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Chapter 2 

Coconut 

S. Naresh Kumar, V.John Sunoj, K. S. Muralikrishna, 
K.B. Hebbar, 	V. Rajagopal, K. V. Kasturi Bai 

and P. Chowdappa 

1. Causes of Climate change 
Over exploitation of fossil fuels, deforesta tion, land use change and energy use 

inefficient technologies have led to rapid accumulation of greenhouse gases (GHGs) 
in the atmosphere. The CO2 concentration has increased from a pre-industrial value 
of about 280 ppm to 401 ppm in 2016. Similarly, the global atmospheric concentration 
of methane and nitrous oxides and other GHGs has also increased considerably. 
In addition, globally about 190 Mt of urea is used in agriculture. As a consequence 
emission of N 20 from agricultural fields led to rise in the atmospheric concentration 
of Np. Since the life-time of the CO2, methane and Np are about 120, 10 and 150 
years, respectively, past and current emissions continue to warm the climate and 
cause climate change even if GHG emissions are reduced. Climate change is defined 
as " A change of clima te which is a ttribu ted directly or indirectly to human activi ty 
that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time periods" (United Nations 
Framework Convention on Climate Change (UNFCCC) . The UNFCCC thus makes 
a distinction between "climate change" attributable to human activities altering the 
atmospheric composition, and "climate variability" attributable to natural causes. 

2. Past Trends jn Global and Indjan Climate 
The global mean temperatures during 1951-2010 period increased by 0.6­

0.7°C out of which natural variability contributed to ±O.I°C change in temperature 
(IPCC, 2013, 2014). This indicated that the anthropogenic rise in temperature is 
about 0.6°C during 1951-2010 period. In Indian region, annual mean maximum 
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temperatures increased by about 0.71°C in past 100 years. The rate of increase in proje<
temperature enhanced and in post 1970's the warming has been at a rate of 0.17°C/10 clima, 
years. Similarly, the minimum temperature has been rising at a rate of 0.29°C/l0 plant<
years (HTM, 2011). Rise in temperatures alter the hydrological cycle and thus the 
precipitation. Since 1871 , India faced 28 deficit and 20 excess monsoon years and 4. c: 
out of these, as many as 16 deficit monsoon years and 6 excess monsoon years fell P
in post 1960 period . factor 

that i3. Projected Climate Change Scenarios 
most . 

Increase in atmospheric concentration of GHGs vary depending upon the affect 
current and future developmental pathways. For instance, rapid economic growth develi 
without due consideration for environmental protection will lead to unabated paran 
accumulation of GHGs in atmosphere. These GHGs can cause the warming of 8.5 Nares 
W.m-2 (this scenario is called representation concentration pathway 8.5 -RCP 8.5). tissue 
This will lead to a very high increase in global temperatures and disturbances of the 
in hydrological cycle and thus precipitation. On the other hand, eco-friendly 

Ptechnologies and environment-friendly developmental strategies will have least 
futureaccumulation of GHGs in atmosphere leading to not so much warming (about 2.6 

W.m-2 -RCP 2.6) . 
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Figure 2.1: Projected Change In Mean Annual Temperature and Precipitation Over Ir
India In different Climate Scenarios (Source: Chaturvedi et al., 2012). 

climat 
crop tFuture climatic scenarios are simulated using the global climate models (GCMs) 
exist f and regional climate models (RCMs) . More than 56 GCMs project an increase of 
has be global mean surface temperatures in the range of 0.3°C to 1.7°C (RCP 2.6), 1. P C 
and e,to 2.6°C (RCP 4.5), l.4°C to 3.1 °C (RCP 6.0), 2.6°C to 4.8°C (RCP 8.5) for 2081-2100 
affectirelative to 1986-2005 period (Figure 2.1). The projected increase in temperature for 
pod rrsouth Asia is in the range of 0.5 to 1.2°C by 2020, 0.88 to 3.16°C by 2050 and 1.56 
and2(to 5.44°C by 2080, depending on the scenario of future development. Further, the 
on ly a IPCC AR5 (2014) on climate change has projected an increase in the frequency of 
rainfadroughts, floods, and extreme events of temperature and rainfall. The report also 
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projected an increase in the area encompassed by the monsoon phenomena. These 
climatic changes further increase the pressures on Indian agriculture including 
plantation crops. 0 

4. Climatic Change and Agriculture 
Plant growth, development and yield are highly i.nfluenced by the climatic 

factors apart from other environmental factors. Among many climatic factors 
that influence crop performance temperature, rainfall, CO

2 
and light are the 

most important. Temperatures influence the growth rates and high temperatures 
affect photosynthesis (Blum et ai, 1994; Hatfield and Prueger, 2015) growth and 
development, shorten growth period (Porter and Gawith, 1999), affect sink 
parameters (Hatfield and Prueger, JH (2015) and thus yield (Assange et ai., 2010, 

aresh Kumar et ai., 20l3, 2014 a and b). Similarly very low temperatures cause 
tissue damage, slow metabolic rates and affect the growth, development and yield 
of the plants. 

Projected increase in frequent droughts and heavy precipitation events in 
future climates means plants will be exposed to multiple stresses even in a single 
season (N aresh Kumar et ai., 2012). Impacts of water stress range from cell water 
potential loss to leaf and plant wilting causing severe loss to yield as a consequence 
of reduced photosynthesis, growth and canopy area. Similarly the excess light causes 
photo-oxidative stress damaging cell membrane resulting in leaf scorching and plan t 
death (Naresh Kumar and Kasturi Bai, 2009). However, increase in atmospheric CO2 

can be beneficial to plant photosynthesis, particularly in C3 plants (Ainsworth and 
Long, 2005; Kimball et ai., 1995,2002). Though, elevated CO

2 
may not benefit C4 

plants in normal management conditions, but under water stressed conditions, it 
indirectly increases photosynthesis and yield by reducing water use and delaying 
drought stress via stomatal regulation (Ghannoum et ai., 2000). Thus climate change 
impacts crops at various levels and influences the yield and quality of produce. 
For instance, elevated CO may reduce the protein concentration (Ainsworth and

2 
Long, 2005), particularly in nitrogen limiting environments. Similarly, contents of 
anthocyanin, carotene, starch, oil, flavonoids, lycopein, etc. are affected in various 
crops (Ainsworth and Long, 2005). 

5. Observed Impacts on AgTiculture: Some Examples 
Indian agriculture is often called as a 'gamble of monsoon' and is prone to 

climatic risks. The climate related aberrations have been significantly affecting the 
crop productivity in India. Several examples on climatic-stress related yield loss 
exist for annual crops and are relatively well documented. Unfavorable monsoon 
has been affecting the productivity of Kharif season crops. The terminal heat stress 
and early heat stress is lowering wheat yields while extreme weather events are 
affecting almost all crops. For instance, heavy rainfall in Madhya Pradesh during 
pod maturation affected the soybean yields during 2013 monsoon season. In 2014 
and 2015, hailstorms in Maharashtra affected many horticultural crops. However, 
only a few examples are documented for perennial crops. For instance, unseasonal 
rainfall in March 2008 affected the quality and quantity of cashew yield, which can 
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be taken as an example of extreme weather event. On the other hand, consecutive 
droughts during 1998-2002 in Tamil Nadu and 2006-2007 in Karnataka have affected 
the coconut and arecanut yields, respectively, which can be an example of inter­ States/ 

annual extreme weather conditions (Naresh Kumar, 2011). Shift in apple cultivation 
from 1250 mamsl to 2500 mamsl to in Himachal Pradesh is partly attributed to 
the non- fulfillment of chilling requirement for apple due to rise in temperature 
(Bhagat et al., 2009). This is one of the classical examples of mean change in climatic 
condition of a region. Andamc 

Andhra6. Projected Impacts on Agriculture and Adaptation Gains 
Assam 

Globally, climate change is projected to affect the productivity of wheat, maize 
Bihar 

and soybean (Esterling et al., 2007; Asseng et ai. , 2015, IPCC 2014) . Analysis at 
ChhattioEnvironmental Modelling lab, Indian Agricultural Research Institute indicated that, 

on all India basis, the impacts of climate change on yields in 2030s range from -2.5 Goa 

to -12 per cent for crops such as rice, wheat, maize, sorghum and mustard (Naresh Gujarat 

Kumar et al ., 2011, 2012, 2013, 2014a and b). On the other hand, yields of some crops Karnata 

such as soybean, potato (in north- west India) and coconut (in west coast and in Kerala 
north east India) are projected to gain due to climate change ( aresh Kumar et ai. , Lakshac 
2012; aresh Kumar and AggarwaL 2013). However, these impacts have spatial 

Mahara~
variation. For instance, positive impacts are projected for potato yields in north­

MizorafTwest India while potato in central India may be affected . Adaptation can enhance 
Nagalarthe rice (+20 per cent), wheat (+11 per cent), maize (+21 per cent), mustard (+25 per 

cent) , sorghum (+8 per cent), soybean (+12 per cent), potato (+8 per cent, all India) Odisha 

and coconut (+33 per cent all India) yield in future as indicated by the simulation Puduchl 
analysis (N aresh Kumar et ai. , 2011, 2012, 2013, 2014a and b; 2015; N aresh Kumar Tamil Nc 
and Aggarwal, 2013). 

Telengal 

Tripura7. Effects of Climate Change on Coconut 
West BEIn India coconut is mainly grown in Kerala, Karnataka, Tamil N adu, Andhra 

Pradesh, Maharashtra, West Bengal and Assam (Table 2.1). These plantations All India 

provide sustenance to the millions of the farmers across these states. Kerala and Source: 
orth-eastern states are generally characterized by coconut based home-stead 

gardens, forming the backbone for the livelihood security of millions. Thus it is rainfal 
important to quantify the impact of climate change on coconut plantations and life spa 
formulate the suitable adaptation strategies. Even though coconut is grown in sensiti' 
over 200 districts in India, the major producing area is confined to just about 20 ofclim 
districts (Figure 9.2), which contribute almost 70 per cent to national production. Crops
Eleven out of 14 districts of Kerala together contribute - 22 per cent to the national the fir, 
production. Contribution from Tamil N adu (-31 per cent), Karnataka (-23 per cent) 

and Andhra Pradesh (-8 per cent) mainly comes from 10 districts. Thus, majority 7.1. } 

of coconut production is confined to a very small area making it's production more 
 Q 
dependent on climatic factors. tempe] 

It is important to understand the impact of climate change on plantation crops viz., fil 
which, being perennial in na ture, face clima te change and variability even during a model 
single genera tion or in a standing plantation. For example a seedling of coconut, with Open 
all likelihood, will face the increased CO

2 
concentrations, temperatures, changed 
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Andaman and Nicobar 21.9 1.02 129.97 0.60 5935 

Andhra Pradesh 121 .92 5.70 1828.46 8.44 14997 

Assam 20.23 0.95 136.61 0.63 6753 
lize 
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" ",oconut Area, Production, 
"'(t..States in India 

11> 

'onut (2013-14) 

Contribution 
to Total 

(per cent) 

19 

Productivity 
(Nuts/hal 

year) 

ms All India 2140.5 21665 .19 10122 

nd Source: Coconut Development Board, Kochi. 
ad 
: is rainfall amount and pattern, etc. in next 60 years of its economic yield producing
nd life span. Keeping in view the fact that coconut plantations are grown in ecologically 
in sensitive regions such as coastal regions, the research on understanding the impacts 

of climatic stresses and climatic change on coconut was initiated at Central Plantation 
)n. Crops Research Institute, Kasaragod, India during 2002 . World over, this has been 
Lal the first comprehensive climate change study on coconut. 
nt) 
ity 7.1. Approaches for Climate Change Studies 
)re Quantification of impact of major climate change parameters such as increased 

temperature and CO2, and change in rainfall on crops is done using three approaches, 
'PS viz., field or controlled environment experiments, meta-analysis and simulation 
sa models. In field experimentations, quantifications are done by growing crops in 
ith Open Top Chamber (OTC) or in Free Atmospheric Carbon dioxide Enrichment 
ed 
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Figure 2.2: Spatial variation in area production and productivity of coconut in India 
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(FACE) rings, in Free Atmospheric Temperature Elevation (FATE) rings and in 
T-FACE facilities (where both temperature and CO

2 
are modified). These studies 

provide vital informatitm on crop response to elevated CO
2 

or temperature or to 
both, in spite of being costly and time taking proced ure. However, the information 
generated cannot be generalized for regional! state or national level. 

Meta-analysis and analysis of past data indicates the climate related impacts 
but it is difficult to effectively desegregate confounding effects of technological and 
other interventions even by different de-trending methods. Another major limitation 
is that CO

2 
effects cannot be delineated and thus derived future projections are not 

reliable. The other approach is to use well validated simulation models. Simulation 
models are strong tools which provide opportunity to use various climate change 
scenarios in combination with different management parameters for analyzing the 
regional impacts, adaptation and vulnerability. Apart from these, well developed 
crop simulation models provide opportunity to assess the impacts of climatic 
variability on crop growth. Such studies provide the guidelines for 1) relative 
advantage of adaptation strategies to be followed for minimizing the climate change 
impacts 2) best possible adaptation strategy 3) technology development needs 4) 
research gaps 5) regional spatial and temporal variation for yield gap 6) regional 
policy direction and so on. Further, crop simulation models coupled with remote 
sensing and geographical information systems (RS-GIS) prove to be strong tools 
for not only impact, adaptation and vulnerability assessments, but also for land 
use change and land use plan as well as for yield forecasting, crop monitoring and 
management. Use of more than one strategy and coupling of strategies provide 
more robust information and assessments. 

7.2. Impact of Climate Change on Coconut 

In assessing the impact of climate change on coconut and for deriving the 
adaptation strategies, a five-pronged strategy viz., 1) quantification of response 
of coconut seedlings to elevated CO

2 
(550 and 700 ppm) and temperature (+2°C 

over control OTC) in Open Top Chamber system, 2) field experiments, multi­
location experiments, 3) lab experiments, 4) surveys and 5) simulation analysis 
using InfoCrop-COCONUT model was used (Naresh Kumar et al, 2007a). With the 
development of a simulation model for coconut (Naresh Kumar et ai., 2008), it became 
possible to simulate effects of various climate change scenarios in combination with 
different management parameters for analyzing the regional impacts. Coconut 
model has immense potential for plantation management decisions in India and in 
other parts of the world. At CPCRI, Kasaragod, an Open-Top Chamber facility is 
used for quantifying the impacts of elevated CO

2 
and temperature on coconut and 

areca nut seedlings and cocoa grafts (Naresh Kumar et aI, 2007a). 

7.2.1. Results from the Open Top Experiments 

The experiments conducted at Central Plantation Crops Research Institute, 
India using the Open Top Chambers (Figure 2.3) from 2006 provided the first 
estimates of the response of coconut seedlings to elevated CO

2 
and temperature 

(Naresh Kumar, 2007-2010; 2011; Naresh Kumar et ai., 2011, Muralikrishna et aI. , 2009; 
2013, Muralikrishna 2012, Sunoj, 2012; Sunoj et aI. , 2009,2013, 2014,2015; Hebbar et 
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Figure 2.3: Open Top Chamber Facility for Studying the Effect of 

Elevated CO2 and Temperature at CPCRI, Kasaragod, India. 


al. 2013). Seedlings of coconut (2 hybrids and 3 cultivars), arecanut (5 cultivars) and 
cocoa (3 hybrids and 4 cultivars) were grown in Open Top Chamber facility with 
SCADA controlled pumping and monitoring of CO, to set level of 550 and 700 ppm 
and hot air for elevated temperature (+2°C). ­

FAfter exposure of seedlings for three years, results indicated that in general, 
elevated [C0 ] at 550 and 700 pmol mol-1 benefited the growth and development

2
of coconut seedlings (Figure 2.4) as they assimilated more carbon dioxide, due to In gen 
higher photosynthetic rates and larger leaf area, resulting in significant increase in phase than 
shoot and root biomass (Table 2.2). The leaf water balance was maintained by thicker CoconutcL 
cuticle, by reduced stomatal density and by regulation of stomatal conductance in optimum tt 
both elevated [CO,] and temperature. The growth of seedlings, grown in open top At 20°C W 
chamber with elevated temperature of 3°C above 31°C (the annual mean maximum (Figure 2.6 

followed b 
2015). Culti 
and peanu 
limited in ( 

Figure 2.4: ResponSE! of Coconut Seedling to Elevated CO2 ; 

(a) Control (b) 550 ppm CO2 and (c) 700 ppm CO2, 
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temperature of experimental site, was significantly reduced (Figure 2.5) consequent 
to the reductions of leaf area (>50 per cent), chlorophyll content (>40 per cent) net 
photosynthesis as compared to control. However, there was higher deposition of 
epicuticular wax on the leaves. 

an .4 I'~L~. ~---~--~~~~~~ 

Figure 2.5: Response of Coconut Seedling to High Temperature; 
(a) Control (b) Ambient +3°C (c) 550 ppm CO2 + Ambient +3°C. 

In generat plants are more sensitive to high temperature during reproductive 
phase than vegetative stage. Pollen grains are highly sensitive to high temperature. 
Coconut cultivars CGD, MGD, MYD, MOD and WCT indicated a wide variability in 
optimum temperature requirement for pollen germination and tube length growth. 
At 20°C WCT had a germination of 90 per cent and reduced to 42 per cent at 40°C 
(Figure 2.6) . Across all the temperatures, pollen germination was highest in WCT 
followed by MGD and was the least in MYD (Figure 2.7) (Hebbar and Chaturvedi, 
2015). Cultivar differences for heat tolerance exist in some crops such as rice, cowpea, 
and peanut, but knowledge about the effects of extreme high temperatures is very 
limited in coconut because diverse germplasm has not been extensively screened. 

Figure 2.6: Pollen Germination of WCT at 25 (Left) and 40°C (Right). 
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Table 2.2: Influence of Elevated Temperature and CO
2 

on Anatomical , Physiological 
and Biochemical Parameters of Coconut Arecnaut and Cocoa Seedlings (Source: 

Naresh Kum ar 2007a) 

Parameter % change from chamber control 

Temp. (2+ oC) CO (550 ppm) CO2 (700 ppm)
2 

Coconut 
Specific leaf weight 
Net photosynthetic rate 
Stomatal conductance 
WUE 
Leaf water potential 
Chlorophyll alb ratio 
Stomata density 
Lower cuticular thickness 
Phenols concentration in leaf 
Proline in leaf tissue 
Total soluble sugars in leaf tissue 
Reducing sugars in leaf tissue 
Amino acids in leaf tissue 
Starch in leaf tissue 
SOD activity 
PPO activity 
Nitrogen in shoot tissue 
Nitrogen in root tissue 
CN ratio shoot 
CN ratio root 
Arecanut 
Total dry matter 
SLW 
Net photosynthetic rate 
Leaf water potential 
Chi alb ratio 
Leaf thickness 
Amino acids in leaf tissue 
Total soluble sugars in leaf tissue 
Starch in leaf tissue 
Phenols in leaf tissue 
Nitrogen in shoot tissue 
Cocoa 
Root/shoot ratio 
Total dry matter 
Number of roots 
Net photosynthetic rate 
WUE 
Leaf water potential 
Chi alb ratio 
Total chlorophyll 
SLW 
Leaf let thickness 
Total soluble sugars in leaf tissue 
Starch in leaf ti ssue 
Phenols in leaf tissue 

3.6 28 .5 2.9 

-15 .8 21 .0 85.6 
-20 .7 -53.3 -25.9 

1.6 124.7 81.2 

-54.4 11 .6 2.3 

1.9 7.7 1.4 Figure: 
-5.9 -10 .7 -14.0 germi 
16.7 23 ,5 26.0 tempera' 
-28,5 -2.1 -2.1 v 
54 121.7 97.1 

-29.7 204. 41.4 
-44.7 29.9 580 aminoac 
5.3 26.4 109.6 catalase a 

-10.4 428.2 366.1 
11.3 of total pi 67.4 17.4 

-67 .7 -80 ,6 -77.4 [C0 ] alE2
-15 .0 6.0 24 .6 reductior 
-7 .2 31 .9 13.0 

of leaf to 
17.4 -6 .5 -20 .1 

8.2 -24 .5 -11 .0 these the 
dismuta~ 

-8.6 8.4 22.1 tempera'
-33.6 -44.0 -38.1 

reducing
13.4 15.0 109.1 

oxidase c-10 .6 24 .6 10.0 
27.8 17.6 10.2 and pest: 
-0.5 10.9 12.9 

Ava-24.8 95.6 12.9 

49 .3 17.6 7.7 general E 
54.8 154.5 86.3 an indicc 
25.4 20 .2 0.4 scenario: 
4.4 6.8 7.3 

biochem 
2.5 -12.0 -11.5 climate t 

-31.5 10.4 33,5 more sui 
-48.3 -21.0 -15.9 

15.7 73.9 97.6 7.2.2. III 
-3.8 20.7 60.4 
-6.2 12.5 26.6 The 
3.9 2.8 10.6 grown at 

25.1 16.1 35.7 weather 
-2.2 7.5 4.3 

July and-3.5 10.7 12.9 
-3.7 -13.8 -13 .6 of Tmax 
37.3 154.5 78.4 composi 
-4.0 -11.2 -8.7 rise in rr 

temperal
The biochemical analysis indicated that elevated [C02) increased the 

increase 
concentrations of leaf biochemicals such as soluble sugars, reducing sugars, free 
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Figure 2.7: Effect ofTemperature on Pollen Germination, (a) Percentage of pollen 
germination in WCT at 20"C, (b) Percentage of pollen germination at different 

temperatures In WCT for the period of 5 Hr, (c) Percentage of pollen germination of 
varieties (CGO, MGO, MYO, MOD and WCT) at different temperatures. 

amino acids, starch and proline. The specific activities of superoxide peroxidase and 
catalase also increased. On the other hand, elevated [C02] reduced the concentration 
of total phenols, polyphenol oxidase activity and shoot and root CN ratio . Elevated 
[C0 ] also increased the activities of rhizosphere soil amylase, cellulase due to

2
reduction in soil pH. Elevated temperature significantly increased concentration 
of leaf total free amino acids, proline and heat stable protein fraction. Apart from 
these the CN ratio in shoots and roots increased as also the activities of superoxide 
dismutase, catalase and soil invertase and sol cellulase. On the other hand, elevated 
temperature Significantly reduced concentrations of leaf total soluble sugars, 
reducing sugars, total phenols, starch and reduced the activities of poly phenol 
oxidase and peroxidase. Coconut plantations may become more prone to diseases 
and pests due to reduction on the concentration of phenols in future climates. 

Availability of soil nutrients in elevated [C02] and temperature condition, in 
general shown a reduction, except that of Na, K and Mg in elevated CO2 , This is 
an indicat or of a possibile higher requirement of fertilizer application in future 
scenarios. Results further indicated that in spite of variations in leaf and soil 
biochemical concentrations, coconut seedlings have capacity to adapt to future 
climate through changes in biochemical mechanisms that make some cultivars 
more suitable than others. 

7.2.2. Impact of Elevated Temperatures on Quality of Coconut Copra and Oil 

The copra yield / nut, oil percentage and fatty acid profiles of various cultivars 
grown at different agro-climatic zones was analyzed for their relationship with the 
weather during nut growth periods for the nuts harvested during January, April, 
July and October months (Naresh Kumar, 2005). The analysis indicated impact 
of Tmax, Tmin, Rainfall, RH on the copra yield / nut, oil per cent and fatty acid 
composition in coconut oil. The saturated to unsaturated fatty acid ratio increased 
rise in minimum temperature, while it slightly decreased with rise in maximum 
temperature (Figure 2.8). Copra weight / nut decreased while oil percentage slightly 

the 
increased with rise in maximum temperatures. free 
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Figure 2.8: Normalized Deviation Analysis of Coconut Quality Parameters In 
Relation to Temperature Deviations. 

7 .2.3. Observed Impacts of Weather Extremes on Coconut Plantations 

Examples 

in these an A study on the impact of climatic risk events like cyclones and droughts on 
coconut indicated that consecutive drought years in Coimbatore district of Tamil 7.2.5 . Pro 

adu and Tumkur district of Karnataka in India caused not only severe reduction 
A rev in yield but also left about 2 lakhs palms dead in both the districts (N aresh Kumar, 

analyzing t2011). More than 6 lakh palms were severely affected. Consecutive droughts in 
using thestCoimbatore district reduced the coconut production by about three lakh nuts / 
and increa ~ year for four years. Productivity loss was to the tune of about 3500 nuts / ha /year 
coconut pr'(Naresh Kumar et al., 2010, N aresh Kumar 2011). Length and frequency of dry spell 
et al. , 2006)ha negative impact of coconut yields in different agroclimatic zones (N aresh Kumar 
climate sce!et al., 2007, Naresh Kumar 2011). 
to cater the 

In Godavari districts of Andhra Pradesh, cyclone in 1995 badly affected the 
The set 

coconut yields. The yields drastically reduced in 1995-96 and then it took four to 
COCONUl

five years for the recovery of affected gardens. Reduction in coconut yields was 
developme

to the tune of 3350 lakh nuts /year for 6 years. The loss in East Godavari district weather, m 
was to the tune of about 2200 lakh nuts / year for six years. The pro<;l.uctivity was la ter appro
reduced by 6200 nuts/ha/year in East Godavari district and by -4100 nuts / ha l COCO U1 
year in Andhra Pradesh. During 2003-04 only the production levels could reach 

The sir pre-cyclone period thus severely affecting the production for six years (Naresh 
productivit 
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Kumar et al., 2008, Naresh Kumar 2011 ). The impact of super cyclone in Odisha 
during 1999 caused severe loss to coconut plantations resulting in perennial loss 
of income to the farmer. 

7.2.4. 	Climate Change Projections for Coconut Growing Regions in the 
World and in India 

Climate change becomes particularly important for coconut plantations on 
three counts, in addition to those mentioned earlier. 1) Of the 12.9 Mha area under 
coconut plantations in the world, majority of area (-70 per cent) falls in the coastal 
zone, 2) Among the 90 countries that grow coconut, majority are islands. 3) Majority 
of the plantations are rainfed. As all regions of the world, coconut growing regions 
also are projected to face climate change. The climate models project (IPCC, 2014) 
the increase in temperature of 1.8-5. 1°C in across these regions. The precipitation is 
projected to change -15 to 25 per cent in these regions. In addition, increase in the 
heavy rainfall events, a decline in winter rainfall , sea level rise, frequent intense 
tropical cyclones and change in El Nino are projected. All these potentially damage 
the coastal ecosystems and affect coastal agriculture including coconut plantations. 

In India, during 1960-1990 period, the annual mean maximum temperatures 
ranged from 25.3 to 36°C and annual mean minimum temperatures ranged from 
15.6 to 26°C in the coconut growing areas. Annual rainfall ranged from 600 to 4500 
mm in these areas. Currently, east-coast is warmer and receives less rainfall as 
compared to the west-coast areas. Coconut growing areas in eastern and north­
eastern region are characterized by hot summers and cold winters. North-east region 
also receives high rainfall. Climate change is projected to increase the temperatures 
by 1.26-2.4°C and change in annual rain fall in the range of -13 to 20 per cent by 2030 
in the coconut growing areas. By 2080 temperatures are projected to rise by 2.95 to 
4.9°C and annual rain fall is projected to change in the range of -15 to 30 per cent 
in these areas. However, these changes will have spatial and temporal variations. 

7.2.5. Projected Impacts of Climate Change on Coconut Plantations 

A review of literature indicates that mainly two methods are applied for 
analyzing the climate change impacts on coconu t productivity. In the first approach, 
using the statistical models, it was reported that changes in monsoon rainfall pattern 
and increase in maximum air temperature are two key factors on the variabi lity of 
coconut production in the principal coconut growing regions of Sri Lanka (Peiris 
et al., 2006). They indicated that the projected coconut production after 2040 in all 
climate scenarios, when other external factors are non-limiting, wi ll not be sufficient 
to cater the local consumption for the increased population. 

The second approach is to use simulation models. Development of InfoCrop­
COCONUT model (Naresh Kumar et al. , 2008), which can simulate the growth, 
development and yield of coconut taking into account of soil characteristics, 
weather, management and varietal characteristics, enabled researchers to use the 
later approach for coconut (Naresh Kumar and Aggarwal, 2009, 2013) InfoCrop­
COCONUT is being released as CocoSim. 

The simulation analysis on all India basis projected an increase in coconut 
productivity up to 4 per cent during 2020, up to 10 per cent in 2050 and up to 20 
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Figure 2.9: Impact of Climate Change on Coconut Productivity In 2020,2050 and 

2080 Climate Scenarios Based on HadCM3 Scenarios. The yield change Is relative to 


mean productivity of coconut for five years (2000-2005) period 

(Source: Naresh Kumar, 2010). 
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Figure 2.10: Spatial Variation in Impact of Climate Change on Coconut Productivity 
in India Based on High Resolution PRECIS A1B 2030 and 2080; A2-2080 and B2­

2080 scenarios. The yield change is relative to mean productivity of coconut for five 
years (2000-2005) period (Source: Naresh Kumar and Aggarwal, 2013). 

per cent in 2080 over current yields in HadC:v13 A2a, B2a and AIF and PRECIS 
Alb scenarios (Figures 2.9 and 2.10). In west coast, yields are projected to increase 
by up to 10 per cent in 2020, up to 16 per cent in 2050 and up to 39 per cent by 2080 
whereas in east coast yields are projected to decline by up to 2 per cent in 2020/ 8 
per cent in 2050 and 31 per cent in 2080 scenario over current yields (Naresh Kumar 
and Aggarwal; 2009), 
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Table 2.3: Impact of Climate Change in Major Coconut Growing 

States different Scenarios 


State 	 A1b2030 81b2080 A22080 822080 

(per cent change from current production) 

Andaman and Nicobar 7.4 -10.3 4.9 15.0 


Andhra Pradesh -1.4 -31.4 -21.2 -3.4 


Assam 59.1 >60 .0 >60.0 >60.0 


Goa 35.6 42.5 52.6 46.7 


Gujarat -9.0 -38.6 -38.0 -19.2 


Karnataka 5.3 -8.8 -95 -112 


Kerala 6.5 18.5 21.2 14.0 


Lakshadweep 6.5 33.5 34.5 165 


Maharashtra 15.7 25.6 30.5 26.3 


Nagaland >60.0 >60.0 >60.0 >60.0 


Odisha -6.5 -48.2 -40.7 -16.9 


Puducherry -25.7 -45.2 -41.0 -30.8 


Tamil Nadu -1 .6 -10.3 -5.3 -2 .8 


Tripura 54.6 >60.0 >60.0 >60.0 


West Bengal 2.9 -39.6 -24.2 -3.9 


All India 	 4.3 1.9 6.8 5.7 

Source: Naresh Kumar, 2010; Naresh Kumar and Aggarwal, 2013. 

Subsequent fine resolution analysis projected increase in coconut productivity 
in western coastal region, Kerala, parts of Tamil N adu, Karnataka and Maharashtra 
(provided current level of water and management is made available in future 
climates as well) and also in orth-Eastern states, islands of Andaman and Nicobar 
and Lakshadweep and yield decrease for Andhra Pradesh, Odisha, West Bengal, 
Gujarat and parts of Karnataka and Tamil Nadu due to climate change. On all India 
basis, coconut productivity is projected to increase by 4.3 per cent in Al B 2030,1.9 
per cent in AlB 2080,6.8 per cent in A2 2080 and 5.7 per cent in B2 2080 scenarios 
of PRECIS over mean productivity of 2000-2005 period. 

7.3. 	Adaptation Strategies to Climate Challenges on Coconut 
Plantations 

In plantation crops, management of crop becomes very important during 
adverse conditions in order to sustain the productivity. Since a standing plantation 
crop will face the climate change and variability effects during their life period 
due to perennial nature, the multi-pronged strategy may be adapted to reduce 
the adverse impacts of climate change and also to maximize the positive effects of 
climate change (Figure 2.11). 

Simulation analysis indicated that agronomic adaptations like soil moisture 
conservation, summer irrigation, drip irrigation, and fertilizer application cannot 

, 
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only can minimize losses in majority of coconut growing regions, but also improve 
productivity substantially. Further, genetic adaptation measures like growing 
improved local Tall cultivars and hybrids under improved crop management is 
needed for long-term adaptation of plantation to climate change, particularly in 
regions that are projected to be negatively impacted by climate change (Figures 
2.12 and 2.13). Such strategy can increase the productivity by about 33 per cent in 
2030, and by 25-32 per cent in 2080 climate scenarios in India ( aresh Kumar and 
Aggarwal, 2013). In fact, productivity can be improved by 20 per cent to almost 
double if all plantations in India are provided with above mentioned management 
even in current climates (N aresh Kumar and Aggarwal, 2013). In places where 
positive impacts are projected, current poor management may become a limiting 
factor in reaping the benefits of CO2 fertilization, while in negatively affected 
regions adaptation strategies can reduce the impacts. Thus, intensive genetic and 
agronomic adaptation to climate change can substantially benefit the coconut 
production in India ( aresh Kumar and Aggarwal, 2013). This analysis indicates 
that in changing climates, coconut productivity i) increase in some regions ii) some 
regions need adaptation to offset the yield loss iii) other regions remain vulnerable 
despite adaptation (Figure 2.10; Table 2.3). This information becomes extremely 
useful to initiate focused research activities for developing the integrated and 
novel adaptation strategies so that the i) beneficial effects of climate change can be 
harnessed and ii) projected vulnerable regions sustain yields in future climates as 
well. Similar analysis is needed for all coconut growing areas of the world as well 
as for other plantation crops so that effective adaptation strategies can be developed 
and implemented. Moreover, such analysis also provides a direction to researchers 
for developing the crop improvement and management strategies. 

Data indicate substantial gains obtainable by adapting to climate change. In 
Kerala, providing more fertilizers along with summer time irrigation coupled with 
soil moisture conservation can further improve the positive gains due to climate 

. "Hehl "iUl nOTtllt IIHUll'Igrlllfllt o \1dll wUIt t"hall gtd llHUll\grmenl 
0 -lO 

'5 

","'" 35 

0;> 

0~ 300;> 
'~. 0-i .... '" :5

0 

.. ~.= ~ 20 

~ 'f 
~ l~co 
~ .s Q. 10 

~ 

.. ?!., 
5 ' "t: Iil 

~ ~ .., 
i 

0 

A lb 10:10 Alb l OOO A22Ct30 


~ Clunat€' change ~(f'll<ll 10 

In C 
C~ 

chan~ 
Mahc 
off-sE 
state~ 

impa! 
plant 
In c 
furth 
in ish 
bypr 
by 7C 

subsl 
(Raja 
take. 
beco 
prac1 
of so 
mule 
husr 
p lan 

Figure 2.12: Change in all India Average Coconut Yield Due to Climate Change with 
irrig;and Without Adaptation (Source: Naresh Kumar and Aggarwal, 2013). 
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at least 213,d of the location specific recommended dose of fertilizers. 

(Source: Naresh Kumar and Aggarwal, 2013). 


change by about 40 per cent in different scenarios. In Karnataka, West Bengal, Gujarat, 
Maharashtra and Odisha assured irrigation and providing more fertilizers not only can 
off-set the negative impacts but can result in higher yields, Adaptation gains in these 
states ranged from 2-47 per cent in different scenarios. In order to offset the negative 
impacts of climate change in Andhra Pradesh and Tamil Nad u, intensive management of 
plantations is needed. This includes planting of improved and tolerant varieties as well. 
In North-Eastern sta tes, providing s ununer irriga tion and even low dose of fertilizers can 
further improve the positive impacts of climate change. Similarly, coconut plantations 
in islands, if managed scientificall y -by proper spacing or by canopy management- and 
by providing summer irriga tion and even low dose of fertilizers, yield can be improved 
by 70 per cent in future climates (Naresh Kumar and Aggarwal, 2013). 

Drought in current year not only affects the current year yield but also that of 
subsequent years. In coconut, the drought impact is worst in 3 and 4th year to follow 
(Rajagopal et al. , 1996; Naresh Kumar et ai" 2007b). Apart from this recovery will 
take 3-4 years thus causing a perennial loss in farm income. Thus, crop management 
becomes very important aspect . Multi-location trails on soil moisture conservation 
practices indicated very significant improvement in yield due to prolonged retention 
of soil moisture (N aresh Kumar et ai" 2006). The low-cost measures include basin 
mulching with husk / leaves / other farm biomass, burial of composted coir pith, 
hush burial, which acts as the moisture storage and retention mechanism in palm i 
plant basin (Naresh Kumar, 2004). This helps to reduce the amount and frequency of 
irrigation. Drip irrigation has proved to be very effective method of saving coconut 
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plantations in drought condition. Drip irrigation could save coconut plantations from 
consecutive drought impacts in Tamil Nadu during 1998-2002 period (Figure 2.14). 

F 

Figure 2.14: Effect of Drip Irrigation on Coconut Plantations during 

Consecutive Drought Years (1998-2002) In Pollachl Area ofTamil Nadu. 


Plantation in the left side is with drip Irrigation. 

Ba 

Fertigation (Subramanian et ai. , 2012) along w ith soil moisture conservation cri 
practices is one of the important water management strategies in climate change sho 
scenarios. By adapting this strategy and by providing higher nutrients, one can not be 
only can reduce the adverse impacts of climate change but also can maximize the 

7.: positive impacts of climate change. 

7.3.1. Genetic Improvement for Changing Climates 

Genetic improvement is the most important aspect of sustaining coconut 
productivity, particularly in areas that are identified as vulnerable to climate 
change. For instance, in India east coast is projected to be vulnerable in spite of 
some adaptation measures . Cultivars having heat tolerance, pollen viability at high 
temperatures, pistillate flow er formation and nut retention at high temperatures 
form some of the important parameters for selection criteria. 

Growing of the 'Local Tall' coconut cultivars (e.g . WCT and LCT (for west 
coast), Tiptur Tall (for Karnataka), SakhiGopal Tall (for Od isha), ECT (fo r AP), in 
areas prone to water scarcity is one option. Utilization of identified in situ drought 
tolerant coconut palms (Figure 2.15) in population improvement programme is very 
important for making the crop more resilient to climate change conditions C aresh 
Kumar 2004; Naresh Kumar et al. , 2006). High biomass production capability (Kasturi 
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Figure 2.15: In situ DroughtTolerant Palms Identified in Farmers' Fields in different 

Agro-cllmatic Zones and being Used In Population Improvement Studies 


(Source: Naresh Kumar, 2004). 

u. 

Bai et al., 1996) with high harvest index for oil , copra and nuts also should form the 
,ervation criteria for selection of the varieties in changing chmates. Pest and disease defense 
e change should continue to be included in crop improvement efforts, as coconut palms may 
e can not become vulnerable to pests and diseases in future. 
mize the 

7.3.2. Other Important Adaptation Options 

::r Crop diversification and high density multi-cropping system 

--:r Water harvesting and recycling, water-cooperatives, drip irrigation and 
coconu t fertiga tion 

, climate ::r Increasing farmer awareness on farm natural resource management and 
I spite of 

input use efficiency y at high 
',,'1 Identification and adoption of low carbon technologies Jeratures 
:.'1 Area expansion in positive impact zones 

for west * Value addition and income diversification 
r AP), in :,,'c Weather forewarning and weather-based agro-advisories 
drought :,'c Market-linkage and cooperative initiatives 
le is very 

1,'c Income insurance safety nets such as crop insurance (Naresh 
, (Kasturi 
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Mitigation Potential of Coconut Plantations 

The interaction between coconut and climate are two ways. While climate change 
influences coconut plantations, the climate itself is modified by the plantations. In 
climate change terminology, mitigation refers to i) reduction in GHG emission ii) 
capture of GHGs for long (typically over 30 years) period. Coconut plantations are 
very good candidates for mitigating the GHG emission 1) by acting as a source of 
biofuel and energy source, 2) carbon sequestration 3) micro-climate modification, 
and 4) air purification by 02 release. Apart from these, coconut plantations and 
other plantation crops have multi-dimensional functions in the ecosystem and 
social system (Figure 2.16) . 
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Figure 2.16:The Multi-dimensional Functions of Plantation Crops Systems 
(Naresh Kumar, 2015). 

Coconut oil as biodiesel reported to reduce GHG emissions by about 60 per cent 
compared to the diesel (Pascual and Tan 2004). The net CO2 emission from the carbon 
balance is equivalent to 77-104 g/ MJ of diesel displaced by biodiesel (Tan et ai. , 2004). 
Studies conducted in Vanuatu islands indicated possibilities of at least 9 per cent more 
profit, if covered under clean development mechanism over copra sales for coconut 
plantations (Roupsard et ai. , 2004). The biodiesel conversion factor for coconut is taken 
at 130 L/ Mg (FAO 2008, Johnston 2009). Utiliza tion of coconut residues such as shells 
and husks for heat and power generation in the diesel production increases carbon 
savings in the range of 0.47-0.72 MgC/ha/ yr (Vega, 2011) . 

Coconut plantations have immense potential to mitigate the GHG emissions 
by sequestering the carbon. The net primary production estimations of coconut 
monocrop in different agro-climatic zones of India indicated that carbon 
sequestration potential of coconut above ground biomass ranged from 8 Mg CO/ 
ha /year to 32 Mg CO/ha/year depending on cultivar, agro-climatic zone, soil 

http:0.47-0.72
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type and management (Naresh Kumar, 2009). Annually sequestered carbon stocked 
ltechange 	 in stem is in tJ:le range of 0.3 to 2.3 Mg CO/ ha (Figure 2.17a) . Annual carbon 
:ations. In 	 sequestration by coconut plantation is higher in red sandy loam soils and lowest in 
nission ii) 	 littoral sandy soils. The standing carbon stocks ranged from 15 Mg CO/ ha to 60 Mg 

CO/ ha in a 20 year old planta tion (Figure 2.17b). Further, using coconut simulation ations are 
model the carbon stocks in stem of coconut in its economic life span of 60 years is source of 
estimated to be around 120 Mg CO/ ha (Naresh Kumar, 2009). It is estimated that:l.ification, 
coconut plantations in India have carbon sequestration potential of about 7.54 Mt C.tions and 
y.l, which is equivalent to about 27.6 Mt C0 yl and approximately 0.0l3 per centstem and 	 2
of the total GHG emissions from India in 2010 (Naresh Kumar, 2015). Total GHG 
emissions from India in 2010 were 2)36.8 million tonnes of C0

2
eq (BUR, 2015). 

Other studies also indicate that net ecosystem productivity of 20-year-old 
coconut plantation is about 8 Mg C/ ha / year (- 29 Mg CO/ha / year) at optimum 

t!on fertilizers and irrigation (Roupsard et al., 2006). Further, if amount of copra taken 
out of plantations is considered, a net sequestration is ranged from 3 to 5 Mg C / ha / 

:ter 	
year (-11-18.4 Mg CO, / ha / year) (Roupsard et al. , 2008). Further analysis by Naresh 
Kumar, 2009 indicated that the carbon in nut yield, categorized as short to medium 
duration (-2 to 5 years) storage, is estimated to be around 1)50 Mg CO/ ha during 
the entire economic life span of coconut. Around 50 per cent of this is husk, which 
can be recycled into the soil and around 22 per cent is shell, which stores carbon for 
longer duration. Remaining 28 per cent is removed as copra, which is rich in oil (-65 
per cent) . Besides, carbon storage in leaf and inflorescence, which again is for short 
to medium duration, is estimated to be around 1000 Mg CO/ ha in entire span of 
coconut economic life of 60 years. Currently, many value added products are made 
out of husk, shell and leaves. If litter is recycled into the system for improving the 
soil organic carbon content the improvement in soil organic carbon over a period 
of time will also qualify for the inclusion in carbon sequestration estimations. 

Coconut plantations influence the microclimate of the system thus regulating 
the weather and climate of the place and region depending on the extent spread of 
the plantation. The estimated microclimate regulation by the coconut plantations 

tems 	 are about l °C at a regional scale (Naresh Kumar, 2015). Release of 0 2 by coconut 
plantation is estimated to be around 36 Mg O/ ha / year (Naresh Kumar,2015). For 
full commercial exploitation, potential clean development mechanism projects inoper cent 
coconut should include biomass carbon sequestration, renewable energy generation, he carbon 
substitution and greenhouse gas mitigation. Though, currently coconut is notal , 2004) . 
included as one of the species for carbon sequestration in carbon markets, the cent more 
immense potential of coconut plantations in managing the climate change should

'f coconut 
be exploited for the benefit of all. lt is taken 

1. 'IS shells 	 In the socio-economic front the livelihood security of coconut farmers is greatly 
es carbon 	 dependent on the remuneration from the coconut based farming and products. Geo­

textiles also provide a major scope for increased income in view of the increasing 
green-technology scenarios. Coconut plantations also serve as the green-buffer zones ~missions 
for adverse weather events. For instance during super-cyclone, which stuck the cost f coconut 
of Odisha in India, many people survived for days by climbing on coconut palmst carbon 
and consuming the nuts. Coconut grooves are attractive tourist places. Therefore MgCO/ 
focused and concerted research efforts are required to quantify the ecosystem ~one, soil 

services and exploit immense potential of coconut plantations in the tropics. 
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Figure 2.17: Annual Carbon Sequestration in Coconut Stem (a) and Carbon Stocks 
(b) in Coconut Plantations In different Agro-climatic Zones and Soil Types. 

a: y-axis-I-irrigated; DI-drip irrigation; BCL- black clay loam soil ; RSL-red sandy loam 
soil; RCL -red clayey loam soil; RL- red laterite soil j S-sandy soil; LS- coastal sandy 
soilj b, c and d -y axis - 1-5 Ambajipeta, clay loam, Irrigated (1-WCT, ECT, LCT, ECTx 
GBGD, GBGD)j 6-14 Ratnagiri, drip Irrigation, sandy loam (6-WCT, 7- ECT, 8-LCT, 9-ECT x 
GBGD, 1 O-GBGD, 11-Pratap, 12-COD, 13-WCT x COD, 14-COD x WCT); 15-28 Aliyarnagar, 
red sandy loam, Irrigated (15-ECT x GBGD, 16-LCT x GBGD, 17-ECT xMYD, 18-Pratap, 
19-GBGD x ECT, 20 - ECT, 21-LCT, 22-COD, 23- WCT 24- COD x WCT, 25 -WCT x COD, 
26- TipturTall , 27- GBGD, 28-ArasampattyTall ); 29-38 Ariskeri, red clay and black clay, 
drip irrigated (29-LCT, 30- Arsikere Tall, 31-WCT (black clay), 32-WCT (red clay), 33-Tiptur 
Tall, 34-GBGD, 35-WCT x COD (black clay), 36-WCT x COD (red clay), 37-COD x WCT, 
38- WCT x GBGD); 39-42 Kldu, red laterite, drip irrigated (39-ECT, 40-WCT, 41-LCT, 42­
COD); 43-46 Veppankulum, sandly loam, Irrigated (43- ECT, 44-WCT, 45-LCT, 46-COD); 
47-48 Kasaragod, coastal sandy (47-WCT rainted, 48- WCT-drip irrigated). Nems of 
coconut cultivars WCT- West coast Tall; ECT- East CoastTall; LCT- Laccadive Ordinary 
Tall; GBGD-Gangabondam Dwarf; COD- Chowghat Orange Dwarf; MYD-Malayan Yellow 
Dwarf). (Source: Naresh Kumar, 2009). 
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Conclusions 
Past adverse climate events such as droughts and cyclones severely affec ted 

the coconut yields. Coconut simulation model based projections indicate beneficial 
influence of climate change on coconut in western coast of India provided the 
current water sources are made available in future as well. On the other hand the 
plantations in irrigated areas of Tamil N adu, Karnataka, Andhra Pradesh, Odisha 
and Gujarat are likely to be adversely affected causing loss of production. Quality 
of the produce is also likely to be affected with changes in nut composition and 
fatty acid profile of oil. Soil moisture conservation needs to be given paramount 
importance for crop production in the water limiting scenarios of future. Apart from 
this, development of 'green technologies', 'climate res ilient varieties', 'climate proofing' 
by crop diversification, crop intensification, mixed farming need to be promoted. 
The carbon sequestration potential and ecosystem services of plantation crops need 
to be exploited for acquiring 'green credits' for the overall benefit of the farmer. Use 
of technology,and policy support are the need of the hour to improve profitability 
to the coconut farmer. 
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