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ABSTRACT

Tea is a commodity that has a significant contribution to Indonesia’s
foreign exchange, especially from non-oil and gas sectors. Fertilization
is one of the important factors to produce high productivity and keep
the plant healthy. The healthy plants are simply indicated by the ratio of
pecco and banji more than 2.33. This research aimed to test the effect of
Mineral-Based Compound Fertilizer (CFC) on a plant health and tea plant
productivity. The research was carried out in April — October 2014 at the
Gambung Experimental Station, Block B6, Research Institute for Tea and
Chincona by using CFC with a composition of 80% Mineral Compound
Fertilizer, 10% urea, and 10% KCI. The experiments used a Randomize
Blocked Design with four replications and six treatments; i.e. 120% CFC
tekMIRA; 100% CFC tekMIRA; 80% CFC tekMIRA; 60% CFC tekMIRA;
NPK (25:7:12:3) as control compound fertilizer; and single standard
fertilizer. The result showed that all of the treatments did not increase
the plant health. However, the application of CFC produced a higher tea
plant productivity compared to NPK (25:7:12:3) as control compound
fertilizer and single standard fertilizer. Based on regression equation,
the dose of CFC that produced the optimal tea productivity was 93.92%.

INTRODUCTION

conditions of tea cultivation are pH of soil at 4.5 to

Tea (Camellia sinensis (L) O. Kuntze) is the
commodity that has a significant contribution to the
gross national income of Indonesia. From the data,
Indonesia is the sixth biggest tea exporter country
after India (18.9 %), China (17.1 %), Kenya (7.9 %),
the UK (7.9 %), and the United Arab Emirates (4 %).
Market demand for tea products at both domestic
and foreign is very high, but the need is still not
fulfilled. The increasing market demand should be
offset by an increase in the quantity, quality, and
continuity of tea production by using plant cultivation
technology.

Tea plants have several varieties. According
to recent taxonomic classifications, cultivated tea
are of three types named as Camellia sinensis (L.)
O. Kuntze or China tea, C. assamica (Masters)
Wight or Assam tea and C. assamica lasiocalyx
(Planch ex Watt) Wight or Cambod tea (Hazra,
Dasgupta, Sengupta, & Das, in press). The optimal

5.6, temperature at 12-25 °C, relative humidity at 70-
80%, intensity of sunlight at 70-80%, solar radiation
at 3-6 hours, rainfall at 2000-4000 mm per year with
maximum two dry months, leaf temperature at <35
°C, and solar radiation at four hours per day (Santoso
et al., 2006). Although a large amount of water
demand is not entirely utilized for shoot growth, tea
plants require high rainfall for evapotranspiration
and maintain high humidity. The growth of pecco in
tea plants was influenced by several factors such as
the population that has covered the area (Sitienei,
Kirui, Kamau, Kanyiri, & Langat, 2016).

Tea (Camellia sinensis L.) plantations
typically use high-level of chemical fertilizers that
greatly affect crops and soil (Qiao et al., 2018).
Fertilization is one of the things that need to be
considered to produce healthy tea plant and to
reach the potential genetic of tea productivity.
Fertilizer application is the second most expensive
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agronomic inputs in tea production after plucking/
harvesting (Qamar-uz-Zaman, Shams-ul-Islam,
Hamid, Ahmad, & Sohail, 2016). Tea is a perennial
crop requiring more nitrogen, preferably using NH,*
to NO,” when both are available in the soil (Han,
Ma, Shi, Ruan, & Kemmitt, 2008). Plants obtain the
nutrients from the soil (Omwoyo, Owuor, Ongeri, &
Kamau, 2014). Fertilization has a major role in tea
sector to increase production, growth and economic
yield (L. H. M. G. Gunathilaka, Gunarathne, &
Arachchi, 2016). Fertilizer is an element of the
production costs which is quite high. Currently, it
ranges between 15-25 % of the production cost and
spends 40-45 % for the cost of plant maintenance.
Production costs tend to continue increasing along
with the increased price of fertilizer, so the cost of
fertilizer is often reduced to cut the production costs.
With these conditions, fertilization should be done
efficiently and effectively in order the production
targets can be achieved. According to Yang et al.
(2018), an excessive nitrogen fertilization should
be replaced by organic compound fertilizer or
reduce the soil acidity. In addition, the risk of loss
of N and P in the tea garden due to leaching can
be caused by a result of the cultivation of tea and
excessive fertilization (Bagyalakshmi, Ponmurugan,
& Balamurugan, 2017). The organic fertilizer has a
positive effect on the production of antioxidants. The
effect of different dose of mineral fertilizers indicated
significant changes in accumulated antioxidant
(Koala et al., 2013).

TekMIRA Research Center is one of the
competent institutions in research of mineral and
coal. Based on the regulation of the Minister of
Energy and Mineral Resources of the Republic
of Indonesia No. 20 year 2013 on Mineral Added
Value through Mineral Processing and Purification
Activities, states that there are minerals that could
potentially be another added value. They are
known in agriculture as sources of plant nutrients
need, such as cassiterite, pyrolusite, psilomelane,
braunite, manganite, feldspar, and zircon. In addition,
Indonesia has other potential mineral wealth such
as Kieserit agricultural fertilizer, rock phosphate and
silicate minerals like muscovite, orthoclase, biotite,
illite, mica, vermiculite, and smectite.

Soil fertility is the ability of soil for the plant
to grow. This is the result of capability in physical,
chemical and biological processes to provide
nutrition, water, aeration and stability in plants
(Peigné, Vian, Payet, & Saby, 2018). According to

Crittenden, Poot, Heinen, van Balen, & Pulleman
(2015), the impact of soil fertility for tea root and shoot
development is one of the goals to study, especially
in the long term. Mineral fertilizer technology with
organic fertilizer is a better choice in increasing
the efficiency of fertilizer used and providing a
balanced nutrition. Besides, it returns the biomass
to the field as fertilizer (Brannvall, Wolters, Sjoblom,
& Kumpiene, 2015; Zhang et al., 2018) and can
balance the input and loss of nutrients in the soil. It
is very important for the sustainability of ecosystems
(Freire, Lopes, & Tarelho, 2015) because it currently
causes nutrient degradation in the soil.

Research on the technology of mineral-based
compound fertilizer production has been done for
13 years from 2001-2012. The results of the R&D
activities concluded that technically the manufacture
of Compound Fertilizer laboratory scale has been
controlled and can be done on a pilot scale. The
flowchart of the process of making compound
fertilizer, as it has been tested in previous study,
is presented in Fig. 1. The rock phosphate and
dolomite first crushed with a jaw crusher tool. If their
conditions are wet, they need to be dried first with
a rotary dryer (rotary dryer). The material is then
milled with a hammer mill, and followed by sieving at
80 mesh size with the vibrating screen. The product
passes sieve, transported to the mixer ribbon mixer
or paddle mixer, while the crude product is returned
to the grinding tool. In the mixer lasts stirring process
that phosphate materials, dolomite, and sulfuric acid
can be mixed evenly with the addition of a little water.

Based on the results of laboratory analysis,
compound fertilizer (CF) tekMIRA contains the
following nutrients: P,O, = 10 %; CaO = 23.6 %,;
MgO = 6.0 %; S = 6.3 %; B =79 ppm; Zn = 83
ppm; Cu = 76 ppm; and Mn = 72 ppm. (Purnomo,
2010). A complete compound fertilizer formulation
(CFC) is a combination of compound fertilizer (CF)
by 80 %, urea 10 %, and 10 % KCI. In this study,
mineral-based compound fertilizers are expected
to produce healthy plants and high shoots on tea
plants at clones GMB 7. The healthy plant are
simply indicated by the ratio of pecco shoots and
banji shoots more than 2.33. Furthermore, If the
mother leaves nutrient levels are at the threshold,
it is indicated that the tea plant is experiencing a
deficiency of nutrients or in other word, the plant is
unhealthy.

Copyright © 2018 Universitas Brawijaya
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Fig.1. The flowchart of the process of making compound fertilizer

Table 1. Fertilizer dose for every treatment

No Treatments Fertilizers (kg per plot per aplication)

Plot Number

in the Field
1 120 % of CFC 3.6 kg (600 kg ha'' year') + Urea 2.6 kg (434 kg ha' year') + KCI 4-7-16: 22
Tekmira 0.96 kg (160 kg ha' year") + Kieserit 0.42 kg (70 kg ha™' year™) R
5 100 % of CFC 3.0 kg (500 kg ha'' year') + Urea 2.6 kg (434 kg ha' year") + KCI 3-11- 18- 20
Tekmira 0.96 kg (160 kg ha' year") + Kieserit 0.42 kg (70 kg ha™' year™) T
3 80 % of CFC F 2.4 kg (400 kg ha'' year') + Urea 2.6 kg (434 kg ha' year") + KCI 2- 9 15: 23
Tekmira 0.96 kg (160 kg ha' year") + Kieserit 0.42 kg (70 kg ha™' year™) T
-1 1 1 1
¢ aorcrTnia (S CIION yer) s Uoa 20l s ig ey KO 0,171
5 NPK(25:7:12:3) 4 kg (667 kg ha' year") 5;12; 14; 24
. 2.6 kg Urea (434 kg ha' year'); 0.79 kg SP-36 (132 kg ha™' year-1);
g Single Standard 0.96 kg KCI (160 kg ha-1 year-1); and 1.37 kg Kieserit (229 kg ha"  6; 8; 13; 21

Fertilizer )
year")

MATERIALS AND METHODS

The experiment was conducted in
April-October 2014 at Gambung experimental
station of Research Institute for Tea and
Cinchona (RITC), South Gambung sector in
Block B6 with the type of soil was Andisols, at
an altitude of £ 1.200-1.450 m above sea level
(asl). Mineral-Based Compound Fertilizer

(MBCF) was applied to the tea plant at clones GMB
7 on three years after pruning. The experimental
plot size was 20 m x 10 m or 200 plants per plot
with boundaries around one plant. Plucking was
done by manually plucking with the period of 15-25
days per plucking.

Copyright © 2018 Universitas Brawijaya
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The design of experiments in this research
was a randomized block design (RBD) with six
treatments and four replications. All variables were
tested using ANOVA (Analyze of Variant) and further
tested by different test Duncan. The composition of
treatments can be seen in Table 1.

The observed variables are as follows:

1. The production of shoots (productivity) per plot
for every plucking.

Shoots that were plucked with the plucking medium
of pecco shoots + 3 leaves (p+3) or banji shoot +
3 leaves (b+3), then weighed and recorded for
each treatment. Productivity was interpolated
observational data which was adjusted by coefficient
of data variance during the observation.

2. Analysis of plucking.

Plucking analysis was conducted to determine
the healthy plant by taking into account the ratio
between pecco shoots and banji shoots in each
plucking. A hundred grams of shoots were taken
randomly from the plucking in the item-1 observed
variables (productivity), then calculated the number
of pecco shoots and banji shoots in each treatment
and after that they were weighed. The ratio number
of pecco shoots and banji shoots were calculated
with the following formula (1):

Pecco - banji ratio = The number of pecco shoots
The number of banji shoots

(1)

While the weight per shoots (WS) of pecco and
banji shoots was calculated by the following formula

):

ws =  Pecco or banji shoots weight x 100% (2)

The number of pecco or banji shoots

3. Relative Effectiveness of Agronomy (RAE)
Relative Agronomic effectiveness (RAE) is the ratio
between the increased results due to the use of a
fertilizer with the increased results and standard
fertilizer use, and was multiplied by 100 as the
following formula (3):

(3)

RAE = _Production of tested treatment — Production of control  x 100%

Production of standard treatment — Production of control)

RESULTS AND DISCUSSIONS

The observations of production shoots
variables and analysis of plucking were performed
for eight times of plucking, namely, 1% plucking (April
23, 2014); 2 (May 12, 2014); 3¢ (May 28, 2014);
4t (June 16, 2014); 5" (July 7, 2014); 6™ (July 25,
2014); 7" (August 22, 2014); and 8" (Sept 16, 2014).
While, the productivity variable and RAE was based
on interpolation data of production for a year.

Production and Estimated Productivity

The observation of shoots data production in
each plucking was shown in Fig. 2. It seems that
the production of shoots in each treatment
fluctuated and had the same pattern with the
average of the highest production found in the 5th
plucking (July 7, 2014) and the average
production during the eight plucking on the 3
treatments (80% of CFC tekMIRA) around 10.09
kg per 200 m2.

Production (kg per 200 m®)
=

15t 2nd ath

—ge 1 20% of CFC Tekmira

=g= 30% of CFC Tekmira
MPK Control (25:7:12:3)

4th gth Gth 7th ath

100% of CFC Tekmira
e (0% 0f CFC Tekmira
Standard ferilzer (2ingle ferilzer)

Fig. 2. Fluctuations in production (kg per 200 m?) of every treatment during the observation

Copyright © 2018 Universitas Brawijaya
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Fig. 3. Production data (kg per 200 m?) of every treatment and rainfall (cm) during the observation period

Table 2. Estimated production of shoots (kg ha™') for each treatment

Total of 8 plucking Estimated production Estimated
No Treatment times (kg per plot) of shoots every year productivity
(kg ha' year™) (kg ha! year)
1 120 % of CFC Tekmira 79.75 11.487 2.412
2 100 % of CFC Tekmira 80.00 11.523 2.420
3 80 % of CFC Tekmira 80.75 11.631 2.443
4 60 % of CFC Tekmira 73.75 10.623 2.231
5 NPK control (25:7:12:3) 73.00 10.515 2.208
6 Single Fertilizer (standard fertilizer) 78.00 11.235 2.359
104
y =-0.0006x2 + 0.1127x + 4.5453
R? =0.8917
9
60 70 80 90 100 110 120

CCFTEKMIRA  eeeeeeees Poly. (CCF TEKMIRA)

Fig. 4. Data regression of production with a dose of mineral-based compound fertilizer

Copyright © 2018 Universitas Brawijaya
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Based on the statistical calculations
using ANOVA, the production of shoots on each
plucking showed no  significant difference
between each treatment with a coefficient of
diversity 12-36 %. The tea plant is a plant that
needs a lot of water to grow, therefore it is very
resistant to the long dry season (Dalimoenthe,
Apriana, & June, 2016). The tea production
depends on weather stability (Cheserek,
Elbehri, & Bore, 2015). The occurrence of
temperature changes, rainfall, and extreme
weather will affect tea plantations (R. P.
D. Gunathilaka, Smart, & Fleming, 2017). Based
on the rainfall data, some pluckings were
observed in the period with rainfall <100 mm
or called the dry period. Drought is one of the
main causes of productivity declining issues
of tea plant following an excessive rainfall.
An increase in average temperature by global
warming will reduce the productivity of tea
plantations (Duncan, Saikia, Gupta, & Biggs,
2016). Periods of drought can lead to reduce yield
and increase susceptibility to pest attacks
(Dikshit & Dikshit, 2014). Adequate rainfall will
affect the intensity of sunlight received by the
leaves and activate the process of
photosynthesis  (Setiawati, Wulansari, & Pranoto,
2014). The results study in Sri Lanka revealed
that the optimal rainfall for tea varied from
223-417 mm per month and decreased the
productivity to 29-81 kg ha' per month due
to the decreased of monthly rainfall of 100 mm
(Abeysinghe, 2014). Based on Ashardiono &
Cassim (2014) study, the selection of appropriate
cultivars and cultivation for the quality
production of tea can be applied for these
indicators, and became a powerful tool for
monitoring the effects of climate change and
maintained the production of tea. Future climate
impacts are projected to affect tea production
through  the rising  temperatures, where
cultivation management needs to adapt to this
temperature  change  (Dutta, 2014). The
production data for each treatment at each
plucking is correlated with rainfall (RF) as shown
in Fig. 3.

Fig. 3 showed the average production during
the dry period (RF < 100 mm) was 5.81 kg and the
average production during the wet period (RF >
100 mm) was 14.8 kg, it means that production
decreased to 60.74 % on dry period. The mean of
the highest production during dry periods was
found in the 3“treatments (80 % of CFC tekMIRA)
around 8.69 kg per 200 m? and the mean of the
highest production during wet periods was found
in the 2" treatment (100 % of CFC tekMIRA)
around 11.69 kg per 200 m2. On the 3 plucking,
the production decreased because of the
excessive rainfall. A productive tea tree plant
needs from 1.34 to 2.66 mm rainfall water at 10-28
°C per day (Chang & Wu, 1971). Water
availability also acts as a nutrient solvent from
the soil, therefore nutrients can be absorbed by
plants and maintain turgidity (Dalimoenthe &
Rachmiati, 2009). According to Wang et al.
(2016), soil water deficit affects the number of
important growth processes of tea yield and
highly sensitive to soil moisture conditions.

From the shoots production data
obtained in each plot (200 m?), interpolation by a
correction factor of 7.815 % were taken from
the diversity coefficient tabulated for 8 times
plucking and assumptions were 25 times of the
manual plucking. The data estimation of crop
productivity during the year was shown in Table 2.

Table 2 showed that the highest
plant productivity were on the 3™ treatments (80
% of CFC tekMIRA) which was 2,443 kg
ha'. The production estimation to all treatments
was under the potential productivity of clones
GMB 7 in three years after pruning, in the
amount of 5.391 kg ha' with a weight of pecco
shoots on medium plucking was 2.083 ¢
(Santoso et al.,, 2006). The relationship
between the dose of CFC and the production

of processed banji produced a regression
as shown in Fig. 4. From the regression
equation, application doses of complete
compound fertilizer  (CFC) mineral-based

that produced the optimal productivity of tea
clone GMB 7 on three years after pruning was
93.92 %.

Copyright © 2018 Universitas Brawijaya
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Analysis of Shoots

Analysis of shoots is one indicator of healthy
plant. Shoot observation analysis consists of the
number and weight of pecco and banji shoots.
The number of shoots produced will describe
the productivity of a tea plant (Ayu, Indradewa, &
Ambarwati, 2012). These data were calculated by
the ratio of the number of pecco with baniji shoots,
weight average of pecco shoots (g per shoots), and
weight average of banji shoots (g per shoots). The
normal ratio value is 2.33 (Pranoto, 2010), which
means there is a plucking every number of pecco
shoots 70 % and banji shoots 30 %.The proportion
of the energy needed for the process of growing
pecco shoots and banji shoots is greater than the
energy needed for the process of the growth of
other plant parts (Setiawati, Wulansari, & Pranoto,
2014). Climate change occurring in the area around
the tea bush directly affects the quality of the leaves
picked during harvest (Jones & Webb, 2010).
Shoots analysis calculation results were shown in
Fig. 5- Fig. 7.

From Fig. 5, it can be seen that
overall treatment and the ratio fluctuated from
pecco and banji shoots which was under 2.33. This
means that the whole treatment did not increase the
health of the tea plant. Similarly, the ratio

of pecco shoots with banji shoot, in Fig. 6 and Fig.
7 showed that pecco shoots weight of each unit
and banji shoots weight of each unit fluctuated.
The mean of pecco shoots weight of each unit for
8 times of plucking was the highest plucking and
was found in the 2nd treatments (100 % of CFC
tekMIRA) which was 1.98 g per shoots. Whereas,
the weight average of banji shoots of each unit for
the 8 times was the highest plucking in the 4th
treatments (60 % of CFC tekMIRA) which was
1.86 g per shoots. This showed that in carrying
out their metabolism as a function of production,
the need for macro and micro nutrients was
critical. If there is a deficiency of one nutrient, it
will affect productivity. This is in accorance with
the Liebig's Law of the Minimum.

Table 3. The dose of fertilizer (kg ha-' year-') for
mature tea with a minimum productivity target of
2,000 kg tea ha per year

Fertilizer Nutrient g(;t:gf IylZ(a)rs_:e)
Urea, Za N 250 - 350
TSP, PARP P,O, 60 — 120*
MOP, ZK K.O 60 — 180
Kieserit MgO 30-75
Seng sulfat ZnO 5-10

Source : Santoso et al. (2006)

Ratio

1.00
0.80
0.60
0.20
1st 2nd

Sth Gth Tth Bth

Plucking

3th 4ath
m 120% of CFC Tekmira

m 60% of CFC Tekmira

Fig. 5. Pecco and baniji shoots ratio

100% of CFC Tekmira

NPK Control {25:7:12:3)

m B0% of CFC Tekmira

Standard fatilizer (Single fertilizer)
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Fig. 7. Banji shoots weight of each shoots unit

The application of fertilizer required
macronutrient to be delivered effectively by soail,
while the micronutrient needs is obtained more
effectively through leaves (Haq, Rachmiati, &
Karyudi, 2014). These findings are in line with
Qamar-uz-Zaman, Shams-ul-Islam, Hamid, Ahmad,
& Sohail (2016) who observed a significant
increase in shoot length and number of roots of tea
plant with the application of ammonium sulphate.
Nutrient management plays an important role in

100% of CFC Tekmira

NPK Control (25:7:12:3)

5th &th Tth 8th

Plucking

W 305 of CFC Tekmira

Standard fertilizer (Single fertilizer)

land use, weather, and NPK fertilization (Miao,
Stewart, & Zhang, 2011) by directly or indirectly
assisting the optimization of nutrient use, improving
crop quality and soil health (Bhattacharyya,
Goswami, & Bhattacharyya, 2016). In accordance
with the standard dose of fertilizer for mature tea, it
can be seen that macro and micro nutrients needs
to achieve minimal productivity of 2,000 kg ha-1
year-1 (Table 3).

Copyright © 2018 Universitas Brawijaya
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Nitrogen (N) is the major nutrient affecting
tea growth, yield, and quality. The application of
nitrogenous fertilizer substantially increases the
production of new shoots and the content of
functional compounds, such as amino acids
(Kamau, Spiertz, & Oenema, 2008). Phosphorus
and potassium are also major nutrients for tea
production. Tea soils are highly weathered and
have Kaolinite clay minerals, where there is hardly
any binding site for K, which necessitated a
frequent application of K fertilizers. Therefore, a
balanced fertilizer application including K is
important for getting high-quality products (Singh &
Pathak, 2018), not only K but also all nutrient which
is needed for tea plant. Based on research (Karak
et al., 2015), a balanced fertilizer application would
be needed as a part of tea improvement program.

RAE index

Relative Agronomic Effectiveness (RAE)
value is calculated based on a formula that has
been determined, and shown in Table 4, by 5th
treatment (NPK control) as a control treatment and
the 6th treatment (standard fertilizer) as the
standard treatment. Table 3 showed that the value
of the highest RAE contained in the 3rd treatment
(80 % of CFC tekMIRA) of 155 %. This means that
the full mineral-based compound fertilizer (CFC)
with a composition of 80 % is a formula that has
the highest agronomical effectiveness. In relation
to this factor, soil texture influences some soil
properties such as organic matter retention,
microbial biomass and distribution of minerals. Soil
aggregates or soil structure with different particle
sizes had a variation of total N concentrations and
organic C in all tea plantations (Wang, Li, & Zheng,
2018). The identification of alternative sources of
fertilization that reduce impacts on soils is
necessary for the development of sustainable
agriculture and sustainable soil management
practices.

Table 4. Estimated of RAE Value (%) each treatment
No RAE value (%)
135
140
155
15
Control treatment

Treatment

Standard treatment

120 % of CFC Tekmira
100 % of CFC Tekmira
80 % of CFC F Tekmira
60 % of CFC Tekmira
NPK control (25:7:12:3)
Single Fertilizer (standard
fertilizer)

O O WN -

Source : Santoso et al. (2006)

CONCLUSION AND SUGGESTION

The result showed that the highest
production and plant productivity estimated
during the dry season was in 80% of CFC
TEKMIRA application or around 8.69 kg per
200 m? and the highest production during the
rainy season was in 100% of CFC TEKMIRA
application or around 11.69 kg per 200 m2. All
treatments did not increase the health of tea plant.
However, the application of CFC produced a higher
tea productivity compared to NPK control and
Single Fertilizer (standard fertilizer). The dose of
CFC that produce the optimal productivity of
tea clone GMB 7 on three years after pruning was
93.92 %. The application of CFC resulted in
the highest production in the rainy season
and the highest pecco weight indicating that the
health of tea plant is better than some other
treatments.
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