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ABSTRACT 

Climatic elements play important roles in the growth of plants. The aims of this study were to determine correlation and 

relationship between plant growth and climatic elements (rainfall, rainy days, temperature, relative humidity, and solar 

radiation) in a secondary forest of Universiti Malaysia Sarawak (Unimas), Sarawak, Malaysia. The plant growth was 

indicated by diameter at breast height (DBH) of some selected tree species. The DBH increment of 30 selected trees 

which consisted of nine species (Acacia mangium, Cratoxylum arborescens, Cratoxylum glaucum, Endospermum 

diadenum, Euodia glabra, Macaranga gigantea, Macaranga triloba, Vernonia arborea, and Vitex pubescens) was 

recorded monthly through the use of Series 5 Manual Band Dendrometer for a period of 1 year. The result showed that 

increments of several selected species were positively and negatively correlated to one or more climatic elements. The 

relationship between DBH increment of E. diadenum and climate elements were significant.  
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1.  INTRODUCTION 

The growth rate of trees in tropical forests reflects the 

variation in life history strategies that affect determining 

species’ distributional limits, setting limits to timber 

harvesting and controlling carbon balance of the stands 

[1]. The duration to develop a stand and transit it from 

one stage to another varies among forest communities at 

different developmental stages [2]. 

Climate is the strongest driver of spatial variation in 

tree growth, and that change in climate may, therefore, 

have large consequences on forest productivity and 

carbon sequestration [3]. Species-inherent and resource 

factors as well as considerable variation in stand-level 

growth of trees resulted from site-climate interactions 

[4]. Large variances in diameter increment could be 

associated with high covariance between increment and 

basal area at the end of the growth period [5]. Seedlings 

and saplings experience strong growth when increased 

light is available [6]. 

The amount of rainfall and average diurnal 

temperature in a growing season are important to explain 

variations in tree diameter growth. The variation in 

diameter growth is mostly by climatic elements [7]. 

Temperature has a greater influence than rainfall for most 

of the tree species. In addition, a linear and significant 

relationship was obtained between precipitation and 

height-diameter relationships for seven of the 44 tree 

species studied [8]. The diameter increments of trees 

have a negative correlation with temperature and rainfall 

in certain months [9].  

The previous study reported that average DBH 

increments for nine selected species, namely:  

Buch.Ham., Cratoxylum glaucum Korth, Endospermum 

diadenum (Miq.) Airy Shaw, Euodia glabra (Bl.) Bl., 

Macaranga gigantea Mull. Arg., Macaranga triloba 

Mull. Arg., and Vitex pubescens Vahl. In the secondary 

forest were 0.75 cm year-1 [10]. However, there is need 

to understand the correlation and relationship between 

DBH increment and climatic elements. The objectives of 

this study were to determine correlation and relationship 

between DBH increment of nine selected tree species and 

climatic elements (rainfall, rain days, temperature, 

relative humidity, and solar radiation) in a secondary 

forest. 

2. MATERIALS AND METHODS 

2.1. Study sites 

The study was carried out at secondary forest of 

Universiti Malaysia Sarawak (UNIMAS) (01°28.111'N 

110°26.234'E) in Kota Samarahan, Sarawak, East 

Malaysia as illustrated in Figure 1. The study plot was 
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similar with reported by [10]. The plot was established in 

the secondary forest which is estimated to be existing for 

more than 30 years after shifting cultivation [10]. The 

average annual rainfall, rain days, temperature, and 

relative humidity of this site were found to be 4,323.3 

mm year-1, 247 days, 26.3oC, and 85.3%, respectively 

[11]. 

 

Figure 1  Map of the study area in Sarawak, East 

Malaysia (Source: Google Map 2021) 

2.2. Data collection 

DBH increment of 30 selected trees at secondary 

forest of UNIMAS were recorded monthly through the 

use of Series 5 Manual Band Dendrometer from AEC at 

the height of 1.3 m from the surface of the soil and for the 

period of 1 year as reported by [10]. The diameter of 

every selected tree was recorded at the initial and the 

following months. The monthly data of climatic elements 

such as rainfall, rain days, temperature, relative humidity, 

and solar radiation were collected from the Meteorology 

Department of Malaysia (Sarawak Branch). 

2.3. Data analysis 

The correlation of five climatic elements (rainfall, 

rain days, temperature, relative humidity, and solar 

radiation) and DBH increments of selected tree species 

were tested by Pearson correlation method. The multiple 

regression analysis was also used to relate five climatic 

elements and DBH increments. 

3.  RESULTS AND DISCUSSION 

3.1. Correlation between DBH increment and 

climate elements 

The diameter of the trees assessed ranged from 5.0 cm 

to 16.5 cm. The correlation between DBH increments for 

the selected 30 trees and five climatic elements is as 

shown in Table 1. Positive correlation was found between 

average DBH increments for  M. triloba, V. pubescens 

with rainfall (P value < 0.01), while a negative correlation 

was observed with temperature and solar radiation (P 

value < 0.01). High amount of rainfall resulted in DBH 

increments for M. triloba, V. pubescens, and all sample 

trees while high temperature and solar radiation resulted 

in slow growth of these trees. Furthermore, a positive 

correlation (P value < 0.01) was found between DBH 

increment for E. diadenum and all sample trees with rain 

days, while a weak positive correlation (P value < 0.05) 

was found between DBH increments for C. arborescens, 

C. glaucum, and V. pubescens. These four selected tree 

species grew fast with high number of rain days. The 

average DBH increment of A. mangium showed negative 

correlation (P value < 0.01) to relative humidity and weak 

positive correlation (P value < 0.05) to solar radiation. A 

high DBH increment of A. mangium will be attained 

when low relative humidity and high solar radiation were 

recorded. The weak negative correlation was showed by 

DBH increment of V. arborea and temperature (P value 

< 0.05). The correlation between DBH increment of all 

sample trees and rainfall was weak and positive (P value 

< 0.05). However, no correlation was discovered between 

average DBH increments of E. Glabra and M. gigantea 

and the five climatic elements. 

Generally, positive correlations were observed 

between DBH increments of several selected tree species 

with rainfall and rain days. On the other hand, negative 

correlations were observed between DBH increments of 

several tree species with temperature, relative humidity, 

and solar radiation. Several studies on tree growth and 

climatic elements revealed that rainfall or precipitation 

and temperature are the two most important factors that 

affect tree growth [12] [13] [14] [15] [16].  

 These correlations affect the development of 

secondary forests especially at the end of the succession 

period. In addition, they are also important in estimating 

the transitional period of forest developmental stages. 

The result of this study has revealed that secondary forest 

growth will be affected by climatic elements during the 

process of succession. The existence of secondary forests 

needs more attention because they are expected to have 

the ability of reaching maturity although it may not be the 

same as the primary forests.
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Table 1. Pearson Correlation Coefficient of Five Climatic Elements With DBH Increment of Selected Tree Species 

DBH 

increment 

(cm) 

Rainfall  

(mm) 

Raindays  

(days) 

Temperature 

(°C) 

Relative humidity 

(%) 

Solar radiation 

(MJ m2) 

r P value R P value r P value r P value r P value 

Acacia 

mangium 
-0.27 0.400 -0.35 0.268 0.42 0.171 -0.74** 0.006 0.59* 0.043 

Cratoxylum 

arborescens 
0.29 0.369 0.59* 0.045 -0.47 0.126 -0.01 0.984 -0.11 0.727 

Cratoxylum 

glaucum 
0.25 0.438 0.58* 0.047 -0.35 0.272 0.13 0.689 -0.21 0.519 

Endospermu

m diadenum  
0.19 0.564 0.82** 0.001 -0.40 0.198 0.14 0.673 -0.21 0.517 

Euodia 

glabra  
0.12 0.715 0.54 0.069 -0.26 0.407 -0.13 0.695 0.09 0.791 

Macaranga 

gigantea  
0.48 0.118 0.23 0.467 -0.42 0.169 0.12 0.707 -0.29 0.356 

Macaranga 

triloba  
0.90** 0.000 0.34 0.275 -0.77** 0.004 0.42 0.175 

-

0.81** 
0.001 

Vernonia 

arborea  
0.41 0.183 0.58 0.046 -0.67* 0.017 0.34 0.285 -0.44 0.153 

Vitex 

pubescens  
0.86** 0.000 0.58* 0.050 -0.82** 0.001 0.40 0.194 

-

0.79** 
0.002 

All sample 

trees 
0.59* 0.043 0.78** 0.003 -0.71** 0.009 0.23 0.469 -0.48 0.112 

Note: r are Pearson's correlation coefficients. P values of correlations are shown. * and **correlations are significant at the 0.05 and 0.01 level (2-

tailed), respectively. 

3.2. Relationship between DBH Increment and 

Climate Elements 

Vegetation and climate interaction, particularly the 

DBH increment and climate elements, there is a need to 

identify relevant parameters of climate elements, those 

which describe and influence the DBH increment. A 

multiple regression analysis was used to describe the 

relationship between DBH increment of selected tree 

species and five climate elements. The five climate 

elements such as rainfall, raindays, temperature, relative 

humidity, and solar radiation were selected and used in 

this analysis. In this analysis the average DBH 

increments of selected tree species were monthly 

recorded by dendrometer as dependent variable (y), while 

rainfall (x1), raindays (x2), temperature (x3), relative 

humidity (x4), and solar radiation (x5) as independent 

variables (x).  

Table 2 shows the results of multiple regression 

analysis for relating DBH increment of selected tree 

species and climate elements. The results showed the 

average DBH increment of E. diadenum was significant 

to raindays (P value < 0.01), temperature (P value < 

0.05), relative humidity (P value < 0.01), and solar 

radiation (P value < 0.05). The relationship of DBH 

increment of E. diadenum and climate elements was 

given by equation:  

DBH increment of E. diadenum =  
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0.02 RD +0.06 T – 0.03 RH - 0.03 SR (1) 

Note:  

RD = raindays,  

T = temperature,  

RH = relative humidity,  

SR = solar radiation.  

In this equation F value was 27.87 and R2 was 0.96. 

The DBH increment of E. diadenum was linear with 

raindays and temperature, but contrast to relative 

humidity and solar radiation. The higher values of 

rainday and temperature were followed by the higher 

DBH increment of E. diadenum. On the other hand, the 

DBH of growth fastly as the values of relative humidity 

and solar radiation were low. Sometimes crop production 

is hampered due to very high or very low temperature 

during the growing period. But the primary constraint for 

crop production is the moisture. This depends entirely on 

rainfall. The rainfall is highly erratic and undependable 

[17].  

The relationship between the average DBH increment 

of all sample trees and rain days was significant (P value 

< 0.01). The average DBH increment of all sample trees, 

such as A. mangium, C. arborescens, C. glaucum, E. 

glabra, M. gigantea, M. triloba, V. arborea, and V. 

pubescens had no relationship to one or more climate 

elements. The analysis showed that almost all selected 

tree species were not significant related to five selected 

climate elements. This may caused of the analyzed 

climate data were for short-term period (12 months). The 

analysis used data of average monthly climate elements. 

Data of climate elements was not from the study site, but 

collected from the nearest station as mentioned earlier. 

These factors may influence to describe relationship 

between DBH increments of selected tree species with 

five climate elements. 

Rainfall is a factor of prime significance for plants 

indirectly, but it is seldom a direct factor of importance. 

The total rainfall, and especially the distribution of 

rainfall through the year, is one of the leading features of 

climate, but the sufficient close figures can usually be 

obtained from the nearest rainfall station [18]. The most 

limiting factor is the moisture through rainfall [17] [19]. 

Crops depend on the rainfall for their moisture need. As 

far as the crop production is concerned, the distribution 

of rainfall is important rather than the quantity of rainfall 

in a locality. The distribution should be uniform to meet 

the water requirement at critical stages of crop growth.

 

 

Table 2.  Multiple regression analysis of DBH increment of selected tree species and three climate elements (rainfall, 

raindays, temperature). 

Dependent 

variable (y) 

No. of 

measurement 

a (±SE) 

P 

value 

Independent variable (x) 

Rainfall (mm) Raindays (days) Temperature (oC) 

b1 (±SE) P value b2 (±SE) P value b3 (±SE) 
P 

value 

DBH 

increment of 

A. mangium 

12 0.80±0.64 0.26 0.00±0.00 0.90 0.00±0.00 0.95 0.01±0.02 0.61 

DBH 

increment of 

C.arborescens 

12 1.71±1.36 0.25 0.00±0.00 0.61 0.00±0.00 0.25 -0.05±0.04 0.21 

DBH 

increment of 

C. glaucum 

12 0.38±2.09 0.86 0.00±0.00 0.89 0.01±0.00 0.13 0.03±0.06 0.68 

DBH 

increment of 

E. diadenum 

12 1.48±0.76 0.10 0.00±0.00 0.16 0.02±0.00 <0.001** 0.06±0.02 <0.05* 

DBH 

increment of 

E. glabra 

12 0.23±0.30 0.48 0.00±0.00 0.50 0.00±0.00 0.13 -0.01±0.01 0.45 
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DBH 

increment of 

M. gigantea 

12 0.14±0.87 0.88 0.00±0.00 0.36 0.00±0.00 0.81 -0.02±0.03 0.49 

DBH 

increment of 

M. triloba 

12 0.43±0.73 0.58 0.00±0.00 0.18 0.00±0.00 0.88 -0.01±0.02 0.70 

DBH 

increment of 

V. arborea 

12 1.72±1.60 0.32 0.00±0.00 0.95 0.00±0.00 0.77 -0.06±0.05 0.23 

DBH 

increment of 

V.pubescens 

12 1.07±0.85 0.26 0.00+0.00 0.28 0.00+0.00 0.12 -0.00+0.02 0.96 

DBH 

increment of 

all sample 

trees 

12 0.85±0.43 0.10 0.00±0.00 0.44 0.00±0.00 <0.01** -0.01±0.01 0.59 

Note: Significance levels are shown *P<0.05 and ** P<0.01. F value and coefficient of determination (R2) are provided. 

 

 

 

Table 3.  Multiple regression analysis of DBH increment of selected tree species and two climate elements (relative 

humidity and solar radiation). 

Dependent variable (y) 
No. of 

measurement 

independent variable (x) 

F R2 Relative humidity (%) Solar radiation (MJ m2) 

b4 (±SE) P value b5
 (±SE) P value 

DBH increment of A. mangium 12 -0.01±0.01 0.34 0.00±0.01 0.64 1.71 0.59 

DBH increment of C. arborescens 12 -0.01±0.01 0.56 0.02±0.02 0.35 2.72 0.69 

DBH increment of C. glaucum 12 -0.01±0.02 0.50 -0.01±0.03 0.75 0.98 0.45 

DBH increment of E. diadenum 12 -0.03±0.01 <0.01** -0.03±0.01 <0.05* 27.87 0.96 

DBH increment of E. glabra 12 -0.00±0.00 0.61 0.00±0.00 0.31 2.60 0.68 

DBH increment of M. gigantea 12 0.00±0.01 0.71 0.01±0.01 0.42 0.63 0.35 

DBH increment of M. triloba 12 -0.00±0.01 0.80 -0.00±0.01 0.70 5.98 0.83 

DBH increment of V. arborea 12 -0.00+0.01 0.86 0.01±0.02 0.72 1.44 0.55 

DBH increment of V. pubescens 12 -0.01±0.01 0.18 -0.01±0.01 0.28 9.58 0.89 

DBH increment of all sample trees 12 -0.01±0.00 0.07 -0.00±0.01 0.69 11.56 0.91 

Note: Significance levels are shown *P<0.05 and ** P<0.01. F value and coefficient of determination (R2) are provided. 

4. CONCLUSION 

Diameter at breast height (DBH) increment of E. 

diadenum have influenced by climate elements on 

rainfalldays, temperature, relative humidity, and solar 

radiation. 
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