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A study on the addition of organic matter of different qualities was carried
out to improve plant growth on a degraded sandy soil of Bambang Village,
Wajak Malang, East Java. Two potential sources of organic matter in
Bambang Village are Tithonia diversifolia and sugarcane leaves. This study
aimed at elucidating the changes in some chemical properties of a degraded
sandy soil of Malang, East Java, and nutrient uptake and growth of maize
plants by applying mixtures of Tithonia diversifolia and sugarcane leaves
of different quality. Treatments tested in this study were mixtures of
Tithonia diversifolia leaves and sugarcane leaves at various proportions
(%w/w), i.e. 100% Tithonia diversifolia leaves (T1), 100% sugarcane
leaves (T2), 75% Tithonia diversifolia leaves + 25% sugarcane leaves (T3),
50% Tithonia diversifolia leaves + 50% sugarcane leaves (T4); without
organic matters (T6), and control, without organic matter and inorganic
fertilizers (T7). The results showed that the application of Tithonia
diversifolia and sugarcane leaves affected soil pH, exchangeable soil bases,
maize growth, and nutrient uptake. Nutrients taken up by maize plants
significantly increased with the addition of Tithonia diversifolia leaves,
either alone or in combination with sugarcane leaves. The application of
100% sugarcane leaves did not significantly affect maize growth and
nutrient uptake.

To cite this article: Farni, Y., Suntari, R. and Prijono, S. 2022. Utilization of Tithonia diversifolia and sugarcane leaves to
improve soil properties and plant growth on a degraded sandy soil of Malang, East Java. Journal of Degraded and Mining Lands
Management 9(2):3227-3236, doi:10.15243/jdmlm.2022.092.3227.

Introduction
Sustainable agriculture on sandy soils is generally
constrained by low water and nutrient holding capacity
and rapid mineralization (Uzoma et al., 2011; Castan
et al., 2016). These constraints are caused by the sandy
soil containing coarse soil particles so that macropores
are dominant and few micropores. Sandy soils also
have low clay and organic matter content (Hou et al.,
2013) and low nitrogen and phosphorus nutrients (Ro
et al., 2016). Bambang Village, Wajak District,
Malang, East Java, has an area of 1761 ha, which is
18.62% of the Wajak district area (Central Bureau of
Statistics, 2020). Land use in this area is for the
Open Access

cultivation of seasonal crops and plantation crops
(Rokhmawati, 2014). The decline in agricultural
productivity in Bambang Village is caused by low
organic matter, low nutrient content of N, P, K and
sandy loam textured soil, chemical and physical
characteristics of soil in Bambang Village, Wajak
District, Malang, East Java reported in (Farni et al.,
2021). Low water and nutrient retention capacity in
sandy soils cause nutrients to be easily lost, especially
N, through leaching (Bharwaj et al., 2007). In intensive
farming systems, mechanical and agrochemical inputs
are generally used to stimulate agricultural production.
Efforts that have been made by local farmers in
Bambang village to increase land productivity are by
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using inorganic fertilizers, especially urea fertilizer,
which they are more familiar with. Some farmers have
also used organic fertilizers such as manure and rice
husks. The continuous use of inorganic fertilizers with
unbalanced doses will cause soil damage and
environmental pollution (Liu et al., 2010; Irfan et al.,
2021). The low productivity of sandy soil in Bambang
Village with the characteristics of slightly acidic pH,
low organic matter, low N, P, K nutrients, low cation
exchange capacity and medium bulk density, can be
improved by adding organic matter, which is widely
available in the village
The application of organic matter to soil is a
common practice in sustainable agriculture (Repullo et
al., 2012) because soil organic matter is very important
to maintain ecosystem productivity (Palm et al., 2001;
Zhao et al., 2016). The importance of organic matter in
maintaining ecosystem productivity is because organic
matter can improve the physical, chemical and
biological properties of the soil as well as as a source
of plant nutrients (Mrabet et al., 2001; Diacono and
Montemurro, 2010). Soil organic matter is crucial for
maintaining soil quality as it stabilizes soil structure
against erosive forces and increases water capacity and
nutrient availability (Wang et al., 2008). Alternative
organic matter sources that can be used to solve the
problem of soil fertility in Bambang Village are local
plant resources. One of the potential biomass as green
manure in Bambang Village is Tithonia diversifolia. In
addition to Tithonia diversifolia, organic material that
has the potential locally is sugarcane leaf litter, as
illustrated by the area of sugarcane plantations in East
Java of 170,950 ha with a production of 925,950 tons,
while production in Malang Regency is 234,250
(Central Bureau of Statistics, 2020). Sugarcane leaf
litter, when returned to the soil, will reduce the amount
of N fertilization by 40 kg ha-1year-1 (Meier et al.,
2003) due to the immobilization of N so as to reduce
N losses due to leaching and evaporation.
The use of Tithonia diversifolia as green manure
has spread in parts of Africa, Latin America and Asia
because of its fast growth cycle, high nitrogen fixation
capacity and P content, and ability to recycle and
supply large amounts of nutrients for subsequent crops
(Scrase et al., 2019). The utilization of Tithonia
diversifolia as green manure because this plant
contains macro nutrients that have the potential to
improve soil fertility (Mucheru-Muna et al., 2014;
Susanti et al., 2017; Kaboneka et al., 2021); improving
soil fertility by giving Tithonia diversifolia will have
implications for increasing plant growth and yield.
This has been proven by several research results on
several plants, namely maize (Hidayat et al., 2018),
carrots (Jeptoo et al., 2013), sweet potatoes (Agbede et
al., 2014), broccoli (Rahardian et al., 2017). Nutrients
released and their cycles from sources of organic
matter added to the soil are very important in
maintaining soil fertility and crop production.
Nutrients from added organic matter exist in various
forms, namely available (can be absorbed up directly
by plants without the need for further chemical or
Open Access

biological conversion), unavailable, released quickly
in the first year or available for planting for a longer
time (Smith et al., 2014).
The pattern of nutrient release from organic
matter depends on the amount of nutrients stored in the
form of available, unavailable, sooner or later (quality
of organic matter) (Vanlauwe and Giller, 2006;
Mockeviciene et al., 2021), soil and weather
conditions (Nemecek et al., 2011). For example, the
release of N from the source of organic matter with low
N content, high lignin and polyphenols, is usually
slow. Therefore, a strategy for effectively
administering organic matter is needed so that the
release of nutrients is in accordance with the nutrient
needs of the plant. This can be done by combining
high-quality and low-quality organic matter to speed
up the decomposition and mineralization of organic
matter (Mapfumo et al., 2007). Low-quality organic
matter has a low N content, high C/N, and lignin ratio;
this causes the decomposition process to run slowly,
while high-quality organic matter has a relatively high
N content, low C/N ratio, and low lignin so that it
decomposes rapidly when given as organic matter in
the soil. Sugarcane leaves include low-quality organic
matter due to their low N content (1%) and high C/N
ratio of 24. Tithonia is classified as a high-quality
organic material (Opala, 2020; Aboyeji, 2021; Puteri
et al., 2021) with N content of 4.17%, lignin 8.89%,
and a C/N ratio of 7.02. Combining high-quality
organic matter with low quality is expected to meet the
nutrients according to the time the plants need.
Tithonia and sugarcane leaves are organic matter that
is widely available in the village of Bambang.
Information on the use of Tithonia diversifolia with
sugarcane leaves in dry lands with sandy loam soil
texture is still limited. On this basis, this study was
aimed to examine the effects of combinations of
organic matters of different quality on the chemical
properties of sandy loam soil and the growth of maize
and its nutrient uptake.

Materials and Methods
A pot experiment was conducted in the glasshouse of
the Indonesian Legumes and Tuber Crop Research
Institute (BALITKABI), Kendalpayak, Pakisaji,
Malang, from February to July 2019. Organic matters
used for this study were Tithonia diversifolia biomass
(young leaves and twigs) that were collected from a
field in Bambang Village, Wajak District, Malang. For
the experiment, the fresh organic matters were mixed
(w/w) with the proportions of 100% Tithonia
diversifolia leaves (T1); 100% sugarcane leaves (T2;
75% Tithonia leaves + 25% sugarcane leaves (T3),
50% Tithonia diversifolia leaves + 50% sugarcane
leaves (T4), and 25% Tithonia diversifolia leaves +
75% sugarcane leaves (T5). All mixtures were
subjected to their chemical composition analysis, i.e.
nitrogen, carbon, phosphorus, lignin, ash, and
polyphenol contents, following the standard methods
used by Soil Laboratory of Brawijaya University.
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Table 1. Composition of organic matters used in this study.
Organic Matters
100% Tithonia diversifolia leaves (T1)
100% sugarcane leaves (T2)
75% Tithonia diversifolia leaves + 25%
sugarcane leaves (T3)
50% Tithonia diversifolia leaves + 50%
sugarcane leaves (T4)
25% Tithonia diversifolia leaves + 75%
sugarcane leaves (T5)

Open Access

C
(%)
28.08
35.01
42.64

N
(%)
4.17
1.00
3.37

K
(%)
3.62
1.23
2.17

P
(%)
0.41
0.15
0.33

C/N
ratio
7.02
39.35
12.65

Lignin (L)
(%)
8.89
24.26
7.76

Polyphenol (PL)
(%)
7.82
6.69
8.67

Cellulose
(%)
15.92
34.14
17.92

L/N
ratio
2.13
24.26
2.30

C/P
ratio
71.6
235.9
130.8

(L+PL)/N
ratio
4.03
34.69
4.88

Ash
(%)
1.8
1.33
0.5

32.36

2.53

2.29

0.28

12.8

8.40

7.01

24.02

3.32

115.9

6.1

1.14

37.26

1.42

1.75

0.24

26.24

7.58

6.46

34.20

5.33

155.9

9.89

1.72
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Mixing of Tithonia diversifolia leaves, and sugarcane
leaves in various proportions resulted in various
quality mixtures (Table 1). Each of the five organic
matter mixtures (T1, T2, T3, T4 and T5) was applied
to 10 kg of topsoil (0-20 cm) that passed through a 2
mm sieve in a 15 kg plastic pot. The soil used of this
study was collected from Bambang Village, Wajak,
Malang (8°07′26″S 112°48′53″E / 8.12388°S
112.81471°E), with Entisol soil order. The soil has the
following characteristics pH H2O = 5.1, pH KCl = 4.9,
organic C = 1.89%, total N = 0.19%, C/N ratio =10,
total P (Bray 1) = 5.87 mgkg-1, exchangeable K= 0,16
cmol kg-1, exchangeable Na = 0.05 cmol kg-1,
exchangeable Ca = 3.80 cmol kg-1, exchangeable Mg
= 1.37 cmol kg-1, cation exchange capacity = 23.06
cmol kg-1, base saturation = 3%, N-NH4+ = 2.10 mg kg1
, N-NO3- = 14.31 mgkg-1, bulk density = 1.07 g cm-3,
specific gravity= 2.25 g cm-3, porosity = 52.4%,
moisture content pF 2.5 = 26%, moisture content pF
4.2 = 7%, soil texture of sandy loam with 70% sand,
20% silt and 10% clay contents.
The five organic matter mixtures (T1, T2, T3, T4
and T5) along with one treatment without organic
matter (T6) and one control (T7) were arranged in a
completely randomized design with four replications.
After two weeks of organic matter application, three
maize seeds of Pertiwi hybrid were planted in each pot
containing 10 kg soil. At the same time, 150 kg urea
ha-1, 100 kg SP36 ha-1 and 75 kg KCl ha-1 were applied
to each pot as basal fertilizers. At 30 days after planting
150 kg urea ha-1 was further applied to each pot. A
week after planting, thinning was done, leaving one
plant with the best growth. Watering was supplied
daily according to field capacity conditions. Plant
height, number of leaves, and stem diameter were
measured at 3, 4, 5, 6, 7 and 8 weeks after planting. At
harvest (8 weeks after planting), fresh weight stover,
dry weight, P concentration, and K concentration of
plant stover, as well as soil chemical properties, were
measured. Soil chemical analysis was carried out
based on soil and plant analysis procedures
(Agricultural Research and Development Agency,
2012). The soil chemical properties analyzed after
harvest were soil pH (H2O 1:1) with a pH meter, total

N with Kjeldahl method, organic C with Walkley and
Black method, cation exchange capacity (NH4OaC pH
7.0), available P extracted using Bray-1 solution, and
exchangeable K, Ca, Mg and Na were extracted using
ammonium acetate extract. Nutrient uptake by maize
stover was calculated as follow: nutrient uptake (mg
plant-1) = nutrient content in plant (%) x plant dry
weight (mg plant-1). Data obtained were subjected to
an analysis of variance at the 95% confidence level
(α=5%), followed by the DMRT (Duncan Multiple
Range Test) at the 5% level. All statistical analyses
were carried out with the Genstat package program.

Results and Discussions
Soil chemical properties
The application of tithonia and sugarcane leaves in
several proportions insignificantly affected soil pH
(Table 2). In general, the application of organic matters
tended to reduce soil pH, except for the application of
50% tithonia leaves + 50% sugarcane leaves (T4), soil
pH increased by 0.02 compared to the control; this pH
was significantly different from the T6 treatment
(inorganic fertilizers only). In the T6 treatment, soil pH
decreased by 0.28 compared to the control. The
greatest decrease in soil pH in the T6 treatment was
caused by the immediate hydrolysis of inorganic
fertilizers to produce H+ ions which lowered the soil
pH.
The decrease in soil pH is due to the application
of organic matters because the organic matters produce
organic acids during the decomposition process; these
organic acids donate H+ from the carboxyl group and
lower soil pH (Hanc and Chadimova, 2014; Devi and
Kwairakpam, 2019). However, if organic matters are
applied to acidic soils with high exchangeable Al
content, they will increase soil pH because organic
acids will bind Al to form complex compounds
(chelate), so Al is not further hydrolyzed
(Mockeviciene et al., 2021). The application of organic
matter from tithonia and sugarcane leaves did not
significantly affect the organic C and total N in the soil
studied.

Table 2. Chemical properties at the end of harvest due to the combination of tithonia leaves and sugarcane leaves
on sandy loam soil.
Treatments
T1
T2
T3
T4
T5
T6
T7

pH
(H2O)
5.29 ab
5.27 ab
5.30 ab
5.47 b
5.44 ab
5.17 a
5.45 ab

Organic
C (%)
1.43
1.73
1.32
1.44
1.30
1.41
1.20

Total
N (%)
0.17
0.17
0.17
0.16
0.17
0.18
0.17

C/N
ratio
8.16 ab
9.74 b
7.59 a
8.64 ab
7.30 a
7.62 a
7.04 a

P-Bray1
(mg kg-1)
2.86 a
3.73 ab
2.98 a
5.51 b
3.49 a
2.60 a
2.10a

K
0.14 b
0.12 ab
0.13 ab
0.11 a
0.11 a
0.12 ab
0.10 a

Na
Ca
(cmol kg-1)
0.36 b
4.29 c
0.28 ab
3.44 a
0.37 b
3.71 abc
0.30 ab
3.55 ab
0.32 ab
4.22 bc
0.32 ab
4.15 bc
0.26 a
3.34 a

Mg
1.52 abc
4.25 d
1.35 ab
3.38 cd
2.52 bcd
2.07 abc
0.51 a

Note: Numbers followed by the same lowercase letters in the vertical direction were tested to be no different based on the
DMRT test at a significance level of 5%. T1 = 100% Tithonia diversifolia leaves; T2 = 100% sugarcane leaves; T3 = 75%
Tithonia diversifolia leaves + 25% sugarcane leaves; T4 = 50% Tithonia diversifolia leaves + 50% sugarcane leaves; T5 = 25%
Tithonia diversifolia leaves + 75% sugarcane leaves; T6 = without organic matter; T7 = control.
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The highest total N content was found in T6 and T4
treatments (Table 2). The highest C/N ratio was found
in T2 treatments, which was significantly different
from the C/N ratio in T3, T5, T6 and T7 treatments.
The increase in organic C after the addition of tithonia
and sugarcane leaves ranged from 0.12 to 0.52%
compared to the control; the highest increase in
organic C was found in the T2 treatment. The
accumulation of organic C in the soil was greater in
the T2 treatment than in the T1 treatment (100%
tithonia leaves) and the combination of tithonia and
sugarcane leaves (T3 and T4) treatments. This
difference was associated with variations in the
amount of C input and the chemical composition of
organic matter (Table 1). The low accumulations of
soil C in the T1 treatment (100% tithonia leaves), and
the combination of tithonia and sugarcane leaves (T3
and T4 treatments), and the control (T7) was due to
the low C content and low C/N ratio of tithonia leaves.
Microorganisms prefer substrates with low C/N ratios,
which decompose faster than substrates with high C/N
ratios (Leifeld et al., 2002; Dignac et al., 2005). Nisar
and Benbi (2020) also stated that the high L/N ratio in
straw compost also affected C stabilization in the soil.
In this study, the T2 treatment showed the highest L/N
ratio compared to other treatments (Table 1).
The lowest L/N ratio (2.13) was indicated by the
T1 treatment (100% tithonia leaves). Meanwhile, the
proportion of 75% tithonia leaves + 25% sugarcane
leaves (T3), 50% tithonia leaves + 50% sugarcane
leaves (T4), and 75% sugarcane leaves + 25% tithonia
leaves (T5), had L/N ratios of 2.30, 3.32 and 5.33,
respectively (Table 1). Net C storage in soil depends
on the transformation of C input into soil organic
matter and mineralization of soil organic matter
through microbial decomposition (Baldock and
Skjemstad, 2000). Shisanya et al. (2009) reported that
the application of Tithonia diversifolia biomass
increased soil organic carbon. The available soil P was
significantly increased by the administration of
tithonia and sugarcane leaves. The soil available P
ranged from 2.10-5.51 mg kg-1 (Table 2).
The combination of 50% tithonia leaves and
50% sugarcane leaves (T4) recorded the highest soil
available P of 5.51%. This result was significantly
different from T1, T3, T5, T6 and the control. The
increase in soil available P in T4 was 92.65%, 84.89%,
57.87%, 111.92% and 162.38%, respectively,
compared to T1, T3, T5, T6 and T7 treatments. The
application of tithonia and sugarcane leaves increased
the exchangeable bases (K, Na, Ca, Mg) compared to
the control treatment. The exchangeable K ranged
from 0.10-0.14 cmol kg-1 soil, Na 0.28-0.37 cmol kg-1
soil, Ca 3.34-4.29 cmol kg-1 soil and Mg 0.51-4.25
cmol kg-1 soil (Table 2). The exchangeable K in the
soil treated with 100% tithonia leaves increased by
40% and 27.27% compared to control and T4,
respectively. The exchangeable Na in the soil of T1
and T3 treatments increased by 38.46% and 26%
compared to the control (Table 2). The exchangeable
Ca in the soil of T1 increased by 28.44% and 24.70%
Open Access

compared to control and T2, respectively. The highest
exchangeable Mg (4.25 cmol kg-1 soil) was recorded
in the T2 treatment (Table 2); such effect was
significantly different from other treatments.
The increase in soil available P and
exchangeable bases in this study proved that the
application of Tithonia diversifolia and sugarcane
leaves could increase soil productivity. This is related
to the chemical composition of the biomass besides
containing macro elements, such as N, P and K,
Tithonia diversifolia leaves also contains Ca and Mg.
The research of Adekiya et al. (2019) showed that
Tithonia diversifolia contained C = 28.6%, N = 3.75%
P = 0.39%, K = 4.31%, Ca = 3.22% and Mg = 0.081%.
Tithonia diversifolia was able to improve soil N, P, K,
Ca and Mg and increase crop yields (Kwabiah et al.,
2003; Olabode et al., 2007; Adekiya et al. 2020).
Maize growth and nutrient uptake
Plant growth, in terms of plant height, number of
leaves, and stem diameter, increased significantly
(Table 3). The application of tithonia leaves, either
alone or in combination with sugarcane leaves,
significantly increased maize plant height at each
observation time. The highest plants at the 3rd to 8th
week of observation were found in the combination of
75% tithonia leaves + 25% sugarcane leaves. The
results of the Duncan test at 5% level at the 5th week
of observation, plant height in the T3 treatment
significantly increased by 49.10%, 15.25% and
35.77% compared to the control, inorganic fertilizeronly treatment (T6) and 100% sugarcane leaves
treatment (T1).
At the 8th week of observation, the T6 treatment
had the lowest plant height compared to other
treatments. However, it was not significantly different
from the control, T2 and T5 treatments. The number
of leaves of maize plants increased at all observation
times. The combination treatment of tithonia leaves
and sugarcane leaves significantly affected the
number of leaves of maize plants. The combination of
75% tithonia leaves + 25% sugarcane leaves
significantly increased the number of leaves by 28%,
37.03% and 22.5% compared to the control at the 5th,
6th and 8th weeks of observation. At all times of
observation, the least number of leaves was found in
the T6 and T7 treatments, and these treatments were
not significantly different from the treatment of 100%
sugarcane leaves (T2). The stem diameter of maize
plants with the addition of organic matter from
tithonia leaves and sugarcane leaves was significantly
different from the control. This significant difference
began to be seen at the 4th week after planting. During
eight weeks of observation, the average stem diameter
was in the range of 3.87-14.75 mm.
The largest stem diameter was recorded in T1
treatment (100% tithonia leaves), and the smallest was
in T6 and T7 (control) treatments. The application of
100% sugarcane leaves (T1 treatment) showed the
same effect as the T6 and T7 treatments. This was
probably caused by sugarcane leaves containing lignin
3231
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and a high C/N ratio (Table 1), so that the release of
nutrients was slow. Sugarcane leaves have a higher
lignin content (24.26%) than Tithonia diversifolia
leaves (8.89%). Organic matters with high lignin
concentration decompose more slowly than organic
matters with low lignin concentration (Melillo et al.,

1982; Benbi and Khosa, 2014). The highest fresh
weight of maize plant stover was shown by the T5
treatment (25% tithonia leaves + 75% sugarcane
leaves), and it was significantly different from the T2
and T7 treatments but not significantly different from
the T1, T3, T4 and T6 treatments (Figure 1).

Table 3. Plant growth due to the application of mixtures Tithonia diversifolia leaves and sugarcane leaves.
Treatments

T1
T2
T3
T4
T5
T6
T7

3 WAP

4 WAP

17.25 ab
16.75 ab
20.25 b
20.00 b
14.25 a
15.50 a
16.50 ab

28.00 b
20.75 a
28.25 b
25.50 b
18.75 a
19.25 a
18.75 a

T1
T2
T3
T4
T5
T6
T7

5.00
4.50
5.00
6.75
4.50
5.50
5.25

7.00 c
5.50 a
6.75 bc
6.75 bc
5.75 ab
5.50 a
5.25 a

T1
T2
T3
T4
T5
T6
T7

4.50
4.50
4.37
4.25
4.12
3.87
3.87

6.87 b
5.00 a
6.75 b
6.00 ab
5.00 a
4.75 a
4.75 a

Observation time
5 WAP
6 WAP
7 WAP
Plant height (cm)
38.50 bc
57.25 b
67.75 bc
30.75 ab
39.00 a
56.25 ab
41.75 c
58.75 b
72.50 c
35.00 abc
55.75 b
71.75 c
34.00 abc
41.25 a
62.75 bc
26.50 a
33.25 a
48.75 a
28.00 a
35.00 a
56.50 ab
Number of leaves (sheet plant -1)
7.50 bc
8.50 bc
11.00 d
6.75 ab
7.50 ab
8.75 a
8.00 c
9.25 c
10.50 abcd
7.75 bc
9.00 c
11.50 d
7.50 bc
8.25 bc
10.75 bcd
5.75 a
6.75 a
9.25 abc
6.25 a
6.75 a
9.00 ab
Stem diameter (mm)
9.75 c
12.75 c
14.50 c
6.50 ab
8.62 a
9.88 a
9.75 c
12.50 c
14.25 c
8.12 bc
11.25 bc
12.50 b
7.12 ab
9.25 ab
12.88 bc
6.00 a
7.25 a
9.50 a
6.12 a
7.75 a
9.62 a

8 WAP
91.75 bc
81.25 ab
97.25 c
91.50 bc
81.25 ab
70.00 a
81.00 ab
11.75 b
9.75 a
12.25 b
11.75 b
11.75 b
10.00 a
10.00 a
14.75 c
11.00 a
14.38 bc
12.88 bc
13.88 bc
10.25 a
10.12 a

Note: Numbers followed by lowercase letters in the vertical direction in the same column were tested no different based on
the DMRT test at a significance level of 5%. T1 = 100% Tithonia diversifolia leaves; T2 = 100% sugarcane leaves; T3
= 75% Tithonia diversifolia leaves + 25% sugarcane leaves; T4 = 50% Tithonia diversifolia leaves + 50%
sugarcane leaves; T5 = 25% Tithonia diversifolia leaves + 75% sugarcane leaves; T6 = without organic matter; T7
= control. WAP = week after planting.
The lowest weight of stover (46.55 g) was observed in
the T7 treatment. The highest dry weight of stover
(57.42 g) was also found in T5, and it was significantly
different from T2, T4 and T7 treatments. The T5
treatment was able to increase the dry weight of the
stover by 111.1029%, 84.63% and 44.09%,
respectively, compared to the control, T2 and T4
(Figure 1). The significant difference in plant growth
parameters (Table 3) and fresh weight of maize plant
stover (Figure 1) between those that were treated with
organic matter and the control were related to the
ability of Tithonia diversifolia leaves to supply
essential nutrients, such as N, P and K (4.40%, 0.41%
and 2.54%; Table 1), while in control with no addition
of nutrients. Tithonia diversifolia leaves have a high
nutritional composition and are rapidly mineralized
(Partey et al., 2011). The addition of nutrients,
especially N from the decomposition of Tithonia
Open Access

diversifolia leaves, is able to support optimal plant
growth. Nitrogen compounds are used by plants to
form amino acids which will be converted into
proteins, forming chlorophyll compounds, nucleic
acids and enzymes. Therefore, nitrogen is needed by
plants for vegetative growth, such as shoot formation
or stem development. Lack of nitrogen causes cell
division and cell enlargement activities to be inhibited,
causing plants to become stunted. P and K nutrients
needed by plants for vegetative growth are not as much
as N nutrient. P nutrient can improve plant root growth
and stimulate root density. Meanwhile, K nutrient can
improve and regulate the opening and closing of
stomata. Nitrogen is one of the important elements for
optimal plant growth; the main function of nitrogen is
as a building block for protein, stimulates vegetative
plant growth and gives plants a green colour and
regulates and influences the use of other elements
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(Hawkesford et al., 2011). The increase in plant height
with the application of Tithonia diversifolia in this
study is in line with previous studies for other crops,
such as rice, vegetables (Mustonen et al., 2012) and
sesame (Babajide et al., 2012). Tithonia diversifolia
compost affects the growth and yield of cauliflower
(Setyowati et al., 2018). Rusaati et al. (2020) showed

that the application of 500 g of Tithonia diversifolia
leaves + 1.28 g of rock phosphate promoted the growth
of rice plants. Ewane et al. (2020) reported that
applying leaves and stems of Tithonia diversifolia
increased the number of shoots, shoot height and
diameter, and leaf bud area of plantain Vivo plans
compared to the control.

Figure 1. The average weight of fresh stover and dry weight of maize stover due to the application of Tithonia
diversifolia leaves and sugarcane leaves on degraded sandy loam soil.
Remarks: different letters above the column indicate significant differences based on DMRT test at 5% level T1
=100% Tithonia diversifolia leaves; T2 = 100% sugarcane leaves; T3 = 75% Tithonia diversifolia leaves + 25%
sugarcane leaves; T4 = 50% Tithonia diversifolia leaves + 50% sugarcane leaves; T5 = 25% Tithonia diversifolia
leaves + 75% sugarcane leaves; T6 = without organic matter; T7 = control.

Figure 2 . P and K nutrients uptake due to the application of Tithonia diversifolia and sugarcane leaves.
Remarks: different letters above the column indicate significant differences (p<0.05) based on the DMRT test.
T1 = 100% Tithonia diversifolia leaves; T2 = 100% sugarcane leaves; T3 = 75% Tithonia diversifolia leaves +
25% sugarcane leaves; T4 = 50% Tithonia diversifolia leaves + 50% sugarcane leaves; T5 = 25% Tithonia
diversifolia leaves + 75% sugarcane leaves;T6 = without organic matter; T7 = control.
Nutrients taken up maize plant in this study ranged
from 28.33 to 57.71 mg plant-1 (phosphorus) and
522.49-1397.61 mg plant-1 (potassium) (Figure 2).
The application of Tithonia diversifolia leaves, either
alone or in combination with sugarcane leaves, in the
Open Access

T1, T4, T5 treatments could increase P nutrient uptake
in maize plants compared to the T2, T6 and control. P
uptake due to the combination of Tithonia diversifolia
leaves and sugarcane leaves significantly increased up
to 103.70% compared to the control. This increase was
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found in the T5 treatment, but the effect was not
significantly different on P uptake in the T4, T3 and
T1 treatments. The application of 25% tithonia leaves
+ 75% sugarcane leaves (T5 treatment) significantly
increased P uptake by 76.69%, 87.49% and 103.70%
compared to the T2, T6 and T7 treatments. P nutrient
uptake in the T1 treatment significantly increased by
57.13%, 66.75% and 81.15% compared to T2, T6 and
T7. The application of 50% tithonia leaves + 50%
sugarcane leaves (T4 treatment) could increase P
uptake by 51.40%, 60.65% and 74.54% compared to
the T2, T6 and T7 treatments. Compared to the T2
treatment (100% sugarcane leaves), the T1, T4 and T5
treatments increased P nutrient uptake by 57.13%,
51.40% and 76.69%, respectively (Figure 2).
The combination of Tithonia diversifolia leaves
and sugarcane leaves significantly increased K uptake
compared to the control (Figure 2). The highest K
uptake was observed in the T1 (1397.61 mg plant-1),
and the lowest was in control (522.49 mg plant-1). The
T1, T2 and T6 treatments significantly increased K
uptake by 167.49%, 86.29% and 162.79% compared
to the control. The high uptake of K in the T1
treatment was related to the K nutrient content in T1
(3.62%), which was higher than the other treatments
(Table 1). In addition to P and K nutrient uptake,
Tithonia diversifolia treatment also increased N
uptake in maize, in which N nutrient uptake with
Tithonia diversifolia and its combination with
sugarcane leaves was able to increase N uptake by
125,98 % to 144.54% (Farni et al., 2021 ). Farni et al.
(2021) reported that the highest cumulative N release
was found in T1 treatment (517.15 mg plant-1). The
high nutrient uptake in 100% tithonia leaves and its
combination with sugarcane leaves was due to high N
content and low C/N ratio of tithonia leaves (Table 1)
so that the decomposition and nutrient release rates
were high (Li et al., 2011; Kaleeem Abbasi et al.,
2015; Wang et al., 2017). The findings in this study
revealed that nutrient uptake, plant growth and soil
chemical properties in the treatment of the application
of 100% sugarcane leaves were not significantly
different from the control. This was due to the high
C/N ratio and lignin content in sugarcane leaves, so
that the release of nutrients was slow.

Conclusion
The application of Tithonia diversifolia, either alone
or in combination with sugarcane leaves, was able to
improve soil chemical properties, nutrient uptake and
growth of maize plants, but the application of 100%
sugarcane leaves, in general, gave the same effect as
the control on the parameters tested. This indicates
that the administration of sugarcane leaves alone has
not been able to support nutrient uptake and plant
growth so that technology to accelerate the
decomposition process and mineralization of
sugarcane leaves is needed.

Open Access
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