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Abstract. Degraded land occurs due to the decrease in
soil quality, which is often resulted from continuous
planting without considering the quality of the soil.
This study aims to reduce damage to soil fertility,
control soil degradation, and increase the production
of cassava and maize crops. The research was
conducted in Junrejo village, Batu. Two types of
biochar (chicken manure biochar and corn cob
biochar) were used on cassava and maize
intercropping. This study used three treatments:
control, biochar chicken manure, and corn cob
biochar. The study used a randomized block design
with two factorials with a 5% analysis of variance and
the smallest significant difference (LSD). The results
showed that the application of biochar chicken
manure and corn cob biochar significantly improved
soil quality and increased the production of maize
and cassava crops. Also, it proved effective for land
use, thus controlling and reducing soil degradation.
The soil quality was improving, and so was the
cassava and maize yield. The highest yield was from
cassava and maize intercropping with the application
of chicken manure biochar (cassava 18.33 Mg ha-1,
maize 3.89 Mg ha-1), while monoculture cropping
system with the application of corn cob biochar
production was 4.07 Mg ha-1 for maize, and 32.81 Mg
ha-1 for casava. The highest land use efficiency of
cropping system intercropping cassava and maize
after application of corn cob biochar was 1.03 and
0.72. It shows that the improvement of soil quality in
intercropping of cassava and maize system after the
application of corn cobs biochar was very effective so
that land degradation could be avoided.
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INTRODUCTION

Cassava is a substitute for rice crops, in addition to
maize and other plants. The cassava plant yield is
relatively low, with the potential yield of around 30
tons/ha and the production from the intercropping of
cassava and maize is around 15 tons/ha. It is caused by
the low quality of the soil, especially if the planting is
done continuously in monoculture. This can deplete
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nutrients in the soil and reduce organic matter in the
topsoil. [1] [2]

This seems to be a common problem (1), and to
increase the fertility and productivity of plants is by
adding organic material to the soil. One of the sources of
organic material is manure- compost and fermentation of
plant biomass (green manure). Recently, the land has
undergone soil degradation, so the addition of organic
material often experiences rapid decomposition, which
makes soil fertility decreases rapidly. Therefore, the
addition of organic material to the soil needs to be done
annually (2). Rapid decomposition of organic material is
one of the contributors to global warming (3) beside soil
management on highly weathered soil in the humid
tropical area [3][4]

Another useful source of organic material is biochar,
which can improve soil properties, including organic C,
CEC, and other physical properties. The application of
biochar has been successful in increasing crop
production, such as beans, upland rice, and cassava. The
application of biochar to monoculture cropping system
on maize has been investigated and is quite effective in
increasing crop production and vyield. Similarly, it
increases cassava and maize yields and mutualism in the
intercropping system. Nutrient availability from the
biochar application increases nutrient uptake, accelerates
photosynthesis, and increases crop yield. [5][6][7]

The purpose of this study was to determine the effect
of the application of 2 types of biochar (manure biochar
and corn cob biochar) on intercropping cassava and
maize and improving soil quality for efficient land use. It
is expected that by intercropping cassava and maize, a
mutualism occurs in the absorption of nutrients, so there
is no decrease in soil quality. With the application of 2
types of biochar (manure biochar and corn cob biochar),
there will be more improvement in the soil quality
compared to the use of organic fertilizer from
conventional manure.[8][9]

METHOD

This research was carried out on land in the village of
Junrejo, Batu. The land was Andisols type land with an
effective depth of 25 cm. Some soil properties are
presented in table 1. The experiments began in January
2018 until the harvesting time of cassava in October
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2018. It involved two cropping systems, control
treatment, and two biochar applications. Two cropping
systems were carried out: (1) intercropping, (2)
monoculture. The treatments given were (1) without
treatment, (2) biochar from chicken manure and (3)
biochar from corn cobs. The three treatments were
arranged in a randomized block design with three
replications in plots measuring 6.25 x 6.0 m.

Chicken manure and corn cobs were obtained from
farmers around the trial area and dried to 15% water
content. Every 10 kg of chicken manure was dry air, put
into a burner drum consisting of stainless steel measuring
50 cm high and 40 cm in diameter, burnt using wood
sawdust. With this combustion, the temperature in the
drum reached 300°C, (between 240°C - 300°C) and the
biochar was taken after 8-10 hours. As for corn cob
biochar, it was obtained from the waste maize on the
farmer's land, then put in a burner drum and burnt using
wood sawdust. The characteristics of biochar chicken
manure and corn cob biochar are presented in Table 1.

Table 1. Characteristics of chicken manure biochar, corn cob biochar and
soil used in the experiment

Soil / organic amendment ) .\ P K CEC
%) N(%
PHCOO NCO (0 (%) (emol)
Chicken manure biochar 6.6 1925 144 038 045 175
Corn cob biochar 79 2250 079 085 078 126
Soil 63 095 008 20 1.55 125

Maize seedlings planted in this experiment, "pioneer"
hybrid maize seeds and cassava seeds "Malang 4"
varieties, with high production. Cassava was planted with
a spacing of 1.25 x 1.0 m without mound and maize was
planted with intercropping with cassava spacing of 1.25 x
0.30 m. with maize population of 30 plants per plot,
whereas maize monoculture was planted with a spacing
0of 0.75x0.30 m

For this experiment, the dose of biochar used was 15
mg/ha containing ¢ organic (table 2) and manure applied
at a dose of 20 mg/ha. For all treatments 400 kg of urea
(45% N) per ha was given, 100 kg SP36 (36% P205) per
ha, and 100 kg KCL (50% K20O) per ha. P and K
fertilizers were applied three times, at planting time, 30
days after the planting, and after the harvesting of the
maize.

The data observation included maize and cassava
harvesting, physical properties of the soil before planting
and after harvesting maize and cassava, and the wet
weight of plant crops. Soil samples were taken at 20 cm
depth, with a zigzag system and 0.5 kg composite sample
for analysis of soil chemical properties.

Statistical analysis was performed for each treatment
using the Land Use Efficiency (LUE). LUE was
calculated using equations.

LUE =RYLRY 2 oo, (1)

RY1 =acrop yield on intercropping system treatment

RY2 = the crop yields in on monoculture cropping
system treatment.
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RESULT

The results of table 2 show that the maize and cassava
yield on intercropping systems showed an increase after
the application of chicken manure and corn cob biochar.
The increase in maize yields caused by improvements in
crop production processes influenced the improvement of
soil physical properties and the soil nutrient (see tables 4
and 5). The high yield of maize (3.89 Mg ha-1) and
cassava (18.33 Mh ha-1) was caused by additional
nutrients from corn cob biochar in intercropping systems
and partly from the improvement of soil physical
properties. Maize (456 Mg ha-1) in monoculture
treatment with biochar treatment of chicken manure
showed the highest yield. Significant effects were found.
Because of this treatment, the elements obtained from the
application of biochar were very influential and durable
in the soil (slow release), so that in subsequent cropping
systems the availability of nutrients could be used and
crop yields did not experience a significant decrease
[10][21].

Table 2. Effect of biochar application on cassava products
on the intercropping and monoculiure systems

Treatment Cropping maize Cassava
system (Mg ha-1) (Mg ha-1)
No treatment - 205a 16.62 a
Chicken manure Intercropping 2.64a 17.74 ab.
biochar (maize and
cassava)
Corn cob biochar mtercropping  3.89 ¢ 1833 b
(maize and
cassava)
No treatment - 307 b -
Chicken manure Monoculture  3.38b -
biochar maize
Corn cob biochar Monokulture 4.07c¢ -
maize
No treatment - - 2235a
Chicken manure Monoculture - 2562a
biochar cassava
Corn cob biochar Monoculture - 3281b

Cassava

A different result was observed for cassava treated
with biochar. The treatment using chicken manure
biochar showed higher production in cassava than the
monoculture, but the highest increase in the cassava yield
was resulted from corn cob biochar treatment. This
indicates that the nutrients provided by biochar were
much higher and greatly influenced the crop production.
The high availability of C organic from Biochar corn
cobs improved soil chemical properties, thus increasing
nutrient availability and soil fertility (table 3). The
biochar impurities application using chicken and corn
cob biochar had a positive effect on improving soil
chemical properties. The corn cob biochar contained high
organic C (2.55%), nitrogen content 0.10%, P 12.20
ppm, CEC 18.64 cmol, and K 1.70%, which was higher
than chicken manure biochar. A very significant
difference compared to control.[5] [9][12].
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Table 3. Effect of biochar application on some soil chemical properties after
harvesting on various cropping system

Treatments Cropping Chemical properties after the third maize (2010)

system

C{%) N(%) P(ppm) CEC K (%)
(emaol)

No treatment - D91a 008 11.64 1473 a 144
Chicken Tntercropping 140a 009 1212 1692 abc 162
manurs (matze and
biochar cassava)
Com cob Intercroppine 2350 (.10 1220 18.64 1.70
biochar (maize and

caszava)
No treatment - 099a 009 1047 1435a 147
Chicken Monoculure 092a 009 1042 14.25a 148
manure maize
biochar
Com cob Moneculture 2550 010 1222 17556 1.66
biochar maize
Mo treatment - 090a 0.09 10.47 1435a 147
Chicken Monoculture 112a 009 11.12 14.02a 158
manurs cagsava
biocar
Comn cob Monoeunlture 250b 010 1222 1808 ¢ 1.64
biochar cassava

The results in Table 4. show that the application of
chicken manure biochar and corn cob biochar decreased
soil density and increased aggregate soil mass after
harvesting maize. The positive effect of biochar chicken
manure on soil density dropped. It was because the
increase in soil aggregation with organic amendments
was a logical consequence of the rise in C-organic soil
(as seen in Table 2). The effect of increasing soil
microorganisms was previously reported by Chan et al.

[13], [9]. [3]-

Table 4. Effect of biochar application on some physical properties after
harvesting on various cropping systams

Soul physical propertics

_ Bulk Parosity  Mean weight
Treatments Cropping systems  density (%) diameter
(Mem-3) (mm)

No treatment - 120b 54.72 175a
Chicken mamure  intercropping (maize  1.16 ab 56.33 2300
brochar and cassava)

Corn cob Intercropping (maize 1.12a 57.74 162b
brochar and cassava)

No treatment 1.22a 53.97 168a
Chicken manure  Meonoculture maize 121bc 5434 275 b
biochar

Corn cob Menoculture maize 114a 36.99 2690
biochar

Nao treatment - 1.22¢ 53.97 1.75a
Chicken manure  Meonoculture cassava  1.22¢ 53.97 2780
biochar

Corn cob Meonoculture cassava 1162 56.33 2450
biochar

It is interesting to study the relationship of biochar
application with the sustainability of land use efficiency
(LUE). LUE is calculated by comparing the crop yields
after the application of biochar on the intercropping
system and the crop yields after biochar application on
monoculture cropping system. The results of the
calculations are presented in Table 5 below, which shows
higher LUE in intercropping systems compared to that in
monoculture cropping systems.

The application of chicken manure biochar shows
higher land use efficiency, both in maize yield (0.75) and
in cassava yield (0.69). The highest yield was obtained
from the application of corn cob biochar (1.03 for maize
yield and 0.69 for cassava yield). This happened because
the addition of organic C and some nutritional maize
biomass of plants to the intercropping system influenced
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the nutrient requirements of the cassava plants. Based on
these results, obtaining sustainable production through
intercropping of maize and cassava using biochar
application, especially those made from chicken manure
and corn cobs was highly recommended [14] - [16].

Table 5. Land Use Efficiency (LUE) of cassava and maize 1n the intercropping
system, influenced by organic amendments application.

Treatments Cropping system Yield (Mg ha-1) Land Use Efficiency
Maize Cassava Maize Cassava

No treatment - 2732 1440a 0.65 0.61

Chicken Intercropping 169a 1373a 073 0564

manure (tmaize and cassava)

biachar

Corn cob Intercropping 413¢ 23200 1.03 072

biachar (tmaize and cassava)

CONCLUSION

The application of chicken manure and corn cob
biochar can improve soil quality and increase the
efficiency of land use. It can also multiply the maize and
cassava yield. After the application of chicken manure
biochar in the intercropping cropping systems, the maize
and cassava yields increased significantly at 2.69 Mg ha-
1 and 13.73 Mg ha-1, respectively. Similarly, the chicken
manure biochar improves the physical and chemical
properties of the soil. However, the application of corn
cob biochar on intercropping system of maize and
cassava showed a significant difference in improving soil
physical properties (Bulk density 1.12 Mg m-3, porosity
57.74% and mean weight diameter 2.62 mm) and
improving soil chemical properties (C = 2.55 %, N =
0.10%, P = 12.20 ppm, CEC = 18.64 cmol, K = 1.70%).
The improvement of soil quality was strengthened by the
results of the calculation of land use efficiency (LUE) of
1.03 for maize plants, and 0.72 for cassava plants. The
intercropping of cassava and maize has better results and
is more efficient than the monoculture after the
application of chicken manure and corn cob biochar.
With the increase in soil quality, damage from land
degradation can be avoided.
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