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ABSTRACT 

The oil palm being a rain-fed crop, its yield could be influenced by any severe changes in the 
rain intensity and/or its distribution. Some important environmental stresses such as drought 
or extreme rainfall could have a great impact on the crop productivity. The intensity will 
depend on the severity, duration and time of stress in relation to the oil palm crop phenology. 
The sensitive stages of growth towards stresses are during the initial inflorescence and fruit 
development stages. This paper investigates the relationships between rainfall and FFB yield 
production in three different regions in Malaysia. Results show that oil palm FFB yield was 
affected by the low rainfall during severe El Nino events and excessive rainfall during La 
Nina events. However, the severity of an El Nino event is largely determined by the number 
of months with less than 100 mm rainfall, which has been very low since 2007. The reduction 
in FFB yield from the recent weak or moderate El Nino events was minimal. The FFB yield 
during the strong El Nino event in 2015was slightly reduced by 0.8% to 18.48 t ha-1 yr-1 from 
18.63 t ha-1 yr-1 in 2014. Sabah had a decline of 6.3% to 19.99 t ha-1 yr-1 as compared to 21.34 
t ha-1 yr-1 in the previous year. However, Peninsula and Sarawak recorded increases in FFB 
yield, where Peninsula improved by 3.0% to 18.77 t ha-1 yr-1, while Sarawak increased 
slightly by 0.5% to 16.21 t ha-1 yr-1. Low FFB yield was significantly correlated with high 
rainfall events after 5- or 6-month lag intervals and could be strongly linked to poor fruit set. 
There was a significant reduction in FFB yield at the16-month lag interval after high rainfall 
event (≥ 200 mm month-1) compared to low rainfall event (< 200 mm month-1) that could be 
attributed to high abortion rate and low sex ratio. The observed increase in FFB yields at the 
lag intervals of10-monthafter high rainfall event and 12-month after low rainfall event could 
probably be caused by a decreased in inflorescence abortion rate.  
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INTRODUCTION 

Oil palm is an important commodity crop in Malaysia, where more than 70% of the 
agricultural land is under oil palm cultivation. The total oil palm planted area in 2015 reached 
5.64 million hectares, (i.e. Peninsula 2.66 million ha, Sabah 1.54 million ha and Sarawak 
1.44 million ha) (MPOB, 2016). In 2015, Malaysia CPO production was19.96million tonnes 
and total exports of oil palm products were 25.37 million tonnes with total export revenue 
ofRM60.17 billion. 
 
The oil palm being a rain-fed crop is affected by any severe changes in rain intensity and/or 
distribution that subsequently could influence its FFB yield production. Like other agriculture 
crops, environmental constraints such as drought, high temperatures, and high vapor pressure 
deficit (VPD), could also influence the oil palm crop productivity. The intensity of the 
influence will depend on the severity, period and time of stress in relation to the palm 
phenology. The sensitive stages of growth to stresses are during the initial inflorescence and 
fruit development stages (Corley and Grey, 1976; Corley and Tinker, 2014). Due to the 
unique physiology of the oil palm tree, the actual influence of any stress incidence on oil 
palm fresh fruit bunch (FFB) production could only be seen after 1 to 3 years later, i.e. the 
effect of a prolonged drought period result in reduced FFB yield several years later after the 
stress event. 

El Nino events occur quite regularly, but each event is unique in the level that they influence 
rainfall patterns and agricultural production. For example, there have been 10 documented El 
Nino events since 1980 to 2013. This phenomenon occurs every 3 to 7 years and severe 
events were reported in 1982-1983 and 1997-1998. The El Nino event in 1997-1998 was the 
strongest ever recorded in history (Grove, 1998; L' Heureuxet al., 2012; Oscar et al., 2014). 
The direct effects of El Nino resulted in drier conditions in parts of Southeast Asia region that 
often led to increasing incidents of bush fires, haze, decreasing air quality, and adecreasein 
crop productivity. 

La Nina events are the reverse of El Nino and influence the global climate and disrupt normal 
weather patterns. La Nina incidents have occurred in 1995–1996, 1998–2001, 2007–2008, 
and 2010–2012 (Pidwirny, 2006; Qian et al., 2013).They are associated with wetter than 
normal conditions in the Southeast Asia region that lead to intense storms and increase 
incidents of floods. It caused heavy rains over Malaysia, the Philippines, and Indonesia. It is 
generally expected that La Nina will follow immediately after an El Nino event, but this is 
not always the case. Typically, both occur every three to five years but they have varied 
between two and seven years. Both phenomena could last between nine and twelve months. 

One of the main concerns is the reduction in oil palm yield potential when palms are exposed 
to stress conditions during El Nino events, such as drought and high temperature (Haniff et 
al., 2010). Monitoring rainfall is useful for predicting oil palm yields, since low soil moisture 
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content is the most common plant stress factor. Soil water plays an important role in nutrient 
uptake by plants and for maintaining leaf gas exchange during photosynthesis. The most 
critical moisture stress periods for oil palm are at about 24 months, 12 months, and 5 months 
prior to ripening of the fruit bunches (Adam et al., 2011; Legros et al., 2009). Twenty-four 
months before fruit ripening is the occurrence of sex determination of the flower primordial 
deep inside the shoot apical region. When palms are subjected to stress at this important time, 
a higher proportion of the inflorescences will tend to develop into male flowers (i.e. reduction 
in sex ratio), resulting in less production of fruit bunches. Twelve months before fruit 
maturity is the time of inflorescence abortion. Palm trees subjected to severe stress at this 
critical time could also produce less number of female inflorescences (i.e. more female 
inflorescence tend to be aborted under severe stress condition) which later results in lower 
FFB production.  

High rainfall during La Nina events could also be detrimental to the oil palm fruit bunch 
development. Five months before fruit ripening is the time of female flower pollination. 
Heavy rains could affect weevil (Elaeidobius kamerunicus) pollinator activity and results in 
poor pollination or fruit set (Donough et al., 1996; Sugih et al, 1996). Insufficient production 
of good pollen could also reduce pollination and fruit set (Rao and Law, 1998). Fruit set level 
less than 40% could cause reductions in mean fruit bunch weight, bunch oil content and oil 
extraction rate (Haniff and Roslan, 2002). This paper investigates the relationships between 
rainfall and FFB yield production from three different regions in Malaysia. 

MATERIALS AND METHODS 

The study was conducted using data from collected from 1995 to 2015. The rainfall data 
(Malaysian Meteorological Department, 2015) and FFB yield data (MPOB, 2016) were 
analyzed according to the three different regions in Malaysia, i.e. Peninsula, Sabah, and 
Sarawak. The Pearson correlation coefficient (r) analysis was done using SPSS version 20 
(IBM, 2011) to determine the linear association between rainfall and FFB yield. The delayed 
responses to FFB yield by rainfall were investigated at several lag month intervals, e.g. 5-, 
12-, 15-, 24- and 36-month intervals. These intervals correspond to the palm physiological 
responses to fruit set, inflorescence abortion, and floral sex determination. Severe El Nino 
events were selected as monthly rainfalls with less than 200 mm and strong La Nina as events 
as  monthly rainfall with greater than 200 mm. 

RESULTS AND DISCUSSION 

Annual Rainfall and FFB Yield 

The annual rainfall from 1995 to 2015 for Peninsular, Sabah and Sarawak were above 2,000 
mm per annum (Figure 1). This was adequate to meet the annual rainfall requirement for oil 
palm, which is above 2,000 mm per year. From 2007 to 2009, Peninsula and Sabah received 
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an annual rainfall between 2,500 to 3,000 mm per annum. However, Sarawak received an 
exceptionally high rainfall of more than 4,000 mm per annum. The high amount of rainfall 
could reduce fruit set level and mean bunch weight, because of poor pollination of female 
flowers. Poor fruit set was correlated with seasonal fluctuations, where high rainfall could   
have  negative  effects  on  weevil  population and  weevil  pollination  activity  (Donough et 
al., 1996; Sugih  et  al., 1996).The heavy cloud cover during daytime could also reduce the 
amount of light required by oil palm leaves for photosynthesis. Clouds could reduce the 
evapotranspiration demand of crops mainly because of reduced solar radiation. 

 
Figure1. Annual rainfall for three regions in Malaysia from 1995 to 2015 

 

Annual FFB yield was significantly reduced in 1998 and was lower than that in previous 
years due to the severe El Nino event during that period (1997-1998). The average annual 
FFB yield for Sarawak was about 15.0 t ha-1 yr-1, which was very low compared to Peninsula 
or Sabah (Figure 2). In 1998, Sarawak experienced a reduction of about 25 percent in FFB 
yield (i.e. about 11.3 t ha-1 yr-1). Similarly, Peninsula had a yield reduction of about 14.5% 
while Sabah had a yield reduction of about 20.0%. These reductions in FFB yield could be 
attributed to the subsequent high rainfall (La Nina events) after the severe El Nino event in 
1997-1998 that reduce fruit set level and average bunch weight.  
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Figure 2. Annual FFB production for three regions in Malaysia from 1995 to 2015 

 
The La Nina event in 1998-1999 was moderate and severe in 1999-2000 (NOAA, 2016). 
Since then, moderate La Nina events have occurred in 2007-2008 and 2010-2011. A weak La 
Nina event was observed in 2011-2012. El Nino events were moderate for 2002-2003 and 
2009-2010 but reported as strong for 2015-2016.  

In general, the FFB yields in Malaysia have not shown significant reductions since the last 
severe events of El Nino in 1997-1998 and La Nina in 1999-2000. For example, the FFB 
yield for 2013 was higher by 0.7% at 19.02 t ha-1 yr-1 from 18.89 tha-1 yr-1that was achieved 
in 2012. Sabah accounted for the highest FFB yield, registering an increase of 2.4% to 20.88 t 
ha-1 yr-1as 65% of Sabah’s oil palm planted area was in the peak production age. Peninsular 

recorded an increase of 1.1% to 19.26 t ha-1 yr-1, while Sarawak decreased by 1.7% to 16.23 t 
ha-1 yr-1. Sarawak’s FFB yield was relatively lower as 28% of the matured areas are young 

palms (between 4 to 6years old).  

The FFB yield for 2014was reduced by 2.1% at 18.63t ha-1 yr-1compared to 2013. Sabah 
accounted for the highest FFB yield with an increase of 2.2% to 21.34t ha-1yr-1 since about 71% 
of Sabah’s oil palm planted area was in the prime production age (8 to 24 years old).  

However, both Peninsula and Sarawak recorded declines in FFB yield, i.e. Peninsula by 5.3% 
to 18.23 t ha-1 yr-1, while Sarawak by 0.6% to 16.13 t ha-1 yr-1. Sarawak’s FFB yield was 

relatively lower as 25% of the planted areas have young palms at about 4-6 years old. 

During the severe El Nino event in 2015, the annual FFB yield was slightly reduced by 0.8% 
to 18.48 t ha-1 yr-1 from 18.63t ha-1 yr-1 in 2014. Sabah had a reduction of 6.3% to 19.99 t ha-1 
yr-1 as against 21.34 t ha-1 yr-1 in the previous year.  However, Peninsula and Sarawak 
recorded increases in FFB yield, where Peninsula improved by 3.0% to 18.77 t ha-1 yr-1, 
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while Sarawak increased slightly by 0.5%to 16.21 t ha-1 yr-1. Sarawak’s FFB yield was 
comparatively lower as compared to other regions as 25% of its matured area was still young 
palms. 

Monthly Rainfall and FFB Yield 

The average monthly rainfall data for all three regions was not evenly distributed throughout 
the year (Figure 3).  Peninsula and Sabah received less rainfall at the beginning of the year, 
but then it increased towards the end of the year. However, Sarawak received high rainfall at 
the beginning and end of each year, with the lowest rainfall occurring during the middle of 
the year.  

 
Figure 3. Average monthly rainfall for three regions in Malaysia from 1995 to 2015 

 

Average monthly FFB yield (1995-2015) for all three regions show that peak FFB yield 
occurred towards the end of the year, while the low FFB yield occurred in February (Figure 
4). Analysis of rainfall and FFB yield records from 1995 to 2015 showed that severe El Nino 
occurrence often resulted in a few months with rainfall less than 100 mm per month at the 
beginning of the year. This was observed during two periods from 1995-1998 and 2002-2005. 
In 1998, the number of months with less than 100 mm of rainfall was one month for Sarawak, 
three months for Peninsula and four months for Sabah (Figure 5(a). It appears that the 
number of months with less than 100 mm of rainfall could be coupled to the decrease in FFB 
yield. However, it is difficult to explain the mechanisms involved, since they could involve a 
combination of both long-term and short-term stress responses by the palms. For example, 
responses to sex determination will occur after about 24 months, inflorescence abortion will 
take place after about 12 months and pollination/fruit set at about 5 months prior to bunch 
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ripening. These physiological processes could be influenced by rainfall events, such dry 
spells or heavy rainfall.  

 
Figure 4. Average monthly FFB yield for three regions in Malaysia from 1995 to 2015 

 

  
Figure 5.  Number of months with rainfall deficit of (a) 100 mm per month and (b) 200 

mm per month for the three regions in Malaysia from 1995 to 2015. 
 
The number of months with less than 200 mm of rainfall is shown in Figure 5(b). Peninsula 
has the highest number of months with less than 200 mm, followed by Sabah and Sarawak. 
The later has the lowest number of months with less than 200 mm rainfall. According to 
Hartley (1988), optimum rainfall for oil palm is about 2,000 mm per year. However, oil palm 
can grow and yield in areas with at least 1,800 mm rainfall, provided it is evenly distributed 
throughout the year and has no chronic soil water deficit.  Bakoume et al. (2013) mentioned 
the likelihood of water deficits in months receiving up to 180 mm. Apparently, water stress 

(a) (b) 
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and excessive rainfall can also depress oil palm yield through reduction of evapotranspiration 
and photosynthesis (Kee et al., 2000). 
  

The oil palm FFB yield could be affected by the monthly rainfall events through sex 
determination, inflorescence abortion, and pollination (or fruit set). Generally, it takes about 
five months from pollination of female inflorescence to harvesting of ripe fruit bunches. 
Plotting the average monthly FFB yield with the corresponding month's rainfall show a close 
fit between them, where the five-month lag FFB yield mirrored the monthly rainfall for all 
three regions (Figure 6). A high rainfall month was followed by a reduced FFB yield after 
five months lag period. Similarly, low rainfall was followed by an improved in FFB yield 
after five months lag period. This implies that FFB yield was affected by the amount of 
rainfall received, to some extent through pollination or fruit set. However, heavy cloud cover 
during rainfall events could reduce the amount of light or sunshine hours for photosynthesis, 
which affects synthesis of carbohydrates for dry matter production and tissue maintenance 
respiration. 

 
Figure 6. Five-month lag FFB yield against monthly rainfall for the three regions in 

Malaysia from 1995 to 2015. 
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Correlation between rainfall and FFB yield 

The Pearson correlation coefficient analysis was done to determine the relationship between 
the monthly rainfall and selected lag intervals of FFB yield response (Table 1). The data for 
all three regions showed no violation of normality, linearity or having equal statistical 
variances. Figure 7 show the relevant scatterplots for the three separate regions. There were 
significant moderate to low negative correlations between rainfall and FFB yield at lag 
intervals of 5-,15- and 16-month. Rainfall was positively correlated with FFB yield at lag 
intervals of 10-, 11- and 22-month. The FFB yield reductions at lag intervals of 5- and 16-
month could be attributed to poor fruit set and inflorescence abortion, respectively. While the 
increased in FFB yield at lag intervals of 10-, 11- and 22-month could probably be caused by 
an increase in sex ratio and reduced inflorescence abortion rate. 
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Figure 7. The scatterplots of lag FFB yields and monthly rainfall  

for 3 regions in Malaysia. 

The correlations between monthly rainfall < 200 mm month-1 and selected lag intervals of 
FFB yield are shown in Table 2. These dry months could be associated with severe El Nino 
events. Results show a weak negative correlation between rainfall and FFB yield at lag 
intervals of 6- and 16-month (Figure 8).  There were significant positive correlations between 
rainfall and FFB yield at lags of 12-month for Peninsula and Sabah, but not for Sarawak. 
Only Peninsula had a low significant negative correlation between rainfall and FFB yield at 
alaginterval of 18-month. Both Peninsular and Sabah had a moderate to low negative 
correlations at about 20-month lag interval. High bunch failure and inflorescence abortion 
rates induced by water stress during the severe El Nino event could probably cause the 
reductions in FFB yield at lag intervals of 6-, 18- and 20-month, respectively. However, the 
increased in FFB yield at alaginterval of 12-month was difficult to explain, since it occurred 
only in Peninsula and Sabah, and not Sarawak. The later could be attributed to the lower 
number of months with < 200 mm rainfall compared to Peninsula or Sabah. 
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Figure 8. The scatterplots of lag FFB yields and monthly rainfall < 200 mm 

month-1 for 3 regions in Malaysia. 
 

Table 3 shows the correlations between monthly rainfall ≥ 200 mm month-1 and selected lag 
intervals of monthly FFB yield for the three regions.  These months could be associated with 
excessive rainfall during La Nina events. There were significant weak negative correlations 
between rainfall and FFB yield at lag intervals of 5-month only for Sarawak, and moderate to 
low at 16-month for all three regions (Figure 9). Rainfall and FFB yield were positively 
correlated at lag intervals of 10- and 22-month for all three regions. The reductions in FFB 
could be attributed to poor fruit set at lag interval of 5-month and increased inflorescence 
abortion at lag interval of 16-month. While the increased in FFB yield at 10-month lag 
interval could probably be due to lower inflorescence abortion and at 22-month lag interval 
attributed to high sex-ratio. Poor fruit set could be caused by poor pollination during 
excessive rainfall event. The low light level and evapotranspiration could probably reduce 
photosynthesis that subsequently increase the abortion rate and lower the FFB yield at a16-
month lag interval.  
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Figure 9. The scatterplots of lag FFB yields and monthly rainfall ≥ 200 mm  

month-1 for 3 regions in Malaysia. 
 

The overall results show significant correlations between rainfall and oil palm FFB yield in 
the three regions. The lag response of FFB yield coincides with the important stages of bunch 
development. However, the responses may vary according to the amount of monthly rainfall 
received in each region because of the differences in rainfall distribution and geographic 
locations of the three regions. 

CONCLUSION 

Oil palm FFB yield production was affected by severe El Nino events because of the low 
monthly rainfall and by La Nina events because of the excessive monthly rainfall. During El 
Nino events, the severity was basically determined by the number of months having less than 
100 mm of rainfall. Since 2007, the number of months with less than 100 mm of rainfall was 
quite scarce, i.e. only about one month per year. Based on the monthly rainfall condition, the 
reduction in FFB yield from the severe El Nino event in 2015 was found to be minimal. 
However, any FFB yield reductions will only be noticeable after 12- and 24-months later 
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because of increase inflorescence abortion and reduction in sex ratio, respectively. Low FFB 
yield was significantly correlated with high rainfall after 5- or 6-month lag intervals, which 
could be associated to poor fruit set. There was a significant reduction in FFB yield at the16-
month lag interval after high rainfall (≥ 200 mm month-1) compared to low rainfall (< 200 
mm month-1) that could be attributed to an increased in abortion and lower sex ratio. Also a 
significant increase in FFB yields at the10-month lag interval after high rainfall and 12-
month lag interval after low rainfall, which could probably be caused by low abortion rate.  

Further studies are still needed on other important factors that could influence the oil palm 
FFB yield, such as soil water status, light level, temperature and vapour pressure deficit. This 
information will be valuable in the preparation of mitigation strategies for future severe El 
Nino and La Nina events.  
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Table 1. Correlations between rainfall and FFB yield at different month lag intervals for three regions in Malaysia. 
 

  
FFB (t/ha) FFB+5 FFB+6 FFB+7 FFB+8 FFB+9 FFB+10 FFB+11 FFB+12 FFB+13 FFB+14 FFB+15 FFB+16 FFB+17 FFB+18 FFB+19 FFB+20 FFB+21 FFB+22 FFB+23 FFB+24 FFB+36 

Peninsula Pearson 
Correlation 

.245** -.351** -.250** -.101 .087 .253** .450** .549** .534** .269** -.111 -.412** -.489** -.376** -.269** -.063 .069 .218** .370** .461** .209** .167* 

Sig. (2-tailed) .000 .000 .000 .114 .172 .000 .000 .000 .000 .000 .086 .000 .000 .000 .000 .328 .289 .001 .000 .000 .002 .014 
N 252 248 247 247 247 247 247 247 247 240 240 240 240 240 240 240 240 240 240 240 228 216 

Sabah Pearson 
Correlation 

.434** .208* .021 -.080 -.198* -.151 -.033 .123 .364** .440** .244* .135 .034 .005 -.074 -.167 -.343** -.316** -.193 -.045 .476** .133 

Sig. (2-tailed) .000 .037 .834 .430 .049 .139 .746 .232 .000 .000 .017 .191 .740 .965 .476 .105 .001 .002 .060 .661 .000 .228 
N 102 101 101 100 99 98 98 97 97 95 95 95 95 95 95 96 96 96 96 96 90 84 

Sarawak Pearson 
Correlation 

.046 -.295** -.198** -.055 .251** .492** .595** .550** .366** .109 -.194** -.373** -.418** -.352** -.202** -.024 .183** .429** .558** .506** .053 .049 

Sig. (2-tailed) .468 .000 .002 .390 .000 .000 .000 .000 .000 .092 .003 .000 .000 .000 .002 .716 .005 .000 .000 .000 .425 .476 
N 251 247 246 245 244 243 242 241 240 239 238 237 236 235 234 233 232 231 230 229 227 215 

Combined Pearson 
Correlation 

-.024 -.326** -.313** -.275** -.137** .008 .147** .200** .166** .014 -.202** -.363** -.415** -.397** -.344** -.263** -.169** -.029 .096* .141** -.037 -.096* 

Sig. (2-tailed) .509 .000 .000 .000 .000 .820 .000 .000 .000 .702 .000 .000 .000 .000 .000 .000 .000 .445 .011 .000 .338 .014 
N 755 743 740 739 738 737 736 735 734 719 718 717 716 715 714 713 712 711 710 709 683 647 

**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed).  
 

 
Table 2. Correlations between rainfall < 200 mm month-1 and FFB yield at different month lag intervals for three regions in Malaysia. 

 
 

  
FFB (t/ha) FFB+5 FFB+6 FFB+7 FFB+8 FFB+9 FFB+10 FFB+11 FFB+12 FFB+13 FFB+14 FFB+15 FFB+16 FFB+17 FFB+18 FFB+19 FFB+20 FFB+21 FFB+22 FFB+23 FFB+24 FFB+36 

Peninsula Pearson 
Correlation 

.393** -.048 -.116 -.197* -.201* -.119 .055 .293** .472** .430** .134 .028 -.122 -.150 -.222* -.214* -.243** -.164 .011 .118 .349** .245** 

Sig. (2-tailed) .000 .579 .177 .021 .019 .171 .528 .001 .000 .000 .125 .752 .163 .087 .010 .014 .005 .058 .904 .176 .000 .007 
N 138 138 138 137 136 135 135 134 134 132 132 132 132 132 132 132 132 133 132 132 126 120 

Sabah Pearson 
Correlation 

.434** .208* .021 -.080 -.198* -.151 -.033 .123 .364** .440** .244* .135 .034 .005 -.074 -.167 -.343** -.316** -.193 -.045 .476** .133 

Sig. (2-tailed) .000 .037 .834 .430 .049 .139 .746 .232 .000 .000 .017 .191 .740 .965 .476 .105 .001 .002 .060 .661 .000 .228 
N 102 101 101 100 99 98 98 97 97 95 95 95 95 95 95 96 96 96 96 96 90 84 

Sarawak Pearson 
Correlation 

.071 -.073 .002 -.157 -.091 -.191 -.319* -.176 -.109 .020 -.101 -.242 -.180 -.119 .010 -.006 -.176 -.205 -.151 -.140 -.036 -.095 

Sig. (2-tailed) .619 .615 .990 .287 .540 .194 .027 .232 .462 .891 .493 .097 .222 .422 .944 .966 .243 .171 .318 .360 .818 .551 
N 51 50 49 48 48 48 48 48 48 48 48 48 48 48 48 47 46 46 46 45 44 42 

Combined Pearson 
Correlation 

.182** -.075 -.177** -.264** -.302** -.262** -.160** -.010 .165** .200** .028 -.077 -.168** -.200** -.247** -.283** -.366** -.334** -.226** -.127* .173** -.018 

Sig. (2-tailed) .002 .207 .003 .000 .000 .000 .007 .868 .006 .001 .642 .202 .005 .001 .000 .000 .000 .000 .000 .036 .005 .773 
N 291 289 288 285 283 281 281 279 279 275 275 275 275 275 275 275 274 275 274 273 260 246 

**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed).  
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Table 3. Correlations between rainfall ≥ 200 mm month-1 and FFB yield at different month lag intervals for three regions in Malaysia. 
 

  

FFB (t/ha) FFB+5 FFB+6 FFB+7 FFB+8 FFB+9 FFB+10 FFB+11 FFB+12 FFB+13 FFB+14 FFB+15 FFB+16 FFB+17 FFB+18 FFB+19 FFB+20 FFB+21 FFB+22 FFB+23 FFB+24 FFB+36 

Peninsula Pearson 
Correlation 

-.195* -.179 -.003 .042 .247** .433** .503** .387** .212* -.124 -.316** -.416** -.459** -.225* -.118 -.017 .188 .370** .456** .450** -.104 -.148 

Sig. (2-tailed) .038 .061 .978 .665 .009 .000 .000 .000 .024 .199 .001 .000 .000 .019 .224 .864 .051 .000 .000 .000 .296 .150 
N 114 110 109 110 111 112 112 113 113 108 108 108 108 108 108 108 108 107 108 108 102 96 

Sabah Pearson 
Correlation 

.038 -.045 .009 .018 .092 .279** .399** .383** .336** .104 -.132 -.210* -.219** -.164* -.149 -.065 .047 .221** .417** .381** .092 -.067 

Sig. (2-tailed) .641 .592 .917 .825 .266 .001 .000 .000 .000 .212 .113 .011 .008 .048 .073 .438 .579 .008 .000 .000 .281 .444 
N 150 147 146 147 148 149 149 150 150 145 145 145 145 145 145 144 144 144 144 144 138 132 

Sarawak Pearson 
Correlation 

-.002 -.249** -.228** -.166* .092 .373** .519** .459** .259** .000 -.216** -.314** -.341** -.310** -.237** -.120 .076 .372** .518** .487** .026 .053 

Sig. (2-tailed) .972 .000 .001 .020 .199 .000 .000 .000 .000 .996 .003 .000 .000 .000 .001 .102 .299 .000 .000 .000 .727 .490 
N 201 198 198 198 197 196 195 194 193 192 191 190 189 188 187 187 187 186 185 185 184 174 

Combined Pearson 
Correlation 

-.151** -.215** -.185** -.173** -.045 .114* .178** .123** .029 -.119* -.255** -.301** -.321** -.288** -.258** -.196** -.080 .084 .187** .156** -.109* -.144** 

Sig. (2-tailed) .001 .000 .000 .000 .333 .015 .000 .008 .541 .012 .000 .000 .000 .000 .000 .000 .093 .078 .000 .001 .025 .004 
N 465 455 453 455 456 457 456 457 456 445 444 443 442 441 440 439 439 437 437 437 424 402 

**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 
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