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Abstract

Global climate change that causes drought requires integrated and sustainable crop management 
through management of soil water content in tea plantations. In dry season in tropical and sub-
tropical climate conditions, there is a decrease in soil water content between 11–28%. To minimize 
the decline in production, it can be anticipated by knowing the changes in water content in the 
soil. The purpose of this research was to determine the effect of slope and year pruning tea plant 
(YP) on soil water content and shoot production in tea plantations. The research was conducted in 
November 2020 – April 2021, at Research Institute for Tea and Chincona, West Java, Indonesia. The 
research design used a factorial randomized block design with 2 factors, factor 1 (year of pruning) 
and factor 2 (slope). The parameters observed were soil water content and shoot production. The 
results showed that the factor of slope and year of pruning did not show any signifi cant interactions 
and differences in soil water content a soil water content found at YP-3 at 40.48% and the highest 
shoot production at YP-2 of 20.06 kg/plot. The effect year of pruning (YP) is highly correlated and has 
a strong relationship to soil water content. The results of this study can be used to predict the actual 
situation the tea leaf growing period, which can improve the management of tea production planta-
tions and also provide a scientifi c basis for accurate timing of effective fertilization of tea planting, 
as well as providing technical support for the future of farming technology.
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1. Introduction

Plants need water for survival such as digestion, photo-
synthesis, mineral transport, supporting the body growth and 
transpiration. The growth of crops is influenced by soil condi-
tions and presents in different growth characteristics (Huang et 
al., 2022). The tea plant is a plant that requires a large amount 
of water because the tea plant is sensitive to drought, so it is 
only suitable in areas that have fairly high and evenly distrib-
uted rainfall throughout the year. Tea plants in Indonesia which 
are cultivated on dry land depend on rainwater for their water 
needs. The minimum amount of rainfall for tea plant growth 
is 1150–1400 mm/year, evenly distributed throughout the year 
(Carr, 1972; Eden, 1965). Soil conditions for tea plantation are 
generally Andisols with soil pH between 4.5 and 5.6 and organic 
matter content of more than 1% (Effendi et al., 2010; Athallah 
et al., 2022).

Various factors such as rainfall intensity, duration, slope 
and cultural practices influence the runoff and soil loss behav-
ior in new tea plantation (Sahoo et al., 2016). Water entering 

through a process of infiltration into the soil will be retained 
in the unsaturated zone because the soil holding capacity that 
holds most of the water to not become saturated so the soil pores 
are filled with air and water (Chandra, 2012). Each soil has dif-
ferent water moisture according to the physical and chemical 
properties of the soil and is adapted to the type of plant to be de-
veloped, tea plants that grow in areas with relatively high eleva-
tions (1300–1500 m above sea level) along with environmental 
parameters (rainfall amount).

Tea plants require large amounts of water or equivalent 
to 2000–4000 mm/year of rainfall in order to grow optimally 
(Santoso et al., 2006). This causes the tea plant to be unable 
to withstand the long dry season. Therefore, the need for wa-
ter is highly dependent on rainwater. Rainfall that is less than 
60 mm/week causes the nutrients provided to tea plants can-
not be completely decomposed so that is slows down growth. 
If the dry period is more than 2 months, there will be growth 
disturbances and large production losses due to reduced shoot 
production. In addition, the loss of water content in the leaves 
by 30% can result in decreased photosynthetic activity. Even 
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photosynthetic activity will stop if the water loss reaches 60% 
(Griffiths, 1976). According to Keagel (1965), the water content 
of tea shoots in the dry season is around 70%, while in the rainy 
season it is around 83%. Wang et al. (2001) regarded topogra-
phy as the dominant factor influencing soil property variation 
due to its influence on runoff, drainage, microclimate, and soil 
erosion.

Tea production is highly dependent on seasons and the im-
pact of climate change is starting to be felt in tea plantations. 
Increased rainfall, a fairly dry and long dry season due to sea-
sonal shifts, increased anomalous cycles of the dry season, rainy 
season, and reduced soil moisture will disrupt the agricultural 
sector, one of which is the tea plantation sub-sector (Anjarsari 
et al., 2020). Thus, normally every year tea plantations, espe-
cially on Java, always experience a deficit in the groundwater 
balance during a normal dry season, followed by a decrease in 
shoot production. This is due to the decreasing value of transpi-
ration with reduced total water available in the root zone (Gre-
gory et al., 2000). 

Pruning is carried out on mature tea plants with pruning 
intervals every four years (Athallah et al., 2022). Pruning is the 
cutting of branches of a tea bush at predetermined height and 
at a specified interval in order to reinvigorate and bring tea 
bushes within reach of the pluckers. Pruning rejuvenates the tea 
bush and brings it to growth of new pluckable shoots (Ahmad 
et al., 2014; Kumar et al., 2015). The crop distribution in a year 
depends also on the pruning cycle and time which, in turn, is de-
cided by the prevailing seasonal conditions. Tea cultivation of 
tea plant are generally carried out on various slopes. Based on 
this background, it is necessary to know the soil water content as 
a precise determination of fertilization time. The purpose of this 
study was to determine the effect of slope and year of pruning 
on soil moisture content and shoot production in tea plantations 
and to see the correlation between slope and year of pruning on 
soil moisture content. This is also the basis for determining the 
time of fertilization according to the actual conditions of the tea 
plant.

2. Materials and methods

The research was conducted from November 2020 – April 
2021, at the Gambung Experimental Garden, Research Institute 
for Tea and Chincona, West Java at an altitude of 1,350 m above 
sea level. Soil order Andisols, the plant used was superior tea 
plant Clone GMB7, plot area 10 m x 10 m (100 m2) with a total 
population per plot of about 138 shrubs. The research design 
used a factorial randomized block design with 2 factors with 
3 replications. The treatments were as follows: 

The factor of 1 year of pruning (YP), i.e:
1. Year of pruning 1 (YP-1)
2. Year of pruning 2 (YP-2)
3. Year of pruning 3 (YP-3)
4. Year of pruning 4 (YP-4)

The factor 2 (slope), i.e:
1. Flat (0–8%)
2. Sloping (8–15%)

Observational parameters observed in this study are:
a) Soil water content (SWC)

Soil samples were taken using a fertility drill at a depth of 
20 cm at each location of the research plot. Soil samples used 
disturbed soil samples. Sampling of soil moisture content was 
carried out 2 times in December and February in a composite 
manner on each research plot. Gravimetric method was used 
to estimate the soil moisture content at 105°C till the constant 
weight (Hussain et al., 2003). Soil samples were analyzed at the 
Laboratory of Soil Fertility and Plant Nutrition, Padjadjaran Uni-
versity.

b) Observation of shoot production (kg/plot).
Shoot production was carried out by weighing the shoots in 

each treatment plot. Shoot production is carried out every one 
plucking every month.

c) Observation of the shoot ratio 
The ratio of the number of peko shoots to the number of 

dorman shoots is one indicator of plant health. From the shoot 
production at each observation, 100 g of shoots were taken ran-
domly, then counted and recorded the number of peko shoots 
and dorman shoots in each plucked.

2.1. Data analysis

An ANOVA analysis was performed to see treatment interac-
tions and a simple Pearson correlation analysis was performed 
to see the correlation between the slope and the year of pruning 
of tea plants on the soil moisture content with a 95% confidence 
level using the software SPSS version 26. Normality of the treat-
ment was tested. The type of ANOVA used is a one-way ANOVA. 
The type of normally test is the Kolmogorov-Smirnov test and 
post hoc test with Duncan.

3. Results and discussion

3.1. Soil water content (SWC)

Based on the results of statistical analysis showed the year 
of pruning (YP) of tea plants with a slope to soil water content 
did not show significant differences and interactions between 
the two factors (Table 1).

Overall, the results of soil water content (SWC) were 
in the optimal range for tea plant growth, which was a mini-
mum of 30%. Soil water content in the research plot is around 
36.28–40.48 %. The highest mean soil water content in the 3rd 
year self-treatment (YP-3) was 40.48%. According to Hermawan 
(2004) the measured soil water content described the charac-
teristics of groundwater related to the ability of the soil to hold 
water in very critical conditions. Groundwater from the lower 
layers generally moves as an unsaturated flow depending on 
the soil groundwater potential gradient (Wang et al., 2011). The 
higher the water content value, the greater the ability of the soil 
to store water for plants when experiencing drought such as 
during the dry season.
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The tea plant is characterized by branching roots that are 
scattered in the soil. The tea root series shows many branches of 
different diameters. Tea plants have a significant influence on 
slope stability due to their lighter weight and protection from 
wind gusts due to their short stems with small leaves. The prob-
lem is how the strengthening of tea roots with the contribution 
of their branching series on the slope can increase the stability 
of the soil mass. Roots can reduce soil diffusion pressure from 
rainwater and reduce the risk of landslides from a hydrological 
aspect. From a mechanical aspect, tea roots increase the tensile 
stress and shear stress or soil-root cohesion. Tensile stresses 
from interactions between roots and soil can contribute to in-
creasing shear strength on slope stability (Udeni et al., 2014). 

The tea plant is not drought tolerant. Good rainfall for tea 
plants should be an average of the last ten years showing a dry 
month with less than 60 mm of rain, no more than two months 
and no month where there is no rain at all (Santoso et al., 2006). 
Chang and Wu (1971) stated that the need for one productive 
tea plant is equivalent to rainfall of 1.24–2.68 mm/day at an air 
temperature of 10–28°C. Based on the calculation of the annual 
water demand for tea plants of 917 mm/year which is equiva-

lent to 917 liters/year or 2.51 liters/day (Chapagain and Hoek-
stra, 2007). Meanwhile, excessive rainfall can result in nutrient 
leaching, drifting and erosion. Within reasonable limits, rainwa-
ter can mobilize nutrients so that it can increase soil absorption. 
Sunlight directly affects the process of plant photosynthesis and 
affects the growth phase of tea plants. According to Wulansari et 
al., (2015) the need for sunlight and water is equally important 
in the metabolic process, especially during photosynthesis, so as 
to be able to produce tea shoots of good quality and quantity.

The relationship pattern of slope slope with soil water con-
tent (SWC) shows fluctuations that the sloped slope (8–15%) has 
a higher mean SWC than on flat (Fig. 1). Pruning year 3 (YP-3) has 
the highest SWC of around 39% where at this stage the growth of 
tea plants is most productive in producing shoots and the water 
required is greater for the needs of tea plants. The water con-
tinuously transferred between soil, vegetation and atmosphere 
by phase change, to keep the dynamic balance in the soil–vegeta-
tion–atmosphere system (Wang et al., 2011; Chen et al., 2008).

Tea shoots have different water content in each season, 
namely in the dry season by 70% and the rainy season by 83%. 
The amount of water needed is not entirely utilized for shoot 

Table 1
Average of soil water content of the year pruning and slope

Treatment Soil water content 1
(%)

Soil water content 2
(%)

Average 
Soil water content 
(%)

Year of pruning 

Year of pruning 1 36.83 35.73 36.28 a

Year of pruning 2 40.33 36.20 38.27 a

Year of pruning 3 41.80 39.17 40.48 a

Year of pruning 4 38.87 35.10 36.98 a

Slope  

Flat (0–8%) 40.22 36.57 38.39 a

Sloping (8–15%) 38.70 36.53 37.62a

Note: Numbers followed by the same letter in the same row and column indicate that the treatment 
is not signifi cantly different based on Duncan’s multiple-distance test with a signifi cance level 
of 0.05%. The treatments replication is 3 (n=3).

Fig. 1. The relationship be-
tween the slope and the year 
of pruning on the soil water 
content (n=3)
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growth, but tea plants require even rainfall to maintain high soil 
and air humidity, and if in 2 (two) consecutive months the rain-
fall is less than 50 mm, it can result in reduced shoot production 
(Eden, 1965). In addition, it is estimated that a productive tea 
plant with an area of 1 (one) hectare can evaporate water as 
much as 25,400 liters/day (Eden, 1965). This amount is consid-
ered equivalent to rainfall of 930 mm/year, according to Chang 
and Wu estimates. (1962) that 1 (one) stem of a productive tea 
plant can consume water equivalent to 1.34–2.66 mm/day at an 
air temperature of 10–28°C.

3.2. Production and Shoot Analysis

Shoot production and plant quality analysis (plucking anal-
ysis) with a plucking cycle of 45–60 days from December 2020 
to April 2021. The tea pruning cycle is influenced by several 
factors, including altitude, soil fertility, and plant management, 
pruning height, and picking system. The higher the place there 
is tendency for plant productivity to decrease. The results of the 
statistical analysis of shoot production for 5 times of picking can 
be seen in Table 2.

Peko shoots are active shoot buds with a pointed shape lo-
cated at the tip of the shoot. Meanwhile dorman shoots are inac-
tive shoots in the form of a point located at the tip of the shoot. 
Dorman shoots are often formed when there is insufficient ferti-
lization and water availability. Based on the results of statistical 
analysis, shoot production and shoot analysis (number of pecco 
shoots, number of dorman shoots and shoot ratio) did not show 
significant differences between treatments on all parameters. 
The highest average production is in the year of pruning 2 (YP-2) 
and flat (0–8%). This is in according with the condition of YP-2 
that in this pruning year the trend of shoot production is highest 
and will increase to YP-3 and then will decrease at YP-4. Produc-
tivity trend was started to decrease after the 3rd year of pruning. 
This may be due to lower, leaf photosynthesis, leaf water poten-
tial, and decreased number of active and increased number of 
banjhi shoots (Kumar et al., 2015). In addition, decline in crop 
production occurs at the age of 4-years after pruning, marked by 

number of accumulative pecco shoots, weight per pecco shoot 
and length of internode is lower (Dacosta et. al., 2009). Based 
on research of Battany and Grismer (2000) showed that field 
slopes within the range of 4–16%, although a statistically signifi-
cant factor affecting soil losses, had only a minor impact on the 
amount of soil loss.

In addition to the production of wet shoots, shoot quality 
is also observed by conducting a plucking analysis which is one 
of the indicators of plant health. With regard to plants, the state 
of plant health is a reflection of previous pruning practices, 
plant nutrition, soil conditions, rainfall distribution, and tem-
perature (TRIT, 2004; Anjarsari, 2021). The observation of the 
plucking analysis consisted of the number and weight of pec-
co shoots and dorman shoots. From these data, the ratio of the 
number of pecco shoots to dorman was calculated, and the per-
centage of pecco shoots. The comparison value (ratio) of pecco 
shoots with dorman shoots of tea plants with normal growth is 
(1.5–2.33), meaning that in every plucking on normal tea plants 
there are (60–70)% the number of pecco shoots and (40–30)% 
number of shoots of dorman. From Table 2, it can be seen that 
all treatments were within the normal criteria for each passage 
(1.08–3.88). The highest shoot ratio was at YP-1 (3.88) because 
in year of pruning 1, it was at the stage of forming new shoots 
after pruning so that the pecco shoots grew more than dorman 
shoots. According to Sriyadi et al (2009) if the growth of dorman 
shoots exceeds (40–30)%, it indicates that the plant is experienc-
ing stress caused by nutrients, environment and climate which 
causes an imbalance in the plant, so that shoot growth experi-
ences dormancy and forms dorman shoots. The ratio of the 
number of pecco shoots to the number of dorman shoots in each 
plucking fluctuated.

Based on Figure 2, the average production of shoots (kg/plot) 
for 5 times plucking show production fluctuations. The highest 
average production is in February, where this month experienc-
es the highest rain amount compared to other months. The low-
est shoot production is in April. The dry season that occurs every 
year, both normal (<2 months) and long (>3 months), can cause 
a decrease in production by 40–60% and plant death of 20–40% 

Table 2
Average shoot production, number of pecco shoots, number of dorman shoots and ratio of shoots to year of pruning 
and slope

Treatment Production
(kg/plot)

Pecco Shoot Dorman 
Shoot

Shoot Ratio

Year of pruning 

Year of pruning 1 16.581 a 36.269 a 12.230 a 3.879 a

Year of pruning 2 20.052 a 30.668 a 23.400 a 1.689 a

Year of pruning 3 16.569 a 34.169 a 27.230 a 1.489 a

Year of pruning 4 16.220 a 24.868 a 28.900 a 1.099 a

Slope     

Flat (0–8%) 17.869 a 32.047 a 22.779 a 1.969 a

Sloping (8–15%) 16.846 a 30.930 a 23.100 a 2.089 a

Note: Numbers followed by the same letter in the same row and column indicate that the treatment is not 
signifi cantly different based on Duncan’s multiple-distance test with a signifi cance level of 0.05%. The treatments 
replication is 3 (n=3).
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in tea plants (Wibowo et al., 1998). This shows that in carrying 
out its metabolism as a function of production, the need for wa-
ter as a solvent macro and micronutrients are crucial. During 
the growth of tea, moderate moisture is especially important for 
tea growth. Tea will be influenced by too much or too little water 
(Huang et al., 2022; Zhang et al., 2010). 

In addition, important factors that can affect the acceler-
ation of the growth rate of shoots and leaves include climatic 
conditions, soil, elevation and type of clone (Hajra, 2001). The 
growth and development of plants are reflected by root growth 
state, which is mainly concentrated in the development and dis-
tribution of roots and physiological characteristics (Wang, 2007; 
Wang, 2015; Niu, 2017). According to Wudianto (2002), the nutri-
ent that promotes leaf growth, namely nitrogen, is widely availa-
ble in leaf tissue to support the faster synthesis of carbohydrates 
into protein and protoplasm, thereby increasing cell size which 
in turn will result in more leaf growth. One of the causes of the 
decline in tea production is land degradation due to unfavorable 
soil conditions, also due to the decrease in the plant (Rachmiati 
and Salim, 2005).

3.3.  Correlation Of Slope and Year of Pruning On Soil Water 
Content

The results of the analysis showed that there was a very sig-
nificant correlation between the year of pruning and soil water 
content (Table 3). The effect of the year of pruning has a very 
significant correlation and has a strong relationship with the 
yield of soil water content (SWC) both SWC-1 and SWC-2. The age 
of pruning, tea has been plucked intensively due to its relatively 
high production potential (Kumar et al., 2015). The parameter 

of soil water content has a negative correlation with the year 
of prune, where the higher the YP, the lower the SWC. Likewise, 
the influence of the slope has a negative correlation but a weak 
relationship to the SWC value, the more sloping, the SWC will 
decreased.

Based on the results of research by Banjarnahor et al., 
(2018), an increase in the slope value will be followed by a de-
crease in plant height. The contribution of slope value to plant 
height is 1.8%. Plant height tends to decrease by 0.25 cm for eve-
ry 1% increase in land slope. Land with a high slope is suscepti-
ble to erosion, which is due to poor aggregate stability. Based on 
research result that there was no significant difference between 
flat and sloping land on soil nutrients, but there was a corre-
lation between plant nutrients and tea plant nutrient content 
(Athallah et al., 2021). The results of the study of Murcitro et al. 
(2005) showed that soils with high stable aggregates will have 
lower volume weight values with higher porosity and organic 
carbon values. Therefore, it is natural that an increase in the 
slope of the land will be followed by a decrease in plant perform-
ance. Altitude in the tea plantation effect physiological processes 
of the tea plants that will affect pruning time of tea plant (Mun-
ingsih et al., 2014). 

Tea plant is a rainfed crop that requires an even distribu-
tion of between 1150–1400 mm per annum. Tea farming is great-
ly influenced by various environmental conditions among them 
drought. During drought seasons there is a significant decline 
in tea production of up to 14–33% and increased mortality of 
between 6–19% (Maritim et al., 2013; Wijeratne and Fordham, 
1996; Cheruiyot et al., 2010). To increase the water holding ca-
pacity of the root zone and keep soil water content, several steps 
can be taken such as mulching, use of organic matter by compost, 

Table 3
Correlation of slope and year of pruning to soil water content

Parameter Slope Year of Pruning SWC-2 SWC-1

Slope 1    

Year of Pruning 0.00 1.00

SWC-2 –0.01 –.651** 1.00

SWC-1 –0.23 –.547** 0.40 1

** = shows a very signifi cant correlation at = 5%

Fig. 2. Fluctuations in shoot pro-
duction for 5 times of plucking 
(n=3)
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and shading plants to minimize direct evaporation from the soil 
surface (Kotze and Joubert, 1992; Hussain et al., 2003). In addi-
tion, this can happen because the taproot type of tea plant can 
penetrate deeper soil layers with relatively broad root branches 
so that when nutrient leaching occurs at this slope level, nutri-
ents can still be well absorbed (Zuazo and Carmen, 2008).

4. Conclusions

The influence of the slope factor with the year of pruning 
of tea plants did not show any interaction and significant differ-
ences in soil water content and shoot production. The average 
soil water content in the research plot was 38%, with the highest 
soil water content found in YP-3 at 40.48% and the highest shoot 
production at YP-2 at 20.06 kg/plot. The tea plant will still be fresh 
if the total water availability in the soil is more than 30% and the 
tea plant will die if the water content is less than 15%. The effect 
of the year of pruning has a very significant correlation and has 
a strong relationship with the yield of soil water content (SWC). 
The higher the year of pruning and the more sloping the slope, 
then the value of the soil water content will decrease. 

The results of this study can be used to predict the actual 
situation during the tea leaf growing period, which can improve 
the management of tea production plantations and also provide 
a scientific basis for accurate timing of effective fertilization of 
tea planting and a decision basis for formulating agricultural 
policies, as well as providing technical support for the realiza-
tion of agricultural modernization.

Acknowledgments

The author would like to thank the completion of this re-
search which has been funded by the Rispro LPDP Grant and for 
its cooperation with Telkom University. The authors also thank 
the Soil and Plant Nutrition technicians who have helped carry 
out research in the field.

References

Ahmad, F., Hamid, F.S., Sarwar, S., Waheed, A., Aslam, S.,Islam, S., Hus-
sain, S., Ahmad, N. and Ali, I., 2014. Effect of different pruning times 
on the yield of tea (Camellia sinensis L.) under the climatic condi-
tions of Mansehra- Pakistan. Sarhad Journal of Agriculture 30(3), 
305–309.

Anjarsari, I.R.D., Ariyanti, M., Rosniawaty, dan S., 2020. Studi ekofi-
siologis tanaman teh guna meningkatkan pertumbuhan, hasil, dan 
kualitas teh. Jurnal Kultivasi 19(3). https://doi.org/10.24198/kultivasi.
v19i3.26623 

Anjarsari, I.R.D., 2021. Pengelolaan pemangkasan tanaman teh meng-
hasilkan untuk meningkatkan kuantitas dan kualitas pucuk teh 
(Camellia sinensis (L.) O. Kuntze) : Review. Seminar Nasional dalam 
Rangka Dies Natalis ke-45 UNS Vol 5, No. 1.

Athallah, F.N.F., Wulansari, R., Pramudita, A.A., 2021. Evaluation be-
tween the year of pruning and land slope on nutrient uptake and 
availability in tea plantation. Journal of Degraded and Mining 
Lands Management 9(1), 3175–3180. https://doi.org/10.15243/jdm-
lm.2021.091.3153

Banjarnahor, N.,K.S. Hindarto dan Fahrurrozi, 2018. Hubungan Keler-
engan Dengan Kadar Air Tanah, pH Tanah, dan Penampilan Jeruk 
Gerga Di Kabupaten Lebong. Journal Ilmu-Ilmu Pertanian Indonesia 
(JIPI) 20(1), 13–18. https://doi.org/10.31186/jipi.20.1.13-18

Battany, M.C., and M.E., Grismer, 2000. Rainfall runoff and erosion in 
Napa Valley vineyards: effects of slope, cover and surface roughness. 
Hydrological Processes 14(7), 1289–1304. https://doi.org/10.1002/
(SICI)1099-1085(200005)14:7<1289::AID-HYP43>3.0.CO;2-R

Chang, P.C.M., Wu, C.T., 1971. Studies on the effect of soil moisture control 
and irigation of tea plant. Water and the tea plant. Tea Res. Inst. East 
Africa Proc. Symp. March 1971, 139–144.

Chapagain, A.K., Hoekstra, A.Y., 2007. The water footprint of coffee and 
tea consumption in Netherland. Ecological Economics Journal 64, 
109–118. https://doi.org/10.1016/j.ecolecon.2007.02.022

Chen, H.S., Shao, M.A., Li, Y.Y., 2008. The characteristics of soil water cycle 
and water balance on steep grassland under natural and simulated 
rainfall conditions in the Loess Plateau of China. Journal of Hydro-
logy 360, 242–251. https://doi.org/10.1016/j.jhydrol.2008.07.037

Cheruiyot, E.K., Mumera, L.M., Ng’etich, W.K., Hassanali, A., Wachira, 
F.N., 2010. High fertilizer rates increase susceptibility of tea to water 
stress. Journal of Plant Nutrition 33, 115–129. https://doi.org/10.1080
/01904160903392659

Decosta, W.A.J.M., Navaratnes, D.M.S., Anandacoomaraswamy, 2009. 
Physicological basis of yield variation of tea (Camellia sinensis) dur-
ing different years of the pruning cycle in the central highlands of Sri 
Lanka. Experimental Agriculture 45, 429–450. https://doi.org/10.1017/
S0014479709990482

Hajra, N.G., 2001. Mineral nutrition of fertilizer management. Tea cultiva-
tion comprehensive treatise. First Edition. India: International Book 
Distribiting Company.

Huang, Y., Jiang, H., Wang, W., 2022. Research on Tea Tree Growth Moni-
toring Model Using Soil Information. Plants 11, 262. https://doi.
org/10.3390/plants11030262

Hermawan, B., 2004. Penetapan kadar air tanah melalui pengukuran si-
fat dielektrik:percobaan laboratorium pada berbagai tingkat kepa-
datan. Jurnal Ilmu-ilmu Pertanian Indonesia, 6(2), 66–74.

Hussain, S.A., Tahir Sarwar, Lone, M.I., Rakhshan Roohi, Hamid, F.S., 
2003. Effect of different soil moisture conservation practices on 
evapotranspiration and growth of young tea plants. Asian Journal of 
Plant Sciences 2, 188–191. https://doi.org/10.3923/ajps.2003.188.191 

Kotze, W., Joubert, M., 1992. Compost and organic mulches in deciduous 
fruit production. Deciduous Fruit Grower 42, 93–96.

Kumar, R., Bisen, J.S., Singh, M., Bera, B., 2015. Effect of pruning and skiff-
ing on growth and productivity of Darjeeling tea (Camellia sinensis 
L.). International Journal of Technical Research & Application 3(3), 
28–34.

Griffiths, J.F., 1976. Applied climatology. Oxford University Press (2nd edn). 
New York.

Maritim, T., Wachira, F.N., Kamunya, S.M., Mwedia, V., Mireji, P., Muoki, 
R.C., 2013. Effects of water stress on accumulation of proline and gly-
cinebetaine in tea. Tea 34(1), 8–14.

Muningsih, R., Indradewa, D., Sulistyaningsih, E., 2014. Physiological 
characters and yield of tea shoots at some age of production pruning 
and altitude. Ilmu Pertanian (Agricultural Science) 5(3). https://doi.
org/10.22146/ipas.4922 

Murcitro, B.G., Hermawan, B., Anggraeni, D., 2005. Effects of cover 
crops and tillage sys-tems on soil physical properties of cogongrass 
land. Jurnal Ilmu-Ilmu Pertanian Indonesia 7(1), 44–50. https://doi.
org/10.31186/jipi.7.1.44-50 

Niu, X., Nanbiao, 2017. Progress in the study of fine roots of grassland 
plants by microroot canal technique. Journal of Grassland Science 
26(11), 205–215.

Rachmiati, Y., Salim, A.A., 2005. Pengaruh pupuk hayati dan kompos 
limbah pabrik teh (fluff) terhadap pH, C-organik, serapan N, popu-
lasi total mikroba, populasi bakteri penambat N, dan pertumbuhan 



7

SOIL SCIENCE ANNUAL Soil water content in Indonesian tea plantations

157103

 tanaman teh belum menghasilkan pada jenis tanah inceptisol. Jurnal 
Pusat Penelitian Teh dan Kina 8(1–2), 22–32.

Sahoo, D.C., Madhu, M.G., Bosu., S.S., Singh Khola, O.P., 2016. Farming 
methods impact on soil and water conservation efficiency under tea 
[Camellia sinensis (L.)] Plantation in Nilgiris of South India. Interna-
tional Soil and Water Conservation Research 4(3), 195–198. https://
doi.org/10.1016/j.iswcr.2016.07.002

Santoso, Joko., Suprihatini, R., Widayat, W., Johan, E., Rayati, D.J., Dhar-
madi, dan A., 2006. Petunjuk kultur teknis tanaman teh. Edisi ketiga. 
Pusat Penelitian Teh dan Kina, Gambung.

Sriyadi, B., 2006. Pengembangan klon teh unggul untuk meningkatkan 
produktivitas kebun. Prosiding. Pertemuan Teknis Industri Teh 
Berkelanjutan, Suistainable Tea. Journal of Arid Environments, Bo-
gor, 12–13 September.

TRIT, 2004. Tea pruning and tipping.
Wang, J., Fu, B., Qiu, Y., Chen, L. 2001. Soil nutrients in relation to land use 

and landscape position in semi-arid small catchment of the loess pla-
teau in China. Journal of Arid Environments, 48, 537–550. https://doi.
org/10.1006/jare.2000.0763

Wang, C., Sun, X., Ma, J., 2007. Study on water uptake by plant roots. 
Shanxi Water Conservancy 1, 85–88.

Wang, L., et al., 2011. Effects of vegetation and slope aspect on water bud-
get in the hill and gully region of the Loess Plateau of China. Catena 
87(1), 90–100. https://doi.org/10.1016/j.catena.2011.05.010

Wang, Q., Rong, L., 2015. Research progress on the growth and distribu-
tion characteristics of plant roots under environmental impact. Jour-
nal of Guiyang University 10(4), 61–66.

Wibowo, Z.S., Agus Salim, A., Rusmana dan Dahman, N., 1998. Irigasi te-
pat guna di perkebunan untuk mencegah kehilangan produksi pada 
musim kering. Laporan Hasil Penelitian APBN 1997/1998. 

Wijeratne, M.A., Fordham, R., 1996. Effects of environmental factors on 
growth and yield of tea (Camellia sinensis) in the low country wet 
zone of Sri Lanka. Journal of Tea Science 46, 21–34.

Wudianto, R., 2002. Setek batang tanaman perkebunan. Pusat Penelitian 
Tanaman Perkebunan. Jakarta. Hal, 54.

Wulansari, R., Rachmiati, Y., Rezamela, dan E., 2016. Pengaruh aplikasi 
pupuk daun mineral dan organik cair terhadap peningkatan per-
tumbuhan benih teh siap salur. CR Journal (Creative Research For 
West Java Development) 2(2), 135–146. https://doi.org/10.34147/CRJ.
V2I02.18 

Zhang, H., Chen, H., Zhou, G., Ge, H., 2010. Crop growth dynamics moni-
toring technology: A review. In Proceedings of the 27th Annual Meet-
ing of the Chinese Meteorological Society Conference on Modern 
Agricultural Meteorological Disaster Prevention and Mitigation and 
Food Security, Beijing, China, 21 October 2010.

Zuazo, V.H.D., Pleguezuelo, C.R.R., 2008. Soil-erosion and runoff preven-
tion by plant covers. A review. Agronomy for Sustainable Develop-
ment 28(1), 65–86. https://doi.org/10.1051/agro:2007062 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


