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Abstract: Clove is one of the agricultural commodities that have high economic and strategic values. The
objectives of this study are to assess climate elements that may affect the growth and yield of the clove
(Syzygium aromatikum L. Merr & Perry), to assess the quality and characteristics of the soil in the plantation
area of clove, and to assess the availability of groundwater in the plantation area of cloves. The study employed
survey methods with a distance of free observation and transects surveys and types of identifying observations,
mini pit and profile pit. The results showed that the average annual rainfall in the study site is 2,332.40
mm/year. The type of climate in the study site belongs to the climate type B with a value of Q = 0.17391. There
are two dry months that are very favorable for the production of clove. The characteristics of the land in the
study site are ideal for the growth and yield of clove. The soil moisture regime in the study site is udic and soil
temperature regime is isohyperthermic. There are five units of land (subgroups) of the Order Andisols namely:
Typic Durudands, Ultic Hapludands, Typic Hapludands, Typic Udivitrands, and Humic Udivitrands. The
cumulative deficit (APWL) which occurred in August was 15.00 mm, 46.4 mm in September and 59.9 mm in
October. Water is available for the growth and yield of clove almost all year, ranging from 82.0 to 218 mm/m.
Keywords: clove productivity, land management, sustainable agriculture

I.  Introduction

Clove is one of the agricultural commodities that have high economic and strategic values. These
commodities have an important role in agricultural sector development [1]. Farming for clove plantations in
Indonesia are generally managed by the people through traditional public estate. The production of clover
flower in 2011 reached 75,757 tons, consisting of 73,833 tons (97.5%) came from the public estate and the
remaining 1,924 tons (2.5%) were from private estate plantations. Clove farming business involves
approximately 1,041,881 households in rural area. Therefore, the role of cloves business in the national
economy is undoubtedly huge, especially in carrying the form of cigarette tax revenues reaching to IDR 50.5
Trillion in 2009 and IDR 58 Trillion in 2010 [2]. The demands for cloves in 2012 reached to 120 thousand
tonsand it was expected to reach 130 thousand tons in 2015 [3].

Clove is one of the important spice commodity in North Maluku. Both local government and people of
North Maluku cultivate cloves as a priority for agribusiness. The development of clove plantation area has
reached 20, 348 ha with the production of 5,396 ton, The average production is 270 kg/ha [4] [5]. In Ternate
Island, clove plants land area is recorded about 1,332 ha with a production of 445 tons/year [5]. There is a big
opportunity for the expansion of clove plantation in the Province of North Maluku because there is still
untapped potential land area of 1,776,313 ha of lands.

In order to optimize the development of the cloves, information related to the requirements of the plant
growth is very important. The important information includes characteristics of the soil, types of climate, and
other properties of the physical environment in which the plants are grown. Data on the nature of the physical
environment can be obtained through surveying and mapping of land resources [6] [7].

Ternate Island in one of the important sites of clove development. This island has potential high
diversity of clove [8]. The high diversity level of cloves in Ternate Island was supported by the condition of the
soils to support clove grows and productivity. It is proven by the existence of clove tree living up to 400 years
(Afo I variety) with the highest production + 250 to 300 kg per tree. This clove tree is the oldest tree ever and is
the important variety for genetic source. Currently there are the second and third generation Afo I cloves aging +
350 and + 300 years old with the highest yield of 150 to 200 kg per tree. The Afo variety is the parent or
ancestor of Zanzibar clove. The Zanzibar cultivar is inherited from Afo clove [9]. Zanzibar cloves have similar
morphology to Afo clove or have a very close kinship [10] [11]. The Afo clove has several advantages over
Zanzibar cloves, including having higher weight [8].

The growth and yield of clove is very vulnerable to water availability. Good water availability is part of
the elements of the climate as well as its existence in the soil. The water table is one of the factors that may
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affect the growth and yield of cloves. Assessing the potential of land resources can be done through the process
of land evaluation [6] [12] [13] [14] [15]. The objectives of this study were to assess the elements of climate that
may affect the growth and yield of cloves, to assess the quality and characteristics of the soil in the plantation
area of cloves, and to assess the availability of groundwater in the plantation area of cloves.

Il. Methods

This research was conducted in Ternate Island, Province of North Maluku with the width area of
10,168 ha. This site is located on coordinates 00°45°11.32>” NP — 00°52°05.10°” NP and 127°17°31.76”" LE —
127°23°20.41>* LE. The research was conducted in November 2013 to December 2014. The analyses for
physical and chemical characteristics of the soil were conducted at the laboratory of soil, Faculty of Agriculture,
University of Brawijaya.

Data for the observation and measurement of physical properties of the soil used landscape
(physiographic) approach. The method used was survey method with a distance free observation and transect
surveys and observations of type identification, mini pit and profile pit. The populations in this study were all
land units. Unit of land is the main object of study. The samples were land units for the observation and
measurement was done by purposive sampling by considering the homogeneity or similarity of the special
characteristics of the populations. The location of the soil profile observations performed on a unit of land that
has different morphological characteristics. The soil profile was made of 15 profiles. The distribution of soil
profile is presented in Figure 1.
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Figure 1. Distribution of Land Profiles at the Study site

Analysis of the potential of land resources, especially the ground potential was done by classifying the
lands based on the similarity and resemblance to natural and morphological, physics, chemistry and
mineralogical characteristics. The grouping referred to Key to Soil Taxonomy twelfth edition in 2014 by the
Soil Survey Staff. Analysis of the growth and yield used cluster analysis [16] [17] [18]. Analysis of soil water
balance was calculated based on the method of bookkeeping according to Thornthwaite and Mather (1957) [19].

I11. Result And Discussions

3.1. Climate

Climate is one of the most influential factors that determine the land use, weathering and soil
formation. Climate is one of the most dominant physical environments in influencing the soil properties [19].
The results of analysis showed that average annual rainfall of 2,332.4 mm. The highest rainfall in the study site
amounted to 298.3 mm occurred in May while the lowest rainfall of 92.8 mm occurred in September. The
results of the analysis showed that the ratio between the average number of dry months (1.6 months) and the
average number of wet months (9.2) was Q = 0.17391, which is classified into Type B climate according to
Schmidt & Ferguson, (1951) [20]. Temperature is one element of the climate that plays a role in physical,
chemical, biological processes involved in the formation and development of the land. In this study area,
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temperature is ranging between 24.1°C to 30.6°C with average annual temperature of 26.9°C. Sunlight intensity
basically has significant impact on the morphological properties of the plants. The average intensity of sunlight
was 57.7%, with the lowest radiation occurred in December of 50.7% while the highest was 67.7% in October.
The average annual humidity is 82.38% ranging from 78.1% in October to 84.6% in December. The average
annual wind speed was 8.03 km/hour, with the fastest speed occurred in January 10.4 km/hour while the lowest
in November of 6.5 km/hour.
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Figure 2. The Average Annual Rainfall in the Study site

3.2. Soil

The apparent morphological characteristics of the soil in the study site was the pedon, a subsoil, part of
the earth’s crust composed of mineral and organic materials with largely have a deep cross section (more than
90 c¢cm), and the horizon A thickness varies from 10 to 39 cm while horizon B was more than 45 cm. There are
two moderate categories (with 50-90 cm in depth) of subsoil namely RHP-7 and RHP-10 and shallow subsoil
(less than 50 cm in depth) is RHP-6. The characteristic of horizon A is generally dark or black (10YR 2/1) to
very dark brown (L0YR 2/2). For the horizon B, the soil color is brighter than horizon A which is generally very
dark brown (10YR 2/2) to fawn (L0YR 5/6). In terms of organic material level, the horizon A is higher than the
horizon B that makes the subsoil has darker color. Subsoil studied generally have tabled horizon A-AB-Bw-C
indicating that the soil in the early stages of profile development. There are two subsoil that have become
argillic horizon namely subsoil RHP-1 and RHP-2. The results of physical analysis of soil are presented in Table
1.

The soil texture in the study generally varies from silt loam to sand, except in subsoil RHP-1 has clayey
loam texture to silt clay as well as on some horizons at subsoil RHP-2 and SAS-1 that are included into fine to
medium soil texture [21]. The clay content was low with variations ranging from 3 to 29% in horizon A and
ranging from 4 to 41% in the horizon B. The content of the sand in subsoil is generally quite high with a
variation of 34-72% in horizon A and 7-87 % in horizon B. Sub-soils with a high sand content are derived from
material from the volcanic eruption similar to that found in the volcanic material in Mount Arjuno in East Java
[22] and West Halmahera [23]. The high level of sand shows the low degree of weathering of volcanic material
or the weathering is in the early stages.

Bulk density is the indication of the density of the soil, showing the ratio between the dry soil weight
and the soil volume including the volume of soil pores. The value of bulk density (BI) ground at fifteen selected
sub-soils was divided into eight low sub-soils category which varies ranging 0.57 to 0.88 gr/cm®, except Bl on
the horizon A sub-soils RHP-2 0f0.95 gr/cm®, RHP-4 0.94 gr/cm®, RHP-5 and SAU-1 0.93 gr/cm®. The eight
sub-soils are RHP-2, RHP-4, RHP-5, RHP-11, SAT-1, SAS-1, SAB-1 and SAU-1. There are seven sub-soils
that have greater BI > 0.90 gr/cm®namely RHP-1, RHP-3, RHP-6, RHP-7, RHP-8, RHP-9 and RHP-10. Bl value
of < 0.90 gr/cm® meets one of the requirements of andic soil properties in the first group, but not for the
requirement in the second group in the Soil Taxonomy [21]. The low Bl on the sub-soils is presumably because
the soil contains a high amorphous material with a large surface area, so that the pore spaces are quite large. Soil
porosity at the sub-soils which have BI < 0.90 gr/cm®ranged from 60.4% to 75.1%.

Table 1. Results of Physical Analysis of Soil in the Study site

Pedon Hor. | Moist colors | Texture Bulk density Specific Porosity
Sand(%) | Silt(%) | Clay(%) | Class glcm® gravity (%)
RHP 1 A 10 YR 2/2 29 42 29 CL 0,97 2,44 60,3
AB 75YR25/2 | 20 48 32 CL 1,05 2,40 56,5
RHP 2 A 10 YR 2/2 24 54 22 SiL 0,95 2,40 60,4
AB 75YR2572 | 15 57 28 SiL 0,85 2,58 67,0
RHP 3 A 10 YR 2/1 31 50 19 SiL 1,1 2,26 51,3
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AB 10 YR 2/2 29 46 25 L 0,94 2,28 58,8
RHP 4 A 10 YR 2/2 30 48 22 L 0,94 2,38 60,6
AB 10 YR 3/3 33 45 22 L 0,69 2,17 68,1
RHP 5 A 10YR 2/2 51 37 12 L 0,93 2,26 58,7
AB 10 YR 3/3 36 49 15 L 0,68 2,36 71
RHP 6 A 10 YR 2/1 52 39 9 SL 1,01 2,06 51
AC 10 YR 3/3 75 17 8 SL 1,22 2,33 47,7
RHP 7 A 10 YR 2/2 50 38 12 L 1,14 2,24 49
AC 10 YR 3/2 56 41 3 SL 1,42 2,58 45,2
RHP 8 A 10 YR 2/2 42 46 12 L 0,94 2,1 55,3
Bw 10 YR % 35 48 17 L 0,97 2,19 55,8
RHP 9 A 10 YR 2/1 38 40 22 L 0,96 2,24 57,1
AC 25Y 32 33 43 24 L 0,96 2,42 60,5
RHP10 A 10 YR 2/2 72 25 3 S 11 2,08 47,4
Bw 10 YR % 87 10 3 S 1,01 2,43 58,3
RHP11 A 10 YR 2/2 47 35 18 L 0,8 2,16 62,8
AB 10 YR 3/3 40 45 15 L 0,61 2,28 73,1
SAT1 A 10 YR 2/2 34 51 15 SiL 0,7 2,13 67,1
AB 10 YR 3/3 29 52 19 SiL 0,81 2,19 63
SAS 1 A 10 YR 3/2 35 42 23 L 0,69 2,18 68,6
AB 10 YR 3/3 32 45 23 L 0,63 2,13 70,4
SAB 1 A 10 YR 2/2 59 33 8 SL 0,86 2,04 57,9
AB 10 YR % 46 41 14 L 0,8 2,36 66,3
SAU 1 A 10 YR 2/2 47 38 15 L 0,93 2,14 56,4
AB 10 YR 3/3 48 44 8 L 0,88 2,2 60,2

Source: Research Data Results, 2015

Porosity is the proportion of the total pore spaces (empty space) contained in volume unit of the soil
that can be filled by water and air, so it is an indicator of the condition of drainage and aeration of the soil [24].
Soil with a big weight will be difficult to for the water to flow or difficult for the plants’ roots to penetrate the
soil, and vice versa for the soil with a low bulk density, the plants’ roots will easily develop [15]. Soil porosity
in observed sub-soils ranged from 43% to 76.5%.

Results of the analysis of soil chemical properties (Table 2) in subsoil showed pH value of H20 ranged
from 4.6 to 5.5 on the horizon A while 4.4 to 5.5 on the horizon B. The pH value of KCI was lower in all sub-
soils (ranged 4.3 to 5.3) of pH H,0 showing negative soil adsorption complex that are capable of performing an
ion exchange. The relatively low pH in the sub-soils was presumably due to leaching of bases (alkalis) which
are relatively high. The steady rainfall almost the whole year and the conditions of relatively coarse soil texture
is the factors of intensive leaching of bases.

C-organic is the main component of organic material. Organic materials of the soil are complex organic
compounds that are experiencing or have experienced weathering processes, either in the form of humus
resulted of humification or inorganic compounds mineralization results [24]. Level of C-organic soil in horizon
A is generally high and decreased in horizon B irregularly, except for subsoil RHP-3. Level of C-organic
horizon A varies ranging from 1.30 to 4.93% which is categorized into high. The content of C-organic in
horizon B ranges from 0:09 to 2.75% which is low to moderate (Table 2). Irregular decrease is anticipated by
the deposition of several times of the eruption of Mt. Gamalama in Ternate Island.

Levels of exchangeable bases (Ca, Mg, K, Na) varied in all sub-soils and were generally dominated by
Ca and Mg. It was classified as moderate to high. High levels of Ca and Mg were allegedly derived from the
weathering of minerals plagioclase and pyroxene. In contrast, K and Na contents varied from low to moderate.
This indicates that the sub-soils are rich in nutrients.

Table 2. Results of Chemical Analysis of soil in study site

Pedon Hor. | pH C- N-tot. | C/N| P.Brayl Cation exchange arrangement CEC > Base | BS
org. (%) mg/kg (NH4OAC pH: 7) (%)
H.O [ KCI| (%) K [Na [ca [ Mg
.......................... me/100g....c.coeviininnnans

RHP-1 | A 51148 164 [ 019 |9 2,40 0,25 017 | 760 | 0,84 | 28,63 8,87 31
AB 53 149|051 |007 |7 2,56 0,10 0,20 | 918 | 036 | 30,50 9,83 32

RHP-2 | A 49 |43 1192 | 020 |9 2,38 0,10 016 | 7,22 | 218 | 33,01 9,67 29
AB 50|44 1080 |010 |38 3,31 0,08 0,26 | 838 | 279 |36,71 11,52 31

RHP-3 A 51|47 | 2,18 0,20 11 | 471 0,23 0,19 9,28 2,65 33,69 12,35 37
AB 53 [ 50 | 1,15 0,11 11 | 10,23 0,06 0,18 11,42 | 0,31 31,39 11,97 38

RHP-4 A 52 |50 | 152 0,21 7 2,51 2,52 1,00 7,25 2,48 34,77 13,24 38
AB 53149 117 |013 |9 2,65 2,73 1,12 | 9,14 | 299 | 43,02 15,98 37

RHP-5 | A 53 150|247 | 010 |26 | 236 0,07 0,14 | 666 | 050 | 24,83 7,36 30
AB 54 |52 ]119 0,06 21 | 2,69 0,15 0,18 4,74 2,47 24,44 7,54 31

RHP-6 | A 46 | 43 1493 039 |12 | 3,08 0,04 013 | 244 | 130 | 2537 3,91 15
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RHP-7 | A 53 |51 (187 [023 |8 2,96 0,08 013 | 250 | 1,72 16,94 4,43 26
AC 55 (52 (009 [002 |5 13,07 0,01 013 | 230 | 2,76 | 9,36 5,19 56
RHP-8 | A 53 [ 50 207 [023 |9 2,34 0,16 018 | 493 | 0,99 | 26,76 6,26 23
Bw 54 (51154 [019 |8 3,20 0,14 028 | 827 | 219 | 3319 10,89 33
RHP-9 | A 52 |50 (297 [029 |10 | 3,08 0,03 0,16 | 569 | 6,99 | 20,93 12,86 61
AC 55 (53 ]02 [004 |7 3,56 0,01 009 | 270 | 030 | 815 3,10 38
RHP10 | A 54 (51210 |[021 |10 | 530 0,65 050 | 544 | 064 | 30,38 7,24 24
Bw 54 (50133 [013 |10 | 3,93 0,50 0,30 | 8,97 183 | 31,52 11,59 37
RHP11 | A 52 [ 50 [ 312 [ 035 |9 4,04 0,20 018 | 564 | 0,85 | 3243 6,87 21
AB 54 (51238 [028 |8 3,58 0,10 015 | 567 | 057 | 32,04 6,48 20
SAT-1 | A 47 |42 | 258 023 |11 | 257 0,34 0,28 | 560 | 145 | 30,62 7,66 25
AB 51 (44 105 |007 |8 2,72 0,28 042 | 901 | 153 | 3771 11,24 30
SAS-1 A 50 [ 48 | 442 | 050 |9 4,46 0,28 022 | 6,60 | 094 | 3450 8,04 23
AB 50 [ 48 | 275 [ 034 |8 3,80 0,12 021 | 743 | 080 | 3811 8,57 22
SAB-1 | A 55 (53130 [029 |5 3,07 0,07 013 | 470 | 016 | 21,97 5,06 23
AB 54 (52 |08 [014 |6 3,12 0,13 014 | 2,64 | 0,66 17,88 3,57 20
SAU-1 | A 5149 240 [ 033 |7 2,29 0,08 018 | 3,39 | 242 | 21,88 6,07 28
AB 52 |49 122 | 016 |8 2,33 0,04 015 | 29 | 115 17,78 4,29 24

Source: Research Data Results, 2015

Cation Exchange Capacity (CEC) is the chemical property that is very closely related to soil fertility.
Soils with organic matter content or high clay content have a higher CEC compared with low organic soil matter
content or sandy soils [25]. Cation exchange capacity is influenced by the type and amount of colloidal clay
minerals, clay content and organic ingredients. CEC on all sub-soils varies ranging from moderate (20.93 to
34.50 me/100gr) on the horizon A and (8.15 to 43.02 me/100gr) on the horizon B. The low partly CEC is caused
by the low organic matter content clay content. Soils with organic matter content or high clay content have a
higher CEC compared with low organic soil matter content or sandy soils [25].

Base cations are generally necessary nutrients for the plants. Bases are very easily leached, so that the
soil with a high base saturation indicates that the land is not washed so it is categorized a fertile soil. Base
saturation is closely related to soil pH. Soils with low acidity degree generally have a low base saturation, and
vice versa. Sub-soils base saturation in the study site range from low to very high (31 to 77%). In general, in the
horizon A base saturation was high.

Nitrogen is the main macro nutrients needed by plants in large amounts, absorbed by plants in the form
of ammonium (NH,") and nitrate (NO3"). The element nitrogen acts as a constituent of all proteins, chlorophyll
and nucleic acids, as well as instrumental in the formation of coenzyme [24]. Total nitrogen is closely correlated
with the N-ammonium than N-nitrate. The content of N-total in the studied sub-soils ranged from moderate to
very low (0.37 to 0.03 gr/kg).

The main source of soil solution P is the result of weathering of the main material and also comes from
decomposition of organic P mineralization of the remaining of plants that immobilizes P from the soil solution
and animals [24]. Plants usually absorb P in the form H,PO, and a small portion in the form of secondary
HPO,Z. The level P,0sfound in the sub-soils in the study site area ranged from moderate to very low (1.21 to
0.05 gr/kg). Generally, the level of P,Os is at a very low condition.

The element potassium is second’s most absorbed macro nutrients by the plants. The availability of
potassium in the soil is generally low compared to other bases. The content of K,O available in sub-soils in the
study site is in the range from 0.87 to 0.05 gr/kg. Chemical properties of the sub-soils in the study site are
presented in Table 2.

Soil moisture regime in the study area was udic while for the soil temperature regime was
isohyperthermic. Based on morphological, physical, chemical characteristics of the soil, minerals and the
characteristics of volcanic, then in the area of research there are five units of land (subgroups) of the Order
Andisols namely: Typic Durudands, Ultic Hapludands, Typic Hapludands, Typic Udivitrands, Humic
Udivitrands [21].

3.3. Water Availability

The availability of groundwater may affect directly to the growth and yield of plants. Such cultivation
on dry land, water becomes the most decisive hindrance factor and rainfall is the main water source for the plant
growth. The uncertain rainfall, both in number and intensity, time the rains became decisive factor that may
cause of the difficulty of the farming in predicting the right period for planting the crops or adjusting the
cropping pattern caused by fluctuating water availability.

Analysis of soil water balance is critical because water balance affect input, output, and changes in
water storage contained in particular land [26]. It is even very necessary for such cultivation of crops on dry
land. The amount of each component of the cycle can be measured and combined with each other to produce a
balance sheet or a balance of water on land [27]. Water balance is very beneficial to equip a general overview
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of the water situation in one region (precipitation, evapo-transpiration, and changes in soil moisture content
over time). It is also useful to assess the ability of one area to be planted by predicting the water needs of the
plants and examining the relationship of climate or weather with the crop yield.

Data and profiles related to groundwater balance provide some important information about the amount
of water that can be obtained, the value of the surplus of water that cannot be accommodated. The water balance
is the net change of water supply, taking into account all input (water inflow) and output (water outflow) of the
hydrologic system [28]. Spatial variations in the distribution of land use, soil texture, topography, groundwater
availability, and hydro-meteorological conditions should be taken into account in the estimation of water
balance.

General overview of the level of soil water availability was obtained by analyzing the data related to
rainfall intensity and potential evapo-transpiration (ETP). The average monthly rainfall and potential evapo-
transpiration in the study site is presented in Figure 2. Rainfall and potential evapo-transpiration may provide
important information about the approximate amount of water that is obtained to determine the period of surplus
or deficit of water in the soil, which can be analyzed through the water balance calculation.
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Figure 3. Precipitation (P) and Potential Evapo-transpiration (PE) in regional water balance

Results of calculation of monthly water balance equation in the study site were to describe the
condition of water availability represented by each unit of land. The average annual rainfall during 2004 and
2013 in the study site was is 2,332.40 mm/year. The cumulative amount of the deficit (APWL) which occurred
in August was 15.00 mm, 46.4 mm in September and 59.9 mm in October. The main source of water to supply
the needs of the plant is from rainfall. Each unit of land has different characteristics. Results of the analysis of
water availability in the study site are presented in Table 3.

Table 3. Results of Analysis for Water Availability in the Study site

e  Profile code *  Field capacity *  Permanent wilting e  Wateravailable(mm/m)
(mm/m) point (mm/m)

. RHP-1 . 463,8 . 285,9 . 1779
e  RHP-2 o 44772 e 2933 e 1539
e RHP-3 e 3980 o 2402 o 1578
. RHP-4 . 374,8 . 190,2 . 184,6
. RHP-5 . 312,8 . 188,4 . 1244
. RHP-6 . 107,1 . 315 . 75,6
. RHP-7 . 143,3 . 38,3 . 105,0
. RHP-8 . 376,3 . 221,0 . 155,3
. RHP-9 . 184,1 . 77,0 . 107,1
e RHP-10 o 2479 e 1659 e 820
. RHP-11 . 325,6 . 165,5 . 160,1
. SAT-1 . 4145 . 2744 . 140,1
. SAS-1 . 404,9 . 284,1 . 120,8
e SAB-1 o 3887 o 2219 o 1668
e SAU-1 e 3863 o 1678 e 2185

IV. Conclusion
The average annual rainfall in the study site is 2,332.40 mm/year. The type of climate in this area
belongs to the type B climate with a value of Q = 0.17391. There are two dry months that are very favorable for
the yield of clove. The characteristics of the soil in the study site are categorized into ideal for the growth and
yield of cloves. Soil moisture regime in the study area is udic and soil temperature regime isohyperthermic.
There are five units of land (subgroups) of the Order Andisols namely: Typic Durudands, Ultic Hapludands,
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Typic Hapludands, Typic Udivitrands, and Humic Udivitrands. The cumulative amount of the deficit (APWL)
which occurred in August was 15.00 mm, 46.4 mm in September and 59.9 mm in October. The water is
available for growth and yield of clove in almost whole year ranging from 82.0 to 218 mm/m.

Acknowledgements
Special thank goes to Rector of Brawijaya University, Rector of Khairun University Ternate, Dean

Faculty of Agriculture Brawijaya University and Dean of Faculty of Agriculture Khairun University Ternate for
the permission and facility to support the study.

1.
[2).

[3].
[4].
[5].
[6].
[7].
[8].

(9.

[10].
[11].

[12].

[13].

[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].
[23].
[24].
[25].
[26].
[27].

[28].

References
JW. Purseglove,EG. Brown, CL. Green & SRJ. Robbins, Spices. Vol. 1. (Longman, 1981)
Direktorat Jenderal Perkebunan, Pedoman Teknis Rehabilitasi Tanaman Cengkeh Tahun 2012 (Kementrian Pertanian Republik
Indonesia, Jakarta, 2013).
Puslitbang perkebunan, Kebutuhan cengkeh untuk Industri Rokok Kretek (Infotek Perkebunan 4 (11) Desember 2012 Pusat
Penelitian dan Pengembangaan Perkebunan, Badan Litbaang Kementrian Pertanian, 2012).
Distan Malut, Laporan Tahunan Kinerja Dinas Pertanian Provinsi Maluku Utara Tahun 2013 (Dinas Pertanian Provinsi Maluku
Utara, Sofifi, 2014).
BPS. Kota Ternate Dalam Angka (Badan Pusat Statistik Kota Ternate Provinsi Maluku Utara, 2014).
L. Rayes, Metode Inventarisasi Sumberdaya Lahan (Andi, Yogyakarta, 2007).
RH. Meena S.R. Choudhary and S.S. Sharma. Land Suitability for Maize in Banswara District of Rajasthan. Journal of Advances in
Developmental Research. 2(1): 47 — 49, 2011.
M. Hadad, M. Herman, M. Sukur and D. Howara. Blok Penghasil Tinggi Cengkeh Afo Il Sebagai Sumber Benih di Ternate Maluku
Utara. Prosiding Seminar Nasional Rempah. Pusat Penelitian dan Pengembangan Perkebunan: 270-278. 2007.
DM. Taher, Nurhasanah, N. Papuangan. Potensi cengkeh (Syzygium aromaticum) varietas Afo sebagai larvasida alami nyamuk
Anopheles subpictus dan Aedes aegypti Potention of clove (Syzygium aromaticum) Afo variety as natural mosquito larvicidal of
Anopheles subpictus and Aedes aegypti. Pros Sem Nas Masy Biodiv Indon 1(6): 1478-1482, 2015.
A. Hamid, A. Abdullah, Plant material of clove cultivation (FAO of the United Nations, 1988).
C. Tresniawati and E. Randriani. Uji Kekerabatan Aksesi Cengkeh di Kebun Percobaan Sukapura. Balai Penelitian Tanaman
Rempah dan Aneka Tanaman Industri. Buletin Plasma Nutfah, 17(1): 40-45, 2011.
FAO. A framework for land evaluation Soil Bulletin 32 (Food and Agricultural Organization of the United Nations, Rome,
1976).
ORA El-Kawy, HA. Ismail, JK. Rod, AS. Suliman. A Developed GIS-based Land Evaluation Model for Agricultural Land
Suitability Assessments in Arid and Semi Arid Regions. Research Journal of Agriculture and Biological Sciences, 6(5): 589-599,
2010.
BZ. Vargahan, F. Shahbazi and M. Hajrasouli. Quantitative and qualitative Land Suitability Evaluation For Maize Cultivation In
Ghobadlou Region, Iran. Ozean Journal of Applied Sciences, 4 (1), 91-104, 2011.
H. Hardjowigeno dan Widiatmaka, Evaluasi Kesesuaian Lahan dan Perencanaan Penggunaan Lahan (Gadjah Mada University
Press, Yogyakarta, 2011).
JE. Louhenapessy, Evaluasi dan Klasifikasi Kesesuaian Lahan Bagi Sagu (Metroxylon spp). Doctoral diss., Universitas Gadjah
Mada, Yogyakarta, 1994.
S. Padmosudarso, Kesesuaian Lahan Bagi Salak Pondoh di Turi Sleman DIY. Doctoral diss., Universitas Gadjah Mada,
Yogyakarta, 2000.
P. Subroto, Ketepatan Penggunaan Analisis Tandan Pada Klasifikasi kesesuaian Lahan di turi Sleman DIY. Jurnal Penelitian dan
Informasi Pertanian “Agrin” 10(2),1-2. 2006.
CW. Thornthwaite and JR. Mather, Introduction and Tables for Computing Potential Evapotranspiration and Water Balance
(Publication in Climatology, New Jersey, 1957).
B. Tjasyono, Klimatologi. Institute Teknologi Bandung, Bandung, 2004.
Soil Survey Staff, Key To Soil Taxonomy 12™ Edition (United States Department of Agriculture, 2014).
M. Munir, Perkembangan Tanah Berasal Dari Abu Volkan Di Lereng Utara Dan Selatan Gunung Arjuno Jawa Timur. Doctoral diss.
Institut Pertanian Bogor, Bogor, 1983.
Hikmatullah, Sifat-Sifat Tanah Yang Berkembang dari Bahan Volkan di Halmahera Barat, Maluku Utara. Jurnal I[Imu-limu
Pertanian Indonesia, 12 (1), 40 — 48, 2010.
KA. Hanafiah, Dasar - Dasar llmu Tanah (PT. Raja Grafindo Persada, Jakarta, 2012).
S. Hardjowigeno, llmu Tanah (Akademika Pressindo, Jakarta, 2007)
Hilell. The Field Water Balanced And Water Use Efesiensi. In: D Hillel (Ed), Optimizing The Soil Physical Enviroment Toward
Greater Crop Yields (Academic Press, New York, 1972).
S. Suprayogo, Testing the safety-net hypothesis in hedgerow intercropping: Water Balance and Mineral-N Leaching In the Humid
Tropics. Doctoral diss. Imperial College of Science, Technology and Medicine, University of London, London, 2000).
JC. Latha, S. Saravanan and K. Palanichamy, A semi - distributed water balance model for Amaravathi river basin using remote
sensing and GIS. International Journal of Geomatics and Geosciences 1(2), 1-10, 2010.

DOI: 10.9790/2380-09220107 www.iosrjournals.org 7 | Page



