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Abstract: Crop coefficient (Kc) is one of the most significant parameters for crop water demand
prediction and irrigation scheduling. However, there is a lack of knowledge about water vapor and
Kc in tea plantation ecosystems. This study explored and determined the actual evapotranspiration
(ETc) and Kc of two cultivars of tea (Camellia sinensis), clone variety Baiye1 (BY1) and Longjing43
(LJ43), based on lysimeter data. An estimation was made for both for ETc and adjusted ETc, and the
corresponding Kc and adjusted Kc. The results showed that the adjusted ETc and Kc values revealed
a minor fluctuation when compared to the ETc and Kc values during the experimental period, which
indicated that the adjusted ETc and Kc values were more precise and practical to field conditions.
The average adjusted Kc values were 0.71 (range of 0.43–1.02) for BY1 and 0.84 (range of 0.48–1.22)
for LJ43. Additionally, heavy pruning can decrease ETc and Kc values, possibly due to the lower
level of LAI after pruning. Moreover, it is clearly manifested that BY1 consistently had lower ETc

and Kc values than those of LJ43 because of plant growth status differences between BY1 and LJ43.
Overall, our study proposed a reliable reference of Kc in tea plantation, and illuminated the effects of
pruning and plant growth differences on Kc, which could provide a strong basis for precise irrigation
in tea plantations in a subtropical climate.

Keywords: water vapor; crop coefficient; tea plantation; subtropical region; lysimeter method

1. Introduction

As a perennial evergreen plant originated from Southwestern China, tea plants
(Camellia sinensis) favor a warm and humid climate [1]. However, to meet the water
demand of tea tree growth, the temporal distribution of rainfall over the year is more
vital [2–4]. Droughts usually cause irreparable yield losses, as well as prematurely aged
tea plants [5–9], while heavy rainfall, on the other hand, can cause water logging, runoff,
topsoil erosion, and deep percolation of critical soil nutrients [10]. In subtropical regions
of China, where most tea plants are cultivated, the monthly rainfall always unevenly
distributes, with frequent droughts in autumn and excessive rainfall in summer [11]. There-
fore, irrigation, as a countermeasure to the droughts, is of great importance to tea plant
growth.

It is necessary to schedule a proper irrigation regime according to the water demand
of tea plants. Crop water demand is related to its real evapotranspiration (ETc), which
combines water loss from the ground surface (evaporation) and plants (transpiration)
with the atmosphere in the shape of vapor [12]. The accurate determination of ETc and
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crop coefficient (Kc) is doubtlessly a benefit for assessing the water requirement of tea. It
could help tea producers to decide on the optimal time and water amount of irrigation.
This is of great significance for attaining the growers’ purposes. In addition, the accurate
determination of ETc and Kc depends on the local conditions, and can increase tea yields,
water use efficiency, and profits, or reduce energy use, costs, and negative environmental
influences [13]. Considering the fact that the majority of Chinese tea plantations are situated
in mountain areas, where tea plants can only receive either rainwater or irrigated rainwater,
much attention needs to be paid to the determination of ETc and Kc in the rain-fed tea
plants, so as to improve the water use efficiency of the limited or uneven rainwater resource.

In practice, the crop ETc could be estimated as the proportion of the reference evapo-
transpiration (ET0), which is always calculated from the Penman–Monteith equation. Kc is
defined as the ratio of ETc to ET0 [14,15]. The Kc of tea plants, recommended by the FAO
paper, is from 0.9 to 1.0 [14]. However, the Kc is prone to being affected by climate, crop
growth, and the reference method [16,17]. In situ and fast frequency measurement tech-
niques are always used in the determination of water flux, e.g., Bowen ratio–energy balance
method [18], static chamber/infrared gas analyzer [19], and eddy covariance technique [20].
With the advent of new satellite technology, remote sensing approaches, together with
various surface energy balance algorithms, are also employed to estimate the ETc and
Kc from landscapes and regions [21–24]. However, the above-mentioned methods lack
accuracy, although they exhibit high temporal resolution and are suitable for annual cereal
crops. Alternatively, the direct water balance method, i.e., lysimeter method, could obtain
a more accurate result [4,25,26]. However, there was no Kc of the tea obtained through
the lysimetric data reported in China, even though China is the largest tea production
country in the world. Furthermore, the effect of tea pruning practice on Kc is still an open
question, since periodical pruning has been reported to alter the model of energy sharing
in tea plantations [27].

In this study, an attempt was made to estimate the ETc and Kc of tea plantations in
a subtropical region, based on in situ annual lysimeter monitoring. The objectives of this
study were as follows: (1) to estimate the crop coefficient of tea (Camellia sinensis) through
the water balance equation, based on a field lysimeter study; (2) to check the effect of tea
cultivars and tea pruning practice on the crop coefficient of tea.

2. Materials and Methods
2.1. Study Site

The field experiment was conducted at Shengzhou Experimental Station of Tea Re-
search Institute (29.74◦ N, 120.82◦ E, 23 m above sea level), affiliated with Chinese Academy
of Agricultural Sciences (TRI-CAAS), Shaoxing, China. The experimental site was in a
typical subtropical region, with average annual rainfall of 1200 mm and an average annual
temperature of 12.6 ◦C, which is favorable for tea plant growth. Soil properties before the
experiment are shown in Table 1.

Table 1. Soil properties before the experiment.

Depth (cm)
Particle Size Distribution (%)

pH Organic C
(mg g−1)

Bulk Density
(g cm−3)Sand Silt Clay

0–20 1.07 28.94 69.99 4.47 5.71 1.17
20–40 1.91 31.06 67.03 4.66 5.47 1.12
40–60 2.58 30.99 66.43 4.40 4.09 1.13
60–80 3.14 34.32 62.53 4.37 5.02 1.19
80–100 1.46 32.82 65.73 4.34 4.77 1.16

Seedlings (1 year) were transplanted in the studied field in November 2015. The tea
cultivars were clone variety Baiye1 (BY1) and Longjing43 (LJ43) (Figure S1a), respectively.
The tea trees were planted in rows with 1.5 m between rows and 0.33 m between plants
at a density of approximately 20,000 plants per hectare. Each variety was replicated in
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9 rectangular plots (36 m2 in area) (Figure S1b,c). After spring tea harvest, tea pruning was
uniformly conducted in May 2019 and 2020 at a height that was 45 cm above the ground.

2.2. Sampling and Measurement

The 18 lysimeters (2 varieties and 9 replicated plots) were installed in July 2015 before
the tea transplantation. Each lysimeter was 1.5 m in length, 1.0 m in width and 1.0 m in
depth, respectively, and installed in the middle of the row with 3 tea plants in the covered
area. The sketches of the installation of the lysimeter and collection of the leachate are
shown in Figure S2a,b.

The leachate below 1.0 m was collected in the 50 L nylon tank below the lysimeter.
In case of side seepage of soil solution, each lysimeter was surrounded by a piece of
5-mm-thick plastic film (high-density polyethylene, HDPE). Each lysimeter had two 1.5 m
pipes, one of which was for air flow and the other one was to pump out the leachate in the
50 L nylon tank. The leachate was pumped out after the rainfall events by a mechanical
vacuum pump at 25–30 kPa (PHDmate Co., Ltd, Suzhou, China). The leachate volume was
determined gravimetrically and subsamples were collected for further analysis.

An automatic weather station (SP200, LSI Lastem, Milano, Italy) located ~100 m away
from the plots provided the weather parameters, e.g., temperature, humidity, rainfall, wind
and solar radiation. In addition, three tube access probes (JZSX Corp., Beijing, China) based
on time domain reflectometry [28] were elaborately installed in the field to measure soil
volumetric water content at 20 cm depth intervals until 1 m depth (Figure S2c).

Soil particle size was tested in pastes of 1:5 (w/v) in 0.2 M sodium hydroxide solution
with Mastersizer 3000 Laser particle size analyzer (Malvern Ltd., Worcestershire, UK). Soil
pH was measured in pastes of 1:2.5 (w/v) in deionized water with an ORION 3 STAR pH
meter (ThermoFisher Ltd., Swedesboro, NJ, USA). Soil bulk density was determined by
excavation method by dividing the mass of soil excavated by the volume of water needed to
fill the hole [29]. Soil organic carbon determination was conducted via spectrophotometric
absorption measurement after organic matter oxidation with potassium dichromate in
concentrated sulfuric acid [30].

2.3. Calculations and Statistical Analysis

With the obtained daily weather parameters, reference evapotranspiration (ET0) was
calculated according to FAO-56 Penman–Monteith equation. Using the daily weather, the
calculation of ET0 can be simplified as follows [14]:

ET0 =
0.408∆(Rn − G) + r 900

T+273 u2(es − ea)

∆ + r(1 + 0.34u2)
(1)

where ET0 is the reference evapotranspiration (mm day−1), Rn is the net radiation at the
crop surface (MJ m−2 day−1), G is the soil heat flux density (MJ m−2 day−1), T is the mean
daily air temperature at 2 m height (◦C), u2 is the wind speed at 2 m height (m s−1), es is
the saturation vapor pressure (kPa), ea is the actual vapor pressure (kPa), (es − ea) is the
saturation vapor pressure deficit (kPa), ∆ is the slope vapor pressure curve (kPa ◦C−1), γ
psychrometric constant (kPa ◦C−1), and 900 is the conversion factor.

The water balance method considered rainfall and irrigation as the primary water
inputs, and subtracted the stored water content at the root zone and deep percolated water
below the root zone to calculate ETc [31,32]. As rainfall was the only water input in this
study, the daily ETc was estimated by the following equation [33]:

ETc = (P − D ±
n

∑
i=1

(θ1 − θ2)∆Si)
1

∆t
(2)

where P is the rainfall (mm), D is the deep percolation (mm), n is the number of soil layers,
∆S is the thickness of each soil layer (mm), θ1 and θ2 are the volumetric soil water content
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at times one and two, respectively (m3 m−3), and ∆t is the time interval between two
consecutive sampling times (days).

Kc was computed using the estimated ETc derived from water balance equation
divided by ET0 calculated via Penman–Monteith method through the following equation:

Kc =
ETc

ET0
(3)

where ETc and ET0 are crop evapotranspiration and reference crop evapotranspiration at
different sampling intervals in this study, respectively.

F test using one-way ANOVA tested the effect of the tea variety on the tea bush
structure, in terms of plant height, plant width, leaf thickness and leaf area index (LAI),
and the significance of the means were calculated using Duncan’s multiple range tests at
significance level of 0.05 [34]. To ascertain the statistical relationship between rainfall and
drainage, we used the results of cumulative rainfall and drainage at every single sampling
interval. The linear plus platform model was applied to analyze the relationship between
rainfall and drainage. The model can be expressed by the following equations:

y = bx + a1, x < C

y = a2, x ≥ C

where a1, a2 and b are the parameters, and C is the critical value for rainfall.
Data processing and plotting were performed using SPSS22 (SPSS Inc., New York, NY,

USA) and Sigmaplot12.5 (Systat Software Inc., Milpitas, CA, USA).

3. Results
3.1. Reference Evapotranspiration (ET0)

The daily ET0, together with the primary meteorological variables, including relative
humidity, daily rainfall, wind speed, and air temperature during the measurement period
from June 2018 to October 2020, are presented in Figure 1. The air temperature appeared to
be relatively low in winter, particularly in December and January, with a mean value of
7.16 ◦C; whereas, the air temperature in summer was high, with the highest mean value of
28.53 ◦C during July to August. Similarly, the daily ET0 showed low values in winter, with
a mean value of 0.80~0.96 mm day−1, while it reached the peak during summer, with a
mean value of 4.84 mm day−1 in August, during the three years.

3.2. Precipitation and Drainage

The time series of the cumulative rainfall and drainage distribution during the study
period are illustrated in Figure 2. From June to December 2018, the total rainfall amount
was 604 mm, 87% of which was in July to September. The total annual rainfall amount
in 2019 was 1565 mm, 42% of which was evenly distributed during February to June, but
more frequent and extreme rainfall events happened during July to December. During
January to September 2020, the total rainfall was 1985 mm, 73% of which was in the period
of May to September.

During the 28 months of the field experiment, there were 39 leachate collection events
in total. In the period of 2018, the total leachates were 144 mm and 128 mm for BY1 and
LJ43, respectively. Due to the longer measurement period in 2019, the annual total leachate
was 252 mm for BY1 and 261 mm for LJ43. However, it decreased to 241 mm and 250 mm
in 2020, for BY1 and LJ43, respectively.

In this study, it was found that there was an inflection point in the relationship between
the cumulative rainfall and the collected leachate amount (Figure 3). It showed that the
collected leachate amount remained at 20.63 mm and 21.45 mm when the cumulative
rainfall increased to 78.02 mm and 90.98 mm, for BY1 and LJ43, respectively, despite the
increasing cumulative rainfall.
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3.3. Changes of ETc and Kc during the Experiment Period

The trends of the average ETc and adjusted ETc (calculated using critical rainfall as
the water input item when the cumulative rainfall increased to and above the critical value)
during the period from March 2019 to September 2020 are illustrated in Figure 4. The
adjusted ETc values of BY1 and LJ43 revealed a minor fluctuation when compared to the
ETc during the period of this experiment. Moreover, for both BY1 and LJ43, the summer
season always exhibited a higher daily ETc and adjusted ETc, while the winter season
revealed the reverse result. For BY1, the maximum ETc value was 17.63 mm day−1, while
the maximum adjusted ETc value was 4.83 mm day−1, and the minimum ETc value was
0.56 mm day−1, whereas the minimum adjusted ETc value was 0.52 mm day−1. For LJ43,
the maximum ETc value was 17.50 mm day−1, whereas the maximum adjusted ETc value
was 4.71 mm day−1, and the minimum ETc value was 0.76 mm day−1, while the minimum
adjusted ETc value was 0.75 mm day−1.

Regarding the Kc value and adjusted Kc value (ratio of adjusted ETc to ET0), for both
BY1 and LJ43, the adjusted Kc value had tiny fluctuations, while the Kc value waved
sharply during the whole experiment period (Figure 5). The Kc values of BY1 and LJ43
ranged from 0.52 to 4.41 (mean = 1.61) and from 0.55 to 4.39 (mean = 1.62), respectively,
whereas the adjusted Kc values of BY1 and LJ43 ranged from 0.43 to 1.02 (mean = 0.71) and
from 0.48 to 1.22 (mean = 0.84), respectively. Unlike the ETc value and adjusted ETc value,
the maximum Kc values of BY1 and LJ43 were present in the autumn season (September
2019), while the maximum adjusted Kc values of BY1 and LJ43 appeared in about summer
time (June 2020).

3.4. Monthly Variation in ET0, ETc and Adjusted Kc

According to the sampling date and interval, each sampling date was separated
to calculate the monthly ET0, ETc, and adjusted Kc values (Table 2). The values of ET0
increased from 2.35 mm day−1 in March 2019 to its maximum value of 4.72 mm day−1 in
August 2019, and then decreased to its minimum value of 0.99 mm day−1 in January 2020.
A similar change in monthly ET0 was found in 2020.
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Table 2. Monthly reference evapotranspiration ET0, crop evapotranspiration ETc and adjusted crop coefficient Kc both for
BY1 and LJ43 during the period from March 2019 to September 2020. Data are means and standard errors for 9 lysime-
ter barrels.

Months ET0 (mm Day−1)
ETc (mm Day−1) Adjusted Kc

BY1 LJ43 BY1 LJ43

March 2019 2.35 ± 0.02 1.59 ± 0.07 1.71 ± 0.08 0.68 ± 0.03 0.73 ± 0.03
April 2019 3.47 ± 0.05 2.23 ± 0.14 2.30 ± 0.13 0.65 ± 0.05 0.68 ± 0.05
May 2019 4.35 ± 0.09 2.36 ± 0.04 2.77 ± 0.05 0.54 ± 0.01 0.64 ± 0.02
June 2019 3.66 ± 0.00 1.58 ± 0.02 2.01 ± 0.01 0.43 ± 0.01 0.55 ± 0.00
July 2019 4.46 ± 0.23 3.59 ± 0.26 4.06 ± 0.16 0.79 ± 0.02 0.92 ± 0.01

August 2019 4.72 ± 0.03 3.66 ± 0.31 3.89 ± 0.14 0.77 ± 0.06 0.82 ± 0.03
September 2019 3.23 ± 0.06 2.42 ± 0.21 2.95 ± 0.09 0.73 ± 0.05 0.91 ± 0.01

October 2019 2.78 ± 0.00 1.20 ± 0.05 2.05 ± 0.06 0.43 ± 0.02 0.74 ± 0.02
November/December 2019 1.19 ± 0.00 0.52 ± 0.01 0.75 ± 0.00 0.44 ± 0.01 0.63 ± 0.00

January 2020 0.99 ± 0.00 0.56 ± 0.05 0.76 ± 0.07 0.56 ± 0.05 0.76 ± 0.07
Feburary/March 2020 1.34 ± 0.00 0.97 ± 0.02 1.17 ± 0.00 0.72 ± 0.01 0.87 ± 0.00

April 2020 2.96 ± 0.15 2.30 ± 0.04 2.59 ± 0.06 0.82 ± 0.05 0.93 ± 0.07
May 2020 4.16 ± 0.05 3.42 ± 0.10 3.57 ± 0.12 0.83 ± 0.04 0.87 ± 0.04
June 2020 3.98 ± 0.03 3.67 ± 0.07 4.55 ± 0.04 0.92 ± 0.02 1.15 ± 0.02
July 2020 3.46 ± 0.06 3.02 ± 0.05 3.43 ± 0.13 0.87 ± 0.03 1.00 ± 0.05

August 2020 4.64 ± 0.06 3.42 ± 0.12 4.11 ± 0.09 0.73 ± 0.02 0.88 ± 0.01
September 2020 2.84 ± 0.00 1.92 ± 0.03 2.31 ± 0.01 0.68 ± 0.01 0.81 ± 0.00
Monthly total 1033.63 ± 18.94 701.60 ± 29.67 830.24 ± 26.76 0.68 ± 0.037 0.82 ± 0.036
Monthly mean 3.21 ± 0.29 2.26 ± 0.26 2.65 ± 0.29 0.68 ± 0.04 0.82 ± 0.04

For both BY1 and LJ43, the high ETc values often occurred in summer time, especially
in July and August, both for BY1 and LJ43, while the low ETc values often appeared in
winter time. The maximum and minimum values of monthly ETc were 3.67 mm day−1 and
0.52 mm day−1 for BY1, and 4.55 mm day−1 and 0.75 mm day−1 for LJ43, respectively.

The ranges of monthly adjusted Kc values were 0.43–0.92 mm day−1 for BY1 and
0.55–1.15 mm day−1 for LJ43. The maximum adjusted Kc values for both BY1 and LJ43
occurred in June 2020, while the minimum values appeared in June 2019 for BY1 and in
June 2019 for LJ43. Overall, the monthly total ET0 during the experiment was 1034 mm,
and the ETc values for BY1 and LJ43 were 711 mm and 830 mm, respectively. The average
monthly adjusted Kc values were 0.68 for BY1 and 0.82 for LJ43.

4. Discussion

In our study, the pattern of the cumulative rainfall–drainage curve fitted well with
the linear plus platform model (Figure 3), indicating a critical amount rainfall that led
to maximum drainage. This result may be attributed to the strong surface runoff in big
rainfall events, because rainwater firstly arrives at the soil surface, and then runoff occurs
if the soil surface has a slope. In addition, strong rainfall usually results in surface runoff
happening faster than in rainwater infiltrate soils [35]. Previous research has proven
that rainfall intensity and kinetic energy are key factors for determining the formation of
runoff, and the rate of crust formation and groundwater infiltration [36–38]. Heavy rainfall
intensity could shorten the formation time of runoff and sharply decrease the infiltrate
curve [39,40]. However, previous studies also revealed that rainfall water prefers to
infiltrate into the soil when the rainfall event is initiated, and finally forms the runoff when
the soil water-adsorption capacity is saturated [41–43]. Thus, determining the saturation of
soil water-adsorption capacity is vital for us to monitor the subsequent water movement in
the field. In addition, an estimation of the runoff amount should be taken into account when
applying the water balance equation to estimate drainage or evapotranspiration, which
could improve the accuracy of estimating the drainage. Given that the runoff amount could
not be estimated in our study, and considering that runoff only occurs in heavy rainfall
situations, a linear plus platform model was applied to determine the relationship between
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cumulative rainfall and drainage, and the critical amount of rainfall was successfully
estimated in our study. Consequently, we suggested that using the linear plus platform
model to estimate the critical cumulative rainfall could be regarded as an alternative for
this estimation, especially because runoff monitoring is absent in big rainfall events.

In the present study, the mean Kc values of BY1 (0.71) and LJ43 (0.84) were slightly
lower than the recommended value (0.9–1.0) for tea plants, according to the FAO Re-
port [14], but were comparable to the mean value of 0.72 reported by Dabral for tea in
Assam at different irrigation levels [44]. This result may be due to the young age of the
tea plant, since plant growth stage is one of the most important factors for Kc value, and
lower Kc values represent slower plant growth and lower canopy cover [45]. Similar results
were found in citrus and grapevine orchard; for example, Alves et al. reported that the Kc
value of citrus orchard increased from 0.57 in a one-year-old plant to 1.12 in a four-year-old
plant [46]. Similarly, the Kc value of grapevine orchard increased from 0.4 (young shoot
germination stage) to 1.0 (flourishing period) under freshwater irrigation [47].

As for the seasonal variation in Kc values (Table 2), it seemed that a higher Kc value
often appeared during July to September, while lower values occurred during October to
January. This phenomenon was in line with the trends of precipitation distribution and
air temperature during the study period (Figures 1 and 2), suggesting that rainfall and
air temperature could be responsible for the results. A previous study showed that the
variation in Kc values between seasons could be attributed to several reasons, such as the
trend of canopy development, rainfall amounts in different seasons, and differences in
energy absorption characteristics [4]. When plants received adequate water, together with
increased temperature, this resulted in a rapid growth rate and peak of ETc and Kc [4].
These findings were consistent with our results that the maximum Kc value appears in
July to November. In addition, a relatively lower Kc value (mean = 0.71) was found in
November to April; this may be due to the limited rainfall. This is because the limited
rainfall caused soil moisture stress, and then resulted in declining growth rate, which, in
turn, decreased the ETc and Kc values. Moreover, Squire et al. reported that tea plant
growth rate became very slow when the temperature was below 12–13 ◦C [48]. This is a
good explanation of the higher Kc in July to September and the lower Kc values in October
to January, because the mean temperature was 28.53 ◦C during July to August and 7.16 ◦C
during December to January.

During the experimental period, we found that heavy tea tree pruning decreased
the ETc value and adjusted Kc value of BY1 and LJ43 (Figures 4 and 5). This result was
similar to the previous findings reported by Lv et al. [19], which were that the mean
daily ET rates could decrease by 36.7–48.3% after pruning in a subtropical tea plantation,
by using the static chamber/infrared gas analyzer (IRGA). Similarly, Geng et al. also
found that strong pruning interference resulted in the highest differences between ETa and
ET0 in the pruning period, compared to other seasons with relatively low mean monthly
ETa/ET0 values (average 0.76) [20]. The reason for this phenomenon may be related to the
heavy pruning of tea resulting in a lower leaf area index (LAI), which, in turn, caused a
decrease in the means of water transport, causing a decline in the ETc and Kc values [20].
Moreover, from the dual crop coefficient perspective, Kato and Kamichika [49] found that
the highly LAI-dependent basal crop coefficient (Kcb), which represents crop transpiration,
exponentially increased with the LAI, while the soil water evaporation coefficient (Ke)
showed a positive relationship with soil water content and a negative linear relationship
with the LAI. Thus, intense tea pruning, on the one hand, lessened the LAI of tea bushes,
which subsequently caused a reduction in the Kcb value. On the other hand, a large quantity
of pruned litter was discarded and covered in the tea garden’s soil, which substantially
curbed the soil water evaporation and the Ke value. Therefore, we suggested that heavy
tea pruning in May weakened the evapotranspiration capacity of the tea plantations.

Interestingly, our results found that the ETc value and Kc value of BY1 were consis-
tently lower than those of LJ43 (Table 2). This could be attributed to the differences in the
plant growth status between BY1 and LJ43; the plant growth status can be easily reflected
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by the canopy structure, such as plant height, canopy width, leaf thickness, and LAI. The
tea plant height, width, leaf thickness, and LAI of LJ43 were significantly greater than BY1
(Table 3). Therefore, LJ43 has a relatively well-structured canopy, which indicated that LJ43
had higher canopy cover and a greater LAI than BY1, resulting in higher values of ETc
and Kc. These findings were in good agreement with the former study on pomegranate
crops [14]. In addition, previous studies also revealed that the Kc value has a strong rela-
tionship with LAI and soil coverage percentage in many fruit plantations, such as maize,
bean, apple, and pecan [50–53]. Therefore, we suggested that the significantly higher LAI
of LJ43, compared to BY1, could be another reason for the lower values of ETc and Kc
of BY1.

Table 3. Comparison of tea stands’ properties between three different tea cultivars. Data are means
and standard errors of 9 plots of tea stands. Different letters indicate significance (p < 0.05).

Tea Cultivars Plant Height (cm) Plant Width (cm) Leaf Thickness (cm) LAI (m2 m−2)

DG 94.53 ± 1.22 a 111.58 ± 1.43 a 41.22 ± 0.63 a 8.65 ± 0.13 a

LJ43 88.83 ± 1.01 b 110.14 ± 1.23 a 39.94 ± 0.48 a 8.72 ± 0.17 a

BY1 77.22 ± 1.03 c 95.08 ± 1.47 b 33.89 ± 0.70 b 7.64 ± 0.12 b

Note: DG stands for Dangui, another tea cultivar besides BY1 and LJ43.

In our study, the experiment was conducted in a rain-fed subtropical region with
uneven rainfall distribution during the study period. Therefore, the interval of drainage
sampling from the lysimeter could not be scheduled uniformly, due to a lack of water
input for certain periods, which occurred more often from November to January. Thus,
the absence of data for the ETc and Kc calculations during this period made it difficult
to precisely reveal the monthly variation in water use status in the tea plantation, which
needs to be further studied by alternative approaches for the monitoring and estima-
tion of ETc and Kc. In addition, as RS- and GIS-based remote sensing approaches and
algorithms have become important tools for ETc and Kc estimation at a regional scale,
we suggest that further studies should enhance the remote sensing measurements of the
energy and water fluxes in tea plantations; for example, improving the monitoring ac-
curacy via the integration of innovated methods to obtain the remote sensing data and
meteorological variables, and subsequently using a readily available, open-source model
(such as SEBALIGEE) to calibrate it with the ground-based lysimeter could produce larger
spatiotemporal assessments.

5. Conclusions

In the present study, the linear plus platform model was applied to analyze the
relationship between cumulative rainfall and lysimeter drainage, and critical cumulative
rainfall values (78.02 mm for BY1 and 90.98 mm for LJ43) were obtained to estimate ETc
and Kc via the water balance equation when the cumulative rainfall was more than the
critical value. Finally, ETc and adjusted ETc, and the corresponding Kc and adjusted Kc,
were estimated by using the original cumulative rainfall. The Kc values for BY1 and LJ43
ranged from 0.52 to 4.41 and from 0.55 to 4.39, respectively, whereas the adjusted Kc values
of BY1 and LJ43 ranged from 0.43 to 1.02 and from 0.48 to 1.22, respectively. The adjusted
ETc and Kc values revealed a minor fluctuation when compared to the ETc and Kc values
during the experimental period. In addition, periodic pruning significantly decreased the
LAI of the tea plant, and resulted in a reduction in ETc and Kc values. Furthermore, plant
growth difference is a key factor contributing to the change in ETc and Kc values between
different tea cultivars. Collectively, our study provided a reliable reference of Kc in a tea
plantation, and illuminated the effects of pruning and plant growth difference on Kc.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/agronomy11112332/s1, Figure S1: (a) Original images of BY1 and LJ43, (b) Illustration of
experiment layout, lysimeter installation and soil volumetric water content probe site, and (c) Tea
bushes on the study site, Figure S2: (a) Illustrations of lysimeter and leachate collecting from lysimeter,
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(b) Top view of lysimeter in-stalled, (c) Illustrations of the weather station and soil volumetric water
content probe.
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