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 Climate change and the erratic and uneven rainfall distribution are the causes 
of reduced water available in the soil for plant needs to the transpiration 
process. This study aimed to determine coffee transpiration rate on dry land 
with rain harvesting techniques during the dry season, transition season, and 
rainy season and the factors that influence it. This study used field 
observation and laboratory analysis with two treatments, i.e. a bench terrace 
as a control (P1) and an L-shaped silt pit (P2). The variables observed were 
soil moisture content, transpiration rate, soil water potential, leaf water 
potential, and microclimate, especially temperature and sunlight intensity. 
The results showed that the transpiration rate of coffee plants was 
significantly different in the two treatments. The highest transpiration rate 
was found in P2 as much as 13.17 mm week-1 or equivalent to 1.88 mm       
day-1 during the dry season. Application of the L-shaped silt pit (P2) increased 
soil moisture content compared to the control (P1). This increase was 
followed by an increase in soil water potential and leaf water potential, which 
could reach the highest values of 0.18 bar and 0.49 bar, respectively. The 
transpiration decreases with the change of seasons from the dry season to the 
transitional season and the rainy season. This decrease is caused by changes 
in the microclimate, especially the temperature and sunlight intensity. Both 
are the most variables that affect the rate of transpiration. 
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Introduction 

Malang Regency, especially in Sumbermanjing 
Wetan, is a coffee production area from smallholder 
plantations with the type of coffee is robusta. 
Sumbermanjing Wetan belongs to a dry land 
agricultural area that is on rainfall to meet crop water 
requirements. Climate change and the erratic and 
uneven distribution of rainfall have become problems 
in the availability of water on dry land causes a 
decrease in crop production. Coffee production in 
Malang Regency decreased from 2010 to 2011 by 
30%, from 8,588 tons to 5,971 tons. Coffee production 
in Sumbermanjing District decreased from 2018 to 

2019 by 40%, from 1,840 tons to 1,103 tons (BPS, 
2020). Water requirement is one of factors affecting 
coffee growth. If the water requirements are not meet, 
it will inhibit the flowering process and reduce the 
productivity of the coffee plant (Cheserek and 
Gichimu, 2012). The availability of water in dryland is 
lower than the use of water for plant transpiration.  
 Transpiration is a process of water loss through 
the movement of water in plant tissues and loss to the 
atmosphere (Prijono and Laksamana, 2016). The 
transpiration rates are influenced by plant physiology, 
microclimate, soil moisture content, soil water 
potential (SWP), and leaf water potential (LWP). 
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According to Wallace and McJannet (2010), the 
transpiration rates are controlled by the condition of 
opening and closing of stomata.  
 Plant roots can affect the amount of water that 
can be absorbed by plants. If the root penetration is 
high, the amount of water that can be absorbed and 
transpired is higher. Transpiration rate increases with 
increasing sunlight intensity and temperature. Haditiya 
and Prijono (2018) reported that an increase in 
temperature of 2 ℃ to 6 ℃ increased the air demand 
by 5-15% from the actual condition of the plant so that 
it has an impact on the availability of air in the soil 
which is not sufficient for plant water requirements. 
The higher the soil moisture content, the greater the 
amount of water absorbed and transpired by plants. If 
the amount of water evaporated through transpiration 
exceeds the amount of water absorbed by the roots, 
there will be a water deficit that will interfere with 
plant growth (Wang et al., 2013). The water status of 
soil and plants is expressed as water potential. Soil 
water potential is closely related to water availability. 
The lower the soil water potential, the lower is the 
availability of water in the soil (Singh et al., 2014). The 
soil water potential is also related to the leaf water 
potential. The higher the leaf water potential, the 
transpired water through leaves is high. 

Changes in seasons affect soil moisture 
conditions. In dry land, efforts to increase soil moisture 
content can be made by rain harvesting techniques, one 
of which is a silt pit. Silt pit is effective in controlling 
surface runoff and increasing soil moisture content in 
the root zone of plants to meet plant water 
requirements (Surdianto et al., 2012). The L-shaped 
silt pit could increase water holding by 3.05% 
compared to the control (bench terrace). A silt pit is 
made by cutting the contour to accommodate water 
from rainfall which will seep into the soil and can be 
utilized by plants. The amount of infiltrated rainfall 
that can be directly utilized by plants is called effective 
rainfall. The amount of effective rainfall will affect the 
soil moisture content. The application of silt pits on 
land can increase effective rainfall. Rain harvesting 
techniques in the form of silt pit and mulch can 
increase the effective rainfall by 95-96% of the total 
rain (Noeralam et al., 2003). The water can be used and 
lost to the atmosphere through the process of 
transpiration. 

This study aimed to determine the rate of 
transpiration of coffee plants on rain harvesting 
techniques during the dry season, transition season, 
and rainy season and the factors that influence it. 

Materials and Methods  

Research location 

The study was conducted at Smallholder Coffee 
plantations in Argotirto Village, Sumbermanjing 
Wetan, Malang Regency, from September to 
December 2020. The plantation is located between 

8º16'44.30405" S and 112º44'41.60681” E, altitude 
550-600 m above sea level and a slope of 30-35% with 
soils of Inceptisols. The observation period in this 
study was divided into three seasons. According to 
Loo et al. ( 2015), the monsoon rain pattern has a 
season division that includes the dry season (May-
September), the transition season (October), and the 
rainy season (November-December). 

Soil moisture content 

Soil moisture content was measured using the 
Gravimetric method. Sampling was carried out every 
observation period in the morning and midday in the 
rainy season, transition season, and dry season, using 
a drill at depths of 0-10 cm, 10-20 cm, 20-30 cm, 30-
40 cm, 40-50 cm, 50-60 cm 60-70 cm, 70-80 cm, 80-
90 cm and 90-100 cm. Sampling was carried out at 
intervals of once a week in the morning and midday in 
the dry season, transition season, and rainy season to 
determine differences in soil water content. Soil 
moisture content was calculated using the following 
formula:  

%SMC= (FW-DW)/DW x100%..............................(1) 

The %SMC was then converted into volumetric form 
with the following formula: 

%V = %SMC x BD ……………………….……… (2) 

Notes: %SMC: percentage of soil moisture content         
(%g g-1), FW: fresh weight of soil (g), DW: dry weight 
of soil (g), %V: volume percent (%v v-1), BD: soil bulk 
density (g cm-3). 

Soil water potential (SWP) and leaf water potential 
(LWP) 

Soil water potential was measured using SPAW (Soil-
Plant-Air-Water). The input data needed in this 
measurement are soil moisture content at the time of 
measurement, texture, and organic C. Results come out 
automatically after all data is inputted. Leaf water 
potential was measured using a pressure bomb with the 
criteria that the leaf sample was full-grown and must 
be healthy (Fulton et al., 2014). Sampling was carried 
out in the morning before dawn and with an interval of 
once a week in the dry season, transition season, and 
rainy season. Leaf was put in plastic and stored in a 
cooler to maintain humidity before being brought to 
the laboratory. Measurements were made by inserting 
the leaf stalk or twig upside down into the chamber 
component and then locking it by tightening the screw. 
The gas has flowed slowly from the pressurized gas 
cylinder into the chamber containing the sample. 
When the liquid started to appear, the gas flow was 
stopped and read the leaf water potential value on the 
panel contained in the tool. 

Microclimate 

Microclimate was measured in the form of temperature 
and sunlight intensity using an environment 
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multimeter installed 1 meter above the ground level. 
The data appeared on the monitor screen after the 
button on the device was pressed. Measurements were 
carried out at intervals of once a week in the morning 
at 06.00 and midday at 12.00. 

Transpiration rate 

The transpiration rate of coffee plants was measured 
based on the difference in soil moisture content (delta 
storage/dS) in coffee plants near the root and far from 
the root. The transpiration rate was obtained from the 
difference in soil moisture content at the far point from 
the root (Tt) and soil moisture content near the roots 
(TR). Based on Prijono and Laksamana (2016), the 
transpiration was calculated using the following 
formula:  

T = sTt – sTr ………………………………….…..(3) 

S = z x Ɵ…………………………….…………….(4) 

Notes: T: transpiration of coffee plants (mm day-1 ), 
sTt : soil moisture storage far from root (mm), sTr : 
soil moisture storage near the root (mm), s : soil 
moisture storage at a certain depth (mm), z : soil depth 
(mm),  Ɵ : volumetric water content (cm3 cm-3). 

Experimental design and data analysis 

This study used field observation and laboratory 
analysis with two treatments, i.e. a bench terrace as a 
control (P1) and an L-shaped silt pit (P2). The length 
of the bench terrace was 3 m, and the size of the  L-
shaped silt pit was 150 cm x 30 cm x 50 cm. The data 
obtained were analyzed by T-test, correlation test, and 
multiple regression using the SPSS program. 

Results and Discussion 

Soil moisture content 

The L-shaped silt pit (P2) treatment had a higher soil 
moisture content than the control treatment (Figure 1). 
This can be caused by an L-shaped silt pit that could 
accommodate more water than control, both from 
rainfall or accommodate surface runoff which flowed 
in the direction of the slope as well as the contour so 
that the soil moisture content was higher in an L-
shaped silt pit. Litter that was accommodated in the 
hole in an L-shaped silt pit also increased input organic 
matter that could affect the ability of the soil to water 
holding capacity. This statement is in accordance with 
Junedi (2014) that organic matter can absorb water up 
to six times its own weight so that the higher the 
organic matter content in the soil, the higher the soil 
moisture content. Soil moisture content that was 
measured far from the root zone showed a higher value 
than the zone near the root. This is caused water near 
the roots is used more for both plants, such as 
transpiration. This is consistent with the results which 
showed that the water content far from the root zone 
had a higher value than the others. Results of the study 

of Satibi et al. (2019) showed that making a silt pit in 
the coffee plantation was able to increase soil moisture 
content by 45.91% when compared to without silt pit 
by 28.23%.  

Soil moisture content in the entire observation 
period and both treatments (Figure 2) occurred at a 
depth of 0-30 cm and then gradually increased at a 
depth of 30-100 cm. Qiu et al. (2001) stated that soil 
moisture content also varies with the depth of the 
observation profile. Soil moisture at a depth of 80-100 
cm profile was higher than the other profile depths. 
The moisture content far from the roots (Tt) tended to 
be higher than the soil moisture content close to the 
roots (Tr). Bana et al. (2013) stated that the decrease in 
soil moisture content at a depth of 10-30 cm was due 
to increased evaporation. The increase in soil moisture 
content in the lower layer (depth of 40-100 cm) occurs 
due to an increase in the clay fraction to a depth of 100 
cm where the clay has good water retention (Prijono 
and Bana 2015). The results of the study showed that 
there was an increase in clay at a depth of 40-100 cm.  
Bermúdez-Florez et al. (2018) stated that the higher 
the clay content, the higher the soil moisture content. 
The results of research by Prijono and Bana (2015) 
showed an increase in the clay fraction along with the 
deeper soil layer (40-120 cm); the more soil layers 
were dominated by clay particles that had high water 
retention. 

Dynamics of coffee transpiration rate in various 
seasons 

Transpiration is a process of water loss through the 
movement of water in plant tissues and loss to the 
atmosphere (Prijono and Laksamana, 2016). There 
were fluctuations in the transpiration rate of coffee 
plants from the dry season to the rainy season. The 
results of the T-test showed that the transpiration rate 
was significantly different (p<0.05) between the two 
treatments. The transpiration rate at P2 was higher than 
P1, both during the morning and afternoon 
observations. The highest transpiration rate was 
obtained in the dry season during midday observations, 
while the lowest was obtained in the rainy season in 
the morning observations. The highest transpiration 
rate at P2 was obtained during the last week of 
observation (peak of dry seasons) and the lowest 
transpiration rate at P1 was obtained during the last 
week of observation of the rainy season.  

In this study, the highest transpiration rate was 
13.17 mm week-1 or equivalent to 1.88 mm day-1, and 
the lowest was 0.50 mm week-1 or equivalent, to a 
daily average of 0.07 mm day-1. The higher 
transpiration rate in P2 treatment could be caused by 
soil moisture storage which was also higher than P1. 
Increasing soil moisture storage and decreasing runoff 
reduction were obtained by applying an L-shaped silt 
pit at the study site. The higher the soil moisture 
storage, the more water that can be transpired. This 
statement is in accordance with the research results of 
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Wang et al. (2013), who stated that the high rate of 
plant transpiration was influenced by the high content 
of soil moisture. Soil moisture content and the ability 
of the soil to carry water to plant roots also determine 
the rate of plant transpiration. The coffee transpiration 
rate decreased from the dry season to the rainy season 
(Figure 2). Based on the results, the transpiration rate 
in the dry season was higher than in the transitional and 
rainy seasons, even though the soil moisture content in 
the dry season was lower than transitional and rainy 
seasons. The rate of transpiration in the morning was 

also lower than in the midday. That can be caused by 
plant factors and climatic factors that affect the rate of 
transpiration. Climatic factors also are related to plant 
factors in the form of stomata which affect the rate of 
transpiration.This statement is in agreement with 
Renninger et al. (2010) stated that the process of 
evapotranspiration might be greater in the dry season 
even though in that season, the soil moisture content 
was low. This was because there was an increase in 
temperature and the intensity of sunlight, so it 
supported an increase in the rate of transpiration. 

 

 
 

  

  

Figure 1. Soil moisture content of control/bench terrace (p1) and L-shaped silt pit (p2) treatments at various 
observation periods. Tr: soil moisture content near roots; Tt: soil moisture content far from the roots. DS: 

dry season; TS: transitional season; and WS: rainy season.  
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Figure 2. The average transpiration rate of coffee plants in three observation periods. P1: control (bench terrace), 
P2:  L-shaped silt pit. 

Effect of microclimate on the coffee transpiration 
Rate 

Transpiration rates were influenced by microclimate, 
especially temperature and sunlight intensity. The 
results showed that the increase or decrease in the 
microclimate was consistent with the transpiration rate 
in both treatments (Figure 3).  The result showed that 
in the P1 treatment, the highest temperature (33 ℃) 
and sunlight intensity (35000 Lux) were obtained at 
midday in the dry season with a transpiration rate of 
10.50 mm week-1 or an average daily equivalent of 
1.50 mm day-1. At P2, the highest temperature (36 ℃) 
and sunlight intensity (38400 Lux) were obtained at 
midday in the dry season with a transpiration rate of 
13.17 mm week-1 or a daily average of 1.88 mm day-1. 
The results of the T-test showed that the temperature 
and sunlight intensity had a significant effect (P<0.05) 
on the rate of transpiration.  

The increase in temperature and sunlight 
intensity was followed by an increase in the rate of 
transpiration. On the other hand, the decrease in these 
two variables was also followed by a decrease in the 
rate of transpiration. Sunlight intensity will affect the 
process of opening and closing the stomata; when the 
stomata are open, there will be gas exchange from the 
leaves to the atmosphere. Crawford et al. (2012) 
reported that the transpiration rate at 28 ℃ was higher 
than at 22 ℃. The correlation test showed that 
temperature and sunlight intensity had a very strong 
and positive relationship (r = 0.92) to the transpiration 
rate. This value indicates that an increase in these two 
factors will be followed by an increase in the 

transpiration rate. The sunlight intensity determines 
the opening and closing of stomata as a place for gas 
exchange from plants to the atmosphere. Guard cells 
surround each stomatal and regulate CO2 uptake and 
water vapour released by opening and closing the 
stomata (Qaderi et al., 2019). 

Soil water potential (SWP) dan leaf water potential 
(LWP) coffee plant in various seasons 

Water potential is the total amount of energy that be 
expended per unit amount of water to flow. In this 
research, soil water potential and leaf water potential 
were measured. Soil water potential refers to soil 
moisture content. Soil water potential is a criterion for 
measuring the soil availability water for plants (Singh 
et al., 2014). The higher soil water potential is 
indicated by a low value, while low soil water potential 
is indicated by a large value.  

Based on the results of observations in both 
treatments, it can be seen that the potential for soil 
water potential is different in each season. Based on 
Figure 4, the lowest soil water potential (P1 of 10 bar) 
was obtained during the dry season during daytime 
observations, while the highest soil water potential (P2 
of 0.18 bar) was obtained during the rainy season 
during the morning observation. This difference in 
results is thought to be due to differences in soil 
moisture content. In the dry season, the soil moisture 
content was lower than in the transition season and the 
rainy season. The research of Markesteijn et al. (2010) 
showed that the potential decrease in soil water from 
0.2 MPa to 1.4 MPa was at the beginning of the dry 
season to the peak of the dry season (April to 
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September). High soil water potential indicates that the 
water content is more, or it can be said that high water 
potential is caused by high groundwater content. 
According to Clermont-Dauphin et al. (2013), the 
highest water potential (0 bar) is in the rainy season at 
a depth of 65 cm and continues to increase with the 
depth of the soil layer. Plant water potential is also an 

important and widely used indicator for the study of 
water transport mechanisms, which describe the 
energy state of water (Wang et al., 2013). Leaf water 
potential is directly proportional to soil water potential. 
The higher leaf water potential is indicated by a low 
value, while the low leaf water potential is indicated 
by a large value. 

 

 
 
 
 

 

Figure 3. The average temperature and intensity of sunlight at the research site. P1: control (bench terrace), P2:  
L-shaped silt pit. 
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Figure 4. The average soil water potential at various observation periods. M: observation week, P1: control 
(bench terrace); P2: L-shaped silt pit.  

Results of the T-test showed that the leaf water 
potential was significantly different (p<0.05) in both 
treatments, where P2 was higher than P1. Based on 
Figure 5, the lowest leaf water potential was at P1 
(3.24 bar in M1 observation) in the dry season, and the 
highest leaf water potential was at P2 (0.49 bar in M14 
observation) in the rainy season. This indicates that the 
leaf water potential is in accordance with the potential 

soil water content and soil moisture content. Results of 
the T-test also showed that the soil water potential had 
a significant effect (p<0.05) on the leaf water potential. 
This indicates that the greater the soil water potential 
(close to 0), the higher the leaf water potential. The 
lower the soil moisture content, the lower the leaf 
water potential (LWP) and the plant will experience 
water stress or stress  (Argyrokastritis et al., 2015). 

 

 
Figure 5. The average leaf water potential at various observation periods. M: observation week, P1: control 

(bench terrace); P2:  l-shaped silt pit. 
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The results showed that there was an increase in water 
potential along with the changing seasons from the dry 
season to the rainy season. The lower the leaf water 
potential, the plant will lose turgor due to low water 
availability, so it will be difficult for plants to excrete 
water because water is bound by water parenchyma 
tissue; if cell turgor is not maintained, the plant will 
wither. This condition affects the rate of transpiration. 
If the leaf water potential is low, the plant will maintain 
turgor followed by the closure of leaf stomata, where 
the closure of stomata increases leaf resistance to water 
loss (Amelework et al., 2015). Soil water potential and 
leaf water potential have a very strong influence on the 
rate of transpiration after microclimatic factors. 
Groundwater potential and leaf water showed a strong 
and positive relationship to the transpiration rate with 
the correlation coefficient values (r) of 0.89 and 0.88, 
respectively. A positive value also indicated an 
increase or decrease in soil and leaf water potential that 
was directly proportional to the transpiration rate. 

Effect of plant physiology on transpiration rate 

Transpiration rate can also be influenced by plant 
physiological conditions, especially stomata and root 
length density. According to Prijono and Laksamana 
(2016), gas exchange between leaves and the 
atmosphere occurs when the stomata open; under these 
conditions, photosynthesis and transpiration occur. 
The rate of transpiration will be influenced by the 
behaviour of opening and closing stomata. The results 
showed that the stomata density was higher at P2 
(482.49 mm-2) than P1 (312.51 mm-2), but the size was 
inversely proportional to where P1 was greater than P2 
(Table 1). Camargo and Marenco (2011) showed that 
stomata size had a negative correlation with stomata 
density. Stomata density in the unit area shows how 
many stomata are on the leaf. The higher the stomatal 
density, the higher the transpiration rate. Root length 
density was calculated to determine the density of root 
distribution in the soil.  

Table 1.  The average stomata size and stomata density of coffee plants. 

No Treatment Code Width (µm) Length (µm) Stomata Density (Σ stomata mm-2) 
1 P1 17.78 24.90 312.51 
2 P2 16.21 23.49 482.49 

Notes: P1: control (bench terrace); P2:  L-shaped silt pit 

Water can be absorbed and flowed from the soil to 
plant parts through roots; therefore, plant roots also 
have the potential or can affect the amount of water 
that can be transpired.  The distribution of root length 
density has the potential to affect the transpiration 
process, but the effect of root length density on the 
transpiration rate has not been widely carried out, so 
further research is needed ((Metselaar et al.,  2019).  

Conclusion  

The coffee transpiration rate in the two treatments 
showed a significant difference. The L-shaped silt pit 
(P2) had a higher transpiration rate than the control or 
bench terrace (P1). The rate of transpiration decreases 
with the change of seasons from the dry season to the 
transitional season and the rainy season; this can be 
caused by changes in the microclimate. Temperature 
and sunlight intensity was the most variables 
influencing the rate of transpiration. The increase in 
temperature and the intensity of sunlight is followed 
by an increase in the rate of transpiration. There is a 
correlation between soil water potential and leaf water 
potential on the rate of transpiration which is indicated 
by a very strong and positive relationship. The increase 
in groundwater potential is followed by an increase in 
leaf water and transpiration rate. The L-shaped silt pit 
treatment had higher soil water potential and leaf water 
potential than the bench terraces, which was in line 
with the transpiration rate in the L-shaped silt pit, 
which was also higher than the bench terraces.   
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