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ABSTRACT 
The demand for cassava tuber in Indonesia is high, however, domestic production is still 
limited therefore increasing production is important. Ultisol soils have the potential for 
cassava production, but low soil fertility in such soils needs to be improved. The research 
aimed to evaluate the effect of soil organic carbon (SOC) and NPK fertilizer on the growth 
and yield of cassava tuber in an ultisol. The experiment was conducted at the Jonggol 
Experimental Farm, IPB Bogor, West Java from September 2022 to January 2023. The 
experiment used a split-plot design with three replications. The main plot was SOC level of 
1.93 (control), 2, 3, and 4%, and the subplot was NPK 15-15-15 level of 150, 300, 450, and 
600 kg ha-1. SOC level was increased through the application of cow manure 0, 3.59, 54.93, 
and 106.27 tons ha-1 corresponding to SOC levels of 1.93 (control), 2, 3, and 4%, respectively. 
Results showed that enhancing SOC up to 3% and NPK 300 kg ha-1 were enough to support 
cassava growth as shown by plant height, stem diameter, and leaf number. The leaf number 
was the highest in the 3% SOC+150 kg NPK, 2% SOC+300 kg NPK or+450 kg NPK, and 
control+600 kg ha-1 NPK treatment. Leaf greenness was only affected by adding NPK 
fertilizer; a high greenness value was obtained at NPK level of > 150 kg ha-1 and 300 to 600 
kg ha-1 resulting in non-significantly leaf greenness. The status of N and K in the leaves 
increased by SOC and NPK treatments, while the P status was unaffected. SOC at a level of 
3% and NPK at a level of 150 kg ha-1 stimulated cassava to produce the highest fresh tuber 
weight (1.85 kg per plant) at 4 months after planting. Cassava productivity in ultisol soil can 
be increased by applying cow manure of 54.93 tons ha-1 to enhance SOC up to 3% combined 
with NPK of 150 kg ha-1. 

Keywords: Extensification; food security; intensification; tuber production; nutrient 
uptake  

INTRODUCTION 
Cassava (Manihot esculenta Crantz) is an important source of carbohydrates in 

Indonesia (Wijayanti et al., 2019). The carbohydrate content in cassava reaches 33.69% 
(Ariani et al., 2017). In Indonesia, cassava tuber is utilized in traditional foods such as 
boiled or fried, chips, tape, and gethuk (Harsita & Amam, 2019) and modern foods derived 
from cassava flour and tapioca flour (Wiraputra et al., 2019), and it becomes an important 
component in the food security system in Indonesia (Indrayana et al., 2018). Recently, 
tapioca has been utilized as an ingredient in food industries such as instant noodles, 
biscuits, cookies, cakes, and muffins (Histifarina et al., 2014; Verma et al., 2022). 

Such broad utilization in Indonesia causes the demand for cassava tuber is increasing 
steadily. Annual cassava-based flour consumption per capita increased by 3.86% with 
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total consumption in 2020 reaching 17.75 million tons (FSA, 2020), while cassava 
production was 16.21 million tons (CADIS, 2022). Therefore, some consumption is still 
fulfilled from imports. 

The effort to increase cassava production in Indonesia is through the expansion of 
the production area is known as extensification and increasing the yield of the existing 
production area is known as intensification. In the extensification program, however, 
cassava competes with other commodities because cassava usually is the third priority 
after rice and maize (Ariningsih, 2016; Adriyani et al., 2022). Therefore, cassava expansion 
focuses on less fertile soils because of their strong adaptability (Delaquis et al., 2018), such 
as ultisol soils. Ultisols in Indonesia reach 45.79 million ha (Subagyo et al., 2004). Ultisol 
soils have low pH, soil organic matter, and low P and K nutrients, and are less suitable for 
rice and maize (Zulputra et al., 2014; Sipayung et al., 2014; Munawar & Wiryono, 2019). 

In general, cassava productivity can be increased with fertilizer application 
(Ariningsih, 2016). However, farmers commonly do not apply fertilizers properly in 
cassava fields (Mutiara & Bolly, 2019). As a result, cassava production is low, by about 11 
tons ha-1 (Wijanarko & Purwanto, 2018). On the other hand, an application of 150 N + 33 
P2O5 + 124.5 K2O kg ha-1 of the fertilizer increases tuber yields to 28 tons ha-1 (Biratu et 
al., 2018). The nutrient requirement for producing 40 tons ha-1 roots in the Mangu variety 
is approximately 80 kg N, 12 kg P2O5, and 136 kg K2O (Suwarto et al., 2023). Application 
of inorganic fertilizer improves tuber growth and development (Adiele et al., 2021), in the 
long run however, the continuous application of inorganic fertilizer solely may imbalance 
nutrients in the soil (Biratu et al., 2018), therefore, balanced application between 
inorganic and organic fertilizers is important. 

Organic fertilizers could be applied in many forms such as manure, green manure, 
and biomass (Biratu et al., 2019). Organic fertilizers are the source of soil organic carbon 
(SOC). It is noted that low SOC level causes low cassava root production (Mutiara & Bolly, 
2019). Depletion of SOC is a primary problem due to the continuous planting of cassava 
(Kaluba et al., 2021). In East Lampung, for example, SOC decreased by 66% as the effect of 
planting cassava in monoculture for 30 years (Wijanarko & Purwanto, 2018). Moreover, 
Wijanarko and Purwanto (2018) pointed out that cassava grown in soil with a SOC of 0.7% 
produces tuber by 11.7 tons ha-1, while SOC of 2.06% produces tuber by 19.4 tons ha-1. 
According to Howeler (2002), the optimal SOC level for cassava growing is around 3.2%. 

Cow manure is preferable as the source of SOC because it is persistent until the end 
of the growing season (Pimentel et al., 2021). SOC level correlates positively with soil 
cation exchange capacity (CEC) (Costa et al., 2021), and it is able to maintain the 
availability of cations (Blanco-Canqui et al., 2013). This research aimed to determine the 
effect of SOC and NPK fertilizer levels on the growth and yield of cassava grown in ultisol 
soil. 

MATERIALS AND METHODS 

Research site 
The research was conducted at the Jonggol Experimental Farm, IPB Bogor from 

September 2022 to January 2023. The soil type is ultisol according to the description by 
Diaguna et al. (2022). The soil has an argillic horizon with a distinct clay horizon below 
the soil surface indicates ultisol instead of oxisol according to Munawar and Wiryono 
(2019). The soil contained SOC (1.93%), pH (H2O) 4.52, total N (0.24%), available P (8.35 
ppm), K (0.23 cmol(+) kg-1), and cation exchange capacity (CEC) (19.12 cmol(+) kg-1). SOC 
and pH were low, and available P and K were medium for cassava plants (Howeler, 2002). 

Research design 
The research used a split-plot design. The main plot was SOC level consisting of 

1.93% (control), 2%, 3%, and 4%, while the subplot treatment was the level of NPK 15-
15-15 application consisting of 150, 300, 450, and 600 kg ha-1. Each treatment 
combination was repeated three times so that there were 48 experimental units. The plot 
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size was 5 m x 5 m for each experimental unit. Here, the SOC level was designed only at 
planting time. There was no maintained activity on the SOC level during the experiment; 
that became the limitation of the study.  

The land was prepared manually at a depth of 25 cm one month before planting. 
Limestone 2 tons ha-1 was applied one week after land preparation. One week after the 
limestone application, a raised bed was arranged with a width of 60 cm and a height of 30 
cm. Cow manure was applied one week later with its amount according to SOC level. 
Manure was spread over the bed and then covered with soil. 

SOC calculation follows Alghifari et al. (2023). The application was based on the 
following conditions: soil depth for cultivation was 20 cm, initial SOC level was 1.93% 
(based on laboratory analysis) and organic content of cow manure was 33.60% (based on 
laboratory analysis). Therefore, to obtain the level of SOC 1.93%, 2%, 3%, and 4% the 
amount of cow manure added was 0, 3.59, 54.93, and 106.27 tons ha-1, respectively. 
According to Alghifari et al. (2023), pH of cow manure is 7.62, and contains 2.77% 
nitrogen, 0.95% total phosphorus, 0.34% total potassium, 0.53% magnesium, and 0.09% 
sulfur. 

The cassava variety used Mangu, a famous clone from Bogor. Planting material used 
cutting sized 25 cm in length and ±2 cm in diameter from plants aged 8 months after 
planting (MAP). The planting material was obtained from a farmer's field at Dramaga, 
Bogor. The stem was planted vertically with a spacing of 100 cm x 80 cm.  

NPK fertilizer was applied twice. First, one-third of the total NPK rate was added by 
circle application at 2 weeks after planting (WAP). In the second NPK application, as much 
as two-thirds of the treatment was applied at 3 MAP. At 1.5 and 3 MAP, weeds were 
manually managed using a hoe. Stem branches were managed by leaving two branches 
with good vigor. The branch trimming was carried out at 3 MAP. Plants were harvested at 
4 MAP, for early harvesting (Santos et al., 2014; Adiele et al., 2021). 

Observation and data analysis 
Growth variables consisted of plant height, stem diameter, and leaf number at 2 and 

4 MAP. The greenness of the leaves was measured using SPAD at the 10th leaf from the 
young at 4 MAP. SPAD value could be as an estimate for chlorophyll index (Sookchalearn 
& Abdullakasim, 2017). Nutrient levels of leaves were observed at the 5th to 10th leaf from 
the above, composite of each treatment. Therefore, statistical analysis was non eligible in 
nutrient status due to lack of repetition. 

The observed yield components at 4-MAP harvest, included the weight of leaves, 
stems, tuber, peeled tuber, and skin tuber. Moreover, the tuber number, tuber length, and 
tuber diameter were also measured. All tubers with a diameter of more than 1 cm and a 
length of more than 10 cm were classified as harvestable ones. 

Data were analyzed using the F test at the α 5% level. Data shown significantly 
different were tested further with Tukey's honest significant difference (HSD). Data 
analysis used R-studio software. 

RESULTS AND DISCUSSION 

Plant growth 
Enrichment of SOC supported vegetative growth including plant height, stem 

diameter, and leaf number (Table 1). SOC significantly affected plant height and stem 
diameter (P<0.01) at 2 and 4 MAP. The leaf number was significantly affected by the SOC 
(P<0.01) at 2 MAP and significantly (P<0.05) at 4 MAP. SOC treatment of 3% significantly 
increased plant height compared to SOC 1.93% and 2% at both times of observations. The 
highest stem diameter consistently occurred at 3% and 4% SOC. However, the finding 
should be treated carefully because the source of SOC added in the present experiment 
was in the form of cow manure. Increasing plant height and stem diameter by increasing 
SOC level could probably be associated with increasing supplement nutrients from the 
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organic fertilizers according to Biratu et al. (2018). The general cassava performances in 
the field are shown in Figure 1. 

At the age of 2 and 4 MAP, plant height and stem diameter were affected very 
significantly (P<0.01) due to NPK application (Table 1). Cassava had the highest plant and 
biggest stem diameter after treatment of 300 kg ha-1, and it was significantly different from 
the 150 kg ha-1 treatment. This finding is in line with previous research by Macalou et al. 
(2018). Increasing NPK levels above 300 kg ha-1 did not significantly increase plant height 
growth and stem diameter. It is noted that excessive NPK application was ineffective in 
affecting vegetative growth (Carine et al., 2019). 

Table 1. Effect of SOC and NPK fertilizer levels on plant height, stem diameter and leaf number of cassava. 

Treatments Plant height (cm)  Stem diameter (mm)  Leaf number 
2 MAP 4 MAP  2 MAP 4 MAP  2 MAP 4 MAP 

Soil organic carbon (%)         
1.93 45.50b 130.10b  11.38c 19.17c  43.30c 77.13b 
2.00 55.98b 145.93b  13.35bc 22.05b  48.66bc 87.30ab 
3.00 70.87a 193.85a  16.45ab 27.28a  65.66a 96.63a 
4.00 77.92a 206.78a  18.54a 29.40a  59.05ab 84.16ab 
p-value <0.001  <0.001  0.001 <0.001  0.004 0.026 
Sig. *** ***  ** ***  ** * 

NPK (kg ha-1)         
150 57.65b 159.65b  14.04b 22.78b  49.95b 80.37b 
300 62.81a 171.15a  14.97ab 24.92a  52.55ab 87.33a 
450 64.25a 171.70a  15.82a 24.94a  60.35a 85.90ab 
600 65.55a 174.16a  14.88ab 25.26a   53.83ab 91.63a 
p-value <0.001   0.001  0.003 <0.001  0.023 <0.001 
Sig. *** **  ** ***  * *** 

Note: Values followed by the different letters in the same column are significantly different in the Tukey test α = 0.05 (*), α = 0.01 
(**), and α =0.001 (***). 

 

 
 

(a) 2 MAP (b) 3 MAP 

Figure 1.  Cassava performance at Jonggol Experimental Farm. (a) Plant aged 2 months after planting (MAP); (b) 
Plant aged 3 MAP. 

Irrespective of NPK fertilizers, cassava grown in 3% SOC had the highest leaf number 
(Table 1). The 3% SOC treatment is equivalent to a dose of 52 tons ha-1 of manure. In 
previous research, Maryana and Suwardi (2022) stated that manure application at a level 
of 20 tons ha-1 did not increase the leaf number. Although Maryana and Suwardi (2022) 
did not mention soil type in their experiment, it is evident that in ultisol soil about 52 tons 
ha-1 manure is sufficient to stimulate more leaf production. 

On the other side, irrespective of SOC level, NPK fertilization had a significant effect 
with a p-value <0.5 at 2 MAP and very significantly with a p-value <0.001 at 4 MAP (Table 
1). Plants treated with 450 kg ha-1 had a significantly higher leaf number than 150 kg ha-1 
at 2 MAP. At 4 MAP, fertilizer application at the rate of 300 kg ha-1 increased significantly 
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the leaf number compared to 150 kg ha-1. Carine et al. (2019) revealed that cassava 
supplemented with 100 kg ha-1 NPK (12-11-18) had higher leaf numbers than that without 
fertilizer.  

At 4 MAP, however, there was an interaction effect between SOC and NPK on the leaf 
number (Table 2). The highest leaf number was observed in plants supplemented with 3% 
SOC  and 600 kg ha-1 NPK (99.87 leaves), followed by the 3% SOC treatment and 300 kg 
ha-1 NPK (98.40 leaves). According to Chandhana and Kerketta (2021), leaf production of 
cassava increases more markedly in the present combination of organic and NPK 
fertilizers. In the present experiment, cassava grown in 1.93% SOC produced more leaves 
when supplemented with 450 kg NPK ha-1 as compared to 150 kg ha-1. It means that SOC 
level and NPK fertilizers are important factors to stimulate leaf growth in ultisol soil. 

Table 2. SOC and NPK levels interaction on leaf number of cassava at 4 MAP. 

Soil organic carbon (%) NPK level (kg ha-1) 
150 300 450 600 

 Leaf number 
1.93 62.80c 78.27bc 80.67b 86.80ab 
2.00 78.53bc 89.07ab 89.20ab 92.40ab 
3.00 93.73ab 98.40a 94.53ab 99.87a 
4.00 86.40ab 83.60ab 79.20bc 87.46ab 

Note: Values followed by the different letters are significantly different in the Tukey test α = 0.05 

Leaf greenness and NPK status 
NPK application affected the level of leaf greenness (Table 3). Plants from the 

treatment of 150 kg ha-1 showed the lowest leaf greenness as compared to other 
treatments. NPK application at a level of 300 to 600 kg ha-1 had no significant differences 
in leaf greenness. Here, NPK 300 kg ha-1 was considered sufficient to maintain high leaf 
greenness. The amount of nitrogen for NPK 300 kg ha-1 is 15% of 300 kg equal to 45 kg N 
ha-1. Such an amount is lower than the finding of Biratu et al. (2018) where the cassava 
required 100 kg N ha-1 to improve the chlorophyll index or greenness at 12 MAP. Different 
sampling times might probably affect the nitrogen requirement, i.e., 4 MAP in the present 
research. It is interesting to note that adequate leaf N content in cassava varies among 
authors. According to Howeler (2002), the N content at 5.1-5.8% of cassava leaves is 
considered sufficient. On the other hand, Santos et al. (2014) mentioned that the N content 
of cassava leaves is sufficient in the range of 0.3-0.6%. In the present study, the N content 
of the leaves showed an adequate amount in the NPK treatment of 450 kg ha-1 or more. 
Thus, a dose of 450 kg ha-1 was considered optimal for leaves. 

Cassava leaves grown in soil with SOC 1.93% and 2% tended to have relatively low 
N levels (Table 3), in contrast to plants with SOC 3% and 4%. However, statistically, there 
was no significant effect of SOC levels on NPK status. It is speculated that low SOC levels 
might cause low levels of N. SOC plays an important role in balancing the presence of soil 
cations for helping the availability of N (Biratu et al., 2019; Kaluba et al., 2021). An 
improvement in the greenness of the leaves is associated with higher N uptake 
(Kamarianakis & Panagiotakis, 2023). High N levels in leaves supported vegetative growth 
(Omondi et al., 2019a). 

Phosphorus levels of leaves in both SOC and NPK fertilizers were 0.29-0.32% (Table 
3), and it is considered deficient based on Howeler (2002). It means that SOC and NPK 
applications did not affect the P status in cassava leaves. This finding is in line with Biratu 
et al. (2018) where organic and NPK fertilizers application does not improve the P uptake 
of leaves. In the present research, it seems that the application of SOC and NPK was unable 
to improve P availability in the soil. According to Hartono et al. (2022) P absorption by the 
plant is determined by its availability. It needs further study on the availability of P in 
ultisol soils because in the present study amount of P added is relatively high, e.g., 90 kg P 
ha-1 in 600 kg NPK ha-1 treatment and 212.5 kg P2O5 ha-1 from cow manure for SOC 4%.  
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Table 3. Effect of SOC and NPK levels on leaf greenness and NPK status at 4 MAP.  

Treatment Leaf 
greenness 

Nitrogen Phosphorus Potassium 
N (%) Statusz P (%) Statusz K (%) Statusz 

Soil organic carbon (%)            
1.93 44.98 4.94 L 0.30 D 1.44 S 
2.00 44.03 4.89 L 0.29 D 1.52 S 
3.00 44.58 5.24 S 0.32 D 2.43 VH 
4.00 45.87 5.43 S 0.32 D 2.56 VH 
p-value 0.558 -  -  -  
Sig. ns -  -  -  

NPK (kg ha-1)        
150 42.67b 4.89 L 0.31 D 1.83 S 
300 45.70a 5.03 L 0.31 D 1.99 H 
450 45.28a 5.23 S 0.31 D 1.99 H 
600 45.81a 5.35 S 0.31 D 2.14 H 
p-value 0.007 -  -  -  
Sig. ** -  -  -  

Note: Values followed by the different letters in the same column are significantly different in the Tukey test α=0.05, ns-non 
significant, ** significant at α=0.01; zNutrient status according to Howeler (2002), D-deficient, L-low, S-sufficient, H-high, VH-
very high; ‘-‘ data not available due to no replication. 

K levels of leaves in control SOC were sufficient (Table 3). Plants absorbed more K 
nutrients to leaves until they reached a very high status due to an increase in SOC up to 
3% and 4%. However, such very high K levels of leaves in both treatments did not show 
differences in plant height, stem diameter, and leaf number (Table 1). Santosa et al. (2011) 
noted that the application of K2O does not affect much on leaf number in Amorphophallus, 
but the application markedly increases the rachis length of the leaf. According to Subandi 
(2011), potassium levels in upper biomass range from 48.6% to 74.4% relative to 
nitrogen. Thus, in the present experiment, it seems that cassava absorbed excessive K 
(luxury consumption) in 3% and 4% of SOC. However, increasing NPK levels higher than 
300 kg ha-1 increased K absorption as stated by Biratu et al. (2018) where the application 
of NPK fertilizer improved the efficiency of K uptake. 

Yield components 
SOC and NPK fertilization did not affect the fresh weight of leaves, while the fresh 

weight of stems was only affected by the SOC treatment (Table 4). SOC levels of 3% and 
4% caused plants to have a significantly higher stem weight (P<0.001) than SOC 1.93% 
and 2%. The data is in line with plant height and stem diameter as shown in Table 1 where 
the highest value is derived from 3% and 4% SOC treatments. 

The interaction between SOC and NPK treatments on fresh weight of tuber, peeled 
tuber, and tuber skin was significant (data not shown). Plants had the highest weight of 
tuber, peeled tuber, and tuber skin due to 3% SOC treatment and 150 kg ha-1 NPK, whereas 
3% SOC and 600 kg ha-1 NPK treatment of plants caused the lowest weight in the three 
observed variables (Table 5). At 3% SOC, the addition of NPK fertilizer reduced the fresh 
weight of the tuber. Such reduction could be related to excessive growth of leaves at 4 
MAP as shown in Table 2.  

The plant with treatment of 3% SOC and 600 kg ha-1 NPK, had the highest leaf number 
(Table 2). It is noted that the leaf number after a certain number correlated negatively 
with tuber weight in cassava (Amarullah et al., 2016). Physiologically, cassava expresses 
a tendency that in the presence of excess leaf production, the assimilate is allocated to 
maintain the leaf resulting in tuber growth inhibition (Omondi et al., 2019a). 
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Table 4. Effect of SOC level and NPK fertilizer on fresh weight of leaves and stems at 4 
MAP. 

Treatments Fresh weight (g plant-1) 
Leavesz Stemz 

Soil organic carbon (%) 1.93 755.00 652.17b 
 2.00 862.33 797.33b 
 3.00 1143.67 1349.67a 
 4.00 1175.33 1713.50a 
 p-value 0.139 <0.001 
 Sig. ns *** 

NPK (kg ha-1) 150 953.75 1068.50 
 300 1006.33 1135.83 
 450 992.33 1180.00 
 600 983.91 1128.33 
 p-value  0.908 0.688 
 Sig. ns ns 

Note: Values followed by the different letters in the same column are significantly different in the 
Tukey test α=0.05, ns-non significant, *** significant at α=0.001; z On statistical analysis, data was 
transformed using formula �𝑥𝑥 + 0,5. 

Table 5. Effect of SOC level and NPK fertilizer on yield component at 4 MAP. 

Treatments Fresh weight (g plant-1) Increasing 
tuber (%)x 

Tuber 
(tons ha-1)y SOC (%) NPK (kg ha-1) Tuber Peeled tuber Skin tuber 

1.93 150 963.00b  783.14b 179.86b 0 12.04 
 300 1101.67ab  884.69ab 216.97ab 14 13.77 
 450 1074.33ab  866.74ab 187.59ab 12 13.43 
 600 1137.67ab  929.23ab 207.44ab 18 14.22 

2.00 150 1030.00ab  835.04ab 194.96b 7 12.88 
 300 1136.33ab  923.20ab 213.13ab 18 14.20 
 450 1174.00ab  967.47ab 207.53b 22 14.68 
 600 1358.33ab 1092.52ab 265.81ab 41 16.98 

3.00 150  1853.00a 1527.07a 325.93a 92 23.16 
 300 1023.33ab  833.35ab 189.98b 6 12.79 
 450 1122.00ab  916.42ab 205.58b 17 14.03 
 600 922.33b 749.04b 173.30b -4 11.53 

4.00 150 1308.00ab 1081.64ab 226.36ab 36 16.35 
 300 1213.00ab  970.53ab 242.47ab 26 15.16 
 450 1297.66ab 1080.54ab 217.13ab 35 16.22 
 600 1101.66ab  886.33ab 215.33ab 14 13.77 

p-value  0.027 0.043 0.003 - - 
Sig.  * * ** - - 

Note: Values followed by the different letter in the same column are significantly different in the Tukey test α=0.05, * significant 
at α=0.05, ** significant at α=0.01; xCompared to weight of SOC 1.93% and 150 kg ha-1 treatment; yConsidering a population of 
12,500 plants ha-1. 

Table 6 shows that tuber number per plant and tuber length were affected by the 
level of SOC but not by the level of NPK. Tuber diameter was not affected by SOC and NPK 
levels. High SOC levels of up to 4% significantly increased the tuber number. The finding 
is in line with previous research where high organic matter increases the tuber number 
(Sharara & El-Aal, 2016). On the other side, increasing SOC levels tended to decrease tuber 
length. The tuber length from the plant treated with 4% SOC was significantly lower than 
the control SOC. The effect of organic fertilizer that reduces tuber length was also noted 
by Ros et al. (2020), where the application of organic fertilizer at the rate of 12 tons ha-1 
reduces tuber length by 4.1 cm as compared to without organic fertilizer application. 
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Table 6. Effect of SOC level and NPK fertilizer on tuber number, length and diameter of 
cassava at 4 MAP.  

Treatments Tuber number 
(root plant-1) Tuber length (cm) Tuber diameter (cm) 

SOC (%)    
1.93  8.7b 28.74a 2.65 
2.00 11.7ab 24.38ab 2.37 
3.00 11.3ab 21.42ab 2.62 
4.00 13.3a 19.76b 2.37 
p-value 0.028 0.042 0.255 
Sig. * * ns 

NPK (kg ha-1)    
150 10.7 24.72 2.60 
300 12.9 22.65 2.42 
450 10.7 23.05 2.61 
600 10.7 23.89 2.39 
p-value 0.291 0.822 0.249 
Sig. ns ns ns 

Note: Values followed by the different letters in the same column are significantly different in the 
Tukey test α=0.05, ns-non significant, * significantly different. 

Pearson’s correlation 
Pearson correlation matrix of traits from cassava grown in different levels of SOC and 

NPK fertilizer showed a weak correlation because of a value below 0.5 for all traits (Table 
7). The fresh weight of leaves correlated significantly with the leaf number (r = 0.462), 
tuber number (r = 0.404), and tuber yield (r = 0.314). The tuber number correlated very 
significantly with yield (r = 0.441) and tuber length (r = -0.383). The negative correlation 
between the tuber number and tuber length is interesting, it means that plants that 
produce more tuber had shorter tuber as compared to the plant that produce less tuber 
number. It is known that tuber length is affected by genotype (John et al., 2020; Misganaw 
& Bayou, 2020). According to John et al. (2020), genotype H-1687 produces fewer tuber 
but long sizes while the 7-III-E3-5 genotype produces many tubers with short sizes. 

The present study shows that cassava cultivation through increasing SOC and NPK 
fertilizers was prospective in ultisol soil to alter low soil fertility. Radjit et al. (2014) stated 
cassava production could be improved through organic manure application. In the present 
research, such a recommendation was confirmed as shown by the significant increase 
weight of cassava tuber per plant (Table 5). Nevertheless, the findings should be treated 
carefully because first, the harvest in the present study was conducted at 4 MAP. Although 
there is a note that biomass production and total nutrient absorption of cassava at 4 MAP 
can be used as predictors of biomass at final harvest (Santos et al., 2014; Adiele et al., 
2021). Table 5 shows that the highest tuber yield derived from 3% SOC and 150 kg NPK 
ha-1 was 1.85 kg of plants at 4 MAP. Using the formula by Santos et al. (2014) the amount 
of yield at 10 MAP is 6.91 kg per plant or 86.38 tons ha-1. Such estimation is about 100% 
higher than the yield reported by Abrori (2016) for the Mangu variety planted in 2.14% 
SOC supplemented with 90 kg N+ 54 kg P2O5 kg + 54 kg K2O ha-1 produces 42.70 tons fresh 
tuber at 10 MAP. The sharp increase in tuber yield at 6 to 10 MAP according to De Souza 
et al. (2017) was due to optimum assimilate translocation from leaves to tubers. 
Therefore, it is important to evaluate further the yield at full maturity of harvest for the 
Mangu variety. 
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Table 7. Pearson correlation matrix of traits from cassava grown in different levels of 
SOC and NPK fertilizer at 4 MAP. 

 NL GL FWL NT TL Y 
NL -      
GL  0.112ns -     

FWL   0.462***  0.003ns -    
NT  0.180ns  0.166ns 0.404** -   
TL -0.202ns -0.140ns -0.124ns -0.383** -  
Y  0.138ns  0.016ns 0.314* 0.441** 0.161ns - 

Note: MAP: months after planting; ns: no significant, *significant at α 0.05, **significant at α 0.01, 
***significant at α 0.001; NL: leaf number at 4 months after planting, GL: leaf greenness, FWL: fresh 
weight of leaves, NT: tuber number, L; tuber length, Y: yield. 

Second, leaves had high NK nutrients and higher tuber yield after the plant received 
SOC 3% and 150 kg NPK ha-1 (Table 5), however, plant height, leaf greenness, stem 
diameter, and leaf number were highest after receiving 3% SOC and 300 kg NPK ha-1. Here, 
it is concluded that for optimum vegetative growth, 150 kg NPK ha-1 is required in addition 
to 3% SOC. For farmers, increasing SOC up to 3% is not easy in both logistics and finances, 
because for every 1% of SOC the farmer should prepare about 55 tons ha-1 of manure. It is 
important in the future to study the effectiveness of the gradual application of manure in 
several planting seasons on the growth of cassava. 

Third, ultisols in some cases also associated with limited soil moisture availability 
(Mao et al., 2020). It has been known that high SOC level also increases soil capacity to 
hold moisture (Bilong et al., 2022). Increasing tuber weight by about 92% from cassava 
received 150 kg NPK ha-1 with 3% SOC relative to 1.93% SOC (control) is supported by 
higher plant and leaf numbers. Higher cassava plants have higher photosynthesis 
(Diaguna et al., 2022). The leaf number directly correlated positively with tuber weight 
(Rao et al., 2017), and the leaves played a vital role in photosynthesis (De Souza et al., 
2017). In the field, it is interesting that no drought symptoms were apparent although 
monthly rainfall was below ideal (data not shown), indicating that SOC might contribute 
to maintaining soil humidity. Unfortunately, soil moisture was not recorded in the present 
experiment. Evaluating the soil moisture in the future will envisage a better 
understanding of the relationship between SOC and ultisols for sustainable production. 

Finally, the correlation between total tuber yield and tuber number as shown in 
Table 7 is not new (see Amarullah et al., 2016). However, increasing the tuber number by 
increasing SOC is an interesting fact (Table 6). The growing tuber is the strong sink in 
cassava (Omondi et al., 2019b; Omondi et al., 2020). Thus, plants with more tuber need 
more nutrients and assimilate to support growing tuber (Chua et al., 2020). In modern 
cassava cultivation using mechanization, plants produce more tuber with a reasonable 
size is desirable. Tuberization is affected by phosphorus levels (Omondi et al., 2019b). As 
the leaf phosphorus showed deficiency in the present study (Table 3), it is necessary to 
evaluate the relationship between phosphorus status on tuber characteristics to support 
efficiency in mechanization. 

CONCLUSIONS 
Growth and yield of cassava in ultisol soil were affected by SOC and NPK 15-15-15 

levels. SOC and NPK interaction was present for leaf number and tuber fresh weight, the 
interaction was insignificant for other traits. The cassava leaves had the highest NK 
nutrient under 3% and 4% SOC, and 400 kg ha-1 NPK. Leaf number was significantly higher 
than control under 3% SOC + 300 kg NPK ha-1 and 3% SOC + 600 kg NPK ha-1. On the other 
side, the plant produced the highest tuber weight, i.e., 1.85 kg per plant at 4 months after 
planting (MAP) under 3% SOC and 150 kg NPK ha-1. It is interesting in the future to 
evaluate the SOC application on tuber number concerning phosphorus status to sustain 
cassava production in ultisols. 
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