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ABSTRACT 

The effect of increased nutrient concentration during different fruit development stages on the yield, pun-
gency and PAL enzyme activity in hot chili cv. ‘Super hot’ was studied during August 2009-January 2010. 
The seedlings were planted in plastic containers containing 20 L of coconut-coir-dust substrate placed 
inside a plastic-roofed net house and received Resh’s Tropical Dry Summer nutrient solution at a constant 
concentration (measured by Electrical Conductivity, EC) of 1.2 mS cm−1 during the vegetative stage and 2.4 
mS cm−1 during the first week of blooming. Then, they were divided into treatments: Treatment 1 (control), 
plants continuously received nutrient solution at a constant concentration of 2.4 mS cm−1 until end of 
harvest, while treatments 2-6 received nutrient solution with a change in concentration from EC 2.4 to 3.6 
mS cm−1 at 1, 2, 3, 4 and 5 weeks after the week of first bloom, respectively. The results showed that the 
increase in nutrient concentration at different fruit development stages did not significantly influence chili 
fruit characteristics and yield. However, the oleoresin, capsaicin, dihydrocapsaicin and capsaicinoid 
contents increased significantly when hot chili plants received the nutrient concentration increase at the 1st 
and 2nd week after first bloom. Phenylalanine ammonia lyase activity in the full-ripening fruits increased 
significantly when the nutrient solution concentration increase occurred at 1st and 2nd weeks after first 
bloom. The highest PAL activity of 827.48 mmole mg−1 protein was recorded in full-ripened fruits, when 
the nutrient concentration increase occurred at the 2nd week after bloom.  
 
Keywords: Electrical Conductivity, Pungency, Phenylalanine Ammonia-Lyase (PAL), Salt-Induced 

Water Stress 

1. INTRODUCTION 

Each year, Thailand exports approximately 14,644 t 
of processed chili produce which is worth THB 205.5 
million. However, Thailand has to import approximately 
2,662 t of dried chili per year which is worth THB 31 
million (Customs, 2013) due to the quality of the 
majority of domestic dried chili being lower than that 
required by food processing factories (Lertrat, 2007). It 
lacks pungency and color uniformity and some is 

contaminated with diseased and insect-infected fruits 
(Prinya et al., 2009; Lertrat, 2007). These fruit quality 
problems are caused by variations in cultivars and 
cultural practices used by Thai farmers as well as the 
unfavorable growing environment (Panklang, 2004). 

Protected-environment cultivation such as growing 
plants in a greenhouse has been recognized as a 
cultivation method to protect a crop from pests and an 
unfavorable environment resulting in improved plant 
growth and yield and a higher quality of the product 
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than growing plants under outdoor conditions (Albright, 
2002; Jensen, 2002; Moller et al., 2004). Margarita and 
Yahia (1998) found that Habañero chili plant grown in 
a greenhouse had higher pungency than if grown 
outdoors. Moreover, when growing plants in the 
greenhouse, irrigation and fertilization are easy to 
manage and their efficiency is much higher than in 
outdoor growing (Summer, 2012). Therefore, growing 
hot-chili using a soilless culture technique inside a 
greenhouse can be an alternative solution to protect 
chili plants from pests and unfavorable conditions for 
Thailand; meanwhile, irrigation and fertilization can 
be optimized through nutrient solution management 
during plant growth and development to control yield 
and pungency. However, the information regarding 
nutrient management for controlling pungency of hot-
chili grown in the greenhouse under Thailand 
environmental conditions is still limited. 

The pungency of chili fruit derives from organic 
compounds called capsaicinoids, the derivative phe-
nylpropanoids of which capsaicin (69%) and dihydro-
capsaicin (22%) are the major components (Bosland and 
Votava, 2012). All compounds are synthesized through 
the Phenyl Propanoid pathway and Valine pathway. Phe-
nylalanine as the initial precursor in the Phenylpropanoid 
pathway is converted to cinnamic acid by PAL before it 
is further converted to p-coumaric acid, caffeic acid, fer-
ulic acids, vanillin and vanillylamine, respectively and 
finally it is integrated with different branched chain fatty 
acyl moieties from the Valine pathway to render each 
one of the capsaicins and its analogs (Narasimha et al., 
2006). The PAL activity in green-mature hot-chili fruit is 
less than in full-ripened hot-chili fruit and gradually 
increases as the fruit maturity increases and reaches its 
maximum value when the fruit is at the full-ripened stage 
(Barceloux, 2009; Hall et al., 1987; Panklang, 2004). 
Hall et al. (1987) reported that capsaicinoids begin to 
accumulate as soon as the chili fruit forms and the 
concentration reaches their maximum values when the 
fruit is at the full-ripened stage. Therefore, the PAL 
activity in hot-chili fruit is directly related to its 
pungency (Sung et al., 2005). There are other factors 
than the development stage that affect the pungency of 
chili fruit, such as the plant cultivar, environmental 
conditions (Barceloux, 2009), growing conditions     
(Sung et al., 2005) and stress conditions (Estrada et al., 
1999). Estrada et al. (1998) reported that plant nutrition 
played a role in the synthesis of hot chili pungency. 
Capsaicin and dihydrocapsaicin were highest when the chili 

plant (Capsicum annuum L) received a N level of 15 milli 
molar while they were lowest when the plant received only 
a 1 milli molar of N. Water stress was also found to affect 
hot chili pungency. Estrada et al. (1999) found that C. 
annuum Padrón plants subjected to either drought or 
water logging stress produced higher levels of capsaicin 
and dihydrocapsaicin than control plants and the 
highest value was found in plants subjected to drought 
stress. Sung et al. (2005) explained that the increase in 
capsaicin synthesis in water-stressed chili plants is a 
defensive mechanism to cope with stress conditions and 
whereby the PAL is stimulated by the stress conditions. 
There was evidence that changing the nutrient solution 
concentration from 2.4 to 4.8 mS cm−1 in the week of 
first bloom increased the oleoresin (the chili-oil extract) 
and capsaicinoid contents but it caused flower drop in 
C. annuum ‘KOR 60101’ grown in substrate culture 
(Sritong-on, 2009). It was explained that increasing the 
nutrient solution concentration caused salt-induced 
water stress to the plant. However, the degree of stress 
might be excessive and the application time might not 
be appropriate, lead-ing to flower drop and 
consequently yield loss. Therefore, it might be possible 
to stimulate or control capsaicin synthesis by 
introducing a lower degree of water stress at a more 
appropriate time i.e., after fruit set so as to avoid flower 
drop and yield loss. 

Therefore, this study aimed to investigate the 
effect of the timing to impose salt-induced water 
stress by increasing the nutrient solution concentration 
during the fruit development period on the yield, 
oleoresin content, capsaicinoids contents and 
Phenylalanine Ammonia-Lyase (PAL) activity in hot 
chili cv. ‘Super hot’ grown in a greenhouse. 

2. MATERIALS AND METHODS 

Hot chili (C. annuum L.) cv. ‘Super hot’ seedlings 
were planted in plastic containers containing 20 L of 
coconut-coir-dust substrate placed inside a plastic-
roofed net-house at the Department of Horticulture, 
Kasetsart University, Nakhon Pathom Province. They 
received Resh’s Tropical Dry Summer nutrient solution 
with an Electrical Conductivity (EC) of 1.2 mS cm−1 
during vegetative growth and 2.4 mS cm−1 during the 
First week of Bloom (FB) before they were subjected to 
different treatments in which the timing of the 
application of increased Nutrient Solution 
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Concentration (NSCI) during the fruit development 
stage. The experiment used a completely randomized 
block design consisting of six different timings of the 
application of the increased nutrient solution 
concentration, with each treatment replicated four 
times. In treatment 1 (control), plants continuously 
received the nutrient solution with a constant 
concentration of 2.4 mS cm−1 until the end of harvest. 
In treatments 2-6, plants received the nutrient solution 
with concentration increased from 2.4 to 3.6 mS cm−1 at 
1, 2, 3, 4 and 5 weeks after FB, respectively, until the 
end of the harvest period. All plants received an equal 
amount of nutrient solution every day. The volume 
was controlled to ensure a sufficient amount was 
applied by observing 10-20% drainage of the daily 
applied-volume; insecticide and fungicide were 
sprayed as needed. The air temperature and relative 
humidity in the greenhouse were recorded using a data 
logger. All fruits were harvested at the full-ripened 
stage and assessed for fruit characteristics, yield and 
pungency analysis including PAL activity analysis, 
with the latter also assessed in the fruits at the green 
mature stage. Fruit samples were dried, ground and 
extracted in methanol for analysis of the oleoresin 
content according to Prapanoppasin (2001). The 
capsaicin and dihydrocapsaicin contents in the 
oleoresin were determined by the High Performance 
Liquid Chromatography method (Collins et al., 1995). 
The PAL activity in hot-chili fruits at the green mature 
and full-ripened stages was determined following the 
method of Faragher and Chalmers (1977) and protein 
was analyzed using the method of Bradford (1976).  

3. RESULTS AND DISCUSSION 

The temperature and relative humidity of the air 
in-side the net house during the experiment period 
ranged from 26 to 31°C and from 64 to 94%, 
respectively, (data not shown) which were in the range 
of optimum condi-tions for hot chili growing 
(Rubatzky and Yamaguchi, 1997). In this study, chilli 
plants received the nutrient solution with the normal 
concentration (1.2 mS cm−1) during the vegetative 
stage and then at 2.4 mS cm−1 during FB; then after 
FB, they were divided into groups and subsequently, 
each group was subjected to NSCI at different fruit 
development stages. The results revealed that NSCI 
treatments after FB did not adversely affect the fruit 

characteristics nor was the yield of hot chilli cv ‘Super 
hot’ different when compared with the control 
treatment. However, it significantly affected the 
oleoresin content and pungency as well as the PAL 
actitivty of the hot chilli fruits. 

The study of fruit characteristics and yield showed 
that NSCI during the diferent fruit development stages 
did not caused the significant diference in the fruit width 
but the fruit length is reduced when the NSCI was 
imposed at 3 weeks after FB. The fruit fresh and dry 
weight were not affected by the NSCI treatments, 
although the slight increase, but not significance, of both 
were noticed when the NSCI occurred at 4 and 5 weeks 
after FB (Table 1). Fruit number per plant and yild per 
plant were also not significant different as the effect of 
the NSCI treatments (Table 2).  

The results from the pungency analysis clearly 
showed that increasing the nutrient concentration from 
2.4 to 3.6 mS cm−1 at different fruit development 
stages caused significant differences in the oleoresin, 
capsaicin, dihydrocapsaicin and capsaicinoids 
contents. Increasing the nutrient solution 
concentration during fruit development as early as the 
1st and 2nd week after FB significantly increased the 
oleoresin content and capsaicin and dihydrocapsaicin 
contents as well as the capsaicinoid content, the sum 
of the last two compounds. In contrast, if the 
concentration increase occurred in the later stage (3 
weeks or more after FB), it caused a significant 
decrease in the capsaicin and dihydrocapsaicin 
contents when compared with the control treatment 
(un-changing concentration) as shown in Table 3. 

In the current experiment, NSCI treatments caused 
significant changing in the PAL activity of the hot chilli 
fruits in both the green-mature and full-ripened stages. 
In the green-mature stage, the increase in the nutrient 
solution concentration in the 1st and 2nd weeks after 
FB did not cause any change in the PAL activity, but 
the increased nutrient solution concentration in the 3rd 
week onward after FB caused a significant decrease in 
the PAL activity compared with the control treatment. 
In contrast, in the full-ripened stage, the increase 
nutrient solution concentration as early as one week 
onward after FB could have caused a significant 
increase in the PAL activity compared with the control 
treatment. The highest activity was found when the 
increased nutrient solution concentration occurred in 
the 1st and 2nd weeks after FB (Table 4).  
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Table 1. Fruit characteristics of hot chili cv ‘Super hot’ affected by the nutrient solution concentration changing from 2.4 to 3.6 mS 
cm−1 at different fruit development stages. 

EC changing stage Fruit width (cm) Fruit length (mm)  Fresh weight (mg)  Dry weight (mg) 
No change (control)  0.68  5.89ab1/  1.51  0.20  
1 week after blooming  0.60  5.90ab  1.42  0.24  
2 weeks after blooming  0.67  6.76a  1.94  0.27  
3 weeks after blooming  0.67  5.30b 1.56  0.24  
4 weeks after blooming  0.68  5.96ab  2.08  0.31  
5 weeks after blooming  0.71  6.72a  2.21  0.34  
CV  8.38  8.90  28.65  24.52  
F-test  ns  *  ns  ns  
ns = Nonsignificant 
* = Significant difference at the 95% level of confidence 
1/ = Means followed by a common letter are not significantly different at the 95% level 
 
Table 2. Fruit number and yield of hot chili affected by the nutrient solution concentration changing at different fruit 

development stages. 
EC changing stage Fruit No./Plant  Yield/plant (g/plant)  
No change (control)  452.75  741.25  
1 week after blooming  423.00  691.75  
2 weeks after blooming  442.50  720.00  
3 weeks after blooming  447.25  739.75  
4 weeks after blooming  443.75  733.75  
5 weeks after blooming  450.50  737.00  
CV.   2.84   3.12  
F-test  ns  ns  
ns = Nonsignificant 
 
Table 3. Oleoresin, capsaicin, dihydrocapsaicin and capsaicinoids (%w/w) in chili fruits affected by the nutrient solution 

concentration changing at different fruit development stages. 
EC changing stage Oleoresin (%w/w) Capsaicin (%w/w) Dihydrocapsaicin (%w/w) Capsaicinoids (%w/w)  
No change (control)  10.90c  0.32c1/  0.15c  0.47c  
1 week after blooming  12.99a  0.55a  0.20a  0.75a  
2 weeks after blooming  12.30b  0.39b  0.16b  0.56b  
3 weeks after blooming  10.91c  0.30d  0.15c  0.44d  
4 weeks after blooming  10.83c  0.25e  0.10e  0.35e  
5 weeks after blooming  10.81c  0.29d  0.14d  0.43d  
CV.   4.19  1.44  2.08  2.04  
F-test  **  **  **  **  
** = Significant difference at the 99% level of confidence 
1/ = Means followed by a common letter are not significantly different at the 95% level 
 
Table 4. PAL activity at mature-green stage and full-ripened stage of chili fruits affected by the nutrient solution concentration 

increasing at different fruit development stages. 
EC changing stage  PAL activity at mature green stage  PAL activity at full ripen-ing stage  
(mmole mg−1 protein)  (mmole mg−1 protein)  (mmole mg−1 protein) 
No change (Control)  431.98a1/  505.18c  
1 week after blooming  351.68ab  824.48a  
2 weeks after blooming  379.18a  827.48a  
3 weeks after blooming  213.08c  584.18b  
4 weeks after blooming  292.68bc  547.48bc 
5 weeks after blooming  259.05c  578.08b  
CV.   14.09   5.05  
F-test  **  **  
** = Significant difference at the 99% level of confidence 
1/ = Means followed by a common letter are not significantly different at the 95% level 
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The effect of NSCI treatements found in this cureent 
experiment differed from Sritong-on (2009) who 
reported that the application of the NSCI treatment 
from 2.4 to 4.8 mS cm−1 in the period from FB to the 
end of harvest significantly reduced the fruit number 
and total yield of hot chili as a result of flower drop and 
from Marcelis et al. (2004) who found the fruit drop 
phenomenon in sweet pepper plants as an effect of stress 
occurring at the flowering stage. Firstly, the reason for the 
difference might be because in the current study, the 
degree of water stress induced by increasing the nutrient 
solution concentration from 2.4 to 3.6 mS cm−1 was lower 
than that in the experiment of Sritong-on (2009) in which 
the concentration was increased from 2.4 to 4.8 mS cm−1. 
Secondly, the NSCI treatment was imposed after FB when 
fruits had already set and become more tolerant to the 
stress than that of in the flowering stage. 

The increase in the nutrient solution concentration 
should result in a salinity effect to the chili plants which 
lowered the water potential of the solution around the root 
zone causing the roots to be subjected to water stress 
conditions. As a result, this water-stress condition induced 
the increase of capsaicin and dihydrocapsaicin synthesis 
(Estrada et al., 1999). Sung et al. (2005) stated that under 
water stress conditions, plants will increase the production 
of secondary metabolites, which in the case of chili are 
capsaicin and dihydropcapsaicin as a protective defensive 
mechanism. The similar defensive mechanism was also 
reported by Zushi and Matsuzoe (2009) where salt-induced 
stressed tomato plants produced more lycopene to serve as 
an antioxidant in the oxidation-damaging process that 
occurred during the stress conditions. However, the 
contradict result of pungency decreasing was found 
when the salt-induced stress was imposed during the 
later fruit development stages. This may cause by the 
higher competition for assimilates between fruit growth 
and pungent compound synthesis that occurs in the later 
stages. The rapid growth rate of chili fruit in the later 
fruit development stage (Bosland and Votava, 2012) 
might increase the sink strength for the food. Hence, 
under the salt-induced stress condition where the 
photosynthesis might also be adversely affected, the 
majority of assimilates is partitioned for fruit growth 
than for pungent compound synthesis resulting in 
pungency reduction as compared to the control. 

PAL is the initial enzyme in the Phenyl Propanoid 
pathway, one of the pathways for capsaicin synthesis. 
The PAL activity in chili fruit increases gradually as fruit 
development progresses and reaches the maximum value 

at the full-ripened stage (Ochoa-Alejo and Gomez-
Peralta, 1993). Its activity is directly related to the 
pungency level and under water-stress conditions, chili 
plants use the stress to stimulate PAL activity as the 
mechanism by which the synthesis of capsaicin and 
dihydro-capsaicin is increased to cope with the stress 
effect (Sung et al., 2005). This PAL activity result was in 
line with the pungency results in which the increased 
nutrient concentration as early as the 1st and 2nd weeks 
after FB caused a significant increase in the capsaicin 
and dihydrocapsaicin contents, while the increased 
nutrient concentration solution in the 3rd week 
onward after FB the capsaicin and dihydrocapsaicin 
contents decreased significantly. 

The results in this study also revealed that timing for 
imposing the stress during chili fruit development played a 
role in the stimulation of the PAL activity and, 
consequently, the capsaicinoids synthesis. The application 
of salt-induced water stress should be imposed as early as 
the first two weeks after FB in order to stimulate PAL 
activity and consequently, an increase in capsaicinoid 
synthesis. In contrast, the late application of the stress 3 
weeks after FB can suppress PAL activity in the green-
mature fruit stage and consequently, reduce 
capsaicinoid synthesis. 

4. CONCLUSION 

 The result of this experiment reveales that the 
pungency of the hot chilli can be enhanced sucessfully 
without causing the yield reduciton through the 
stimulation PAL acitivity by imposing the optimum 
degree of salt-induced water stress to the plant at 1 or 2 
weeks after blooming week.  
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