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Water status diagnosis in
greenhouse drip-irrigated
tomato and celery using
leaf turgor dynamics
and machine learning
Quanyue Xu1,2, Ruixia Chen1,2, Xufeng Li1,2, Hongxiang Wu1,2,
Juanjuan Ma1,2 and Lijian Zheng1,2*

1College of Water Resource Science and Engineering, Taiyuan University of Technology,
Taiyuan, China, 2Shanxi Key Laboratory of Collaborative Utilization of River Basin Water Resources,
Taiyuan University of Technology, Taiyuan, China
Introduction: Accurate crop water status monitoring is crucial for optimized irrigation
in controlled environments, but traditional approaches relying on damaging
measurements or sporadic sampling frequently restrict real-time evaluation.
Methods: This study explored the non-invasive leaf patch clamp pressure (LPCP)
probe to evaluate the water status of drip-irrigated tomato and celery. Leaf turgor
dynamics analysis enabled the characterization of the LPCP probe’s output
parameter (Pp) and its environmental drivers, and the development of
predictive machine learning models.
Results: The results indicated that diurnal patterns of Pp in drip-irrigated tomato and
celery exhibited two distinct states: State I (unimodal) and State II (troughed),
corresponding to moisture conditions with no or mild stress, and severe stress,
respectively. The soil water content (SWC) thresholds for State I were set at SWC >
20% (tomato) and SWC > 19% (celery), whereas those for State II were set at SWC <
18% (tomato) and SWC < 16% (celery). For State I, Pp was positively associated with
solar radiation but negatively associated with SWC (in tomato) and wind speed (in
celery). For State II, the associations between Pp and environmental parameters were
less than those in State I. Interestingly, compared to full irrigation, non-full irrigation
treatments not only showed a higher proportion of State II but also resulted in an
increase in both Pp,max and Pp,min by 15.39%–138.39% in tomato and 3.44%–94.02%
in celery. These analytical results yielded four model parameter combinations based
on the inclusion of SWC and the management of distinct Pp states. The prediction
model that integrated Combination 4 (substate Pp prediction based on
meteorological factors and SWC) with the random forest approach exhibited the
highest accuracy (R2 = 0.995, MSE = 2.419, RMSE = 1.540, and MAE = 0.531), with
SWC identi� ed as its key feature parameter.
Discussion: These � ndings provide a scienti� c foundation for optimizing the
precision irrigation of greenhouse vegetables in drip systems.
KEYWORDS

greenhouse crops, leaf turgor pressure, plant water status, precision irrigation,
Random Forest
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1 Introduction
Water scarcity poses a signi�cant bottleneck for irrigated
greenhouse crop production, necessitating precise water status
sensing for sustainable farming (Dutta et al., 2025). Tomato and
celery, as representative greenhouse crops with growing demand
(Gao et al., 2025; Martelli et al., 2024), are particularly constrained
by their substantial water requirements. Consequently, this
signi�cant irrigation requirement has hindered production
expansion in the context of limited water resources. Meanwhile,
the varied water requirements of tomato and celery at different
development stages complicate irrigation management (Huang
et al., 2023; Zhang et al., 2024). Therefore, it is essential to
precisely monitor the water status of these crops and optimize
irrigation strategies to effectively address the aforementioned
irrigation dif�culties.

Traditional physiological indicators of plant water status (e.g.,
stomatal conductance, leaf water potential) are sampling-
destructive and preclude continuous automated monitoring,
failing to meet the continuity requirements of precise irrigation
diagnosis (Ferna�ndez et al., 2017). Leaf turgor pressure, de�ned as
the protoplast’s pressure against the cell wall, directly indicates
plant water balance (Blackman, 2018). The leaf patch clamp
pressure (LPCP) probes offer a nondestructive solution for long-
term, continuous, in situ monitoring of leaf turgor. The LPCP
probes’ output parameter (Pp) exhibits an inverse relationship with
leaf turgor pressure, meaning a higher Pp signi�es lower turgor
pressure in the leaf (Zimmermann et al., 2008). Compared with
established physiological indicators, Pp offers enhanced feedback on
plant water dynamics and allows for more accurate quanti�cation of
water demand and consumption characteristics throughout the
development stages (Camoglu et al., 2021; Chen et al., 2024; Li
et al., 2022; Zimmermann et al., 2013). For instance, Lee et al. (2012)
utilized LPCP probes to initially explore the diurnal patterns of leaf
turgor pressure in potted tomatoes, but the diurnal variation of Pp

in tomatoes and celery under �uctuating soil moisture conditions
requires further investigation. While Pp diurnal patterns for
diagnosing plant water status have been well-established and
exempli�ed by their application to irrigation decisions in
commercial olive orchards (Padilla-Diaz et al., 2016; 2018), it
remains uncertain whether this strategy is transferable to
greenhouse tomato and celery. Therefore, it is also crucial to
obtain suf�cient data on daily Pp �uctuations for these crops and
conduct in-depth analysis in conjunction with varying irrigation
conditions, in order to accurately identify water stress thresholds.

Considering the limitations of direct and continuous sensing,
along with the economic considerations for large-scale deployment,
the development of predictive models for leaf turgor pressure is
crucial. Many researchers have attempted to develop predictive
models for leaf turgor pressure by employing meteorological
parameters and plant physiological indicators (Bader et al., 2014;
Barriga et al., 2022; Camoglu et al., 2021; Fernandes et al., 2017).
This research aims to facilitate the accurate estimation of plant
water conditions. Nevertheless, modeling should account for soil
Frontiers in Plant Science 02
moisture �uctuation as it is the relatively controllable variable in
commercial agriculture (Kabala et al., 2025; Velazquez-Chavez
et al., 2024). Thus, it is essential to investigate the quantitative
correlations between weather, soil moisture, and leaf turgor
pressure. This investigation will provide the foundation for
constructing predictive models of leaf turgor pressure for
greenhouse tomato and celery.

Machine learning techniques have demonstrated distinct
advantages in the study of complex environment–physiology
coupling by virtue of their powerful nonlinear modeling
capability and ef�cient computational performance. In particular,
techniques such as Support Vector Machine (SVM), Extreme
Gradient Boosting (XGBoost), and Random Forest (RF) are often
favored for their high prediction accuracy. Accordingly, these
techniques are frequently employed in predicting plant water
status through the analysis of diverse input parameters, including
remote sensing spectral indices, soil physicochemical
characteristics, and climatic elements (Amir et al., 2021; Gao
et al., 2023; Guimarªes et al., 2024; Shi et al., 2022). Collectively,
these studies underscore the effectiveness of SVM, RF, and XGBoost
in assessing the environmental response of plant physiology and
developing irrigation schedules for plants.

Addressing the aforementioned challenges and leveraging the
strengths of machine learning, the present study investigated
greenhouse tomato and celery under various drip irrigation
treatments by monitoring leaf turgor pressure, meteorological
factors, and soil moisture content. Subsequently, machine
learning techniques were employed to develop models for leaf
turgor pressure prediction, aiming to provide useful insights for
drip irrigation scheduling in greenhouse vegetables. The speci�c
objectives of this study are as follows: (1) to examine the transient
and interday characteristics of tomato and celery leaf turgor
pressure under various moisture conditions, (2) to explore the
response relationship between leaf turgor pressure and
environmental factors, and (3) to construct a long-time series
prediction model for greenhouse tomato and celery leaf turgor
pressure in drip irrigation using SVM, XGBoost, and RF.
2 Materials and methods

2.1 Experimental site and experimental
design

The experimental site is situated in Liujiabao Village, Taiyuan
City, Shanxi Province (112°29�E 37°39�N, altitude 766 m), which has
a mild temperate continental climate. The region experiences a
summer concentration of rainfall, with a multiyear average
precipitation of 495 mm. It has an annual frost-free period of 202
d, an average annual temperature of 9.6°C, and average annual
sunshine hours of 2675.8 h. Drip irrigation experiments were
conducted in a naturally ventilated solar greenhouse during
summer and winter. The greenhouse had an east–west orientation,
with a transverse and longitudinal diameter of 60 m × 11 m. The soil
layer from 0–60 cm was silty loam, with an average bulk density of
frontiersin.org
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1.45 g•cm-3. The soil �eld capacity (qf) was 32% for tomato
experimental plot and 38% for celery experimental plot.

The summer crop selected for the experiment was the ‘Shouyan
PT 326’ tomato. This experiment used a modi�cation in biochar
addition as the principal approach to adjust tomato irrigation
treatments, rather than changing irrigation time or volume. The
strategy was based on the previous study, which found that
incorporating biochar into soil improves its water retention
capacity (Wei et al., 2023). Speci�cally, the full irrigation
treatment (TB, Figure 1a) received an initial application of corn
stalk biochar (produced by high-temperature pyrolysis, 400–500°C)
incorporated into the top 0–30 cm soil layer in 2021, alongside
20,000 kg•ha-� of cow manure, with subsequent annual applications
of the same quantity of cow manure. Meanwhile, the non-full
irrigation treatment (T0, Figure 1c) had no biochar addition
(Supplementary Table S1 prov ides the fundamenta l
physicochemical properties of the 0–30 cm soil layer for TB and
T0 treatments). The planting periods for tomato were May 17, 2021,
to Sept. 19, 2021, and May 25, 2022, to Sept. 30, 2022. And tomatoes
were grown in rows 60 cm × 50 cm apart, with two drip irrigation
tapes laid out for each row.

The winter crop used for the experiment was ‘France Queen’
celery. As opposed to tomato, the celery might be grown with full or
non-full irrigation by adjusting the amount of water used. The
irrigation range for the full irrigation celery treatment was de�ned
as 70%–90% of qf (CFI, Figure 1d), and ‘I’ stood for a single
irrigation volume. Conversely, 70%I was chosen as the irrigation
volume for the non-full irrigation treatment (CDI, Figure 1f). The
Frontiers in Plant Science 03
planting periods for celery were Nov. 1, 2021, to Jan. 19, 2022, and
Nov. 15, 2022, to Feb. 11, 2023. The celery was grown in rows 20 cm
× 20 cm apart, with one drip irrigation tape laid out for each row.
Before celery transplanting, each treatment was supplied with 888
kg•hm-� of NPK compound fertilizer as a basal application,
uniformly incorporated into the plough layer. Other management
practices, such as pesticide application and weed control, were kept
consistent across all treatments throughout the entire
growing season.

Drip irrigation tapes were arranged in a patchwork
con�guration, with a working pressure ranging from 1.0 to 2.0
MPa, a rated �ow rate of 1.38 L•h-1, and a drip head spacing of
30 cm. To increase the survival rate of seedlings, tomato was
irrigated with 25-mm planting water, and celery was irrigated
with 50-mm planting water and 36-mm seedling water.
Subsequently, different experimental treatments were conducted
(Table 1). During the test, pest management and fertilization were
performed according to local customs.
2.2 Determination of leaf turgor pressure

In this experiment, the leaf patch clamp pressure (LPCP,
YARA-ZIM Plant Technology GmbH, Germany) probes were
employed to determine the output parameter (Pp). The
magnitude of Pp is inversely proportional to the change in leaf
turgor pressure; therefore, a high value implies low leaf turgor
pressure. Three healthy plants exhibiting uniform growth
FIGURE 1

Field layout diagram (a, c, d, f) and LPCP probe installation diagram (b, e) of tomato and celery experiment.
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characteristics were randomly selected from each of the two
experimental treatments. For each selected plant, a single, mature,
and fully expanded leaf, located in the upper canopy (within the
uppermost 30% of the plant’s height), was chosen for probe
installation. This exposed leaf was con�rmed to be east-facing,
and showed no signs of pest infestation, disease, or physical damage.
To maintain probe stability post-installation, leaves were supported
by handcrafted mechanisms designed to provide gentle, passive
support without compromising leaf integrity or physiology
(Figures 1b, e). Data were logged every 5 minutes throughout the
growth period. The detail of growth stage division for monitoring
leaf turgor pressure in tomato and celery were presented in
Supplementary Table S2.

In this study, the Pp diurnal variation curve is divided into two
states: State I and State II. State I (unimodal pattern): the Pp diurnal
variation curve exhibits a single principal maximum, typically
occurring around midday, with minimum values observed at
night. The diurnal cycle in State I can be characterized by four
sequential stages: valley �uctuation stage, rapid rising stage, peak
�uctuation stage, and decay stage (Xu et al., 2024). State II
(troughed pattern): the Pp diurnal variation curve exhibits a
pronounced daytime minimum, which fundamentally de�nes the
observed ‘N’, ‘M’, or ‘V’ pattern. This pattern is further
characterized by the occurrence of multiple periods of suppressed
values and potentially several distinct phases of elevated values. The
curve exhibits a variable number of extrema (both maxima and
minima) throughout the day. The determination of Pp states was
achieved through a meticulous two-step process. Preliminarily, the
identi�cation was conducted by calculating the mean Pp rise rate
from 5:00 to 10:00 and the mean Pp fall rate from 15:00 to 20:00. If
both rates were negative, it was classi�ed as a ‘V’ pattern within
State II; if any rate was negative, it was classi�ed as an ‘N’ pattern
within State II; and if both rates were positive, the preliminary
classi�cation of Pp was designated as State I. Subsequently, manual
screening via graphing was conducted to identify and correct any
omissions. The culmination of this study revealed that Pp

demonstrated State II for a duration of 97 days. Among these, the
proportions of ‘N’, ‘M’, and ‘V’ shaped curves accounted for 36.08%,
30.93%, and 35.05%, respectively.
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2.3 Determination of environmental factors

Meteorological data were collected from a fully automated
weather station inside the solar greenhouse. Monitoring indicators
included net solar radiation (Rs, W•m-2; measured by Li-200R
pyranometer, LI-COR, USA), atmospheric temperature (T, °C),
relative humidity (RH, %; measured by ATMOS-14 sensor,
METER, USA), and wind speed (WS, m•s-1; measured by ATMOS-
22 sensor, METER, USA). All variables were collected and saved by a
data logger (CR1000, Campbell, USA) at 5-minute intervals. The
saturated water vapor pressure de�cit (VPD, kPa) was calculated
using the Equation 1 (Campbell and Norman, 1999).

VPD = 0:611 � exp
17:502 � T
T + 240:97

� �
� (1 � RH) (1)

Soil water content (SWC, %) was measured at soil depth of 0–60
cm with a 10 cm interval using a time-domain re�ectometry
(TRIME-PICO IPH TDR, IMKO, Germany). Access tubes were
installed in each experimental plot before the experiment
commenced. Measurements were taken approximately every 7
days, with additional measurements conducted immediately
before and after irrigation events. During the experiment, the
volumetric water content measured by the time-domain
re�ectometry was periodically calibrated using the oven-
drying method.
2.4 Statistical analysis

SPSS 24 and OriginPro 2021 software were used for data
processing and visualization in this investigation. The
independent-samples t-test and one-way ANOVA were used to
assess the signi�cance of differences across treatments. The Duncan
technique was used for multiple comparisons (P < 0.05).

Universal transient leaf turgor pressure prediction models for
tomato and celery were developed using SVM, XGBoost, and RF
techniques. These algorithms were chosen for their effectiveness in
complex regression tasks, particularly with potentially limited
sample sizes (Zenone et al., 2022; Lu et al., 2023; Garofalo et al.,
TABLE 1 Drip irrigation details of greenhouse tomato and celery. The irrigation schedule for tomatoes includes one planting irrigation. The celery
irrigation schedule consists of one planting irrigation and one slow seedling irrigation.

Treatment
2021 2022

Irrigation amount/mm Schedule Irrigation amount/mm Schedule

TB Biochar: 30 t/ha 226.8 6 264.6 7

T0 No biochar 226.8 6 264.6 7

2021-2022 2022-2023

CFI 70%–90% qf 180 7 144.6 4

CDI 70% CFI 153 7 121.3 4
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2024). For model development, the intermittent soil water content
data were linearly interpolated to obtain daily values. It was
hypothesized that the daily values of soil water content would
remain constant for 24 hours (Cheng et al., 2017). Subsequently, Pp

and environmental parameter data were preprocessed to generate a
continuous dataset with a 5-minute time scale. Model building and
parameter optimization were performed using the scikit-learn and
XGBoost libraries of Python 3.7 (Python Software Foundation,
Wilmington, Delaware, USA). The modeling used 80% of the
input data for training and the remaining 20% for testing.
Furthermore, the two Pp states’ data could either be integrated
into a single state (whole state Pp) or separated (substate Pp) during
modeling, allowing for �exible analysis. The performance of the
models was evaluated using several metrics, including the coef�cient
of determination (R2, Equation 2), mean square error (MSE,
Equation 3), root mean square error (RMSE, Equation 4), and
mean absolute error (MAE, Equation 5).

R2 = 1 � o n
i=1(Yi � yi)

2

o n
i=1(Yi � Y)2 (2)

MSE = o n
i=1(Yi � yi)

2

n
(3)

RMSE =
�������������������������������
1
n o n

i=1(Yi � yi)
2

r

(4)

MAE = o n
i=1 Yi � yij j

n
(5)

where n is the number of samples, yi and Yi are the predicted
value and the measured value, respectively; and �Y is the average
measured value.
3 Results

3.1 Characteristics of environmental
changes during the test period

The tomato experiment was conducted in summer and autumn,
whereas the celery examination was conducted in winter and spring
(Figure 2). In comparison to winter and spring, the average Rs, T,
and VPD in the greenhouse were higher in summer and autumn,
with more variability (CV = 11.01%–45.65% for tomato, CV =
5.07%–40.88% for celery). Over the study period, the average RH
and WS during the celery trial were 9.75%–83.56% higher than
those during the tomato trial, whereas the average Rs, T, and VPD
were 34.77%–67.39% lower (P < 0.01). Interannual analysis revealed
that for tomato, the daily mean WS and VPD in 2022 were
signi�cantly lower by 16.76% and 17.66%, respectively, compared
to 2021. The daily mean Rs and RH in 2022 were signi�cantly
Frontiers in Plant Science 05
higher by 5.40% and 16.08%, respectively (P < 0.05). No notable
interannual variations in weather were observed during the celery
trial. Meanwhile, Figures 2g, h show that there were nonsigni�cant
interannual variations in SWC between the respective treatments
for each vegetable. In addition, comparing the treatments showed
that TB’s SWC markedly exceeded that of T0 (P < 0.05). Similarly,
the SWC under CFI was considerably higher than under CDI, with
an average increase of 24.37% during the 2022–2023 period.
3.2 Characterization of leaf turgor pressure
changes in drip-irrigated tomato and
celery

The daily Pp variation curves for greenhouse celery leaves and
tomato fruits during their growth phases demonstrated two
prevalent modes: State I, a unimodal diurnal variation, and State
II, troughed diurnal variation (Figures 2–4). Within State I, the Pp

showed a diurnal pattern, peaking at midday (Pp,max) and falling at
night (Pp,min). However, it exhibited Pp,max at night and Pp,min

during the day in State II. State I appeared across all stages of fruit
growth under different tomato treatments, but State II appeared
mainly in the pre-fruiting stage of 2021 and mid- and late-fruiting
stages of 2022. The percentages of State I for the TB treatments were
93.85% in 2021 and 89.74% in 2022. By contrast, T0 treatment had a
lower State I occupancy of 15.39% (2021) and 30.05% (2022) than
those of TB. Moreover, across both years, the Pp,max of T0 was
48.85%–109.14% higher than that of TB, whereas the Pp,min of T0
was 75.84%–138.39% higher than that of TB. Concurrently, the Pp

curves exhibited an upward trajectory, concomitant with fruit
expansion during the irrigation period. From DAY86 to DAY91
(2021), Pp,max increased by 9.78 kPa (T0) and 10.76 kPa (TB), while
Pp,min increased by 9.39 kPa (T0) and 5.28 kPa (TB) (Figure 3).

The proportion of Pp states remained constant during the
experimental period across different celery treatments. During
2021–2022, both CFI and CDI treatments remained in State I. In
2022–2023, two states were observed, with State II accounting for
30% of the observation time for CF and 41.67% for CD. State II
primarily appeared in the late heartleaf growth stage. However, the
mean daily Pp of CDI in both experimental periods exhibited an
increasing tendency as the celery leaves grew and developed
(Figures 2i, j). For the CDI treatment, daily Pp variations were
more pronounced than in CFI. Speci�cally, compared to the mean
daily Pp,max and Pp,min of the CFI treatment, the mean daily values for
CDI when in State I were 34.98% higher for Pp,max in 2021–2022 and
66.74% higher in 2022–2023, and 3.44% higher for Pp,min in 2021–
2022 and 94.02% higher in 2022–2023. The Pp curves of the CFI
treatment for the 2021–2022 period exhibited a gradual increase as
the growth period progressed (Figure 4). By contrast, the Pp variation
remained relatively stable across the three growth periods from 2022
to 2023, except for a decrease in mean daily Pp that occurred during
the late heartleaf growth stage (Figure 2j).
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3.3 In�uencing factors of leaf turgor
pressure in drip-irrigated tomato and
celery

The daily trend indicated that the higher the daily maximum of
Rs, T, and VPD, the greater the associated Pp,max (Figures 3–5). The
Pp of full irrigation treatments (TB, CFI) was signi�cantly lower
than that of non-full irrigation treatments (T0, CDI). For instance,
the daily average Pp for TB was 26.21 kPa in 2021 and 22.81 kPa in
2022, both of which were lower than those observed for T0. There
was a de�nite trend of decreasing Pp in the TB, T0, and CDI after
irrigation, followed by a gradual rise throughout the irrigation cycle
(Figure 2). Therefore, in the whole state and State I, Pp was
positively correlated with Rs, T, and VPD but negatively
correlated with RH, WS, and SWC (P < 0.05). However, it was
observed that while daily averages of environmental factors showed
strong correlations with instantaneous Pp, this relationship
attenuated when considering the entire growth period. This
suggests that a straightforward linear connection could not
adequately describe the effect of environmental changes on Pp.
Frontiers in Plant Science 06
The daily pattern of Pp change serves as an indicator of soil
moisture variability. Figure 6 depicts the SWC variations over
different states during the experiment. Speci�cally, the average
SWC in State II was 18.32% for greenhouse tomato and 15.86% for
celery, which were lower than those in State I. Additionally, Pp state
and SWC were combined to split the threshold. For greenhouse
tomato, State I of Pp was consistently observed when SWC exceeded
20%, while State II was characteristic of SWC below 18%. For celery,
State I was observed with SWC > 19%, and State II with SWC< 16%.
However, between 18% and 20% SWC for tomato, and between 16%
and 19% SWC for celery, the classi�cation of Pp into State I or State II
was less de�nitive, with instances of both states being observed.
3.4 Predictive modeling of tomato and
celery leaf turgor pressure under drip
irrigation

According to the above analysis results, four combinations of
inputs and outputs were established to predict leaf turgor pressure
FIGURE 2

Interdaily variations of environmental factors and Pp during the 2021–2023 test periods, with the 2021–2022 test period on the left and the 2022–
2023 test period on the right. The environmental factors include Rs (a, b), T, RH (c, d), WS, VPD (e, f), and SWC (g, h). The variations in Pp include
daily means of Pp for tomato and celery (i and j), Pp states for TB and CFI treatments (k, l), and Pp states for T0 and CDI treatments (m and n). The
blue arrow indicates irrigation (I, j). * indicates P< 0.05.
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based on the characteristics and in�uencing factors of Pp in different
states of greenhouse tomato and celery (Table 2): Combination 1
(whole state Pp prediction based on meteorological factors),
Combination 2 (substate Pp prediction based on meteorological
factors), Combination 3 (whole state Pp prediction based on
meteorological factors and SWC), and Combination 4 (substate
Pp prediction based on meteorological factors and SWC).

Figure 7 presents the assessment and prediction outcomes of all
irrigated tomato and celery treatments for various combinations.
The performance of the SVM had low R� values that showed
negligible improvement across different input combinations. In
contrast, both XGBoost and RF exhibited signi�cantly improved
performance when predictions were based on substate Pp data and
Frontiers in Plant Science 07
included SWC as an input parameter. Speci�cally, for these models,
R� values increased signi�cantly (P < 0.05), while the error metrics
(MSE, RMSE, and MAE) decreased. When the prediction outcomes
of various treatments were further compared, all Pp prediction
models developed using Combinations 3 and 4 with XGBoost and
RF had R2 values of > 0.95 (Figure 8). Among these, the RF model
using Combination 4 was identi�ed as the optimal model for
predicting leaf turgor pressure in both tomato and celery. The
average value of R2, MSE, RMSE, and MAE for the best model was
0.995, 2.418, 1.540, and 0.531, respectively. Analysis of feature
importance within this optimal model (Supplementary Figure S1)
indicated that SWC was the most in�uential parameter in both State
I and State II.
FIGURE 3

Daily changes in Pp and meteorological factors (Rs, T, RH, WS, and VPD) for tomato during the pre-fruiting (a, d, and g), mid-fruiting (b, e, and h),
and late-fruiting (c, f, and i) stages in 2021 and 2022. (A) 2021; (B) 2022. The word ‘DAY’ refers to the number of days following planting.
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