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Abstract

The decline in soil fertility and productivity has been a problem in cassava cultivation. The plant biomass transported
from cassava fields at harvest losses several nutrients. This study aimed to determine the nitrogen (N), phosphorous (P),
and potassium (K) nutrient content of plant parts of cassava and the nutrient balance. The cassava varieties of UK1
Agritan, Malang 4, Barokah, UJ-5, and Mangu were grown in 3 replications using a completely randomized design. Two
harvesting methods, the farmer’s harvest method (FHM) and the harvest method introduced (HMI) were applied. The
FHM transported all tuber and other plant parts biomass, and the HMI transported all tuber and 60% of the stem from
the cassava field. Each replication was one row of plants 20 m long and a spacing of 1 m. The cassava fertilized at 169
kg N, 84 kg P, and 170 kg K per hectare in grooves around the plant. The leaves of the five varieties contain higher N, P,
and K than the petiole, stem, and tuber. At harvest, the N and P nutrients were mainly transported from the leaves, and
K nutrients from the tubers. For a yield of 40 tons ha™ fresh tubers, the FMI resulted in an average nutrient balance for
N (-222 kg ha'l) and K (-103 kg ha'l) and P (48 kg ha'l), the HMI resulted in an average nutrient balance of 305 kg N, 56
kg P, and 82 kg K per hectare. The HMI is recommended for sustainable soil fertility and high productivity of the cassava
field.

Keywords: biomass, fresh tuber, soil fertility, transported biomass.
Abbreviations: FHM_farmer’s harvest method, HMI_harvest method introduced.

Introduction

Cassava is a very important tuber crop in Asia one of the most difficult nutrients for plants to acquire
(Sangakkara and Wijesinghe, 2014). Howeler (2018) because of its low content in the soil solution
reported that the largest area of cassava in Asia (Omondiet al, 2019). Cassava tuber vyield was
(55.1%) and in Latin America (27.0%) was in Ultisols significantly affected by their varieties, potassium (K)
soil. Prasetyo et al. (2001) stated that most of the fertilizer rate, and cropping system (Umeh et al.,
marginal soils in Indonesia found on dryland were 2014).

Ultisols. The Ultisols soil was acidic to very acidic, had Sange (2021) reported that Indonesia was the third-
a low content of macronutrients (including N, P, and largest cassava-producing country in the world, with
K), and had little organic matter. The cultivation of production reaching 24.01 million tons, after Nigeria
cassava is widespread in dry land on the Ultisols. (52.40 million tons) and Brazil (25.35 million tons).
Nitrogen nutrient (N) is one of the significant factors Cassava is harvested 8-10 months after planting
affecting cassava yield (Kang et al., 2020). Howeler (ILETRI, 2016). In the center of production, cassava is
(2018) reported that cassava requires sufficient N, P, grown continuously on the same land over the year.
and K nutrients to produce high tuber growth and The average productivity of cassava in Indonesia in
productivity. Without specifying the name of the 2018 was 24.4 tons ha’ (Ministry of Agriculture
variety, the yield of 35.5 tons ha™* fresh tuber removed Republic of Indonesia, 2018), lower than the potential
55 kg N, 13.2 kg P, and 112 kg K nutrients from the productivity of 35-60 tons ha™ (ILETRI, 2016). Sok et al.
field. At low pH in the Ultisols soil, phosphorus (P) is (2017) stated that continuous cassava planting on the
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same land decreased soil fertility and productivity if
not followed by adequate fertilization and proper
biomass management at harvest. Each cassava variety
can grow and produce different tuber biomass and
other plant parts (Akongo et al, 2021).
Morphologically, the cassava plant consists of leaves,
petioles, stems, and roots/tubers that differ among
varieties (Fukuda et al., 2010). Each part of the plant
contains different N, P, and K nutrients (Howeler,
2018).

The types of cassava grown by small-scale farmers are
bitter and non-bitter cassava. The bitter cassava is to
be a raw material for the tapioca industry. The non-
bitter cassava is for direct consumption from fresh
tubers. The decline in productivity and land
degradation processes in the cassava field occur very
quickly (Yuniwati et al., 2015). The continuous
planting of cassava that is not accompanied by
adequate fertilization and the minimum return of
biomass resulted in soil nutrient depletion (Sok et al.,
2017) and low organic matter of 1.91% (Suwarto and
Asih, 2021). The retention of crop residues in the field
is necessary to sustain intensive agriculture (Nango et
al., 2022). Crop residues are needed to improve soil
fertility (Otieno et al., 2021). Most small-scale farmers
harvest their cassava by transporting all plant parts;
tubers as an economic vyield, stems for planting
material and firewood, and leaves for animal feed; it
was minimal or no retention of crop residues in the
field. The study aimed to analyze the nutrient content
of N, P, and K in the plant parts of cassava and the
balance of these nutrients with two harvesting
methods. The harvest method by transporting only all
tuber as an economic yield and 60% of the stem for
planting material was hypothesized could maintain soil
fertility for sustainable high productivity of cassava (40
tons ha™).

Results

Plant part biomass and harvest index

Plant part biomass of 5 cassava varieties showed
significant differences. The fresh weight and dry
weight of stem, petiole, and tuber biomass of the UK 1
Agritan variety were the highest (Table 1). The total
fresh and dry weight biomass of the UK 1 Agritan were
16,155 g plant™ and 5,661 g plant™, respectively.

The fresh-weight biomass distributed to tubers at
harvest was the highest, except UJ-5 (Table 2). In the
UJ-5 variety, the biomass allocated to the stem was
the highest (52.9%), so it had the smallest harvest
index (0.37). The highest allocation of the fresh-weight
biomass to tubers was on the Mangu variety resulting
in a harvest index of 0.64.

NPK Nutrient content in plant parts biomass

The plant parts (stems, leaves, petiole, and tubers)
among the variety showed different N, P, and K
nutrient content (Table 3). The content of N, P, and K
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in the leaves of all varieties was the highest, followed
by the petiole, stem, and tuber parts.

The amount of N, P, and K nutrients in plant parts
biomass (Table 4) were calculated by multiplying the
dry weight of plant parts biomass (Table 1) and the
nutrients content of the plant parts (Table 3). There
were differences in the amount of nutrients among
cassava varieties and the plant parts (stems, leaves,
petiole, and tubers) within a cassava variety. The
amount of N, P, and K nutrients in the leaves for all
cassava varieties was higher than in other plant parts,
while the amount of K nutrients in the tuber was
higher than N and P.

Producing one ton of fresh tubers needs the amount
of N, P, and K in the plant parts as shown in Table 5. K
nutrient was the highest in tubers, range of 1.80-4.00
kg ton™, than other plant parts. Table 6 shows the
amount of N, P, and K nutrients transported from the
field through tubers at a yield of 40 tons ha™ of fresh
tubers. The nutrients transported from the field
ranged from 44 - 80 kg N, 8 - 12 kg P, and 72 - 160 kg K
per hectare, respectively.

NPK nutrient transported from the cassava field

Table 6 shows the total amount of N, P, and K
nutrients transported from the cassava field of 1 ton
of tubers yield at harvest. Based on data in Table 5,
producing fresh tubers of 40 tons ha™ transported the
amount of N, P, and K nutrients as shown in Table 7.
The amount of nutrient N, P, and K transported by the
FHM- all plant parts biomass transported from the
field is higher than the HMI- all tubers and 60% of
stems for planting material transported from the
cassava field. The number of nutrients transported
from the cassava field in the FHM was 298.4-579.2 kg
N ha™, 30.0-50.4 kg P ha™’, and 181.2-432.8 kg K ha™".
The transported nutrients from the cassava field
decreased in the HMI to 88.1-125.3 kg N ha'l, 13.9 -
18.1 kg P ha™, and 108.3-192.0 kg K ha™. The HMI left
40% of stems and all leaves and petioles as residues
biomass in the field.

NPK nutrient balance

Fertilizers of 300 kg Urea (45% N), 200 kg SP-36 (36%
P205), 200 kg KCI (60% K20), and 200 kg NPK (17-6-
25) per hectare were applied to cassava. It contains
169 kg N, 84 kg P, and 170 kg K. The nutrient balance
is shown in Fig.1. The N and K nutrient balances in the
FHM that transported all of the plant parts biomass
were in a deficit for N and K (Fig.1(1)). In the HMI that
transported all of the tuber biomass and 60% of the
stem biomass, the nutrient balance was a surplus for
N, P, and K (Fig.1(2)).

Discussion

The varieties showed differences in growth. Table 1
shows the differences in plant parts biomass weight
and tuber yields, and Table 2 shows the harvest index.



Table 1. Fresh weight and dry weight of biomass of five cassava varieties by plant part.

Fresh weight biomass (g plant™)

Varieties
Stem Leaves* Petiole* Tuber Total
UK 1 Agritan 5,040° 1,805 1,629° 7,680° 16,155
Malang 4 3,900% 1,427 1,043° 5,850% 12,220%
Barokah 3,510% 1,340 893" 4,440 10,183°
uls 3,030° 1,615 989" 2,310° 7,945°
Mangu 2,760 1,301 896° 5,790™ 10,747
Varietas Dry weight biomass (g plant™)
Stem Leaves* Petiole* Tuber Total
UK 1 Agritan 1,829° 705 367° 2,761° 5,661°
Malang 4 1,374 618 282%° 2,480%° 4,754%°
Barokah 1,539 553 200° 1,498 3,79%
uss 1,043 606 280% 984° 2,913
Mangu 1,057° 537 214° 2,186%° 3,994%°

Means in the same column and the same variable followed by the same superscript letter are not significantly
different by DMRT 5%; * is calculated as the accumulation of fallen leaves for 9 months and attached leaves at

harvest.
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Fig 1. N, P, and K nutrients balance in the cassava field;
(1) = Farmer’s Harvest Method - all plant parts
biomass transported from the field; (2) = Harvest
Method Intoduced - all tubers and 60% stem of
biomass transported from the field). Variety: 1 = Ukl
Agritan, 2 = Malang 4, 3 = Barokah, 4 = UJ-5, 5 =
Mangu.
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This difference is related to genetics or varieties, as
shown in Table 8. The growth of shoot and tuber of
cassava differed among genetics and locations
(Adetoro et al., 2021). Genetics affect the
performance of leaves and biomass (Phosaengsri et
al., 2018). All growth variables of shoot and roots were
significant differences among cassava varieties (de
Oliveira et al.,, 2016). Cassava varieties had a
significant effect on tuber yield (Umeh et al., 2015).
Omondi et al. (2018) reported that types of cassava
plants resulted in differences in harvest index. The
harvest index of the 3 varieties tested ranged from
0.35 to 0.70. The Nalumino variety was the lowest
(0.35), in NPK fertilization of 200-30-220 mg L. The
value is similar to the harvest index of the UJ-5 (0.37),
while others (UK 1 Agritan, Malang 4, Barokah, and
Mangu) have a harvest index range from 0.53 to 0.64.
The harvest index of cassava at several doses of N
fertilizers ranged from 0.48 to 0.59 (Sangakkara and
Wijesinghe, 2014). The number and weight of tubers
that determine the harvest index was significantly
affected by cassava varieties (Giménez et al., 2019).

Nutrient content of N, P, and K (% w/w) was highest in
the leaves (Table 3) for all varieties. Similarly, Hamano
et al. (2011) found differences in nutrient allocation to
plant organs. In cassava leaves, there is a higher total-
N and soluble protein than in the roots (Cruz et al.,
2004). Cassava has higher shoot growth at increased
phosphorus availability (Pereira et al., 2012). Nutrient
content of N, P, and K (% w/w) was highest in the
leaves (Table 3) for all varieties. Similarly, Hamano et
al. (2011) found differences in nutrient allocation to
plant organs. Cassava leaves contain a higher total-N
and soluble protein than tubers (Cruz et al., 2004).
The shoot of cassava grows faster at increased
phosphorus availability (Pereira et al, 2012).
Potassium content in the cassava leaves increases with
the availability of potassium increase in the soil (Umeh



Table 2. Allocation of fresh weight biomass to the plant parts and harvest index of five cassava varieties

Fresh weight biomass (g plant™)

Harvest index

Varietas
Stem Leaves Petiole Tuber Total
UK 1 Agritan 4,847° 397 359° 7,680° 13,283° 0.58
Malang 4 3,900 314 230 5,850°° 10,294 0.57
Barokah 3,510% 295 196° 4,440 8,441 0.53
uls 3,030° 355 218° 2,130° 5,733° 0.37
Mangu 2,760° 286 197° 5,790%° 9,790° 0.64

Means in the same column followed by the same superscript letter are not significantly different by DMRT 5%

Table 3. N, P, and K nutrient content in the plant parts of five cassava varieties

Varieties N (% w/w)
Stem Leaves Petiole Tubers
UK 1 Agritan 0.81 4.68 1.51 0.50
Malang 4 0.97 4.63 1.06 0.46
Barokah 0.80 441 1.22 0.33
uJs 0.77 4.02 0.90 0.47
Mangu 0.67 4.15 0.88 0.54
Varieties P (% w/w)
Stem Leaves Petiole Tubers
UK 1 Agritan 0.10 0.28 0.14 0.08
Malang 4 0.09 0.30 0.09 0.07
Barokah 0.08 0.28 0.12 0.07
uJs 0.11 0.26 0.10 0.08
Mangu 0.10 0.30 0.11 0.07
Varieties K (% w/w)
Stem Leaves Petiole Tubers
UK 1 Agritan 0.79 1.58 1.15 0.64
Malang 4 0.53 1.15 0.39 0.49
Barokah 0.93 1.29 1.35 0.52
uls 0.87 1.85 1.14 0.94
Mangu 0.64 1.60 1.49 0.90

Source: Testing laboratory of the Department of Agronomy and Horticulture, Faculty of Agriculture, IPB University.

et al., 2015). Table 3 shows a little different N, P, and K
nutrient content in the plant parts among the cassava
varieties. Cassava yield and N accumulation were
determined by genotypes (Kang et al., 2020).

Table 4 shows the highest amount of N and P in
cassava plants (g pIant'l) were in leaves, and K was
highest in tubers. The amount of nutrients in cassava
plant parts depends on their biomass weight. The
fresh weight of tubers biomass (g plant™) was higher
than the weight of leaves biomass for all varieties
(Table 1). The biomass weight of plant parts
determined the number of nutrients transported at
harvest from the cassava field. As a result, the amount
of K nutrients transported ranged from 72 - 160 kg ha
1, it was more than N nutrient (44 - 80 kg ha'l) and P
nutrients (8 - 12 kg ha™") for a yield of 40 ton ha™ fresh
tubers (Table 6). Howeler (2018) reported that 35.5
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tons ha™' of tubers removed 55 kg N, 13.2 kg P, and
112 kg K from the field.

Harvesting method (1) resulted in a negative nutrient
balance (Fig. 1(1)) for N and K nutrients (with an
average of -222 kg N ha™ and -103 kg K ha™) and a
positive nutrient balance for P (48 kg P ha™). Similarly,
Sopheap et al. (2012) reported a negative nutrient
balance for N and K nutrients (with an average of -
64.45 kg N ha™ and -52.83 kg K ha™) in the cassava
field cultivated by small-scale farmers in Cambodia.
Harvesting method (2) resulted in positive nutrient
balances (Fig. 1(2)) for N, P, and K nutrients (with an
?verage of 305 kg N ha™, 56 kg P ha™, and 82 kg K ha’
).

The retention of crop residues in the field is a part of
the sustainability of intensive agriculture (Nango et al.,
2022) for improving soil fertility (Otieno et al., 2021).
The biomass of 40% of stems and all the biomass of



Table 4. The amount of N, P, and K nutrients in the plant parts biomass of five cassava varieties.

Varieties N (g plant‘l)
Stem Leaves Petiole Tubers Total
UK 1 Agritan 14.80° 33.00 5.53° 13.77° 67.13°
Malang 4 13.37%° 28.60 2.97° 11.40° 56.33%°
Barokah 12.33% 22.97 1.77% 4.93° 42.00°
uls 8.03™ 26.70 2.53" 4.63° 41.87°
Mangu 7.10° 22.30 1.43° 11.80° 42.60°
Varieties Ple plant'l)
Stem Leaves Petiole Tubers Total
UK 1 Agritan 1.83° 1.97 0.51° 2.20° 6.53°
Malang 4 1.23° 1.87 0.27° 1.73%° 5.10%
Barokah 1.23° 1.77 0.20° 1.07" 4.13°
uls 1.17° 1.70 0.30° 0.80° 3.90°
Mangu 1.07° 1.60 0.23° 1.57° 4.40°
Varieties Kl pIant'l)
Stem Leaves Petiole Tubers Total
UK 1 Agritan 14.47° 11.17 4.20° 17.73° 47.57°
Malang 4 7.30° 7.10 1.10° 12.07% 27.53°
Barokah 14.37° 8.87 3.00° 7.80° 34.03°
ul5 9.10° 7.80 3.17° 9.23° 29.33°
Mangu 6.73° 8.60 1.37° 19.60° 36.33%°

Means in the same column and the same variable followed by the same superscript letter are not significantly

different by DMRT 5%.

Table 5. The amount of N, P, and K nutrients in the plant parts for producing one ton of cassava fresh tubers.

N (kg ton™ fresh tubers)

Varieties

Stem Leaves Petiole Tubers Total
UK 1 Agritan 2.23° 433 0.82° 1.80° 9,17°
Malang 4 1.97% 4.97° 0.44° 2.00° 9,34°
Barokah 1.83" 5.00° 0.26™ 1.10° 8.51°
uls 1.20" 11.97° 0.37™ 2.00° 15.20°
Mangu 1.07° 4.10° 0.21° 2.00° 6.25"

P (kg ton™ fresh tubers)
Varieties Stem Leaves Petiole Tubers Total
UK 1 Agritan 0.27 0,27° 0.07° 0.30° 0.90°
Malang 4 0.17 0,33° 0.04° 0.30° 0.84°
Barokah 0.17 0,37° 0.03° 0.20° 0.84°
uls 0.20 0,73° 0.04° 0.30° 1.26°
Mangu 0.17 0,30° 0.03° 0.30° 0.59°
K (kg ton™ fresh tubers)

Varieties Stem Leaves Petiole Tubers Total
UK 1 Agritan 2.13° 1.47° 0.62° 2.30° 6.55%
Malang 4 1.10° 1.23° 0.16° 2.10° 453
Barokah 2.13° 1.93° 0.44° 1.80° 6.63%
uls 1.33° 3.50° 0.47° 4.00° 8.55°
Mangu 1.00° 1.60° 0.20° 3.40° 4.59"

Means in the same column and the same variable followed by the same superscript letter are not significantly

different by DMRT 5%.
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Table 6. The amount of N, P, and K transported through tubers at harvest of a 40-ton fresh tuber yield per hectare.

Nutrients transported (kg ha'l)

Varieties N P K

UK 1 Agritan 72° 12° 92°
Malang 4 80° 12° 84°
Barokah a4° 8° 72°
uls 80° 12° 160°
Mangu 80° 12° 136°

Means in the same column followed by the same superscript letter are not significantly different by DMRT 5%.

Table 7. The amount of N, P, and K nutrients transported from the cassava field for a yield of 40 tons per hectare of

two harvesting methods.

Farmer’s Harvest Method

Harvest Method Introduced

Nutrients not transported by

(FHM) (HMI) HMI
Varieties (ke ha-l) (kg ha'l) (ke ha-l)
N P K N P K N P K
UK 1 Agritan 367.2° 36.0° 262.0°  124.6° 18.1° 144.0° 2426 17.9 118.0
Malang 4 373.2° 33.6° 181.2° 125.3° 16.3° 108.3° 247.9 17.3 72.9
Barokah 336.0° 316° 2336  gg.1” 13.9° 121.1°  247.9 17.7 112.5
uJ-5 579.2° 50.4° 432.8° 108.6° 17.7° 192.0° 470.6 32.7 240.8
Mangu 298.4°  300° 2576 1068  142°  159.6° 1916 15.8 98.0

Means in the same column and the same variable followed by the same superscript letter are not significantly.

different by DMRT 5%.

petiole and leaves at harvest method (2) is left in the
field as cassava plant residue. The cassava plant
residue contained a high nutrient range of 191.6-470.6
kg N ha™, 15.8-32.7 kg P ha™, and 72.9-240.8 kg K ha™
(Table 7). The left nutrients in the field changed from
a negative nutrient balance of N and K (Fig.1(1)) in the
FHM to be a positive nutrient balance of N, P, and K
(Fig.1 (2)) in the HMI for all varieties. The residue of
leaves biomass containing the highest nutrients (Table
2), 40% of stem biomass, and all petiole left in the field
contributed to the N, P, and K balances that are
surplus in the HMI. It indicates that the HMI can be
applied to maintain soil fertility and sustainability high
of cassava productivity.

The cassava varieties showed differences in the
number of nutrients transported from the field
through harvested tubers (Table 6) and other plant
parts (Table 7) and nutrient balances of N, P, and K
(Fig. 1(1) and Fig. 1(2)) for a yield of 40 tons ha™.
Therefore, it is necessary to determine the right and
efficient fertilizer dosage for each variety to maintain
soil fertility and sustain high productivity in the
cassava field.

Materials and methods

Field experiment

The experiment was conducted at the Jonggol
Experimental Station, IPB University, from March to
December 2021. It is located in Bogor Regency, West
Java, Indonesia, at 6218'0"— 6247'10” South Latitude
and 106223'45”-107213'30” East Longitude. Rainfall
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during the study ranged from humid to wet months,
from 64 to 350 mm/month, and the relative humidity
was above 80% (Figure 2). The climatic conditions are
suitable for cassava. The soil type was Ultisol. The soil
chemical properties were pH (4.39), total-N (0.24%),
total P (9.07 ppm), K (0.35 cmol+ kg'l), and cation
exchange capacity (26.23 cmol® kg™') and soil organic
carbon (1.52%). The pH and total N were categorized
as low, total P was moderate, and K was high for
cassava (Howeler 2018). The physical properties of the
soil were a soil water content of 43.21%, a soil density
of 1.12 g cm3, and a soil porosity of 57.66%.

The experiment used varieties as a single factor in a
completely randomized design. Three varieties of
bitter cassava (Malang 4, Barokah, UJ-5) and two
varieties of non-bitter cassava (UK 1 Agritan and
Mangu) with descriptions as shown in Table 8 were
grown in three replications rows. Each row was 20
meters long. On the row were planted 20 cassava
cuttings 1 m apart. The distance between rows was 1
meter, so the cassava spacing was 1 m x 1 m. The
plant was fertilizers at a dose of 300 kg Urea (45% N),
200 kg SP36 (36%P205), 200 kg KCl (60% K20), and
200 kg NPK (17-6-25) per hectare. The fertilizers
contained 169 kg N, 84 kg P, and 170 kg K per hectare.
The fertilizer was applied in grooves around the plant
at a distance of 10-15 cm. Weeds, pests, and diseases
were controlled as needed. Two harvesting methods
are applied; namely the farmer's harvest method
(FHM) and the harvest method introduced (HMI). In
the FHM all tubers and other plant parts biomass are
transported from the cassava field, and in the HMI all



Table 8. Description of the five varieties of cassava for the experiment.

stems, leaves, petioles, and tubers and weighed to

Harvest Plant Cano Productivit
Varieties Superiority age . . Py 1 4 Tuber taste Main uses
(months) height diameter (ton ha™)
UK 1 Agritanl) National 7-9 >2.5m >1m 41.8 Non-bitter Fresh tuber
Malang 4V National 9 >2.0m >1m 39.7 Bitter Tapioca
Barokah? Local 8-10 2-3m 1.0-15m 35-40 Bitter Tapioca
uJ-s? National 9-10 >2.5m >1m 25-38 Bitter Tapioca
Manguz) Local 8-10 2-3m 0.75-1.0m 35-40 Non-bitter Fresh tuber
DILETRI (2016); 2 Author observation (2021).
tubers and 60% of stem biomass are transported from
the cassava field. - a
92.( .
Plant part biomass s 600
One cassava plant was taken randomly as a sample < 88,0
plant from each replication at harvest 9 months after :E\u
planting. The sample plants were separated into g 84
£ 82,

obtain the fresh weight of biomass (g plant'l). Then,
each of the plant parts biomass was dried in an oven
at 60°C for 48 hours and weighed to obtain the dry
weight of the biomass.

NPK Analysis

The dry weight biomass of 86.7 g stems, 73.8 g leaves,
48.3 g petiole, and 115.9 g tubers were taken to
analyze their N, P, and K content. The N content was
determined by the Kjeldahl Titrimetry, P by the Visible
Spectrophotometer, and K by the Atomic Absorbance
Spectrometer method (Yee-lin et al.,, 2017). This
analysis resulted in the nutrient content of N, P, and K
in each part of the plant (% w/w).

NPK nutrient in biomass

The amount of N, P, and K nutrients in plant parts
biomass was calculated by multiplying the dry weight
of stem, leaf, petiole, and tuber biomass by the
nutrient content of those plant parts (Sopeaph et al.,
2012). The dry weight of the plant part biomass was
then converted to the wet weight of the biomass to
obtain the amount of N, P, and K nutrients in the fresh
biomass of each plant part. The amount of N, P, and K
nutrients to produce one ton of tubers (kg ton™) is the
sum of the amount of N, P, and K nutrients in fresh
tuber biomass and the number of nutrients in fresh
biomass of stem, petiole, and leaves.

NPK nutrient transported

The amount of N, P, and K nutrients transported at
harvest was the number of nutrients in the fresh
biomass of plant parts (stems, leaves, petioles, and
tubers) transported from the cassava field to produce
tubers by 40 tons per hectare. The nutrients
transported were calculated for two harvesting
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Fig 2. Rainfall and humidity during the study in 2021.

methods: (1) farmer's harvest method (FHM)-all plant
parts biomass transported from the field, and (2)
harvest method introduced (HMI)-all tuber biomass
and 60% stem biomass transported from the cassava
field.

NPK Nutrient balance

Nutrient balance was determined by the nutrient
content and the biomass weight of each plant part
(Sopheap et al., 2012). This value was then used to
calculate the number of nutrients transported from
the cassava field.

The N, P, and K nutrient balances were determined
from the difference in the amount of N, P, and K
nutrients in the applied fertilizer (169 kg N, 84 kg P,
170 kg K per hectare) and from plant biomass residues
in the field, by the amount of the nutrients
transported at harvest of 40 tons of fresh tubers per
hectare. The formula used: Nu_bal = NuUpt_fert +
Nu_res — Nu_trans; Nu_bal: nutrient balance (N, P,
and K) in the soil of cassava field at harvest;
NuUpt_fert: the nutrient (N, P, and K) uptake, namely
67.0%, 64.5%, and 52% of the applied fertilizer,
respectively (Adiele et al.,2021); Nu_res: the number
of nutrients (N, P, and K) in the biomass not
transported from the field at harvest; Nu-trans: the
number of nutrients (N, P, and K) in the biomass
transported from at harvest. If the N, P, and K
nutrients balance > 0 kg ha'l, cassava cultivation could



be sustainable for high productivity (40 tons ha™ fresh
tubers).

Data analysis

Analysis of variance (Larson, 2008) was used to
determine the effect of varieties on the NPK nutrient
content of each plant part and nutrients transported
from the field. Duncan’s Multiple Range Test (DMRT)
was used to compare the differences in the variables
mean of the varieties.

Conclusion

There were differences in growth, biomass
production, the nutrient content of N, P, and K, and
the amount of nutrients N, P, and K among varieties
and plant parts of cassava. It resulted in a different
amount of nutrients transported from the cassava
field and the nutrient balance at harvest. For
maintaining soil fertility and cassava productivity in
Ultisol soils, the harvest method introduced (HMI)-
that transported all tuber biomass as an economic
yield and a maximum of 60% stem biomass from the
cassava field, is recommended for all varieties, and the
Barokah variety is the best.
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