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SUMMARY 
  
Yield of coffee is affected by some anatomical- as well as morphological properties and 
physiological activities. Coffee is a C3 plant that has a photosynthetic saturation at a certain 
light intensity. To know some anatomical-, morphological- and physiological characteristics 
those affect growth and yield of Robusta coffee, a study has been done at the Indonesian 
Coffee and Cocoa Research Institute, Jember, East Java, Indonesia. Fully expanded leaves of 
eight clones have been measured on their area, stomata density, stomata pores area, palisade 
index, chlorophyll index, and photosynthetic rate. Clones measured were BP 42, BP 358, BP 
409, BP 534, BP 936, BP 939, BP 961 and SA 237. Measurement was done at Kaliwining 
Experimental Station, Jember, Indonesia, at the altitude of 45 m above sea level. 
Measurement was stressed to describe the dynamic response curve model and to correlate 
yield to other parameters. The most dominant parameter that affect yield was determined.  
 
INTRODUCTION 
 
Coffee is one of estate commodities that have a high economic value and as an important 
income source for Indonesia. Many of coffee plantations in Indonesia are Robusta coffee, but 
there a little part of those plantations is Arabica coffee. Clones of Robusta coffee cultivated in 
Indonesia are variable and relatively have different anatomical-, morphological- and 
physiological characteristics. Their difference in those characteristic might cause a different 
yield. Coffee is a C3 photosynthetic pathway crop, it means that for optimum growth need 
only 70% of sunlight and their saturated photosynthesis active radiation (PAR) is around 1000 
µmol.m-2.s-1.  
 
To explore anatomical-, morphological- and physiological characteristics and then to relate to 
their yield, an observation has been conducted at Kaliwining Experimental Station, 
Indonesian Coffee and Cocoa Research Institute (ICCRI). The specific objective of the 
experiment were to describe (1) a dynamic model for photosynthesis rate among varies coffee 
clones in varying photosynthetic active radiation, (2) to investigate the relationships between 
photosynthesis rate (P) and other parameters such as chlorophyll index, stomata and palisade 
towards the yield of coffee clones. Results of those experiments were presented below.  
 
MATERIALS AND METHODS 
  
Fully expanded leaves of eight clones have been measured on their photosynthetic rate using 
portable gas exchange system Li-6400 (LI-COR Inc., Lincoln, NE). Besides, chlorophyll 
index, stomata density and palisade index also observed. Clones measured were BP 42, BP 
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358, BP 409, BP 534, BP 936, BP 939, BP 961 and SA 237; respectively. Leaves were taken 
from collection garden of the Indonesian Coffee and Cocoa Research Institute. Chlorophyll 
index was measured by using chlorophyll meter, stomata density was observed by using light 
microscope, and palisade index was observed by using binocular microscope. The data 
collected analyzed with variance analysis. The difference among parameters was tested by 
LSD at the 0.05 probability level. The relationship between yield and those observed 
parameters was done to illustrate a role of those parameters to yield.  
 
RESULTS AND DISCUSSION 
 
Potency of productivity of eight clones observed was varied between 1200 kg/ha to 2800 
kg/ha, BP 42 has the lowest of productivity and BP 939 has the highest one.  
 

 
Figure 1. Potency of productivity of eight clones observed. 
 
Leaf area of eight robusta coffee clones those observed was varied between 113-215 cm2/leaf, 
whereas BP 534 was the lowest and BP 409 was the highest one. Range values of other 
parameters as follows: chlorophyll index was 51.23-61.37 (BP 42 was the lowest and BP 939 
was the highest), stomata density was 245-466 stomata/mm2 (BP 961 was the lowest and BP 
936 was the highest), stomata pore area was 3.48-7.31 mm2.10-4 (BP 358 was the lowest and 
BP 534 was the highest), and palisade index was 24.82-36.97 palisade/epidermal cell (BP 42 
was the lowest and BP 936 was the highest); respectively.    
 

Table 1. Morphology and anatomy properties of eight coffee clones observed. 
 

Clones Leaf area 
(cm2/leaf) 

Chlorophyll 
index 

Stomata 
density 

(stomata/mm2) 

Stomata 
pore area 
(mm2.10-4) 

Palisade index 
(palissade/ 

epidermal cell) 
BP 42 167.20 51.23 342.20 5.75 24.82 
BP 961 172.26 53.70 245.68 3.69 26.66 
BP 358 116.22 53.99 263.23 3.48 33.39 
SA 237 130.46 56.92 315.87 5.53 24.98 
BP 409 214.99 56.59 377.29 5.31 35.09 
BP 534 113.01 57.32 421.16 7.31 32.98 
BP 936 159.89 59.48 465.03 6.42 36.97 
BP 939 136.44 61.37 412.39 5.91 35.54 
LSD 5% 41.29 5.52 52.87 3.42 7.019 
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There were positive exponential relationship between photosynthetic active radiation (PAR) 
and photosynthetic rate (P) of eight coffee clones. It means that the higher the PAR, the 
higher the photosynthetic rate (P) until they reach a maximum point and then constant or 
gradually decrease. This phenomenon is usual for living objects. 
 

Table 2. Exponential relationship between photosynthetic active radiation (PAR)  
and photosynthetic rate (P.) 

 
Clones Equation R2 
BP-42 Y = 7 (1-exp(-0.02 x X/7)) 0.825 
BP 961 Y = 5.8 (1-exp(-0.0123 x X/5.8)) 0.829 
BP 358 Y = 8 (1-exp(-0.0212 x X/8)) 0.964 
SA 237 Y = 11.5(1-exp(-0.0297 x X/11.5)) 0.967 
BP 409 Y = 7 (1-exp(-0.0164 x X/7)) 0.903 
BP 534 Y = 7.5 (1-exp(-0.0177 x X/7.5)) 0.928 
BP 936 Y = 11 (1-exp(-0.0239 x X/11)) 0.979 
BP 939 Y = 13 (1-exp(-0.0203 x X/13)) 0.979 
 
Relationships between morphological-, anatomical- as well as physiological characteristics to 
potential productivity follow a positive linier regression equation.  

 
Figure 2. Relationship between stomata density and productivity. 

 
Figure 3. Relationship between stomata pore area and productivity. 
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Figure 4. Relationship between palisade index and productivity. 
 

 
Figure 5. Relationship between chlorophyll index and productivity. 

 
Figure 6. Relationship between maximum photosynthesis and productivity. 
 
PAR is the intensity of radiation that stimulates photosynthesis reaction actively. It is very 
logic that until an optimum level, the higher the intensity of radiation, the higher the 
photosynthetic rate. Radiation is very close related to photosynthesis. Photosynthesis only 
takes place when sunlight is presence.    
 
Stomata density, palisade index, chlorophyll index and photosynthesis were significantly 
affected productivity of coffee clones. It is very logic because those characters were governed 
assimilate production. Based on determination coefficient (R2) value, chlorophyll index was 
the character that has closest relationship to productivity of robusta coffee clone.  
  
  

y = 88,50x - 758,0
R² = 0,560

0

1000

2000

3000

20 30 40
Pr

od
uc

tiv
ity

 (k
g/

ha
)

Palisade index (palisade/epidermal cell)

y = 172,1x - 7685,
R² = 0,908

0

1000

2000

3000

50 55 60 65

Pr
od

uc
tiv

ity
 (k

g/
ha

)

Chlorophyll index

y = 165,5x + 547,1
R² = 0,532

0

1000

2000

3000

5 7,5 10 12,5 15

Pr
od

uc
tiv

ity
 (k

g/
ha

)

Pmax (µmol CO2/m2/s)

Digital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


 

 
991 

 

CONCLUSIONS 
 

• Potency of productivity of eight clones observed was varied between 1200 kg/ha to 
2800 kg/ha, BP 42 has the lowest and BP 939 has the highest one.  

• There were positive exponential relationship between photosynthetic active radiation 
(PAR) and photosynthetic rate (P) of eight coffee clones. 

• Stomata density, palisade index, chlorophyll index and photosynthesis were 
significantly affected productivity of coffee clones with positive linier regression 
equation.  

• Chlorophyll index was the character that has closest relationship to productivity of 
robusta coffee clone. 
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