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ABSTRACT 
 

Aims: The objective of this study was to determine the optimal fertilizing method and NPK fertilizer 
dosage for plant physiology and nutmeg yield. 
Study Design: The experimental design was a completely randomized block design (CRBD) in a 
4x3 factorial arrangement with three replicates. The first factor was four NPK fertilizer doses: 1, 1.5, 
2.0, and 2.5kg NPK (15:15:15)/tree/year. The second factor was the manner of fertilizer application: 
(1) fertilized in spot, (2) fertilized in-furrow trenches trunked and (3) fertilized in hole. 
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Place and Duration of Study: The research was conducted in Tobelo North Halmahera 
(1°44'45.3"-1°44'54.4" N, 127°59'54.4"-127°59'53.2" E), North Maluku, Indonesia from January 
2019 to May 2020. 
Methodology: The nutmeg trees used was 30 years old. The population of trees plants in the 
study area was 40 trees. Observation parameters on leaves are chlorophyll a, b and total, nitrate 
reductase activity (NRA), N, P, K, proline content, number of young and old fruits. 
Results: The fertilization treatment with the fertilizer application method into the crack/hole fertilizer 
with a dose of 2.5 kg NPK significantly produced high levels of chlorophyll a, chlorophyll b,         
total chlorophyll of leaves and old fruit. The number of old fruits is positively correlated with 
chlorophyll a content (0.615

*
), chlorophyll b (0.663

*
), total chlorophyll (0.634

*
) and number of young 

fruits (0.748 **). The application of fertilizer hole produces plants that recover quickly from drought 
stress, as evidenced by the highest proline content. 
Conclusion: NPK fertilization using the hole method and at doses of 2.0-2.5 kg/tree/year are 
recommended for improving plant physiology and yield. 
 

 
Keywords: NPK fertilization method; nutmeg; physiology; proline; yield. 
 

1. INTRODUCTION  
 
Indonesia is the largest nutmeg producer with a 
75% role in the world, followed by Granada with 
20% with products in the form of nutmeg and 
mace. Nutmeg in Indonesia grows and produces 
in several provinces, namely, North Maluku, 
Maluku, West Papua, North Sulawesi, and Aceh 
[1]. In North Maluku, the center of producing 
area, nutmegs are the main income of the 
regional economy. Nutmeg plants are cultivated 
in the yard system, mixed garden with coconut, 
and homogeneous garden of people's gardens. 
Therefore, optimal productivity is important to 
increase production volume, farmers' income, 
and export. 
 
To fulfill optimal production, good cultivation 
management is needed. The NPK macro 
nutrients become the main component to 
determine the growth, yield, and quality of crop 
yields. Balancing NPK is a key strategy in 
cultivation to increase crop productivity [2] or 
fresh crop yields [3].  
 

NPK fertilization combined with compost and 
manure not only increases plant biomass but 
also the content of essential oils and the aroma 
of the Thymus daenensis plant [4]. Nitrogen as a 
component of aminoacids, nucleic acids, tructure 
of chlorophyll, the light harvesting component of 
photosynthesis. Phosphore is the primary one 
being the storage and transfer of energy for 
example adenosine diphosphate (ADP) and 
adenosine triphosphate (ATP) on plant 
metabolism (photosynthesis, respiration, protein, 
and nuclear acid, nutrient, transport). Potassium 
is the primary osmolyte and ion involved in cell 
membrane dynamics, the regulation of structure 

and maintenance of turgor and osmotic 
equalibrum. It also plays important roles in the 
regulation and activation of enzyme activity [5]. 
 
To get optimal fertilization results, it requires the 
right application method and dosage of 
fertilization. According to the report Meng et al. 
[6] the effectiveness of fertilization in terms of 
yields and the efficiency of nitrogen uptake, 
determined by the manner of application or 
placement of chemical fertilizers. The optimal 
fertilizer dosage also determines the yield and 
quality. Report of Tsialtas et al. [7] states that the 
optimal K dose increases leaf physiology, fiber 
yield and Catton (Gossypium hersutum) fiber 
length. In addition, the right dose of NPK fertilizer 
increases growth parameters, growth and kenaf 
biomass parameters [8]. The fertilizing dose 
factor also determines root development such as 
root length and root surface area [9].  
 
Based on the importance of the dosage and 
method of fertilization, this study aims to 
determine the appropriate dosage and 
application method of NPK (15:15:15) fertilizer to 
increase nutmeg fruit yield and the physiological 
properties of the leaves 
 

2. MATERIALS AND METHODS 
 

2.1 Location and Materials 
 
The field experiment located in Wari Village 
Tobelo, North Halmahera, Indonesia (1°44'45.3"-
1°44'54.4" N, 127°59'54.4"-127°59'53.2" E, 
elevation 30 m). Soil chemical characteristics of 
the research location for pH, total N, available K 
and P (P205) were 6.62, 0.12 (%), 119ppm and 
62 ppm respectively. The study was conducted in 
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Januari 2019 - May 2020. The nutmeg trees 
used was 25-30 years old. The nutmeg variety 
used was Tobelo 1 which originated it's from 
Tobelo, North Halmahera District, North Maluku 
Province, Indonesia. 
 
The place of research was a farmer's garden 
with a tree spacing of 8 m x 8 m. The population 
of trees plants in the study area was 40 trees. 
The fertilizer used was NPK Phonska 15:15:15 
with a percentage of the contents of N, P and K 
was 15, 15 and 15% respectively. The tool used 
to make fertilizer holes in which a size of 50 cm x 
40 cm x 40 cm was a hoe. Hoes was also used 
to make circular furrow fertilizer holes under the 
tree's outer canopy and fertilizing locally, (spot of 
applied fertilizer). Trees treated were given paint 
colored and numbered trees according to the 
treatment combination number.  
 
The study of chlorophyll content, nitrate 
reductase activity (NRA), proline were carried out 
at Agronomy Departement, Crop Production 
Management Laboratory of Agriculture Faculty of 
Universitas Gadjah Mada, Yogyakarta Indonesia 
from June 2019 to February 2020. The study of 
soil pH and N, P, K, the content of left N, P, K 
were carried out at Soil, Crop, Fertilizer and 
Water Laboratory of Assessment Institute for 
Agricultural Technology of Yogyakarta from June 
2019 to February 2020. 
 

2.2 Experimental Design and Application 
of NPK Fertilizer 

 
The experimental design was a Completely 
Randomized Block Design (CRBD) arranged in 4 
x 3 factorial with three replications. The first 
factor was the dosage of NPK (15:15:15) fertilizer 
application consisting of four-levels namely: 1 kg 
(50% of recommended dosage), 1.5 kg (75% of 
recommended dosage), 2.0 kg (100% of 
recommended dosage) and 2.5 kg NPK/tree/year 
(125% of recommended dosage). The 
recommended dosage was 300 kg Urea + 200 
kg SP-18 + 100 kg KCl ha

-1 
[10]. The second 

factors were methods of NPK fertilizer application 
consisted of three levels namely: method 1 = 
application at a certain point with a hoe (fertilizing 
at six points); method 2 = application at a circular 
furrow fertilizer holes under the tree's outer 
canopy; and method 3 = application at a fertilizer 
hole “rorak” in which a size of 50 cm x 40 cm x 
40 cm.  
 
Field experiments arranged using 12 
combinations repeated in 3 blocks, resulted that 

the total treated trees were 36 trees. The fertilzer 
(NPK Phonska 15:15:15) was applied in two 
stages. The first stage  was applied  as much as 
1/3 of the dose given at the beginning of the 
rainy season (April); the second stage as much 
as 2/3  of the dose was given two months later 
(June). The application of fertilizer according to 
treatment. In fertilizer application, the method of 
sowing was in the ring furrow hole under the 
canopy (method 2), fertilizer place made by 
making a circular hole groove as deep as 20 cm 
using a hoe. After fertilizer sown in the fertilizer 
flow, fertilizer covered with soil. In application at 
a certain point with a hoe (method 1), the 
fertilizer place was a certain point with a hoe in at 
six points and after that covered with soil. The 
same way did during the second fertilization. At 
the fertilizing treatment was inserted into a 
fertilizer hole (method 3), fertilizer sowed on the 
fertilizer hole. The fertilizer hole was made 
previously with the location under the outer 
canopy. The number of fertilizer holes per plant 
was 4. The dose of fertilizer application to plants 
was according to treatment (50, 75, 100, and 
125% of recommended dosage). 
 

2.3 Measurements 
 
The parameters observed were: leave 
chlorophyll content (a, b, and total chlorophyll), 
NRA of leaves, the concentration of N, P and K 
leaves, proline content of leaves, number of 
young fruits and number of old fruits (per branch 
twig). Criteria for young fruit are 4cm diameter 
fruit and green flesh. The criteria for the old fruit 
are fruits with a diameter of > 4cm and yellow 
flesh (old fruit flesh). Observation starts one 
month after fertilization treatments, 40 days after 
fruiting until the fruit was seven months old. 
Chemical analysis of N, P, K of leave carried out 
by using the procedure issued by Yoshida et al. 
[11]. Leaf chlorophyll content was measured 
using the method of Wintermans and de Mots 
[12]. Leaf NRA content was measured using 
Hartiko's methods was modified by Indradewa et 
al. [13]. Leaf proline content carried out by using 
the "ninhydrin" procedure by Bates et al. [14].  
 

2.4 Statistical Analysis 
 
Data were submitted to analysis of variance of 
CRBD using SAS 19 for Windows. If there was 
an interaction between treatment, a comparison 
of the interaction effect was made. Otherwise, 
treatment mean effects were compared based on 
Duncan's multiple range test at P<0.05. To find 
out the correlation between the parameters of a 
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correlation analysis test was performed. Soil 
analysis data are written in text form in the 
methodology as a result. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of NPK Fertilizer Treatment on 
Chlorophyll and Leaf NRA  

 

The application doses of NPK fertilizer which 
interacted with fertilization method significan 
increased the chlorophyll a (P<0.01), chlorophyll 
b (P<0.01), total chlorophyll (P<0.05) and the leaf 
NRA (P<0.01). The fertilizer application dose 1-2 
kg NPK/tree/year applied on the fertilizer hole 
(manner of fertilizing 3) can be used to improve 
plant physiology. This is because in addition to 
the small volume of fertilizer required, it also 
produces the high leaf chlorophyll content and 
NRA of leaves (Table 1). These results indicate 
that the proper fertilization method can increase 
leaf chlorophyll and NRA. In this case on land 
that is not rocky, fertilizing by making a fertilizer 
hole (40 cm x 40 cm x 50 cm) with a dose of 2kg 
NPK(15:15:15)/tree/year can be applied. 
 

The interaction of NPK fertilization dose of 1-2 kg 
NPK/tree/year and fertilizer application at a 
fertilizer hole determines leaf physiology, namely 
an increase in chlorophyll a, b, and total leaf 
chlorophyll (Table 1). This result is in line with the 
report of Spulak et al. [15] stated that the 
application of NPK fertilizer increased the 
chlorophyll of leaves. The report of Long et al. 
[16] also stated that the application of NPK 
fertilization at a certain dose significantly 
increased the chlorophyll content of leaves (rice). 
According to Long et al. [16] optimal chlorophyll 
content and determining plant growth is 
determined by the appropriate application of 
chemical fertilization (NPK).  
 

The presence of chlorophyll a (C55H72MgN4O5) is 
important to attract electrons from sunlight for 
photosynthesis (wavelengths 429 nm and 629 
nm). The main function of chlorophyll is as the 
primary electron donor in the photosynthetic 
electron transfer chain. In general, the presence 
of chlorophyll a, chlorophyll b, and total 
chlorophyll are essential elements for 
photosynthesis [17,18]. High chlorophyll content 
in leaves also indicates that the plant is still 
optimally growing and does not experience 
growth disturbances due to drought stress [18]. 
Drought stress will reduce the chlorophyll a, b 
and total chlorophyll content [19]. High leaf 
chlorophyll content indicates that the plant has 
optimal growth to avoid drought stress [18,19].  

The results of this research show that fertilizing 
in the "rorak" fertilizer hole is a method of 
avoiding drought stress. This was indicated by 
the production of the highest leaf proline, which 
was significantly different from the application of 
manual system fertilization (Table 3). 
 
NPK fertilization using the method of placed in 
the fertilizer hole (rorak) at a dose of NPK 
15:15:15 2kg/tree/year produced the highest 
NRA of leaves compared to other combinations 
(Table 1). This shows that the fertilization fulfills 
the fertilization principle, namely the right 
place/application and dose. Besides that NRA is 
determined by the nitrogen source, namely NPK 
Phonska 15:15:15. This result is in line with 
several reports, namely leaf NRA correlates with 
NO3

- content in soil and stem tissue [20]. 
Nitrogen sources such as NaNo3

-
 produced the 

highest of NRA compared to nitrogen sources of 
NH4Cl and Urea [21]. The increase in N 
accumulation in the root or leaf tissue by 
fertilization stimulated NRA in both leaves and 
roots 13 and 42%, respectively [22]. Mensah et 
al. [23] that NPK fertilization (15:15:15) at a 
certain dose range significantly increased the 
number of leaves, plant height, and leaf area of 
the Punica granatum plant. 
  

3.2 Effect of NPK Fertilizer Treatment on 
Content of N, P, K and Leaf Proline 

 
There was a significant interaction between 
application doses of NPK fertilizer and  
fertilization method application in content of N 
total and P of leave. The manner of fertilizing 2 
(the application was sown at the circular hole 
grooves under the canopy) at the doses of 2 kg 
NPK (15:15:15)/tree/year highest increased on 
the N total of leave. However, the P 
concentration in leaves increased significantly 
(the highest concentration) under effect of 
fertilizer application in the 3rd manner at the 
doses of 1.5 kg NPK (15:15:15)/tree/year (Table 
2). These results indicate that aim to increase the 
nutrient content of N or P in leaves can be done 
with the right fertilization method and dose.    
 
The manner of NPK fertilizer application had 
significant effect (P<0.01) on K concentration in 
leave. The application of NPK fertilizer to the 
hole with a size of 50 cm x 40 cm x 40cm 
resulted in a significantly higher K leaf 
concentration compared to fertilization method 1. 
This fertilization method (fertilization method 3) 
also affected the increase in the highest leaf 
proline content, which was significantly different 
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from other fertilization methods. The leaf proline 
concent was also affected with dose of NPK 
fertilization application treatment. At the 2.5 kg 
NPK/tree/year dose influenced produced the 
highest leaf proline content. At the hight proline 
content level indicated that the physiological 
mechanism to recovery from drought stress or 
environmental stress. These results indicate that 
the function of the fertilizer hole (rorak) can keep 
the plants from experiencing severe drought 
stress. Making these fertilizer holes and placing 

the NPK fertilizer there, causes the plants to 
produce the highest proline to recovery the 
environment's drought stress (Table 3). 
 
The effect of NPK fertilization on increasing leave 
physiology of plant is in line with the report of 
Milosevic and Milosevic [24] stated that NPK 
fertilization increased the P content of leaves in 
certain varieties of apple plants. Thus NPK 
fertilization at certain doses and compositions is 
needed as a new cultivation management

 
Table 1. Interaction effect of NPK fertilizer application methods and doses levels on 

chlorophyll & NRA of leaves at 4 months after treatment 
 
Methods Doses Chlorohlyll 

a of leaves 
(mg g-1) 

Chlorohlyll 
b of leaves 
(mg g-1) 

Total 
chlorohlyll  
(mg g-1) 

Leaves NRA 
(μmol NO2 h

-1 
) 

Method 1 1kg NPK/tree/year 0.463 b-f  0.393 c-f 0.856 bc 0.990 a-c 
Method 1 1.5kgNPK/tree/year  0.517 a-d 0.465 a-d  0.891 a-c 0.946 a-c 
Method 1 2kgNPK/tree/year  0.433 c-g 0.411 b-e 0.844 b-d 1.083 a-c 
Method 1 2.5NPK/tree/year 0.554 ab 0.489 a-c 1.042 ab 0.661 bc 
Method 2 1kg NPK/tree/year  0.409 e-g 0.383 d-f 0.792 cd 0.617 c 
Method 2 1.5kgNPK/tree/year 0.379 fg 0.347 d-f 0.792 cd 0.617 c 
Method 2 2kgNPK/tree/year  0.403 e-g 0.407 b-e 0.831 b-d 0.577 c 
Method 2 2.5NPK/tree/year 0.322 g 0.298 f 0.619 d 0.885 a-c 
Method 3 1kg NPK/tree/year 0.595 a 0.519 a 1.114 a 0.647 bc 
Method 3 1.5kgNPK/tree/year  0.402 e-g 0.382 d-f 0.784 cd 0.955 a-c 
Method 3 2kgNPK/tree/year  0.501 a-e 0.453 a-d 0.954 a-c 1.515 a 
Method 3 2.5NPK/tree/year  0.537 a-c 0.497 ab 1.033 ab 0.986 a-c 

Remarks: Different letters in same column represents significant differences by Duncan’s Multiple Range Test at 
5 % level. 
Method 1 = fertilizer application at a certain point with a hoe (fertilizing at six points) 
Method 2 = fertilizer application at the circular hole grooves under the canopy 
Method 3 = fertilizer application at a fertilizer hole in which a size of 50x40x40cm (four holes) 

 
Table 2. Interaction effect of NPK fertilizer application methods and doses levels on N and P of 

leaves at 4 months after treatment 
 
Methods Doses % N total  of leaves % P  of leaves 
Method 1 1kg NPK/tree/year 1.300 b-e 0.400 b 
Method 1 1.5kgNPK/tree/year 1.290 c-e 0.140 b 
Method 1 2kgNPK/tree/year 1.397 b-d 0.176 b 
Method 1 2.5NPK/tree/year 1.417 a-c 0.236 b 
Method 2 1kg NPK/tree/year 1.280 c-e 0.246 b 
Method 2 1.5kgNPK/tree/year 1.430 ab 0.186 b 
Method 2 2kgNPK/tree/year 1.537 a 0.216 b 
Method 2 2.5NPK/tree/year 1.240 e 0.176 b 
Method 3 1kg NPK/tree/year 1.260 de 0.180 b 
Method 3 1.5kgNPK/tree/year 1.283 c-e 0.700 a 
Method 3 2kgNPK/tree/year 1.403 bc 0.213 b 
Method 3 2.5NPK/tree/year 1.367 b-e 0.293 b 

*Remarks: Different letters in same column represents significant differences by Duncan’s Multiple Range Test at 
5 % level. 
Method 1 = fertilizer application at a certain point with a hoe (fertilizing at six points) 
Method 2 = fertilizer application at the circular hole grooves under the canopy 
Method 3 = fertilizer application at a fertilizer hole in which a size of 50x40x40cm (four holes). 
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Table 3. Effect of NPK fertilizer application methods and doses levels on leaf K dan proline 
 
Treatment  K   (%)     Proline (μ mol g-1)    
Fetilizer dose   
1 kg NPK/tree/year  1.822 a 0,667 ab 
1.5 kg NPK/tree/year 1.717 a 0,441 b 
2 kg NPK/tree/year   1.622 a   0.526 b 
2.5 kg NPK/tree/year 1.572 a 1.133 a 
Method of application    
Method 1 1.375 b 0.309 b 
Method 2 1.818 a 0.707 ab 
Method 3 1.857 a 1.059 a 

*Remarks: Different letters in same column method & fertilizer dose represents significant differences by 
Duncan’s Multiple Range Test at 5 % level.  
Method 1 = fertilizer application at a certain point with a hoe (fertilizing at six points) 
Method 2 = fertilizer application at the circular hole grooves under the canopy 
Method 3 = fertilizer application at a fertilizer hole in which a size of 50x40x40cm (four hole) 

 
practice (a new management practice) of apple 
plants [24]. The increase in vegetative growth, 
plant biomass accumulation in NPK applications 
at certain doses is due to increased nutrient 
absorption, accumulation of nutrients such as N 
in roots, P in stems, and K in leaves, and an 
increase in chlorophyll content [25]. This is in line 
with the results of the research presented in 
Table 2. The increase in leaf N and P content 
(Table 2) was significantly caused by the correct 
application and dosage of NPK fertilizer. The 
high leaf P resulted from fertilizing the fertilizer in 
the NPK dose of 1.5 kg NPK/tree/year. The high 
N content of leaves resulted from NPK 
fertilization into the dish with a dose of 
2kgNPK/tree/year. 
 

Proline is a plant-osmoprotectant-adaptation 
metabolic to environmental stress-osmotic stress 
[26], such as drought stress to avoid cell damage 
[27]. Thus, the presence of high chlorophyll 
content in fertilizer dosage treatment and optimal 
application method determines the ability of 
photosynthesis to be more optimal and avoid 
drought stress. In these conditions, the plant 
produces optimal production (fruit).  
 

3.3 Effect of NPK Fertilizer Treatment on 
the Number of Fruits 

 

Number of mature of fruit (big fruit) per branch 
and small fruit were significant (P<0.05) affected 
by interaction of NPK fertilizer dose and 
application method. The treatment of method 2 
application at the circular hole grooves under the 
canopy at a dose of 1kg NPK/plant/year was 
recommended which gave the highest yield 
(Table 4). Fertilization using the method was 

applied into the "rorak" fertilizer hole 
(40x40x50cm) with the 2 kg NPK/plant/year dose 
not significantly different from fertilizing in the 
same way with the 2.5 kg NPK/plant/year dose. 
These results indicate that the fertilization 
method to produce the number of fruits can be 
done in two manners, namely sowing in a circle 
in the grooves under the canopy at a dose of 1 
kg NPK/plant/year or fertilizing in the large 
fertilizer hole (40x40x50 cm) by increasing the 
recommended dose 1.5-2.5kg NPK/plant/year.  
 
The use of fertilizers by sowing circular stems 
was more efficient in determining the number of 
fruits (Table 4). The 1 kg/plant/year dose of NPK 
was effective in determining the number of fruits 
thought to meet the right place factors. This 
treatment causes the fertilizer to be absorbed 
more evenly by the roots. This is based on the 
structure and development of roots. Hardiman   
et al. [28] stated that the roots of forest tree 
species were evenly distributed in the canopy 
area with a lot of root biomass at a depth of 5, 
15, and 25 cm.  

 
The growth of the canopy system determines the 
development of roots [29]. Therefore, application 
of fertilizer in the dish groove 5-15cm deep under 
the canopy aims to bring the NPK element closer 
to the roots. With this method, the volume of 
fertilizer can be saved, which is only 50% of the 
recommended dosage (1 kg NPK/tree/year).  

 
The dosage in this fertilization method can be 
applied to soils that have a neutral pH. This was 
because the research location had a neutral pH 
(6.62).  
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Table 4. Interaction effect of NPK fertilizer application methods and doses levels on yield parameters of nutmeg 
 

Methods Doses Number of small fruits*/branch Number of big fruits**/branch 
Method 1 1kg NPK/tree/year 11.0 cd  33.4 b-e 
Method 1 1.5kgNPK/tree/year 22.9 bd 48.5 a-d 
Method 1 2kgNPK/tree/year 13.4 cd 31.3 c-e 
Method 1 2.5NPK/tree/year   9.7 d 33.4 de 
Method 2 1kg NPK/tree/year 109.0 a 71.4 a 
Method 2 1.5kgNPK/tree/year   4.0 d 14.0 e 
Method 2 2kgNPK/tree/year 30.7 b-d 31.7 b-e 
Method 2 2.5NPK/tree/year   9.2 cd 11.3 e 
Method 3 1kg NPK/tree/year 17.7 cd 62.0 ab 
Method 3 1.5kgNPK/tree/year 26.0 b-d 38.7 ad 
Method 3 2kgNPK/tree/year 33.5 bc 55.7 ac 
Method 3 2.5NPK/tree/year 62.5ab 70.0 a 

*Remarks: Different letters in same column method & fertilizer dose represents significant differences by Duncan’s Multiple Range Test at 5 % level. 
Method 1 = fertilizer application at a certain point with a hoe (fertilizing at six points) 
Method 2 = fertilizer application at the circular hole grooves under the canopy 
Method 3 = fertilizer application at a fertilizer hole in which a size of 50x40x40cm (four hole)  
*
Small fruit has a diameter of 2.5--3,5cm and leaf green color (Fig. 1). 

**
Big fruit  are fruits with a diameter of> 4 cm and yellow flesh skin (old fruit flesh) 
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Table 5. Correlation of leave physiological traits and yield components 
 

 Chlorophyll 
a (a) 

Chlorophyll 
b (b) 

Total 
Chlorophyll 
(c) 

NRA (d) N (e ) P (f) K (g) Proline 
(h) 

Number of 
small fruits 
(i) 

Number of big 
fruits (j) 

a           
b 0.971** `         
c 0.973** 0.978**         
d -0.116ns -0.162ns -0.160ns        
e -0.322ns -0.339ns -0.389ns 0.489ns       
f 0.583* 0.528ns 0.605ns -0.256ns -0.225ns      
g -0.174ns -0.193ns -0.066ns 0.2020ns 0.126ns 0.141ns     
h -0.117ns -0.031ns 0.004ns 0.0972ns -0.334ns 0.238ns 0.271ns    
i 0.008ns -0.031ns 0.061ns -0.271ns 0.038ns -0.231ns 0.270ns -0.119ns   
j 0.615** 0.663* 0.634* -0.17811 0.15074 0.211ns 0.082ns -0.046ns 0.748**  

**:  Very significant diferrence; *: Significant diffrence; ns: Non significant 
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Fig. 1. Fruit of nutmeg is small size 
 
On soil that is difficult to make a circular disc 
under the canopy, especially in rocky and sloping 
areas, fertilizing the nutmeg is done by placing it 
in the "rorak" fertilizer hole. This treatment is still 
optimal because it gives a high yield of old fruit 
(Table 4). A higher dose of NPK (15:15:15) is 
required because only the surface area of the 
roots around the planting hole will absorb.  
 

3.4 Correlation of Leaf Physiological 
Traits and Yield Components 

 
There was a positive correlation of number of big 
fruit with chlorophyll a, chlorophyll b, total 
chlorophyll and number of small fruit. Leaf 
content of proline and NRA  did not show positive 
corelation with number of big fruit, in fact, these 
two parameters negatively affected the number 
of old fruits (Table 5). This result indicated that 
number of big fruit at 8 months after fertilizer 
treatment caused the higher of leave chlorophyll 
content and number of small fruit. 

  
The high proline activity had a negative effect on 
the number of mature fruits. This was because 
proline is a type of protein that is formed when 
plant depressed by drought. The catabolism of 
protein molecules into proline causes fruit 
formation to be disrupted. Meanwhile, the high 
NRA had a negative effect on the number of old 
fruits, presumably because the NRA played a 
role in vegetative growth. Application a source of 
nitrate (N fertilizer) when the plants begin to form 
fruit will interfere with the formation of old fruit. 

    
The relationship between chlorophyll and 
production (number of fruits) is very close (Table 
5). The positive correlation of the chlorophyll a, 
chlorophyll b, and total chlorophyll content with 
the number of old fruits, respectively was 
0.665**, 0.663* and 0.634*. These results 

indicate that the physiological traits of the leaves 
(chlorophyll) which are influenced by fertilization 
determine the fruit yield. These results were in 
line with the Mensah et al. [23] that NPK 
fertilization (15:15:15) at a certain dose range 
significantly increased the number of leaves, 
plant height, and leaf area of the Punica 
granatum plant. This is because chlorophyll plays 
a role in producing photosynthate (source) which 
is allocated for fruit formation (sink) or source-
sink relationships [30]. 

 
4. CONCLUSION 
 
The fertilization treatment with the fertilizer 
application method into the crack/hole fertilizer 
with a dose of 2.5 kg NPK (15:15:15) significantly  
produced high levels of chlorophyll a, chlorophyll 
b, total chlorophyll of leaves and old fruit. The 
content of chlorophyll a, chlorophyll b, and total 
levels had a positive correlation with the number 
of old fruits, namely 0.665 **, 0.663 *, and 0.634 
*, respectively. Fertilizer application into the rorak 
also caused the plant to create a defense 
mechanism against drought stress (water 
limitation) indicated by a significant increased in 
leaf proline activity. On sloping land, the fertilizer 
application method can be done by sowing in a 
circular plate of stems under the canopy at a 
dose of NPK (15:15:15) 1 kg/plant/year because 
it  gave higher yields of old fruit.  
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