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Overview

  For the past three summers (2008-2010), several colleagues and I have been studying the arthropods at Steelgrass Farm and examining their potential impacts on the T. cacao orchard. We have identified several native and invasive insects that interact with cacao in Kauai and that may potentially impact cacao survival and performance (Smith et al. 2009) 

  In 2011, we followed up on our discovery that an invasive generalist beetle, Adoretes sinicus, is inflicting high levels of damage upon T. cacao leaves at Steelgrass, often killing immature plants. While adult trees appear capable of surviving high levels of leaf damage (Smith et al. 2009), insect-inflicted leaf damage could affect many aspects of cacao performance, including the culinary and/or medicinal properties of chocolate, which is derived from T. cacao seeds. Our review of the literature and consultation with experts indicate that this relationship between insect damage and the properties of cacao has not been previously investigated. Thus, identifying insects’ effects (or lack thereof) on chocolate quality will be of broad interest to both plant biologists and the cacao agroforestry community.
  To investigate how herbivory might affect Hawaiian chocolate, we conducted a large-scale experiment in 2011. Specifically, we simulated insect-inflicted leaf damage in order to identify any effects on T. cacao seed biochemistry.
Hypothesis tested

  We hypothesized that leaf damage imposed by herbivorous insects may induce biochemical changes to T. cacao and thereby influence the culinary and/or medicinal properties of T. cacao-derived chocolate.

Rationale

  Many plants respond to herbivore damage by changing rates of gene transcription, often up-regulating the biosynthesis of insect-deterring compounds (Karban and Baldwin 1997). These facultative responses to insect damage are known as “inducible defenses,” and their expression can change several aspects of plant phenotypes including the number, size, and fecundity (seed count) of fruits produced in the presence of arthropod enemies (Redman et al. 2001). 

  Chocolate’s culinary and medicinal (antioxidant) properties result from polyphenols that are present in T. cacao seeds. These compounds likely evolved to deter herbivores, hence their concentrations in cacao seeds might be directly modulated when herbivores are present, in order to increase seed defense. Alternatively, seed development might be compromised by leaf herbivory if 1) limited resources are redirected to parts of the plant where damage is occurring (e.g. to damaged leaves) and/or 2) leaf damage affects overall plant condition (e.g. by decreasing photosynthetic surface area). In summary, leaf herbivory could affect cacao seed biochemistry through both direct and indirect mechanisms, though these possibilities have not been tested. 

Potential applications

  Understanding if and how herbivory affects cacao-derived chocolate would help farmers make informed decisions about pest management priorities. Our 2011 undertaking will also offer the first insights into the biochemical properties of Hawaiian-grown cacao and help reveal if the Hawaiian environment results in chocolate with a unique biochemical (polyphenolic) profile.

Experimental methods

  To test our hypothesis, we first developed a protocol for simulating herbivory (on the scale observed in previous years). We randomly assigned mature plants to one of three treatment groups, ensuring that several variables (tree size, spatial location, pod color, previous damage levels, fecundities) did not differ between treatment groups (Table 1). Between August 1 and August 20, we inflicted mechanical damage on selected trees using hole punches. We inflicted 25 holes on each leaf, which amounts to a little less than 25% of the leaf surface. We counted the total number of leaves on each tree, and over the course of the experiment we inflicted damage as follows: 

'high' damage = 20% of leaves damaged (1%/day) 
‘low’ damage = 10% of leaves damaged (0.5%/day)

no damage = undamaged (control)

  Experiments using similar protocols (mechanical damage inflicted by hole punch) are commonly used to study inducible defenses, but damage is typically inflicted all at once. We chose instead to inflict the damage slowly, over the course of 20 days, in order to simulate A. sinicus damage as realistically as possible.  Damage of 0.5-1% of leaves/day matches the rates observed on heavily infested trees in 2009. We also avoided punching holes in leaf veins, which are left intact by A. sinicus (Fig. 1). 

Analyses/Results (fall 2011-spring 2012)

  I have initiated collaboration with Dr. Wolfram Weckwerth (University of Vienna) and Dr. Erin Espeland (USDA) to carry out this experiment.  Dr. Weckwerth will conduct deep profiling of flavonoids using LC/MS techniques developed in his lab.  Dr. Espeland will coordinate seed collection and analyses of plant phenotypes during the fall harvest at Steelgrass. Drs. Espelend and Weckwerth will contribute valuable expertise in plant biology and biochemistry, and will work with myself and Dr. Lydgate (manager at Steelgrass) in preparing a manuscript for publication in a peer reviewed journal.

Table 1. Breakdown of treatment groups for simulated herbivory treatment

	Plant_ID
	Fertility index
	treatment
	2009 pod color
	2008 damage index
	2011 height (feet)
	2011 leaf count
	leaves punched per day (20 days)
	# holes/leaf

	1
	40
	damage
	Red
	 
	8
	1450
	14.5
	25

	2
	50
	light damage
	Green
	
	8
	755
	3.775
	25

	3
	22
	light damage
	Green
	
	7.5
	470
	2.35
	25

	5
	1
	control
	Red
	0.1
	9
	200
	0
	0

	8
	6
	light damage
	Red
	
	6.5
	500
	2.5
	25

	10
	30
	control
	Red
	0.3
	10
	1015
	0
	0

	11
	3
	damage
	Red
	0.2
	8
	632
	6.32
	25

	13
	4
	light damage
	RedGreen
	0.7
	11
	510
	2.55
	25

	14
	4
	light damage
	Green
	
	13
	1140
	5.7
	25

	15
	10
	control
	Red
	0.7
	7
	580
	0
	0

	17
	17
	damage
	Red
	0.8
	13
	1100
	11
	25

	19
	2
	control
	Red
	1.4
	7
	580
	0
	0

	20
	1
	light damage
	Red
	0.7
	12
	550
	2.75
	25

	21
	4
	control
	Green
	0.9
	7
	275
	0
	0

	23
	13
	light damage
	Red
	
	7
	310
	1.55
	25

	24
	7
	damage
	Red
	
	7
	440
	4.4
	25

	25
	3
	light damage
	Green
	
	12
	400
	2
	25

	26
	7
	light damage
	Green
	
	8
	325
	1.625
	25

	28
	15
	damage
	Green
	
	8
	480
	4.8
	25

	29
	14
	damage
	Red
	
	7
	200
	2
	25

	31
	1
	control
	Green
	
	12
	275
	0
	0

	32
	1
	damage
	Green
	
	8
	190
	1.9
	25

	39
	2
	light damage
	Green
	
	10
	225
	1.125
	25

	42
	2
	damage
	Green
	
	7
	410
	4.1
	25

	47
	10
	damage
	Green
	
	9
	425
	4.25
	25

	49
	24
	control
	Green
	
	8
	700
	0
	0

	51
	4
	damage
	Green
	
	7
	600
	6
	25

	53
	8
	control
	Red
	 
	8
	400
	0
	0
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