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ABSTRACT

The main constraint in the extensification of maize on the dry land of acid soil is the low availability of P in soil. This
study aimed to determine the effect and the optimal dose of humic acid on the growth and yield of maize on acid soil.
This research was conducted from February to May 2017 at Tri Dharma Field Laboratory, Faculty of Agriculture,
Gadjah Mada University. Acid soil with low P availability used was from sub-district Cigudeg and Jasinga, West Java.
The research was arranged in Randomized Complete Block Design (RCBD) with 2 factors. The first factor was maize
cultivar, namely Bisi 2 and Pioneer 35. The second factor was the rate of humic acid and NPK fertilizer, consisting of
0 kg.ha'! (without) NPK and 0% (without) humic acid, NPK + 0% (without) humic acid, NPK + 5% humic acid, NPK
+ 10% humic acid, and NPK + 15% humic acid. NPK fertilizer applied was NPK 16:16:16 at a dose of 350 kg.ha™..
The results showed that humic acid application on acid soil increased C-humic content in the soil, soil P availability,
total dry weight of the plant, and kernel dry weight at harvest (15 weeks after planting). The increase in soil P availability
did not improve the plant growth but increased the accumulation of plant biomass. The application of humic acid at
15% (52.5 kg.ha'') combined with NPK fertilizer on acid soil significantly increased total dry weight of plant and
kernel dry weight up to 13.14% and 21.81%, respectively, thus, it is recommended for maize cultivation on acid soil.

Keywords: Humic acid, acid soil, corn.

INTRODUCTION and yield capabilities (Sajedi ez al., 2010). Bisi 2 is one
of the widely cultivated maize cultivars in Indonesia.
This cultivar was released in 1995, and it has a potential
yield up to 13 tons ha'! with 8.9 tons ha! as the average
yield. This cultivar also has a good capability of
growing on lowland up to 1000 m above sea level
(Badan Penelitian dan Pengembangan Tanaman

Pertanian, 2012). In 2016, cultivar Pioneer 35 was

Maize is an important crop with multiple uses,
which include the uses for food, industrial material,
and bioenergy. The demand on maize for industrial
material continuously soared in 2011-2015 from
3.67 million tons in 2011 to 3.88 million tons in 2015
(Kementerian Pertanian, 2016). Hence, it is necessary

to increase maize production through agricultural
intensification and extensification. Agricultural
intensification is the management for maintaining
food production without forfeiting natural resources
for future generations by keeping it in balance with
environmental function. The use of superior seed and
good field management are some ways to improve
agricultural production. The hybrid maize cultivars
are widely cultivated to respond the environmental
stress by improving morphological, physiological

released as a maize cultivar that has a potential yield
up to 12.1 tons ha! with 9.2 tons ha™! as the average
yield.

Maize production can be increased through corn
field expansion. In Indonesia, 79% of maize field are
located on dry land (Zubachtirodin et al., 2008).
Indonesia has 148 million ha of dryland resources.
However, the varying climates and high rainfall lead
to high loss of base content in the soil, causing 102.8
million ha of dry land to turn into acid soil (Mulyani
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et al.,2009). Acid soil has low pH, less than 5.5, low
content of macro nutrient elements, and high micro
nutrient availability, which is poisonous for plant.
Acid soil has a capacity in P fixation due to high
levels of iron (Fe), manganese (Mn), and aluminum
(Al), making P elements in the soil become unavailable
for plant. The previous studies have reported that
acid soil condition inhibited the growth of plant
height, increased the anthesis to silking interval and
decreased the yield on susceptible maize cultivars
(Suwardi and Azrai, 2013). Unavailability of P
becomes a major problem in acid soils because there
is an inhibition on root growth, thus, affecting the
nutrient uptake and shoot growth of plant. The soil
pH can be increased by lime application (CaCOs).
However, the dose of the lime required is so high,
reaching 20 ton.ha’!, that it leads to P deficiency due
to P absorption by Ca (Haynes and Mokolobate,
2001).

Humic acid is the result of organic material
decomposition that supports plant growth and yield
directly or indirectly when it applied to acid soil.
Functional groups of humic acids such as -COOH-,
-OH phenolate and -OH alcoholate bind with metal
ions such as Al and decrease hydrogen bonds, and
increasing pH in acid soil (Haynes and Mokolobate,
2001). Soil pH enhancement is followed by increased
availability of P, N, and other macro nutrients in the
soil due to increasing soil CEC, buffering capacity,
and soil microorganisms (Tan, 2003).

Daur and Bakhashwain (2013) reported that the
application of 25 kg.ha! of humic acid to saline soil
improved leaf area, dry weight, and mineral and
protein content at 60 days after planting in R1
(flowering) due to the increasing root growth, which
improved the efficiency of water and nutrient uptake.
The application of humic acid added to compost
reduced toxicity caused by 5 ppm of Zn in former
mine and improved the plant height of Entorolobium
cyclocarpum (Jacq.) Griseb (Fauziah, 2009). Other
result showed that the application of humic acid to
clay loam soil with pH of 6-7 improved the kernel
weight of maize (Azeem et al., 2014). Humic acid
application has been reported on different plants
under different environmental conditions. There
were some repots informing the effects of humic
acid application. Nevertheless, there were limited
information on the effect of the application of humic
acid combined with NPK fertilizer on the growth and
yield of maize on acid soil. Therefore, the objectives
of this research were to study the effects of NPK and
humic acid application on maize growth and yield
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on acid soil, and to determine the optimal dose of
humic acid applied to acid soil for improving the
growth and yield of maize.

MATERIALS AND METHODS

This research was conducted from February to
May 2017 at Tri Dharma field laboratory, Faculty of
Agriculture, Universitas Gadjah Mada. The research
was arranged in Randomized Complete Block Design
(RCBD) of 2 factors with 2 sampling locations as
block or replication, in which each replication
consisted of 3 sample plants that were harvested at 15
weeks after planting (WAP). The research used acid
soil from two sampling points, namely sub-district
Cigudeg and Jasinga, West Java, as block.

The first factor was maize cultivar (Bisi 2 and
Pioneer 35). The second factor was dose of humic
acid extract, consisting of without fertilizer and
humic acid, NPK fertilizer without humic acid, NPK
fertilizer + 5% humic acid (17.5 kg.ha''), NPK
fertilizer +10% humic acid (35 kg.ha!), and NPK
fertilizer + 15% humic acid (52.5 kg.ha'!). The
fractionation of humic acid was from organic cow
manure, which were homogenized with 0.1 N
NaOH (1:10) and then filtered by whatman 42 filter
paper. The filtrate was separated and, after 24 hours,
the filtrate was mixed with HCI pro analyze until the
pH value was 2. The mixture was precipitated for 24
hours to separate the humic and fulvic acid. Humic
acid and fulvic acid separation was done using
whatman 42 filter paper. The pasta-shaped part was
humic acid and the liquid part was fulvic acid. The
pasta-shaped part was dried and mixed with NPK
fertilizer. Humic acid was applied 3 times, following
the application of NPK fertilizer. Percentage of
humic acid application was based on the amount of
NPK 16:16:16 fertilizer given, which was 350
kg ha'l. Fertilization of NPK was applied 3 times, i.e.
100 kg.ha! (2.1 g per plant) at 1 week after planting
(WAP), 150 kg.ha'! (3.15 g per plant) at 3 weeks
after planting (WAP) and 100 kg.ha'! (2.1 g per
plant) at 7 weeks after planting (WAP). The mixture
of NPK fertilizer and humic acid was applied by spot
placement method.

The maize seeds were sown on acid soils placed
in polybags with a diameter of 35 cm and a depth of
40 cm, arranged in pot spacing of 70 x 30 cm. The
seeds were sown with dibbling method by making a
hole with a depth of about 3-5 cm, and the seeds
were put in the planting hole of each polybag. The
variables observed during the experiment were soil

ISSN 0126-4214 (print) ISSN 2527-7162 (online)



Waulandari ef al. : Growth and Yield Response of Maize on Acid Soil to Different Rates of Humic Acid and NPK Fertilizer 78

chemical properties, plant growth components, and
plant yields. Soil chemical properties consist of soil
pH of H20O, C-humic content of soil (%), Al-dd, and
available P (P-Bray).

Plant growth variables observed included root
length, normal leaf area (green leaf), P deficient leaf
area (purple leaf), plant height, stem diameter, root
dry weight, shoot dry weight, total plant dry weight,
harvest index, and kernel dry weight. Root length
(cm) and surface area (cm?) were measured using
WD3 WinDIAS Leaf Image Analysis System with
object mode for measuring root length and area
mode for measuring root surface area. The normal
leaf area (cm?) and area of P deficient leaf (cm?)
were measured using WD3 WinDIAS Leaf Image
Analysis System by separating green leaf area as
normal leaf area and purple leaf area as deficiency
P leaf area, using area mode. Plant height (cm) and
stem diameter (cm) were measured using ruler and
caliper, respectively. Root dry weight (g), shoot dry
weight (g), total plant dry weight (g), and kernel dry

weight (g) were measured using digital scale. Harvest
index was the result of the proportion of kernel dry
weight to the total plant dry weight. Plant growth
variables were measured at 7 weeks after planting
(WAP) (vegetative phase) and 10 weeks after planting
(WAP) (silking phase). The data were analyzed with
analysis of variance (ANOVA), continued with
Duncan Multiple Range Test (DMRT) at P <0.05 to
identify significant differences between treatment
means, using SAS 9.3.

RESULTS AND DISCUSSION

Soil chemical properties before and after humic
acid application

Acid soil has some characteristics that inhibit
plant growth and yield. The result showed that pH
of acid soil was acidic with low N and K, very low
P availability, and very high content of the total
(Table 1).

Table 1. Soil characteristic before application of mixture NPK fertilizer

and humic acid

Parameters Value Status*
Physical properties

Sand (%) 7.53 Clay
Silt (%) 19.12

Clay (%) 73.35

pH

pH (H20 1:2,5) 5.1 Acid
pH (KCI 1:5) 4.3

Organic matter (%)

Total N (%) 0.11 Low
C-org (%) 2.17 Medium
Available P- Bray | (ppm) 2.69 Very low
K (cmol (+) kg 0.38 Low
Na (cmol (+) kg!) 0.02 Very low
Ca (cmol (+) kgt 11.89 High
Mg (cmol (+) kgt) 4.26 Highi
Total P (%) 0.15 Very high
Kemasaman dd (cmol (+) kg!) 1.00

Exchangable Al (cmol (+) kg™') 0.69

Exchangable H (cmol (+) kg™) 0.28

Total Fe (%) 3.11

C humic (%) 0.06

C Fulvic (%) 0.08

CEC (cmol (+) kg 27.85 High

Remarks: (*) Status based on Balai Penelitian Tanah (2009)
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Table 2. Ph H>O, C-Humic content (%), Exchangeable-Al (¢ mol (+) kg!), and P available (mg kg!) in7 and 15 weeks
after planting (WAP) on acid soils affected by mixture of NPK and humic acid (HA) application

C-Humic Exchangeable Soil P

Treatment pH H.0 Content Al * Availability*

7 WAP 15 WAP 7 WAP 15 WAP 15 WAP  7WAP Status 15 WAP Status
Cultivar
Bisi 2 485p 553p 0.03p 0.04q 0.80p 1.04 p v.l 7.74p 1
Pioneer 35 496p 545p 0.02q 0.05p 1.03p 1.21p v.l 3.55p 1
Humic Acid Application
NO NPK+HA 495a 56la 0.02ab 0.03c 0.72 a 1.50 a v.l 3.20b v.l
NPK 490a 549a 0.03a 0.04b 0.78 a 0.72 a v.l 2.78 ab v.l
NPK+HA 5% 479a 549a 0.02ab 0.04b 144 a 1.61 a v.l 10.23a Med
NPK+HA 10% 495a 555a 0.02a 0.05a 0.59 a 0.61 a v.l 4.37 ab 1
NPK+HA 15% 493a 53la 001b 0.05a 1.05a 1.18 a v.l 7.65 ab 1
Interaction (-) (-) (-) (-) (-) (-) (-)
Ccv 3.90 6.07 25.06 13.75 13.55 21.51 29.43

Remark: Means followed by the same letters in the same column are not significantly different according to DMRT (a 5%). (-)
shows there is no interaction between two factors, (*) shows the data transformed using \(x+0.5). Status of P level was

based on Balai Penelitian Tanah (2009) v.I1 = very low, 1 =

Some of soil chemical properties affected by humic
acid application in different doses are presented in
Table 2. There was no interaction effect between
humic acid application and maize cultivars on pH
H>0O, C-humic content, exchangeable Al, and availability
P in the soil. Two maize cultivars and humic acid
doses applied had no significant effect on the soil pH
values at 7 WAP and 15 WAP, C-humic content at 7
WAP, and exchangeable Al at 15 WAP (Table 1). At
7 WAP, the plants were in the final vegetative phase
and at 15 WAP, the plants were harvested. Different
conditions were observed in the C-humic content
affected by maize cultivars and doses of humic acid.
The soil planted with Bisi 2 had a higher C-humic
content at 7 WAP, but at 15 WAP, the C-humic content
of the soil planted with Pioneer 35 was significantly
higher.

The effect of humic acid application on the increase
in C-humic content was shown at 15 WAP. There
was an increase in soil C-humic content along with the
increasing dose of applied humic acid. Its application
at doses of 10% and 15% indicated significant
(P<0.05) effect on the increase in C-humic content.
The increase in soil C-humic content at 15 WAP was
due to the accumulation of humic acid applied.
Meanwhile, there was an increase in pH that would
decrease the complexity of humic acid, resulting in
the increase of the soil components such as Al and
clays in the extraction of C-humic content. However,
the increased C-humic content was still in very low
categories. Although the soil C-humic content
increased, there was no significant effect between

low, med = medium.

the maize cultivars and humic acid doses applied
on the exchangeable Al at 15 WAP. The increase in
C-humic content at 15 WAP was followed by an
increase in the P availability at 15 WAP. The application
of humic acid did not increase the P availability at 7
WAP, but by the time, increased the P availability at
15 WAP.

The application of humic acid at doses of 5%,
10%, and 15% increased the status of P availability
in the soil. This result showed that the application of
humic acid at 5% significantly turned soil P availability
status from very low into medium at 15 WAP.
Meanwhile, humic acid application at 10% and 15%
had the same effect, turning the soil P availability
status from very low into low. An increase in the
availability of P in this area was associated with the
humic acid application. The application of humic
acid increased the movement and concentration of
soil P availability around humic acid applied. It
showed that there was more P residue in the soil to
which the humic acid applied (Zhu et al., 2018).

Effect of humic acid application to acid soil on
the maize plant growth and yield

Root is the part of plant that firstly responses to
acid soil conditions. There were no interaction effects
between the maize cultivars and doses of humic acid
on the root length and root surface area (Table 3).
Root length and root surface area were also not
different between two cultivars used. Root length
and root surface area of maize palnted on acid soil
without fertilization was significantly lower than
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Table 3. Root length and root surface area of two corn cultivars at 10 WAP
on acid soils affected by by mixture of NPK humic acid application

Treatment Root length (cm)  root surface area (cm?)
10 WAP 10 WAP*
Cultivar
Bisi 2 11492.16 p 488.76 p
Pioneer 35 11750.54 p 429.66 p
Humic Acid Application
No NPK+HA 4270.74 b 212.86 b
NPK 15316.76 a 548.01 a
NPK+HA 5% 13950.70 a 52748 a
NPK+HA 10% 12878.72 a 420.02 a
NPK+HA 15% 11689.86 a 587.68 a
Interaction ) )
Ccv 36.92 22.04

Remark: Means followed by the same letters in the same column are not significantly
different according to DMRT (o 5%). (-) shows there is no interaction
between two factors, (*) shows the data transformed using V(x+0.5).

Table 4. Number of leaves, green leaf area, percentage of purple leaf area of two corn cultivars at 10
WAP on acid soils affected by by mixture of NPK humic acid application

Treatment Number Green leaf Percentage of purple

of leaves area (cm?) leaf area (%)
7 WAP 10 WAP 10 WAP*

Cultivar

Bisi 2 6p 3305.85p 032p

Pioneer 35 6p 3480.47 p 0.22p

Humic Acid Application

No NPK+HA 3b 463.04 b 1.16 b

NPK 6a 4184.66 a 0.04 a

NPK+HA 5% 6a 442534 a 0.05a

NPK+HA 10% 7a 4029.09 a 0.06 a

NPK+HA 15% 8a 3863.65 a 0.03 a

Interaction ) (-) )

Ccv 13.55 18.48 26.00

Remark: Means followed by the same letters in the same column are not significantly different according to
DMRT (a 5%). (-) shows there is no interaction between two factors, (*) shows the data transformed

using V(x+0.5).

those planted on acid soil with fertilizers. Humic acid
application at 5%, 10%, and 15% did not significantly
affect root length and root surface area. Although the
P availability of the soil was increased at 15% humic
acid application, it was not followed by the improvement
in the root growth. Wen et al. (2017) reported that
the responses of the root, both morphologically
and physiologically, had a closer relationship with
the P uptake than with the content of P in the soil.
Another study reported that humic acid increased
the growth variables of cucumber roots when it
was applied directly to the root after the seedlings

were transplanted (Mora et al., 2012).

Leaf is one part of shoot growth of plant that has
amajor role for photosynthesis. There was a correlation
of 88.6% between leaf area and photosynthesis rate
due to N fertilization (Sonbai et al., 2013). The results
of this study showed that there was no interaction
effect between maize cultivars and doses of humic acid
applied on the number of leaves, green leaf area, and
percentage of leaf area that showed P deficient
symptom (Table 4). Number of leaves, green leaf
area, and percentage of leaf area that showed P
deficient symptom were not affected by the maize
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Table 5. Plant height and stem diameter of two corn cultivars at 7 WAP on acid soils affected by by mixture of NPK humic

acid application

. HA Application Means
Parameter Cultivar
NoNPK+HA  NPK  NPK+HA 5% NPK+HA 10% NPK+HA 15%

BISI 2 65.17 137.67 150.33 148.83 146.50 129.70 p
Plant Height ~ Pioneer 35 60.67 142.5 140.5 124.83 141.75 122.05 p
(cm) Means 62.92 b 140.08 a 14542 a 136.83 a 144.13 a (-)

Cv 14.38

BISI 2 8.87¢ 18.92 bed 21.16 a 19.27 abc 19.38 ab 17.52
Stem Diameter Pioneer 35 8.83¢ 17.38 bed 16.98 d 17.17 cd 18.47 bed 15.77
(mm) Means 8.85 18.15 19.07 18.22 18.93 (+)

Cv 10.03

Remark: Means followed by the same letters in the same column are not significantly different according to DMRT (a 5%). (-)
shows there is no interaction between two factors, and (+) shows there is interaction between two factors.

cultivars. Fertilization on acid soil significantly
increased the number of leaves, green leaf area, and
percentage of leaf area that showed P deficient
symptom at 10 WAP. On the other hand, the application
of humic acid at different doses did not significantly
affect them. Symptom of P deficiency was shown by
the appearance of purple color on the leaves due to
sugar accumulation in leaf tissue and the expression
of phenolic pigment as a response to abiotic stress
(Gardner, 2008). The increase in purple leaf area will
decrease the capacity of plants in photosynthesis.
Environmental conditions may affect the rate of photo-
synthesis during the growth process. Rahayuningsih
et al. (2017) reported that the presence of water logging
in maize occurred at flowering (7 WAP), which
could significantly decrease the rate of photosynthesis
in some maize cultivars that are intolerant to the stress
conditions. The decline in photosynthesis rate was due
to the decrease in leaf area on acid soil. In this study,
the application of 5%, 10%, and 15% humic acid
did not significantly increase the number of leaves
and green leaf area compared to the application
of NPK fertilizer. The result showed that an increase
in soil P availability status did not affect the growth
of green leaf area.

Plant height and stem diameter were not affected
by the interaction of maize cultivars and doses of
humic acid applied (Table 5). The maize cultivar did
not affect the plant height, while the fertilization on
acid soil significantly increased the plant height and
stem diameter of the maize plants. On the other hand,
the application of humic acid at different doses had
no significant effect compared to NPK fertilization
without humic acid application. However, each
maize cultivar had different morphological response
to environmental condition. Suwardi and Azrai

(2013) reported that maize cultivars that are not
resistant to acid soil conditions experienced a decrease
in plant height. Both cultivars used in this study
were shorter than the potential plant height, where
the potential height of cultivar Bisi 2 is 232 cm and
the Pioneer 35 is 256 cm (Badan Penelitian dan
Pengembangan Tanaman Pertanian, 2012). These
conditions represented the same responses of both
cultivars to acid soil condition. The application of NPK
fertilizer + 5% humic acid significantly increased
the stem diameter of maize cultivar Bisi 2. However,
there were no significant differences observed on the
stem diameter of maize cultivar Pioneer 35 . An increase
in soil P availability did not affect the plant growth
of the maize cultivars tested in this study.

The effect of humic acid application on acid soils
was also showed in the accumulation of plant
photosynthate in the shoot and root. Photosynthate
translocated to leaves, stems, flowers, roots, and ear are
showed as total dry weight of the plant. An increase
in P availability in the soil was followed by the increase
in the shoot biomass and micro nutrients uptake of
maize plants (Zhang et al., 2017). Although the
increase in soil P availability was not followed by
plant growth in this study, there was an increase in
plant biomass (Table 6). There was no interaction
effect between maize cultivars and doses of humic
acid applied on the root dry weight, shoot dry
weight, and total plant dry weight at 10 and 15 WAP.
There were no significant effects on root, shoot, and
plant total dry weight affected by maize cultivar,
except on the total dry weight of the plants at harvest
(15 WAP). Cultivar Bisi 2 had a total dry weight
which was significantly higher than that of cultivar
Pioneer 35. The ability of Bisi 2 to grow well on 0—100
m asl might play the role for accumulating biomass.
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Table 6. Root dry weight, shoot dry weight and total plant dry weight of two corn cultivars at 10 WAP and 15 WAP
on acid soils affected by by mixture of NPK humic acid application

Root dry weight (g) Shoot dry weight (g) Total plant dry weight (g)

Treatment

10 WAP* 15 WAP* 10 WAP 15 WAP 10 WAP 15 WAP
Cultivar
Bisi 2 33.30p 27.52p 73.05p 13579 p 106.35p 16332 p
Pioneer 35 27.96 p 26.29p 74.65p 123.81 p 102.61 p 150.09 q
Humic Acid Application
No NPK+HA 8.42Db 5.60b 596b 1526 b 14.38 b 20.86 ¢
NPK 38.64 a 26.96 a 89.26 a 151.13 a 127.89 a 178.09 b
NPK+HA 5% 3424 a 3144 a 10321 a 157.14 a 137.44 a 188.58 ab
NPK+HA 10% 34.96 a 3344 a 80.22 a 161.07 a 115.18 a 194.52 ab
NPK+HA 15% 36.88 a 37.09 a 90.62 a 164.39 a 127.50 a 201.49 a
Interaction (-) (-) (-) (-) (-) (-)
(O\Y 23.32 18.80 26.26 11.13 24.57 15.57

Remark: The mean in one column followed by the same letter was not significantly different according to DMRT (o 5%). (-) : There
were no interaction between two factors, (*) showed the data transformed used V(x+0.5).

Table 7. Harvest Index (HI) and kernel dry weight of two maize cultivars on
acid soils treated with NPK and humic acid at harvest (15 WAP)

Treatment Harvest Index Ker(r;e;)grglawnf)l ght
Cultivar

Bisi 2 0.32p 62.07 p
Pioneer 35 0.34p 61.04 p
Humic Acid Application

No NPK+HA 0.04b 1.89¢
NPK 0.38 a 67.42Db
NPK+HA 5% 042 a 78.48 ab
NPK+HA 10% 0.40 a 77.43 ab
NPK+HA 15% 041a 82.56 a
Interaction ) )
Ccv 25.58 23.03

Remark: Means followed by the same letters in the same column are not significantly
different according to DMRT (a 5%). (-) shows there is no interaction

between two factors.

The application of humic acid at different doses
had no significant effect on the root and shoot dry
weight, however the effect was observed on the total
dry weight of plant at 15SWAP. The application of
humic acid at 15% significantly increased the
total plant dry weight at harvest (15 WAP). Maize
is not able to maintain the accumulation of plant
biomass under stress conditions (Suwa et al., 2010).
The allocation of photosynthate is used for formation
of small roots rather than as a root biomass former
(Wen et al., 2017), however, the accumulation of
photosynthate in the shoot was directly related to
crop productivity (Hirte et al., 2018).

Biomass partitioning to kernel dry weight per
plant is indicated by the value of harvest index.
There was no interaction effect between maize cultivars
and doses of humic acid applied on the harvest index
and kernel dry weight (Table 7). There was also no
significant effect of maize cultivars and doses of
humic acid on the harvest index. However, the NPK
fertilization on acid soil significantly increased
harvest index. An increase in the harvest index of
maize crops showed that there was an increase in the
distribution of biomass on kernel. The amount of
photosynthate translocated to the kernel is indicated
by the kernel dry weight. Fertilization on acid soil
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significantly increased kernel dry weight per plant.
The application of humic acid at 5% and 10% did
not significantly give different effects compared to
the application pf NPK fertilizer without humic acid
application. However, the application of humic acid
at 15% significantly increased kernel dry weight per
plant. It was followed by a significant increase in
productivity.

The results showed that the application of humic
acid at 15% significantly increased total dry weight
and kernel dry weight up to 13.14% and 21.81%,
respectively, when compared with those fertilized
by NPK fertilizer without humic acid application
during its growth. Rivera-Hernandez et al. (2010)
reported that harvest index had no direct relationship
with the soil P availability, but it is related to the
partitioning of photosynthate as yield. It showed that
there was indirect effect of the increase in soil P
availability on the accumulation of plant biomass,
especially on kernel. Canellas et al. (2015) also reported
that P deficiency led to decreasing dry weight by
reducing the number of kernel per plant, and the
application of humic acid increased productivity
by increasing efficiency of nutrient absorption and
increasing tolerance of stress conditions.

CONCLUSIONS

The results showed that humic acid application
on acid soil increased soil C-humic content, soil P
availability, total dry weight of plant, kernel dry
weight, and productivity at harvest (15 WAP). The
application of humic acid at 15% (52.5 kg.ha'!)
significantly increased total dry weight of plant
and kernel dry weight up to 13.14% and 21.81%,
respectively. Therefore, its application is recommended
on maize cultivation on acid soil.
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