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employed a nested box design with two factors: shade levels and plant varieties. Observed

Aceh patchouli, variables include macroclimate, microclimate, and agronomic parameters such as plant

Climate change,
Low light intensity,
Saving water.

height, number of leaves, leaf area, dry leaf weight, and total biomass. Water requirement
and water use efficiency (WUE) were also analyzed. Results showed that shading reduced
plant water needs: 33.29% L/plant without shade, 32.80 L/plant under 30% shade (1.5%
reduction), and 30.30 L/plant under 60% shade (9% reduction). The Tapak Tuan variety had
a higher water requirement (33.30 L/plant) compared to Sidikalang (30.96 L/plant).
Importantly, increasing shade levels led to improved water use efficiency, although the

Corresponding Author: variety did not significantly influence WUE. The findings indicate that the use of shade in
B4 taufanhidayat@usk.ac.id patchouli cultivation not only conserves water but also enhances efficiency, supporting its
(Taufan Hidayat) potential for sustainable intercropping systems in shaded or water-limited environments.

1. INTRODUCTION

Patchouli (Pogostemon cablin Benth), locally known as “nilam”, is a type of aromatic plant that produces essential oils
needed as raw materials for the soap, cosmetics, perfume and other industries. Aceh Province is one of the five largest
patchouli production centers in Indonesia based on data from the Directorate General of Plantations, Ministry of
Agriculture in 2023 with a land area of 1,018 Ha and a production of 147 tons per Ha (Dirjenbun, 2023). This patchouli
plant has shallow roots so it is very susceptible to drought. Patchouli plants are generally cultivated on dry land by
relying on rainwater as the main water source (Nasruddin et a/., 2020). This dependence makes patchouli cultivation
very vulnerable to climate change, which is the impact of global warming that is currently occurring. Changes in
precipitation patterns and environmental temperatures as manifestations of climate change can affect water availability
which has an impact on plant productivity, so adaptation efforts are needed in the cultivation system to maintain the
sustainability of patchouli production. Global warming causes climate change that has an impact on increasingly extreme
weather (Capua & Rahmstorf, 2023; IPCC, 2017).

Climate change results in changes in rainfall patterns that have occurred since the last few decades in several regions
in Indonesia, such as shifts in the start of the rainy season and changes in rainfall patterns (Rejekiningrum et al., 2011).
Shifts in rainfall patterns affect agricultural resources and infrastructure, causing shifts in planting times, seasons, and
planting patterns, as well as land degradation (Rejekiningrum et al., 2011). Climate change also has an impact on
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increasing global temperatures. A 1°C increase in global average temperature is estimated to cause an increase in the
evaporation process of land surface water by around 7%, while water that falls as precipitation is only 2-3% per degree
(Allan et al., 2020). This information indicates that the water that can be utilized by plants in the future is increasingly
limited due to climate change. Extreme climates often have a negative impact on food crop production in Indonesia
(Perdinan et al., 2018). The frequency of drought is more dominant than flooding (Hidayati & Suryanto, 2015).

One of the important components in patchouli cultivation is the fulfillment of water needs for its life needs. Patchouli
plants will experience a decrease in growth, development and production if they experience water shortage stress,
although this plant also does not like flooded land (Nasruddin ez al., 2016). According to Nasruddin et al. (2016), the
Tapak Tuan, Sidikalang, and Lhokseumawe patchouli varieties have the same tolerance to drought stress based on
chlorophyll content. Wulansari ez al. (2018) stated that patchouli plants are C3 plants, or plants that do not require full
light intensity. Not requiring full intensity is important as a basis for developing patchouli plants under other plant stands
that still receive solar radiation above 75%. This will provide an opportunity for patchouli plants to be developed at low
light intensity or under other plant stands as intercropping. The results of research by Nisa er al. (2024), Aceh patchouli
plants planted with a mixed cropping system gave better performance compared to monoculture planting patterns.
Intercropping system under the main plant stand will potentially optimize the utilization of land under the stand such as
under plantation land (Hidayat ez al., 2021). Patchouli development under the main plant stand is expected to reduce the
massive land/forest clearing (deforestation) which is usually the habit of patchouli farmers in the interior.

In the initial stage, this study comprehensively examines the efficiency of water use in Aceh patchouli plants as an
adaptation strategy to climate change, and evaluates the potential for developing Aceh patchouli cultivation under shade
through an intercropping system to optimize land use under the stand. This study examines the efficiency of water use
in Aceh patchouli plants as a strategy for adapting to climate change, and evaluates the potential for its cultivation under
shade through an intercropping system to optimize land. The approach taken to evaluate the water needs of patchouli
plants and the potential for developing patchouli under the stand is carried out with the Climate Smart Agriculture (CSA)
concept, which focuses on increasing production, but still pays attention to efforts to adapt and mitigate climate change.
The purpose of this study was to analyze the needs and efficiency of water use of two Aceh patchouli varieties, namely
Tapak Tuan and Sidikalang at low light intensity/artificial shade. The results of the study are expected to be utilized by
patchouli farmers and industry players as a basis for designing more efficient patchouli cultivation strategies, especially
in areas with limited light and water due to the impact of climate change. Information on water needs and the efficiency
of its use can support the development of an appropriate irrigation system to increase patchouli productivity sustainably,
especially in Aceh.

2. MATERIALS AND METHODS
2.1. Location and Materials

The research was conducted from March to November 2022, at the Experimental Garden of the Faculty of Agriculture,
Universitas Syiah Kuala, Banda Aceh, with an altitude of 5 m above sea level and coordinates 5°33'59.02" N and
95°2224.04" E.

The tools used were solarimeter tubes, umbrometers, thermometers, hygrometers, meters, analytical scales,
measuring cups, ovens, and plastic pots with iron stands, and funnels. The materials used in this study were Aceh
patchouli seedlings of the Tapak Tuan and Sidikalang varieties, paranet with a percentage of 30% and 60%, soil, manure,
insecticides, fungicides, and inorganic fertilizers (urea, SP36, KCL).

2.2. Research Design

The design used in the study was a nested design with two treatment factors, namely differences in shade levels and
differences in variety types. The first factor consists of three levels, namely conditions without shade (NO), 30% paranet
shade (N1), and 60% (N2). The second factor consists of two levels, namely Aceh patchouli variety Tapak Tuan (V1)
and Aceh patchouli variety Sidikalang (V2). Based on the two treatment factors, 6 treatment combinations were obtained
with 8 replications so that there were a total of 48 observation units. Three plants were used for each destructive sampling
at the ages of 1, 2, 3, 4, and 5 months after planting. This study lasted for 6 months with the stages presented in Figure 1.
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Figure 1. Research flow diagram
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Figure 2. Planting distance between pots applied in the study (100 cm x 150 cm).

2.3. Preparation of Seedlings and Planting Media

The patchouli plants used were the result of shoot cuttings with a diameter of 0.8-1.0 cm with a length of 15-20 cm, and
were 1.5 months old or had shoots and leaves. The seedlings were then transferred to large plastic pots (diameter 50 cm
and height 45 cm), and adjusted to shade treatment until they were 6 months old. Patchouli plants were planted in soil
media that had been mixed with manure (2:1) and inorganic fertilizers with doses of 128.8 kg N/ha, 25 kg P,Os/ha, 84
kg K»>O/ha, and 42 kg MgO/ha (Nasruddin ez al., 2016). The distance between pots was 100 cm x 150 cm (Figure 2).
During maintenance, insecticide, and fungicide spraying was carried out.

2.4. Shade Application

The shading used in this study was shading using paranet with a density of 30% and 60%. The higher the percentage
value of the paranet, the denser the paranet nets, so that the solar radiation transmitted is smaller. The paranet shade was
installed at a height of 150 cm above the patchouli plant so that the paranet shadow hit the patchouli plant efficiently
and facilitated plant measurement and maintenance. To ensure the percentage of radiation intensity received under the
paranet, a solarimeter was placed in conditions without shade and under 30% and 60% paranet shade.

In each treatment, an ombrometer, thermometer, and hygrometer were installed, each to measure rainfall, air
temperature, and air humidity. Maintenance activities include watering, soil loosening and weed control. Watering was
carried out every day at 07:00 WIB, with an amount of around 1000 ml obtained from the results of the planting media
calibration. Weed control was done by cutting all plants growing in the planting medium. Cutting was done right on the
surface of the soil so that there is no transpiration from other plants other than the patchouli plant.
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2.5. Determination of Irrigation Water and Field Capacity

Determination of irrigation water and field capacity follows Fanggidae & Impron (2018). Determination of irrigation
water is done to determine the water content of field capacity which is done by providing a certain amount of water
evenly and slowly to the planting medium until percolation occurs (Figure 3). Water supply is stopped when percolation
occurs or gravity water stops. The results of the pre-study showed that the average amount of water needed for
percolation to occur was 650 ml. The amount of water needed for percolation to occur indicates that the soil water
content has met the field capacity. Irrigation water was provided every day (morning at 08:00 WIB) during the research
period. The amount of irrigation water provided exceeded the field capacity, which was 1000 mL (1 L). The surface area
of the soil in the pot is 452.6 cm?.

2.5.1. Plant Water Requirements

Calculation of plant water requirements aims to determine the effect of treatment (shade and different patchouli
varieties). Plant water requirements can be determined through the evapotranspiration value approach (Fanggidae &
Impron, 2018; Hartfield & Dold, 2019). Plant water requirements were calculated using the following equation:

ET (ml) = Irrigation — Percolation (1

ET (cm3)
Surface area (cm?)

ET (mm) = 2)

Total water usage or total ET for patchouli plant was calculated from 2 WAP to 12 WAP using the following equation:
ET Total = ET1+ ET2+ ET3 + -+ ETn 3)

2.5.2. Irrigation Water Use Efficiency
Water use efficiency (WUE) values was measured 5 times by destructively harvesting plants at the ages of 4, §, and 12
WAP. WUE describes the ratio of harvest yield (¥) and water uptake (WU), calculated as follows (Bai et al., 2016):

Y
WUE = — 4

2.4.5. Biomass Measurement

Biomass measurement in this study was only the final biomass by following the procedure carried out by Fanggidae &
Impron (2018). Biomass measurements were carried out at 4 WAP, 8 WAP, and 12 WAP. Plants whose biomass was
measured were randomly selected in each treatment group. Plants were dried in an oven at 80°C for 24 hours. After 24
hours, the patchouli plant biomass was weighed using an analytical balance.

Figure 3. Mechanism for determining field capacity in the planting media used.

2.3. Data Analysis

The research data were analyzed using ANOVA and if there were differences between groups, it was continued with the
DMRT test at 95% confidence level.
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3. RESULTS AND DISCUSSION
3.1. Climatological Conditions

The climate conditions at the location during the study were relatively diverse. This can be seen from the fluctuations
in rainfall, air temperature and humidity as well as the duration of exposure. The distribution of rainfall during the study
is presented in Figure 4 with a total intensity reaching 646 mm or with an average monthly rainfall intensity of 170
mm/month. The average air temperature during the study was 27.4 °C with the lowest minimum temperature of 20.4 °C
and the highest maximum temperature of 36.5 °C.
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Figure 4. Climatological conditions during the study

The average air humidity (RH) was 77.5% with the highest humidity of 91% and the lowest of 56%. The duration
of solar radiation exposure during the study varied greatly, with the longest being 10.6 hours and the lowest being 0
hours, with an average of 5 hours. This study took place in the Aceh Province which is included in the 10 patchouli
production center areas with a planting area of 1,018 ha and 147 tons (Dirjenbun, 2024). Aceh Province as a patchouli
production center proves that the climate in this region is suitable for patchouli cultivation.

3.2. Effect of Shade on Water Requirements of Patchouli

The total water use of patchouli plants is the amount of consumptive water use expressed as the total water lost through
the evapotranspiration (ET) process. Total water use is determined by adding up the daily ET values that occur. ET value
is a measure of plant water requirements, which includes evaporation of water vapor from the soil and transpiration from
plants (Allen ez al., 1998). According to Suliman et a/. (2024), in addition to hydrometeorological factors, soil conditions
are the most important indicators in controlling ET.

Figures 5 and 6 respectively show the distribution and evapotranspiration values of Aceh patchouli plants at several
levels of shade and varieties. Table 1 shows the total evapotranspiration and water requirements used by Aceh patchouli
plants at several levels of shade and varieties. Based on the data in Table 1, it is known that the water requirement per
plant in the group without shade reaches 73.55 mm (equivalent to 33.29 L of water), at a shade level of 30% it is 72.47
mm (equivalent to 32.80 L of water) and at 60% shade only 67.29 mm (equivalent to 30.44 L of water). When compared
to the water requirements of patchouli plants without shade, the needs of plants under 30% shade require 1.5% less
water, while patchouli under 60% shade require 9% less water than patchouli without shade.

The results of the nested design analysis showed that there was at least 1 pair of shade levels that were significantly
different from the average evapotranspiration value (mm) with a p value of 0.018 (p < 0.05). The results of further tests
using the Tukey test showed that the average evapotranspiration of patchouli plants planted without shade was
significantly different from the average evapotranspiration of patchouli plants planted under 60% shade with a p value
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Figure 6. Comparison of evapotranspiration of Aceh patchouli plants based on: (a) shade levels, and (b) varieties

Table 1. Total evapotranspiration and water requirements used by Aceh patchouli plants at several levels of shade.

Parameter No Shade 30% Shade 60% Shade
Total evapotranspiration (mm) 73.552 72.47% 67.27°
Total water requirement used (L/plant) 33.292 32.80% 30.44°

Note: Plot surface area 452.6 cm”. Means followed by the same superscript letter in the same row are not significantly different (p > 0.05).
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of 0.014 (p < 0.05). The average evapotranspiration in the 30% shade group was not significantly different (p>0.05)
from the group without shade (p value 0.180) and also 60% shade (p value 0.540). Providing 30% shade has not been
able to provide an effect on the evapotranspiration value, in contrast to 60% shade which showed its effect. Providing
60% shade is thought to be able to maintain sufficient groundwater for patchouli plant performance, as seen from the
patchouli plant biomass obtained (Figure 6a).

The results of the study showed that patchouli plants that were given shade required less water than those without
shade, so that providing shade can be an effort to adapt to increasingly extreme climate change, especially drought. Plant
growth cannot be separated from the condition of the roots and shoots of the plant. Root and shoot growth is more
influenced by the availability of groundwater than the photosynthesis process (Khalil er al., 2020). Therefore,
maintaining the availability of water for plants is the main key to maintaining plant growth (Brendel, 2021; Peng et al.,
2021; Chen et al., 2022; Gul et al., 2023). The availability of groundwater is currently a serious problem due to global
warming which causes increase earth's surface temperature, resulting in changes in the evapotranspiration process and
plant water needs. The amount of groundwater can be stimulated, one of which is by providing shade (Tams ez al., 2022).

Table 2 shows the evapotranspiration value and water requirement of patchouli plants based on their varieties. The
amount of water required by the Tapak Tuan variety of patchouli based on the evapotranspiration rate is 73.56 mm (or
equivalent to 33.29 L), while the Sidikalang variety is 68.63 mm (or equivalent to 31.06 L) during its growth (12 WAP).
Based on the percentage, the Sidikalang variety is 7% more water efficient than the Tapak Tuan variety.

Table 2. Total evapotranspiration and water requirement used by Aceh patchouli plants in different varieties

Parameter Tapak Tuan Variety Sidikalang Variety
Total evapotranspiration (mm) 73.562 68.632
Total water requirement used (L/plant) 33.292 31.062

Note: Plot surface area 452.6 cm*. Means followed by the same superscript letter in the same row are not significantly different (p > 0.05).

The results of statistical analysis showed that there was no significant difference between patchouli varieties (Tapak
Tuan variety and Sidikalang variety) in the level of shade (without shade, 30%, 60%) on the average evapotranspiration
value (mm) (p > 0.05). The variety factor in this study did not show its effect on the level of water requirements of
patchouli plants. However, many studies have shown that plant genetic factors are one of the factors that influence
sensitivity to evapotranspiration (Tamang ef al., 2022; Ruggiero et al., 2017; Ehdaie & Waines, 1997). The data in Table
2 show a tendency that the Sidikalang variety has a lower evapotranspiration rate. In previous studies, it was found that
the Sidikalang variety has a smaller number and size of leaves than the Tapak Tuan variety (Dwifandi ef a/., 2024). The
small leaf size results in a slower rate of transpiration from the leaf surface. Genetic factors play a role for plants to show
their response to various stimuli or exposures, both positive and negative responses. Currently, genetic engineering
efforts are developing to produce plants that are resistant to current environmental conditions that are drought tolerant
(Basu et al., 2016; Cao et al., 2017; Mahmood et al., 2019) and tolerant of waterlogging (Ahmed et al., 2013; Pan et al.,
2021; Tong et al., 2021; Belliappa et al., 2024).

3.3. Effect of Shade on Water Use Efficiency of Patchouli Plant

The water use efficiency value of patchouli plants under 60% shade is significantly higher than without shade and 30%
shade (p < 0.05). The highest water use efficiency value is found in patchouli plants under 60% shade (1.71 g/L) then
without shade (1.38 g/L) and 30% shade (1.34 g/L). The water use efficiency of Aceh patchouli plants at several levels
of shade and varieties is presented in Figure 7. The results of statistical analysis showed that there was no significant
difference between the levels of shade (without shade, 30%, 60%) on the average WUE value with a p value of 0.134
and there was also no significant difference between the types of varieties (Tapak Tuan and Sidikalang) in the level of
shade (without shade, 30%, 60%) on the average WUE value with a p value of 0.097. However, there is a tendency for
the use of shade to have an impact on increasing the efficiency of water use of patchouli plants. Providing shade reduces
the intensity of solar radiation which has an impact on decreasing air temperature and increasing air humidity so that
the rate of evapotranspiration decreases. In this study, it can be seen that the higher the percentage of shade used, the
lower the rate of evapotranspiration.
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Figure 7. Comparison of water use efficiency (WUE) of Aceh patchouli based on: (a) shade levels, and (b) varieties.

The Tapak Tuan patchouli variety showed a better level of water use efficiency compared to the Sidikalang variety,
although it was not significantly different (p > 0.05) with each water use efficiency (WUE) value of 1.46 g/L and 1.48
g/L. This is thought to be influenced by the greater number of leaves of the Tapak Tuan variety compared to the
Sidikalang variety as reported by Dwifandi et a/. (2024). The large number of leaves can act as an internal canopy to
prevent solar radiation from entering the soil which can cause evaporation (Medrano ef al., 2015).

3.4. Total Biomass

The biomass measured in this study was the biomass of dry plants. Figure 8a shows the amount of patchouli biomass at
several levels of shade. The use of shade has not been able to significantly increase the total biomass of patchouli plants
(p < 0.05). During the growth period of the plant, the climate conditions, especially rainfall, which also indicates the
level of cloudiness during the planting period, are relatively high, as shown in Figure 4. The average rainfall during the
growth period of patchouli plants reached 170 mm/month. This causes the biomass of patchouli plants under shade to
be no different from those planted without shade. However, there is a tendency for the biomass of patchouli plants that
are shaded to be higher than those that are not shaded. The same pattern is also shown in the variety factor (Figure 8b),
however, there is a strong tendency that the Tapak Tuan variety (43.30 g) has a relatively higher biomass compared to
the Sidikalang variety (41.59 g).
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Figure 8. Development of biomass yield of Aceh patchouli based on: (a) shade levels, and (b) varieties

The results of statistical analysis showed that the provision of shade of either 30% or 60% did not significantly affect
(»p>0.05) the biomass of patchouli plants at the age of 4 WAP (p value 5.14), 8 WAP (p value 5.14), or 12 WAP (p value
3.89), compared to no shade. In this study, the shade factor did not affect the dry biomass of patchouli plants in 3 age
groups. This is suspected because the soil water content in the 3 treatment groups was relatively the same, although the
group without shade had a significantly higher evapotranspiration rate than the 60% shade group. The same pattern was
also shown by the influence of the patchouli plant variety factor which did not show a significant difference between
groups (p > 0.05). At the age of 4 WAP and 8 WAP, the same p-value was obtained, namely 4.76. At the age of 12 WAP,
the p-value was obtained as 3.49. The Tapak Tuan and Sidikalang varieties were thought to be less responsive to
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groundwater loss in this study. Both varieties have good adaptation to changes in groundwater levels due to the
evapotranspiration process that occurs when shaded or not. The microclimate conditions between groups are thought
not to experience significant changes so that plants are able to carry out metabolism (photosynthesis and respiration)
more optimally. However, this study did not measure the levels of photosynthesis and respiration of patchouli plants.

The results of this study differ from the study conducted by Setiawan & Sukamto (2016), which showed that
patchouli planted under shade had a significantly higher dry weight than without shade. Shading can reduce the rate of
evapotranspiration so that the availability of groundwater is better maintained which has a positive impact on plant
growth. Chandel et al. (2024) stated that the processes of photosynthesis and respiration play an important role in plant
growth and development. The same pattern was shown in the study conducted by Chandel ef al. (2024) on Ocimum
gratissimum L. plants showed that the biomass of O. gratissimum grown in a greenhouse had a higher fresh biomass
than that grown in open fields. Plant biomass is also influenced by soil organic carbon content (Li ez al., 2019; Yang et
al., 2017) and carbon content from soil bacteria (Yang ef al., 2017). In this study, all groups were planted in the same
planting medium so that it is assumed that the organic carbon content and carbon from bacterial biomass in the medium
of the three groups are also the same and have an impact on relatively the same dry biomass.

4. CONCLUSION

The use of shade in patchouli cultivation can reduce the amount of water needed during growth. The water requirement
for each treatment is without shade 33.29 L/plant, 30% shade 32.80 L/plant (reduced by 1.5%) and 60% shade 30.30
L/plant (reduced by 9%). The water requirement of the Tapak Tuan patchouli variety is higher (33.30 L/plant) than the
Sidikalang variety (30.96 L/plant). The use of shade can increase the efficiency of water use in patchouli plants. The
efficiency of water use in patchouli shade increases with increasing percentage of shade level. There is no difference in
the level of water use efficiency between the Tapak Tuan and Sidikang varieties.

Further research is recommended to explore the effect of a combination of light intensity and other environmental
factors such as temperature, air humidity, and type of planting media on the efficiency of water use and secondary
metabolite results of patchouli plants. In addition, testing various patchouli varieties can provide more comprehensive
information regarding the response of genotypes to environmental stress conditions.

ACKNOWLEDGEMENTS

Thanks are extended to the Ministry of Education, Culture, Research, and Technology and Syiah Kuala University
through the Lecturer Research Grant number: 146/UN11/SPK/PNBP/2022.

REFERENCES

Ahmed, F., Rafii, M.Y., Ismail, M.R., Juraimi, A.S., Rahim, H.A., Asfaliza, R., & Latif, M.A. (2013). Waterlogging tolerance of
crops: Breeding, mechanism of tolerance, molecular approaches, and future prospects. BioMed Research International, 2013,
963525. https://doi.org/10.1155/2013/963525

Allan, R.P.,, Barlow, M., Byrne, M.P., Cherchi, A., Douville, H., Fowler, H.J., Gan, T.Y., Pendergrass, A.G., Rosenfeld, D., Swann,
A.L.S., Wilcox, L.J., & Zolina, O. (2020). Advances in understanding large-scale responses of the water cycle to climate change.
Annals of the New York Academy of Sciences, 1472, 49-75. https://doi.org/10.1111/nyas.14337

Allen, R.G., Pereira, L.S., Raes, D., & Smith, M. (1998). Crop evapotranspiration: Guidelines for computing crop water requirements.
FAO Irrigation and Drainage. Paper 56. https://www.fao.org/4/x0490e/x0490¢00.htm

Bai, W., Sun, Z., Zheng, J., Du, G., Feng, L., Cai, Q., Yang, N., Feng, C., Zhang, Z., Evers, J.B., Werf, W.v.d., & Zhang, L. (2016).
Mixing trees and crops increases land and water use efficiencies in a semi-arid area. Agricultural Water Management, 178, 281-
290. http://dx.doi.org/10.1016/j.agwat.2016.10.007

Basu, S., Ramegowda, V., Kumar, A., & Pereira, A. (2016). Review: Plant adaptation to drought stress. F'1000Research, 5, 1554.
https://doi.org/10.12688/f1000research.7678.1

Belliappa, S.H., Bomma, N., Pranati, J., Soregaon, C.D., Hingane, A.J., Basavaraj, P.S., Naik, S.J.S., Lohithaswa, H.C., Muniswamy,

1390


https://doi.org/10.1155/2013/963525
https://doi.org/10.1111/nyas.14337
https://www.fao.org/4/x0490e/x0490e00.htm
http://dx.doi.org/10.1016/j.agwat.2016.10.007
https://doi.org/10.12688/f1000research.7678.1

Hidayat ef al.: Water Requirements and Water Use Efficiency of Aceh Patchouli ...

S., Mushoriwa, H., Kumar, C.V.S., & Gangashetty, P.I. (2024). Breeding for water-logging tolerance in pigeonpea: Current
status and future prospects. CABI Agriculture and Bioscience, 5, 98. https://doi.org/10.1186/s43170-024-00299-y

Brendel, O. (2021). The relationship between plant growth and water consumption: A history from the classical four elements to
modern stable isotopes. Annals of Forest Science, 78, 47. https://doi.org/10.1007/s13595-021-01063-2

Cao, M.J., Zhang, Y.L., Liu, X., Huang, H., Zhou, X.E., Wang, W.L., Zeng, A., Zhao, C.Z., Si, T., Du, J., Wu, W.W., Wang, F.X., Xu,
H.E., & Zhu, J.K. (2017). Combining chemical and genetic approaches to increase drought resistance in plants. Nature
Communications, 8, 1183. https://doi.org/10.1038/s41467-017-01239-3

Capua, G.D, & Rahmstorf, S. (2023). Extreme weather in a changing climate. Environmental Research Letters, 18, 102001.
http://dx.doi.org/10.1088/1748-9326/actb23

Chandel, S., Desai, B.S., Jha, S.K., Sinha, S.K., Patel, D.P., & Kumar, N. (2024). Role of organic and inorganic fertilizers in enhancing
biomass yield and eugenol content of ornamental basil (Ocimum gratissimum L.). Heliyon, 10, ¢30928.
https://doi.org/10.1016/j.heliyon.2024.¢30928

Chen, J.J., Sun, Y., Kopp, K., Oki, L., Jones, S.B., & Hipps, L. (2022). Effects of water availability on leaf trichome density and plant
growth and development of Shepherdia  x  utahensis. Frontiers in  Plant  Science, 13, 855858.
https://doi.org/10.3389/fpls.2022.855858

Dirjenbun (Direktorat Jenderal Perkebunan). (2023). Statistik Perkebunan Jilid I 2023-2025. Sekretariat Direktorat Jenderal
Perkebunan. https:/ditjenbun.pertanian.go.id/?publikasi=buku-statistik-perkebunan-2023-2025-jilid-i (Accessed on 24 May
2025).

Dirjenbun (Direktorat Jenderal Perkebunan). (2024). Statistik Perkebunan Jilid I 2023-2025. Sekretariat Direktorat Jenderal
Perkebunan. https:/ditjenbun.pertanian.go.id/?publikasi=buku-statistik-perkebunan-2023-2025-jilid-i (Accessed on 24 May
2025).

Dwifandi, F., Hidayat, T., Hasanuddin, & Kurniawan, T. (2024). Respons dua varietas nilam Aceh (Pogostemon cablin Benth.) pada
beberapa tingkat naungan buatan. Jurnal Floratek, 19(2), 65-72. https://doi.org/10.17969/floratek.v19i2.36286

Ehdaie, B., & Waines, J. (1997). Chromosomal location of genes influencing plant characters and evapotranspiration efficiency in
bread wheat. Euphytica, 96, 363-375. https://doi.org/10.1023/A:1003098605014

Fanggidae, Y.R., & Impron, 1. (2018). Evapotranspirasi bibit cendana (Santalum Album L.) dengan beberapa inang primer. Agromet,
32(1), 21-30.

Gul, M.U,, Paul, A., Manimurugan, S., & Chehri, A. (2023). Hydrotropism: Understanding the impact of water on plant movement
and adaptation. Water, 15, 567. https://doi.org/10.3390/w15030567

Hartfield, J.L., & Dold, C. (2019). Water-use efficiency: Advances and challenges in a changing climate. Frontiers in Plant Science,
10, 103. https://doi.org/10.3389/fpls.2019.00103

Hidayat, T., Koesmaryono, Y., Impron, 1., & Ghulamahdi, M. (2021). The effectiveness of reflective mulch in the intercropping system
between soybean and oil palm: Effects on growth, chlorophyll content, and photosynthetic characteristics. Journal of
Agricultural Meteorology, 77(2), 128-138. https://doi.org/10.2480/agrmet.D-20-00042

Hidayati, LN., & Suryanto. (2015). Pengaruh perubahan iklim terhadap produksi pertanian dan strategi adaptasi pada lahan rawan
kekeringan. Jurnal Ekonomi & Studi Pembangunan, 16(1), 42-52. https://journal.umy.ac.id/index.php/esp/article/view/1217

Intergovernmental Panel of Climate Change [IPCC]. (2017). Synthesis Report: Intergovernmental Panel of Climate Change. Geneva.
https://www.ipcc.ch/synthesis-report/

Khalil, A.M., Murchie, E.H., & Mooney, S.J. (2020). Quantifying the influence of water deficit on root and shoot growth in wheat
using X-ray Computed Tomography. 4oB Plants, 12(5), plaa036. https://doi.org/10.1093/acbpla/plaa036

Li, Y., Wu, H., Wang, J., Cui, L., Tian, D., Wang, J., Zhang, X., Yan, L., Yan, Z., Zhang, K., Kang, X., & Song, B. (2019). Plant
biomass and soil organic carbon are main factors influencing dry-season ecosystem carbon rates in the coastalzone of the Yellow
River Delta. PLoS One, 14(1), €0210768. https://doi.org/10.1371/journal.pone.0210768

Mahmood, T., Khalid, S., Abdullah, M., Ahmed, Z., Shah, M.K.N., Ghafoor, A., & Du, X. (2020). Insights into drought stress
signaling in plants and the molecular genetic basis of cotton drought tolerance. Cells, 9, 105.
https://doi.org/10.3390/cells9010105

1391


https://doi.org/10.1186/s43170-024-00299-y
https://doi.org/10.1007/s13595-021-01063-2
https://doi.org/10.1038/s41467-017-01239-3
http://dx.doi.org/10.1088/1748-9326/acfb23
https://doi.org/10.1016/j.heliyon.2024.e30928
https://doi.org/10.3389/fpls.2022.855858
https://ditjenbun.pertanian.go.id/?publikasi=buku-statistik-perkebunan-2023-2025-jilid-i
https://ditjenbun.pertanian.go.id/?publikasi=buku-statistik-perkebunan-2023-2025-jilid-i
https://doi.org/10.17969/floratek.v19i2.36286
https://doi.org/10.1023/A:1003098605014
https://doi.org/10.3390/w15030567
https://doi.org/10.3389/fpls.2019.00103
https://doi.org/10.2480/agrmet.D-20-00042
https://journal.umy.ac.id/index.php/esp/article/view/1217
https://www.ipcc.ch/synthesis-report/
https://doi.org/10.1093/aobpla/plaa036
https://doi.org/10.1371/journal.pone.0210768
https://doi.org/10.3390/cells9010105

Jurnal Teknik Pertanian Lampung Vol. 14, No. 4 (2025): 1382 - 1392

Medrano, H., Tomasa, M., Martorella, S., Flexasa, J., Hernandeza, E., Rosselloa, J., Poub, A., Escalonaa, J.M., & Bota, J. (2015).
From leaf to whole-plant water use efficiency (WUE) in complex canopies: Limitations of leaf WUE as a selection target. The
Crop Journal, 3(3), 220-228. http://dx.doi.org/10.1016/1.¢j.2015.04.002

Nasruddin, Harahap, E.M., Hanum, C., & Siregar, L.A.M. (2016). Response of three varieties of patchouli (Pogostemon cablin,
Benth) due to drought stress. International Journal of Sciences: Basic and Applied Research, 30(2), 286-294.
https://gssrr.org/index.php/JournalOfBasicAndApplied/article/view/6470

Nisa, K., Sufardi S., Rusdi, M., Indra, I. (2024). Soil quality index and patchouli yields on various cropping systems in Aceh province,
Indonesia: Case study in Aceh Barat Regency. Case Studies in Chemical and Environmental Engineering, 10, 100798.
https://doi.org/10.1016/j.cscee.2024.100798

Pan, J., Sharif, R., Xu, X., & Chen, X. (2021). Mechanisms of waterlogging tolerance in plants: Research progress and prospects.
Frontiers in Plant Science, 11, 627331. https://doi.org/10.3389/1pls.2020.627331

Peng, X., Yang, Y., Yan, X., & Li, H. (2021). The efects of water control on the survival and growth of Alternanthera philoxeroides
in the vegetative reproduction and seedling stages. Scientifc Reports, 11, 13556. https://doi.org/10.1038/s41598-021-92674-2

Perdinan, Atmaja, T., Adi, R.F., & Estiningtyas, W. (2018). Adaptasi perubahan iklim dan ketahanan pangan: Telaah inisiatif dan
kebijakan. Jurnal Hukum Lingkungan Indonesia, 5(1), 60-87. https://doi.org/10.38011/jhli.v5il.75

Rejekiningrum, P., Las, L., Amien, L., Pujilestari, N., Estiningtyas, W., Surmaini, E., Suciantini, Sarvina, Y., Pramudia, A., Kartiwa,
B., Mubharsini, S., Sudarmaji, Hardiyanto, Hermanto, C., Putranto, G.A., Marbun, O. (2011). Pedoman Umum. Adaptasi
Perubahan Iklim Sektor Pertanian. Badan Penelitian dan Pengembangan Pertanian Kementerian Pertanian, Jakarta.

Ruggiero, A., Punzo, P., Landi, S., Costa, A., Oosten, M.J.V., & Grillo, S. (2017). Improving plant water use efficiency through
molecular genetics. Horticulturae, 3, 31. https://doi.org/10.3390/horticulturae302003 1

Suliman, M., Scaini, A., Manzoni, S., & Vico, G. (2024). Soil properties modulate actual evapotranspiration and precipitation impacts
on crop yields in the USA. Science of the Total Environment, 949, 175172. https://doi.org/10.1016/j.scitotenv.2024.175172

Setiawan, & Sukamto. (2016). Karakter morfologis dan fisiologis tanaman nilam di bawah naungan dan tanpa naungan. Buletin
Penelitian Tanaman Rempah dan Obat, 27(2), 137-146.

Tamang, B.G., Monnens, D., Anderson, J.A., Steffenson, B.J., & Sadok, W. (2022). The genetic basis of transpiration sensitivity to
vapor pressure deficit in wheat. Physiologia Plantarum, 174, ¢13752. https://doi.org/10.1111/ppl.13752

Tams, L., Paton, E.N., & Kluge, B. (2022). Impact of shading on evapotranspiration and water stress of urban trees. Ecohydrology,
16(6), €2556. https://doi.org/10.1002/ec0.2556

Tong, C., Hill, C.B., Zhou, G., Zhang, X.Q., Jia, Y., & Li, C. (2021). Opportunities for improving waterlogging tolerance in cereal
crops-physiological traits and genetic mechanisms. Plants, 10(8), 1560. https://doi.org/10.3390/plants10081560

Waulansari, R., Tahir, M., Indrawati, W., & Riniarti, D. (2018). Karakterisasi morfofisiologi dan hasil minyak 10 genotip nilam
(Pogostemon cablin Benth.). Jurnal Agro Industri Perkebunan, 6(1), 40-48. https://doi.org/10.25181/jaip.v6il.657

Yang, Y., Dou, Y., & An, S. (2017). Environmental driving factors affecting plant biomass in natural grassland in the Loess Plateau,
China. Ecological Indicators, 82, 250-259. https://doi.org/10.1016/j.ecolind.2017.07.010

1392


http://dx.doi.org/10.1016/j.cj.2015.04.002
https://gssrr.org/index.php/JournalOfBasicAndApplied/article/view/6470
https://doi.org/10.1016/j.cscee.2024.100798
https://doi.org/10.3389/fpls.2020.627331
https://doi.org/10.1038/s41598-021-92674-2
https://doi.org/10.38011/jhli.v5i1.75
https://doi.org/10.3390/horticulturae3020031
https://doi.org/10.1016/j.scitotenv.2024.175172
https://doi.org/10.1111/ppl.13752
https://doi.org/10.1002/eco.2556
https://doi.org/10.3390/plants10081560
https://doi.org/10.25181/jaip.v6i1.657
https://doi.org/10.1016/j.ecolind.2017.07.010

