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 Generally, Nutmeg in Wakatobi are mixed with other trees (mixed planting), among 

others with coconut trees. Composition of nutmeg and coconut plants on planting 
system are associated with litter contribution on soil organic matter content to affect the 

soil fertility under the nutmeg stands. This study purpose is to determine the effect of 

composition of nutmeg and coconut plants on soil fertility characteristics and nutmeg 
production. This study uses observation method to determine trees samples set 

purposively based on composition of nutmeg and nearest coconut. There are 14 

compositions in three replicates (42 pairs composition). Soil samples were taken at 
crown projection of nutmeg trees samples to be analyzed in a laboratory to interpret the 

characteristics. Soil fertility characteristics in all plants composition of pairs nutmeg 

agro-ecosystems are relatively similar with significant differences is occurred only in 
levels of phosphorus (P) and magnesium (Mg). Soil reaction (pH) and P gives the 

largest contribution to any other component of soil fertility on nutmeg production. 

Production (sums of fruits, weight of maice, weight of kernel) of single nutmeg are 
relatively similar (insignificantly differ) with compositions of 1 nutmeg + 1 nutmeg and 

1 + 1-2-3 coconut. It indicates the nutmeg near the coconut trees is not significantly 

reduced the production. This means lower nutmeg production in composition of nutmeg 

and coconut is caused by amount of adjacent nutmeg and not caused by coconut trees. 

Therefore, nutmeg can be planted together with coconut trees. 
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INTRODUCTION 

 

 Nutmeg (Myristica sp.) is known as a native spice plant of Indonesia who came from Banda Island, Maluku 

[19,3]. Nutmeg has a high economic value because of mace and kernel are useful as ingredients and spices, 

cosmetics industry, and medicine [20]. The pulp can be processed into candy nutmeg, syrups, and jams. 

 All nutmeg plant in Wakatobi are people's plantation. Total area in 2008 is about 5.0 ha [7] and by 2013 

had reached about 8.0 ha [1]. Nutmeg is grown together with other plant such as coconut, coffee, cocoa, or on 

sidelines of forest trees such as walnut. Interviews with farmers informs that nutmeg production in this area 

ranges from 5-15 kg of dry seed per tree per year, equivalent to 1000-3000 seeds per tree per year (average of 1 

kg dry nutmeg = 200 seeds). 

 Nutmeg plantation condition at mixed-planting system as described above resembles with agro forestry 

ecosystems with "semi-closed" or having nutrient cycle among closed and open systems. Closed nutrient cycles 

is found in the forest ecosystem with nutrient input is higher than the lost nutrients, while the 'open' nutrient 

cycle is found in agricultural systems because it has a large amount of nutrient loss than nutrient input [14]. 

Nutrient input in the system is obtained from the decomposition of litter or re-absorption of nutrients in the soil 

layer depth, while loss of nutrients occurs through leaching and transported together with yields. In that context, 

the analysis of organic matter content and soil nutrients will be the important information for status of soil 

fertility in forest floor nutmeg. The purpose of soil organic matter content testing is to obtain information on the 
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physical and chemical characteristics of the soil, while the extraction of macro and micro elements is to 

determine the status of soil nutrients [18]. 

 Planting systems determine the structure and composition of plants. Structure relates with number of trees 

at level at a certain diameter, while the composition involves a category of trees [30]. Vegetation diversity 

affects on closure rate of ground surface and number and kinds of organic matter inputs [11]. Differences 

between species in number of plants affect on chemical properties of litter, litter biomass, temperature and soil 

moisture [9,10]. Nutmeg plants in Wakatobi is never fertilized. Therefore, nutmeg and coconut planting 

systems, soil nutrient inputs to trees needs nutmeg only depend on decomposition result of organic matter from 

leaf litter and twigs and leftover meat harvested nutmeg and litter leaf, fruit and coconut husk. The soil nutrients 

in an area is affected by conditions of organic material from vegetation on it [15]. 

 The trees number in composition of nutmeg and coconut plants can lead to competition between plants, 

especially if at adjacent distance. According Hairiah et al. [15], competition is usually manifested in form of 

barriers to growth of other plants indirectly through reduced light intensity due to shade level or the depletion of 

nutrient availability and water because of close rooting two plants types. 

 Nutmeg plants agro-ecosystem has been survived for centuries and widely studied by Hadad and Shakir 

[13], Hadad et al. [13] Wardiana et al. [38], Wahyuni et al. [37] Hadad and Hamid [13], but the specific nature 

of their behavior has not been understood (Syekhfani, 2015). Studies on soil fertility characteristics in land 

planting systems of nutmeg and coconut and its influence on nutmeg production has not been done, generally in 

Southeast Sulawesi and specifically in Wakatobi. This research was conducted to determine: a) effect of tree 

composition on soil fertility characteristics and nutmeg production, b) relationship between the soil fertility 

characteristics on nutmeg production, and c) indication of competition among the nearest neighboring plants in 

composition of nutmeg and coconut, 

  

MATERIALS AND METHODS 

 

Time and Location: 

 The research was conducted from January to December 2013 in nutmeg plantations owned by farmers in 

Wangi-Wangi district, Wakatobi, Southeast Sulawesi Province. Location is determined purposively based on 

planting systems applied, ie nutmeg mixed with coconut. Nutmeg extensive gardens covers an area of 3.68 ha. 

 This study location lies in altitude of 184-185 m above sea level, 05
0
17.552’ - 05

0
17.557’ altitude dan 

123
0
33.612’ - 123

0
33.623’ longitude. Land surface is flat to undulating. According to Schmidt and Ferguson's 

classification, Wangi-Wangi District is included in type E (rather dry) climate classification with savanna 

vegetation forest types. Monthly average rainfall during research was in the range from 12 mm (October) to 582 

mm (May) with a total annual rainfall of 2706 mm and number of rainy days 148 days. 

 

Trees Samples: 

 Nutmeg and coconut plants ages are 40 years, spread on an area of 3.68 ha. Nutmeg trees have average 

height ranges from 13-17 m, stem diameter of 19-24 cm, and canopy width of 6-9 m. Coconut is higher than 

nutmeg. Coconut trees can shade nutmeg in adjacent. Plants samples are chosen purposively namely nutmeg and 

coconut trees at nearest neighbors with intersection canopy. There 14 pairs of nutmeg (N) and coconut trees (C), 

namely: single nutmeg tree/without intersection canopy (n1), intersection of 1 nutmeg + 1 nutmeg (n1n1), 1 

nutmeg + 1 coconut (n1c1), 1 nutmeg + 2 coconut (n1c2), 1 nutmeg + 3 coconut (n1c3), 2 nutmeg + 1 coconut 

(n2c1), 2 nutmeg + 2 coconut (n2c2), 2 nutmeg + 3 coconut (n2c3), 3 nutmeg + 1 coconut (n3c1), 3 nutmeg + 2 

coconut (n3c2), 3 nutmeg + 3 coconut (n3c3), 4 nutmeg + 1 coconut (n4c1), 4 nutmeg + 2 coconut (nc2), and 4 

nutmeg + 3 coconut (n4c3). Each pair composition was observed in three replicates (14 pairs x 3 = 42 pairs 

sampling unit). Single nutmeg (n1) and 1 nutmeg + 1 nutmeg (n1n1) neighbors away with palm trees and there 

is no canopy intersection. On each pair composition, nutmeg trees become "attributes" of composition. Point-

Centered Quarter (PCQ) sampling method is used to calculate the distance of nutmeg trees "attribute" to nearest 

neighbor trees. Sampling points were placed on nutmeg trees "attribute", then the distance point-to-trees of 

nearest neighbor in each quadrant is calculated for each sampling unit (pairs of compositions) by species 

(nutmeg and coconut). The average distance to neighbor nutmeg trees "attribute" in each pair of compositions 

are presented in Table 1. 

 
Table 1: Average distance to nutmeg trees neighbor "attributes" in composition of nutmeg and coconut 

Composition Pair (N + C) Distance of neighbor tree to nutmeg “attribute” (m) 

Nutmeg (N) Coconut (C) 

n1 10.56 10.12 

n1n1 7.84 10.50 

n1c1 9.12 7.88 

n1c2 9.51 4.35 

n1c3 9.90 5.10 

n2c1 6.46 6.23 



183                                                                   Abdul Madiki et al, 2015 

Advances in Environmental Biology, 9(11) June 2015, Pages: 181-188 

n2c2 5.97 5.15 

n2c3 4.90 4.12 

n3c1 5.20 4.54 

n3c2 4.81 3.82 

n3c3 4.36 4.11 

n4c1 4.42 4.24 

n4c2 4.75 4.03 

n4c3 4.39 4.24 

Note: n1 = 1 nutmeg, n1n1 = 1 nutmeg + 1 nutmeg, n1c1= 1 nutmeg + 1 coconut, n1c2 = 1 nutmeg + 2 coconut, n1c3 = 1 nutmeg + 3 coconut, 
n2c1 = 2 nutmeg + 1 coconut, n2c2 = 2 nutmeg + 2 coconut, n2c3 = 2 nutmeg + 3 coconut, n3c1 = 3 nutmeg + 1 coconut, n3c2 = 3 nutmeg + 2 

coconut, n3c3 = 3 nutmeg + 3 coconut, n4c1 = 4 nutmeg + 1 coconut, n4c2 = 4 nutmeg + 2 coconut, dan n4c3 = 4 nutmeg + 3 coconut. 

 

Soil Fertility Characterization: 

 Samples is collected by simple random sampling and located under the canopy of nutmeg trees (Jones, 

2001) in August 2013 at second peak of harvest season. Soil samples under the nutmeg trees is taken at 4 points 

(north, south, east, west) below the nutmeg trees canopy composition of each pair. Each point is taken 100 g (4 

x 100 = 400 g) at a depth of 0 - 50 cm. In addition, soil samples were also taken outside the garden nutmeg as a 

comparison. Soil samples from each sample point further composed (single composite) as sample of each pair 

composition of trees, then filled in polyether bag to be brought to laboratory. Components of observed soil 

fertility consist of texture, pH, organic C (%), N-total (%), C/N ratio, P Olsen (mg kg
-1

 P), K (me 100 g
-1

), Ca 

(me 100 g
-1

), Mg (me 100 g
-1

), CEC (me 100 g
-1

), and Base Saturation (%). Soil texture analysis uses a 

pipette/hydrometer; Soil pH is determined by buffer solution method of pH 7.0 (pH H2O). C-organic is analyzed 

by spectrophotometer. N-total is analyzed by Kjeldahl method. P is analyzed by Olsen method with bicarbonate 

extraction. K, Ca, Mg, and CEC is analyzed by method of extractant Ammonium Acetate; Base Saturation (BS) 

is analyzed by NH4OAC extraction. Soil samples are analyzed at Laboratory of Soil Department, Faculty of 

Agriculture, University of Brawijaya, and Malang, Indonesia. 

 

Characterization of Nutmeg trees: 

 Nutmeg trees is observed in according to number of individuals in sampling unit (pairs of compositions). 

Nutmeg trees production components were observed as below.  

a. Number of fruit (grain tree
-1

 year
-1

) is calculated from number of fruit per tree harvested over one year span 

(January to December 2013). Fruit ready for harvest is characterized by tree/branches/twigs that already broke.  

b. Weight of kernel (kg tree
-1

 year
-1

) is calculated from dry meat and seeds without shells (dried seed are 

characterized by a sound when the shell/shell shaken).  

c. Weight of mace (kg tree
-1

 year
-1

) is calculated from dried mace weighed using the balance analysis.  

d. Edible portion (EP,% weight) is the proportion of fleshy to total of fruit: 

EP = weight of fleshy/(weight of fleshy + kernel + mace) x 100%                       (1)  

e. Harvest Index (HI) is calculated from ratio between the economic dry weight and biological dry weight 

[33]:  

HI = YE/YB                (2) 

 Where YE is the economic dry weight (seed and mace weight) and YB is biological dry weight (biomass-

above-ground/ABG) of nutmeg trees. ABG values is obtained from estimation with equation below [34] 

ABG = 34.4703 - 8.0671D + 0.6589D
2 
(n = 32; R

2
-adj. = 0.67)         (3) 

 Where ABG is above ground biomass (kg) and D is the stem diameter at breast height (DBH130 cm). 

f. To explore the interaction between individual neighbor trees in composition of trees, an analysis of 

Neighbour Relative Effect (RNE) is done from Markham and Chanway (1996) in Bachmann et al. [5], Oksanen 

et al. [24]. REN is calculated based on number of fruit per nutmeg trees per year, as follows:  

RNE = (y-T – y+T)/ymax             (4) 

 Where y-T is the average number of fruit per year from a single individual nutmeg/without intersection 

canopy (n1), y+T is the average production of fruit per year from individuals nutmeg with headline with pair 

composition intersection nutmeg + nutmeg (n1n1) and nutmeg + coconut (n1, 2, 3, 4C1, 2, 3), and ymax = the 

highest production of all pairs of individuals nutmeg trees composition. RNE values range from -1 to +1, a 

negative value indicates facilitation and positive facilitation competition. 

 

Data analysis: 

 Analysis results of soil fertility characteristics is based on criteria of Anonymous [4]. Observation of 

nutmeg trees production components of each pair composition are averaged to obtain value per individual tree. 

To determine the effect of trees composition to component soil fertility and trees production components of 

nutmeg, it is applied analysis of variance (ANOVA). When there is a significant effect, it is done different test 

mean value using Duncan test (Duncan Multiple Range Test/DMRT) at significance level α = 0.05. To estimate 

the contribution of soil fertility component to component of nutmeg trees production, it is applied methods of 

multiple linear regressions (stepwise procedure) [31,39]. Data analysis using SAS program ver.9.1 [32]. 
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RESULTS AND DISCUSSIONS 

 

 Dominant class texture at nutmeg agro-ecosystems is dusty clay (44.44%), followed successively by dusty 

clay loam (31.11%), dusty loam (15:56%), and clay (8.89%) (Table 2). Soil fertility status in nutmeg agro-

ecosystems showed reaction (pH) ranging from 6.60 to 7.43 (neutral), C-organic of 4.61 – 8.23% (high up to 

very high), N-total of 0.38 - 0.78% (medium up to high), C/N ratio of 7.67 - 11.76 (low up to medium), P of 

3.99 – 14.35 mg kg
-1

 P (very low up to medium), K of 0.13 to 0.37 me 100 g
-1

 (low), Ca of 30.96 - 56.17 me 

100 g
-1

 (very high), Mg 1.01 - 10.81 me 100 g
-1

 (low up to high), CEC of 45.73 - 65.02 me 100 g
-1

 (high), and 

BS 72.00 - 100% (very high) (Table 3). 

 
Table 2: Distribution of soil texture class in nutmeg agro-ecosystem (n = 42). 

Texture class Frequency (%) 

Dusty loam 7 15.56 

Dusty clay loam 14 31.11 

Dusty clay 20 44.44 

Clay 4 8.89 

 

 System approach of system nutrient cycle under the forest floor of nutmeg can be explored through the ratio 

dynamics of C/N, CEC, pH, and nutrient NPK as a parameter [35]. Soil analysis results indicate that C/N ratio 

ranges from 7.67 - 12.00 (low up to medium), CEC of 45.73 - 65.02 me 100 g
-1

 (high), soil pH of 6.60 - 7:43 

(neutral), N-total of 0.38 - 0.78% (medium up to high), P of 3.99 - 7.92 mg kg
-1

 P (low), and K of 0:13 to 0:37 

me 100 g
-1

 (low) (Table 3). Analysis of variance shows that trees composition has significant effect on P and 

Mg, but has no significant effect on organic C, N-total, C/N ratio, K, Ca, CEC, and BS (summary of analysis 

results are presented in Table 3). 

 C/N ratio determines the litter decomposition rate which in turn determine the amount of soil organic matter 

inputs [22]. Syekhfani [35] suggested that C/N ratio is commonly used as an indicator of ease of composting 

organic material, higher C/N ratio means more difficult to decompose. C/N ratio of natural land is about 12: 1, 

ratio of decomposers bacteria population are at a stable level. Soil C/N ratio in nutmeg agro-ecosystems is 8:1 - 

12: 1, it indicates that process of litter decomposition on forest floor of nutmeg in good condition. The true 

portrait of litter decomposition on nutmeg forest floor comes from the leaves, twigs, fruit flesh trees palate 

residues, as well as the leaves, fruit, and coconut coir. There is no information about the decomposition level 

and nutrient content and released by litter nutmeg, but nutrient content of coconut husk has been widely 

reported. Young coconut husk waste contains elements of K that quite high at 1.41%, higher than corn waste 

(1.39%), peanuts (1.10%), grasses (0.64%), and lamtoro (1.39%), but lower than the waste of straw rice 

(1.63%), bananas (3.05%), and leaves glericidia (2.53%) [29]. Coconut husk ash has a high pH of 11.77, low C-

organic 0.01%, total N and P total is low at 0.03%, and 2.31%, total K content of 21.87%, and good value of 

CEC is 13.29 me 100 g 
-1

 [27]. This means that presence of coconut plants in mixed planting systems of nutmeg 

and coconut provide additional profit-making in form of nutrient inputs (especially K) into soil for nutmeg 

plants growth. 

  
Table 3: Observations summary and analysis of variance the effect of tree composition on soil fertility components (N = 42) 

Soil fertility components Mean Std. Dev. Min. Max. Criteria P > F 

pH 7.09 0.28 6.60 7.43 N 0.2110ns 

C-organic 6.21 1.19 4.41 8.23 H – VH 0.4654ns 

N-total 0.59 0.11 0.38 0.78 M – VH 0.1507ns 

C/N ratio 10.52 1.16 7.67 12.00 L – M 0.5315ns 

Phosfor (P) 8.58 3.85 3.99 14.35 VL – M 0.0061** 

Calium (K) 0.26 0.12 0.13 0.61 L 0.2324ns 

Calsium (Ca) 45.61 7.85 30.96 56.17 VH 0.0896ns 

Magnesium (Mg) 4.75 2.95 1.01 11.31 L – VH 0.0014** 

Cation Exchange Capacity (CEC) 55.19 6.21 45.73 65.02 VH 0.1008ns 

Base saturation (BS) 92.07 10.45 72.00 100.00 VH 0.0602ns 

Note: ns = not significant and ** = higly significant at the level of  = 0.05. N = neutral, VL = very low, L = Low, M = medium, H = high, 

VH = very high (Anonymous, 2005). 

 

 Highly significant effect of P on soil Mg (Table 3) indicate that availability of these two nutrients are very 

important for nutmeg plants and this associates with trees number in composition of nutmeg planting systems. 

Phosphorus is a component from phosphate sugars, nucleic acids, nucleotides, coenzyme, fodfolipida, and 

phosphoric acid, and having key role in reactions of ATP, while Mg is a constituent of chlorophyll molecule 

[36]. Planting systems of 2 nutmeg + 1 coconut and 3 nutmeg + 2 coconut had no significant effect with 3 

nutmeg + 1 coconut, also between 1 nutmeg with 4 nutmeg + 1-2-3 coconut on soil P levels. For Mg, there is no 

significant difference between 4 nutmeg + 3 coconut with 4 nutmegs + 1 and 2 coconut, 1 nutmeg + 1-2-3 

coconut, and 1 nutmeg (Table 4). It shows that number and type of nutmeg and coconut plants at close neighbor 



185                                                                   Abdul Madiki et al, 2015 

Advances in Environmental Biology, 9(11) June 2015, Pages: 181-188 

in composition of plants are not consistently cause a difference to levels of P and Mg content in soil. However, 

there are indications that increase in number of plants in pairs of nutmeg planting systems composition makes P 

levels tend to be higher, while the Mg content of soil in soil tend lower. Phosphor is in form of organic and 

inorganic compounds [35]. Therefore, it is suspected positive correlation between soil P levels with number of 

nutmeg trees in a couple compositions. The more nutmeg trees close to other nutmeg in a couple, there are more 

litter composition of leaves produced and more organic matter produced. The average P content of agro-

ecosystem nutmeg is 8.58 mg kg
-1

 P is much lower than the outside nutmeg agro-ecosystem is 38.20 mg kg
-1

 P 

(Table 4). It is believed to be related to characteristics of nutmeg trees for flowering and fruiting throughout the 

year so many P absorbed by trees and transported together to yields. Ca with a very high number also affects on 

availability of P soil, as indicated by ratio of Ca/P with an average above 5: 1 (data not shown). For clay soils, 

Kic (interchangeable) 0.1-0.2 me 100 g
-1

 included in marginal range (response) and 0.2-0.3 me 100 g
-1

 included 

in the affluent but K addition is required to prevent deficiency, whereas Mgic > 0.5 me 100 g
-1

 are considered 

enough [35]. Based on this, provision of P and K is required for nutmeg trees land at study sites. For mixed-

planting of nutmeg and coconut, coconut plants presence can be utilized to spread litter under the nutmeg trees 

canopy. 

 
Tabe 4: Effect of plants composition on P and Mg soil 

Trees composition (N + C) P Olsen (mg kg-1 P) Mg (me 100 g-1) 

n1 4.49 e 5.05 abc 

n1n1 6.36 bcd 4.63 bcd 

n1c1 6.78 abc 2.87 de 

n1c2 5.87 cd 4.04 bcd 

n1c3 7.35 ab 5.01 abc 

n2c1 7.24 abc 5.81 ab 

n2c2 5.06 de 5.74 ab 

n2c3 6.02 bcd 3.36 cd 

n3c1 7.20 abc 6.62 a 

n3c2 6.83 abc 6.67 a 

n3c3 6.91 abc 5.51 ab 

n4c1 7.92 a 3.03 de 

n4c2 3.99 e 1.36 e 

n4c3 5.95 cd 1.34 e 

L 38.20 1.41 

Note: Means with the same letters within columns indicate significant differences at the DMRT 0.05 All other variables are nonsignificant . 

N = Nutmeg, C = Coconut, n1 = 1 nutmeg, n1n1 = 1 nutmeg + 1 nutmeg, n1c1= 1 nutmeg + 1 coconut, n1c2 = 1 nutmeg + 2 coconut, n1c3 = 1 

nutmeg + 3 coconut, n2c1 = 2 nutmeg + 1 coconut, n2c2 = 2 nutmeg + 2 coconut, n2c3 = 2 nutmeg + 3 coconut, n3c1 = 3 nutmeg + 1 coconut, 
n3c2 = 3 nutmeg + 2 coconut, n3c3 = 3 nutmeg + 3 coconut, n4c1 = 4 nutmeg + 1 coconut, n4c2 = 4 nutmeg + 2 coconut, dan n4c3 = 4 nutmeg + 

3 coconut. L = outside the nutmeg agro-ecosystem. 

 

 Trees composition has very significant effect on number of fruit, weight of mace, weight of kernel, and 

harvest index, but has no significant effect on edible portion (Table 5). Differences in plants composition 

provides a significant difference to number of fruit, weight of mace, weight of kernel, and harvest index of 

nutmeg (Table 6). However, there is no significant difference between 1 nutmeg with 1 nutmeg + 1-2-3 coconut, 

five pairs compositions are significantly different from the composition of other plants. Similarly, composition 4 

nutmegs + 1-2-3 coconut, all the three are insignificantly different. 

 
Table 5: Result summary of analysis of variance the effect of trees composition on nutmeg trees production components (N = 42) 

Nutmeg trees production 

components 

Mean Std. Dev. Min. Max. R2 P > F 

Sum of Fruit +) 3.04403 0.19248 2.71350 3.29970 0.9678 <0.0001** 

Weight of Mace 0.96595 0.51232 0.26490 1.73620 0.8842 <0.0001** 

Weight of Seed 5.29697 2.29542 1.64830 8.57220 0.8308 <0.0001** 

Edible portion 82.81286 1.85709 79.27000 85.65000 0.4726 0.1441tn 

Harvest index 0.02193 0.00996 0.00560 0.04280 0.7279 0.0002** 

Note: ns = not significant and ** = very significant at  = 0:05. +) Data is transformed into logarithms. 

 

Table 6: Effect of trees composition on nutmeg trees production component 

Trees composition 
(N + C) 

Sum of Fruits (grain 
tree-1 yr-1) 

Weight of Mace (kg 
tree-1 yr-1) 

Weight of Kernel 
(kg tree-1 yr-1) 

Edible Portion 
(% weight) 

Harvest Index 

n1 1860.33 a 1.54 abc 8.57 a 83.38 0.0287 abc 

n1n1 1793.33 a 1.68 ab 8.05 ab 81.90 0.0282 abc 

n1c1 1676.67 a 1.18 cde 6.56 abcd 80.92 0.0309 ab 

n1c2 1680.33 a 1.44 abc 7.45 ab 82.25 0.0295 abc 

n1c3 1775.33 a 1.73 a 7.53 abc 85.65 0.0320 a 

n2c1 1283.00 b 0.82 ef 5.98 bcde 80.01 0.0302 abc 

n2c2 1209.33 b 0.93 def 4.31 def 84.50 0.0188 bcde 

n2c3 1229.67 b 1.29 bcd 5.95 bcde 83.80 0.0229 abcd 
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n3c1 967.33 c 0.63 fgh 5.31 cde 82.99 0.0186 bcde 

n3c2 903.33 c 0.61 gh 3.82 efg 79.27 0.0177 cde 

n3c3 881.00 c 0.72 fg 4.26 def 81.94 0.0224 abcd 

n4c1 597.67 d 0.34 gh 2.50 fg 83.72 0.0117 de 

n4c2 545.67 d 0.27 h 1.93 g 84.67 0.0074 e 

n4c3 530.67 d 0.33 gh 1.65 g 84.37 0.0079 e 

Note: Means with the same letters within columns indicate significant differences at DMRT 0.05. N = Nutmeg, C = Coconut, n1 = 1 nutmeg, 

n1n1 = 1 nutmeg + 1 nutmeg, n1c1= 1 nutmeg + 1 coconut, n1c2 = 1 nutmeg + 2 coconut, n1c3 = 1 nutmeg + 3 coconut, n2c1 = 2 nutmeg + 1 
coconut, n2c2 = 2 nutmeg + 2 coconut, n2c3 = 2 nutmeg + 3 coconut, n3c1 = 3 nutmeg + 1 coconut, n3c2 = 3 nutmeg + 2 coconut, n3c3 = 3 

nutmeg + 3 coconut, n4c1 = 4 nutmeg + 1 coconut, n4c2 = 4 nutmeg + 2 coconut, dan n4c3 = 4 nutmeg + 3 coconut. 

 

 Nutmeg plants production components (sum of fruits, weight of mace, and weight of kernel) significantly 

have linear relationship to pH (X1) and P (X2) (P > F = 0.0239 - 0.0073), whereas the other components of soil 

fertility are not significant (P > F = > 0.05, analysis results not shown). Search by stepwise procedure showed 

that pH and P simultaneously contribute significantly to nutmeg plants production component, selected optimum 

models are presented in equation 5-8: 

Ŷ1 = 10518.0000 - 1307.5028 X1 + 60.8668 X2 - 954.4975 X3 (R
2
 = 0.6198; P > F = 0.0178*; N = 42)    (5) 

Ŷ2 = 10.9251 - 1. 4673 X1 + 0.0514 X2 (R
2
 = 0.5817; P > F = 0.0084**; N = 42)       (6) 

Ŷ3 = 44.7082 - 5.8711 X1 + 0.2566 X2 (R
2
 = 0.4928; P > F = 0.0239*; N = 42)        (7) 

Ŷ4 = 0.388 - 0.0521 X1 + 0.0075 X2 (R
2
 = 0.4370; P > F = 0.0424*; N = 42)        (8) 

 Description: Ŷ 1 = Sum of fruits (seed tree
-1

 year
-1

), Ŷ2 = weight of mace (kg trees
-1

 year
-1

), Ŷ3 = weight of 

kernel (kg trees
-1

 year
-1

), Ŷ4 = harvest index, X1 = pH, X2 = Phosphor (mg kg P
-1

), X3 = Nitrogen-total (%). 

 It appears that pH and P simultaneously contribute to nutmeg production components (R
2
) by an average of 

52.56% (equation 5-8). This means that approximately 53% variability of nutmeg production component can be 

explained by pH and P, while about 47% is determined by other growth factors. The pH value of soil reaction 

parameter changes are influenced by degree of decomposition and very influential on nature of actual soil 

fertility [35]. The pH value of soil on nutmeg agro-ecosystem has range 6.60 – 7.09 (neutral) (Table 3), within 

optimum range for tree growth nutmeg. Nutmeg plants grow in according to soil with pH of 6.5 - 7.5 [25] and 

suitable at pH 6-7 [28]. The negative relationship between pH and nutmeg trees production components 

(equation 5-8) indicates that increase in soil pH above the neutral will negatively affect on nutmeg production. 

The availability of nutrients, growth of soil microbes and tree roots strongly depend on soil pH [36], tolerance 

limit of trees to soil pH varies greatly, but almost all the trees grow well at neutral pH with a pH value between 

6.3 to 7.5 [35]. Based on equation 5, at soil pH of 7.0, N-total of 0.59%, and P of 6.28 mg kg
-1

 P, the estimation 

of fruits are 1185 seeds per tree
-1

 year
-1

. 

 Based on RNE analysis with both indicators of fruit, there are indications of competition between plants 

(Table 8). An indication of greater competition is happened along with increasing number of higher plants 

density near the neighboring nutmeg. On composition of couple of nutmeg show values range from +0034 to 

+0329 RNE increased to +0451 up to +0495 at 3 nutmeg pairs, and increased to +0639 to +0672 at 4 nutmeg 

pairs. It shows that relatively small increase in value of RNE to increase number of coconut plabts in plant 

composition to indicate that competition occurs due to increase in number of plants near the neighboring 

nutmeg. The facts demonstrate that productivity slowdown is not caused by presence of coconut in immediate 

neighborhood, but more due to competition among nutmeg (intraspesific competition) as a result of adjacent 

spacing (see Table 1). In that context, interaction between nutmeg and coconut palm plantation facilitates the 

nutmeg trees nutrients in form of additional contribution while coconut litter cannot be influenced by nutmeg 

growth. Facilitation is a type of interaction of one tree (B) to help other plant species (A) although not 

absolutely necessary, while B is not affected [14]. Competition for nutrient needs is allegedly lower because of 

differences in root zone between the two where nutmeg root is deeper than coconut roots. 

 Future research should be done to increase development and nutmeg trees production in relation with the 

provision of Phosphorus and Potassium at various doses and time of application, and nutritional content, level of 

decomposition and release of nutrients from the nutmeg litter and other crops including synchronization with the 

conception phase and nutmeg development, as well as microorganisms that play a role in the decomposition of 

litter. It should be examines the influence of the composition of nutmeg and other crops (besides coconut) on the 

nutmeg crop productivity, relationships accession and morphological characteristics of plants containing 

essential oils of nutmeg and myrisiticin and other chemical content of seeds and mace in relation with area agro-

ecosystem type. 
 

Table 8: Relative Neighbor Effect (RNE) based on sums of fruit of nutmeg trees  

Trees composition (N + C) RNE 

n1 0.000 

n1n1 +0.034 

n1c1 +0.093 

n1c2 +0.091 

n1c3 +0.043 
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n2c1 +0.292 

n2c2 +0.329 

n2c3 +0.319 

n3c1 +0.451 

n3c2 +0.484 

n3c3 +0.495 

n4c1 +0.639 

n4c2 +0.665 

n4c3 +0.672 

Note: Positive values (+) indicates the competition, and zero value (0) indicates no facilitation or competition. 

 

Conclusion: 

1. Mixed planting systems of nutmeg and coconut agro-ecosystems show soil fertility characteristics are 

relatively similar between the pair of nutmeg and coconut composition, except for Phosphorus which tends 

higher and Magnesium tends lower along with increasing tree density of nutmeg in trees composition. 

2. Nutmeg productions (the sums of fruits, weight of mace, weight of kernel, and harvest index) are highest at 

a single nutmeg (1 nutmeg) and relatively similar to 1 nutmeg + 1 nutmeg and 1 nutmeg + 1-2-3 coconut. 

Coconut addition in composition of nutmeg and coconut are not significantly reduced nutmeg production or 

lower nutmeg production is due to amount of nutmeg plants, close space and not caused by coconut plants. 

Therefore, coconut can be planted with nutmeg. 

3. Components of soil fertility which contribute significantly to nutmeg production are pH, phosphorus, and 

nitrogen. Higher pH above neutral and Nitrogen total above 0.55% can reduce the nutmeg production. 

Otherwise, the addition of phosphorus can increase nutmeg production; 

4. To support the growth and nutmeg production in study sites, it needs provision of Phosphorus and 

Potassium. Input from the outside can be decreased by spreading coconut trees litter (leaves, fallen fruit, 

and fiber) under the nutmeg trees canopy. 
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