number of storage roots (8 MAP) (Table 3; Figure 4). However, with the high 
number of storage roots, it has not completely produced a high storage root weight, unlike 
the Garuda clone with a lower total root number and number of storage roots producing 
the highest storage root weight (Table 3). Similar findings have been reported by Adu et 
al., (2018) indicating that some cassava genotypes with fewer storage roots can produce 
higher fresh root weights. Based on these results, it also shows that the Garuda clone is 
more effective in storing assimilate partitions to tubers. As reported by Li et al., (2016), 
genotypes that have high tuber weight with low shoot growth possess a strong assimilate 
supply.  

 

 

 

 

 

 

 

 

 

Figure 2. Leaf number of cassava clones from different NAA+IBA levels at 8 months after 
planting (MAP). Bars followed by the same letter are not significantly different 
by LSD 5%. Bars represent S.E. 

 

 

 

 

 

 

 

 

 

Figure 3. Shoot and root of cassava clones without auxin treatment (control) at 4 
months after planting.  
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Table 3. Influence of cassava clone differences on root parameters at 8 months after 
planting (MAP). 

 

Note: Numbers in the same column and factor followed by the same letter are not significantly 
different based on the LSD test at 5% level. 

Table 4.  Influence of cassava clone differences on fresh weight of leaves and total root 
number at 8 months after planting (MAP). 

Concentration NAA+IBA (1:1)  Fresh weight of leaves  
(kg) 

Total roots number 
(per plant) 

Control 1.40b 24.85b 
1,000 ppm 1.67a 37.00a 
2,000 ppm 1.73a 41.41a 
LSD (0.05) 0.25  5.00  

Note: Numbers in the same column and factor followed by the same letter are not significantly 
different based on the LSD test at 5% level. 

 

Figure 4.  Number of storage roots per plant at 4 and 8 months after planting (MAP); a. Effect of NAA+IBA levels 
(1:1), b. Effect of cassava clones. Bars followed by the same letter are not significantly different by LSD 
5%. Bars represent S.E. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Storage roots of cassava clones from different levels of NAA+IBA at 4 months 
after planting. 

Clone Total roots number Weight of storage roots (kg) 
Garuda 30.81b 8.64a 
Katsesart 39.70a 6.06b 
Roti 32.74b 6.37b 
LSD (0.05) 5.00 0.82 
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The difference in NAA+IBA (1:1) levels of 1,000 or 2,000 ppm significantly increased 
the fresh weight of leaves, which was also seen to increase the total root number (Table 
4). The increased fresh weight of leaves due to auxin application indicates a greater 
source capacity so that it is able to transfer greater assimilate results to the root section. 
The number of storage roots of different NAA+IBA applications is presented in Figure 5. 

CONCLUSIONS 
There were different responses in each clone tested. However, increasing the auxin 

concentration from 1,000 ppm to 2,000 ppm did not significantly increase cassava growth 
and yield. The application of NAA + IBA (1:1) at 1,000 ppm and 2,000 ppm significantly 
increased fresh leaf weight, plant height, fresh stem weight, total number of roots, and 
number of storage roots of cassava compared to the control at 8 months after planting 
(MAP). At 8 MAP, the Kasetsart clone produced higher growth and yield than the Garuda 
clone and the Roti clone, as indicated by the average plant height, total number of roots, 
and number of storage roots. 
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