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Abstract: Detailed characterization of evapotranspiration (ET) patterns is crucial for optimizing
irrigation scheduling and enhancing water use efficiency in the North China Plain. A two-season
study conducted at the National Experimental Station for Precise Agriculture in Beijing compared
summer maize varieties with contrasting canopy sizes (JK: large canopy; CF: small canopy) using 12
weighing lysimeters. The results revealed: (1)seasonal ET patterns: daily average ET rates showed
consistent variation between cultivars, with JK exhibiting higher water consumption, the highest
daily ET of JK and CF reach 5.91 mm/day and 5.52 mm/day at V13-R1 stage in the first growth season
and reach 5.21 mm/day and 5.22 mm/day at R1-R3 stage in the second growth season, respectively.
(2)Diurnal dynamics: hourly ET fluctuations displayed similar temporal patterns across growth
stages, regardless of canopy size. The most pronounced inter-varietal ET differences occurred during
the R1-R3 reproductive stages when both cultivars maintained peak canopy development (Leaf area
index (LAI) > 4.5). Notably, ET differences between JK and CF followed characteristic diurnal
"increase-decrease" pattern, peaking in mid-morning (09:00-11:00) and early afternoon (13:00-15:00),
with minimal divergence at solar noon. (3)Transpiration differentiation: pooled data analysis
identified two critical periods driving cumulative ET differences: 12:00-17:00 during R1-R3 (anthesis)
and 08:00-16:00 during R3-R5 (grain filling). JK maintained significantly higher transpiration rates
(Tr), particularly during morning hours (09:00-12:00), with mean Tr exceeding CF by 5.3% (pre-
anthesis) and 16.0% (post-anthesis).The observed Tr differentials suggest that canopy architecture
modulates stomatal regulation patterns, with large-canopy genotypes demonstrating greater
morning photosynthetic activity but similar midday water conservation strategies. Our findings
reveal the relationship between the leaf area index and evapotranspiration of summer maize across
multiple timescales, including periodic, daily, and hourly variations. This study provides valuable
data to support precise and quantitative irrigation strategies for maize production in the region.

Keywords: daily evapotranspiration; hourly evapotranspiration; transpiration; canopy; summer
maize

1. Introduction

Maize production in North China Plain (NCP) is critical for national food security because it
occupied 32.92% of corn yield in China (Shan et al.,, 2011). However, further development of maize
production in NCP needed to consider a further deterioration of regional water resources carrying
capacity (Mei et al., 2012), which resulted from: (1)an increase of evaporative demand, (2)a reduction
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in the water availability resulted from the decreased precipitation during summer and (3)the
increased runoff loss from short-duration extreme precipitation events (Liu et al., 2005, Ding et al.,
2010, Sun et al., 2010, Ren et al., 2015, Huang et al., 2015).

Determination of ET can provide data support for making decisions regarding global water
budget and local irrigation management (Fraiture and Wichelns, 2010; Ding et al., 2012). Total ET is
essential for terrestrial hydrological cycle research because irrigation accounts for approximately 70%
of the world's total freshwater withdrawals (Wada et al., 2016). Similar ET determinations of summer
maize in NCP were reported by Liu et al. (2002)and by Kang et al. (2003), which was 423 mm and 424
mm respectively. Further determination of daily ET at various spatial scales by measuring equipment
upgrade helps agricultural producers making more precise irrigation scheme and then can better
match moisture to the daily water demand of crops (Cammalleri et al., 2012, Ma et al., 2018). Better
understanding about ET process is of great concern for the improvement of agricultural water
utilization and is critical for the sustainability of agricultural production (Tognetti et al., 2009;
Ranatunga et al., 2012). Now, with the development of precise irrigation technology, the knowledge
of crop ET at a smaller time scale is an urgent task for regional maize production in NCP., however,
deep knowledge of ET, for example, consecutive determination of daily and hourly ET of maize is
still limited in this region.

Many studies focused on the effects of climate change and its variability on ET (Harmsen et al.,
2009; Liang et al., 2010; Baguis et al., 2010, Zhang et al., 2011) and tried to find out more precise and
concise methods or alternative choices to estimate ET (Galleguillos, et al., 2017, Valipour, 2017).
Similarly, ET can also be influenced by cultivation management (Allen et al., 1998). Among many
agronomic measures, soil management practices can affect ET by increasing the soil water holding
capacity and precipitation infiltration, improving the capacity of root to extract water from the soil
profile, decreasing the leach losses (Hatfield et al., 2001), these practices were associated with some
types of manipulation of the soil by tillage and residue management and mulching. ET estimation
showed no significant difference between reduced tillage and conventional tillage (Tan et al., 2002),
zero tillage and reservoir tillage resulted in higher water potential than conventional tillage (Salem
et al., 2015), but the better method to store water in the soil profile is the straw or plastic mulch, which
was widely used in northwest China.

Another agronomic measure widely applied in northwest China is plastic mulch, which had
greater influence on water consumption than tillage (Tao et al., 2015). Mulch can prevent vast
majority of soil evaporation, meanwhile the optimized rhizosphere water environment lead to a
greater transpiration through crop canopy better developed, however, the stored heat accelerated
crop growth and caused a shorter growth period which decreased the transpiration. Making a
comprehensive survey, mulch has had changed the ratio of evaporation and transpiration (Li et al.,
2012), as well as the distribution of evapotranspiration before and after anthesis (Zhang et al., 2014),
and showed positive or no obvious effect on ET (Xu et al., 2015).

Fertilizer application is also strong related with ET, no matter compost or chemical fertilizer, can
significantly increase cumulative water use and daily transpiration (Adamtey et al., 2010), but other
researches provided evidence that the effect was not obvious from the viewpoint of water balance
and mean recharge rate (Stumpp et al,, 2013). Nitrogen fertilizer has a strong relationship with
canopy establishment and functions (Lv et al., 2008, Kitonyo et al., 2018), evaporation declined while
transpiration increased by N addition (Li et al., 2015) and as a result, affect ET (Rudnick and Irmak,
2014). A significant water by N interaction for ETa and soil profile water extraction pattern was
observed for maize and wheat by Lenka et al. (2009).

Actual ET mainly depends on irrigation amount in maize production, it increased with irrigation
up to a point where irrigation became excessive (Payero et al., 2008), and decreased significantly
when encountered soil water deficit (Zhang et al., 2004). Actual ET was impacted by irrigation
amount rather than irrigation frequency (Irmak et al., 2016), Payero et al. (2009)further indicated that
irrigation timing can also have a considerable effect on actual ET and on what proportion of actual
ET without water stress can be met with a given water allocation.
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Canopy size is an important factor affecting ET besides the meteorological factors, the cultivation
measures reported before, for it was not only a scene where transpiration (T)occurred, but also it
blocked the evaporation from soil, so the characteristics of canopy was an important converter for
those factors affecting ET. Xu et al. (2018) investigated the effect of canopy size on ET and crop
coefficient of summer maize, however, ET at microscopic time scale needs to be investigated for better
water management and water productivity in semi arid regions. Our objective of this study is to
compare the characteristics of daily ET, hourly ET and transient transpiration rate of summer maize
with diverse canopy size. Detailed analysis of evapotranspiration will give support to maize
production through a precise irrigation plan in NCP where the water deficit is a rising limitation.

Water shortage in this region limits the further development of maize production in this region,
therefore threatens national food security and environmental sustainability. The objectives of this
study include: (1)determination of maize ET at daily and hour scale, (2) comparison of maize ET at
daily and hour scale between two maize canopy size, evaluation the difference of ET under different
canopy size.

2. Materials and methods

2.1. Experimental site

The experiment was conducted at the National Experiment Station for Precise Agriculture, a
comprehensive station of Beijing Academy of Agricultural and Forestry Sciences (40.17" degrees
North, 116.39" degrees East, 50m altitude), located in northwest of Beijing, China. Atmospheric
environmental parameters including air temperature, relative humidity and solar radiation were
similar between two growth seasons, higher precipitation, longer sun duration and faster wind speed
in the first growth season than in the second season is probably related to the more occurrence of
extreme weather events in 2023, for example, the extreme precipitation event during 30t July to 1st
August in 2023.

Table 1. Environmental parameter averaged for the growing season.

Environmental parameter 2022 2023
Air temperature °C 23.9 23.8
Relative humidity % 70.6 69.6
Solar radiation W/m? 181.3 187.5
Precipitation mm/day 3.1 41
Sun duration hour 5.0 6.4
Wind speed m/s 0.6 0.9

2.2. Growth process

Maize (Zea mays L.) was cultivated from 15t June to 7% October in 2022, and from 15% June to 1st
October in 2023. Two maize varieties were applied: Jingke 968 (JK) and CF 1002 (CF). Plant density
was controlled to 6 plants m2 with a row spacing in 50 cm for all treatments. 6 lysimeters were applied
for each treatment as duplicates. 40 mm water was irrigated through a rubber tube in order to avoid
the adverse effects of previous winter wheat, the amount of mineral fertilizer included urea and
phosphoric anhydride and potassium sulfate applied in each lysimeter was 180g, 180g and 180g,
respectively, all the phosphoric anhydride and potassium sulfate as well as half urea was applied
with seeding simultaneously, the remaining portion was served as supplementary fertilizer when the
maize grown to 13 leaves. Also, to maintain a similar environment, the crop in same plant type and
density was grown in the lands surrounding the lysimeters. The identical cultivation practices such
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as tillage depth, application time and dosage of fertilizer, sowing and harvest date and weed
management was applied to both inside and outside lysimeter.

Phenological process of summer maize was recorded according to Corn growth and
development (Chad Lee, University of Kentucky, 2005-2011). Diurnal time lasts 12 hours, defined as
as 6 to 17 p.m, nocturnal time begin from 18 p.m and lasts until 5 p.m the next day.

2.3. Experimental procedures

The employed lysimeter is a suspended weighed type, it has a steel box with the size of
1mx0.75mx2.3m, isometric original soil was transported from near field in order to retain field soil
property. Considering the possible micro environmental perturbation and the water exchange
between lysimeter interior and surrounding field, the soil surface inside the lysimeter was kept flush
with the surrounding field surface yet the border is slightly higher than the ground level.
Evapotranspiration of maize for each season was measured by lysimeters in an interval of 5 minutes
with a high precision of 0.05-0.1mm. The calibration of lysimeters was conducted after the crop was
harvested so the precision can be ensured. Leaf length and width was measured using a ruler at each
growth stage including V3, V9, V13, R1, R3, R5 and maturity stage. Leaf area was calculated by
multiplying this length and width with a coefficient of 0.70 for maize. Each time one fixed plants for
maize were selected to conduct the measuring in each lysimeter. Leaf area index was then calculated
by this value and the density. Instantaneous transpiration rate of ear leaf was measured by a portable
gas exchange system (Li-Cor 6400, Li-Cor Inc. U.S.) at 9 hours including 8:00, 9:00, 10:00, 11:00, 12:00,
13:00, 14:00, 15:00, 16:00, on 15% July and on 234 August in the first growing season.

Atmospheric environmental parameters: air temperature, air humidity, air pressure, wind speed
at 2m above ground, solar radiation, sunshine duration, precipitation were recorded in a standard
weather station located at the experimental site next to the lysimeter. The field is flat and the data
from the weather station therefore represent that of the lysimeter site.

Data was filtered based on the degree of dispersion before it was tested in ANOVA, 3 and 4
lysimeters with smaller variability were selected out of each 6 lysimeters to represent different maize
varieties as duplicates in each growth season, respectively. Comparisons between groups were tested
by One-Way ANOVA analysis and LSD test using SPSS 22.0 software package.

3. Results

3.1. The development process of LAI during total growth stage

—&— JK in 2022
—O— CFin 2022
5 —w— JKin2023
—&— CF in 2023

2

2

Leaf area index m™ m

Sowing V3 V9 Vi3 R1 R3  Maturity

Growth stage

Figure 1. Leaf area index (LAI) of two summer maize varieties during two growth seasons.

According to Fig 1., leaf area index (LAI) of JK and CF increased from emergence, reach its peak
at R1 stage, and then began to decrease till the maturity stage in both two growth seasons. Analysis
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of pooled date showed that LAI of JK was significantly higher than that of CF by 18.1%, 5.0% and
10.4% at V9, V13 and R3 stage, respectively.

The diversion of LAI between JK and CF in each season resulted from: (1)the different increase
rate of LAI during the vegetative period, for instance, LAI of JK was higher (p<<0.05) than that of CF
by 19.5% (p<<0.05) and 16.5% (p<<0.05) at V9 stage in two growth seasons, and was higher than that
of CF at V13 stage by 14.5% (p<<0.05) in the first growth season. (2)Both peak LAI of JK and CF
occurred at R1 stage, however, LAI of JK was higher than that of CF by 18.3% (p<<0.05) in the first
growth season and was lower than that of CF by 5.3% (p<<0.05) in the second growth season. (3) The
different decrease rate of LAI during the reproductive period, for instance, LAI of JK was lower (p<
0.05) than that of CF at R3 stage by 16.6% (p<<0.05) and at Maturity stage by 11.2% (p<<0.05) in the
second growth season.

Inter-annual variation of LAI during the vegetative period was similar for JK and CF, LAI at V9
stage was 77.4% (p<<0.05) and 73.1% (p<<0.05) higher in the first season than in the second season for
JK and CF, and LAI at V13 stage in the first season was 43.1% (p<<0.05) and 21.5% (p<<0.05) higher
than in the second season for JK and CF, respectively. However, inter-annual variation of LAI at
reproductive period was diverse for JK and CF, LAI at R1 in the first season increased by 19.7% (p<<
0.05) when compared with that in the second season and showed no significant difference at R3 stage
and Maturity for JK, LAI at R3 stage and Maturity stage was 12.3% (p<<0.05) and 12.8% (p<<0.05)
higher in the first season than in the second season for CF and showed no significant difference at R1
stage for CF, respectively.

3.2. Daily evapotranspiration at different growth stages in two seasons

. K-2022
[ CF-2022
N JK-2023
| 3 cF2023

Periodical evapotranspiration mm
IS

Il

S-V6 V6-V13 V13-R1 RI1-R3 R3-R5 R5-M

Grwoth stages
Figure 2. Averaged daily ET of summer maize in two growth seasons.

Daily ET averaged for different growth periods and for total growth season was showed in Fig

Temporal distribution of average daily ET was different for JK and CF in the first season, JK:
V13-R1>R1-R3>V6-V13>R3-R5>R5-M >S-V6, CF: V13-R1>R1-R3>R3-R5%V6-V13>R5-M > S-
V6, and was same in the second season: R1-R3 > V13-R1 > R3-R5 > R5-M > V6-V13 > S-V6,
respectively. The highest daily ET of JK and CF reach 5.91 mm/day and 5.52 mm/day at V13-R1 stage
in the first growth season and reach 5.21 mm/day and 5.22 mm/day at R1-R3 stage in the second
growth season, respectively. It demonstrated that the peak water consumption occurred around R1

stage when canopy size reach its peak according to Fig 1.

Further on, daily ET at different growth periods was higher for JK when compared with that of
CF in the first season, especially at the R1-R3 period, which was 1.03 mm/day (p<<0.05), and the
descend range of averaged daily ET from V13-R1 to R1-R3 for JK was also significantly lower than
that of CF in the first growth season. Daily ET of JK was 0.15 mm/day higher than that of CF at the S-
V6 period (p<<0.05) and was close to that of CF at other growth periods in the second growth season,
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the increment of averaged daily ET from Sowing-V6 to V6-V13 was 0.90 mm/day for JK, which was
significantly lower than 1.16 mm/day for CF in the second growth season. It can be inferred that the
difference of daily ET occurred around R1 stage may had larger influence on the difference of daily
ET averaged for the total growth stage when compared with the corresponding difference occurred
at other growth period.

In comparison to daily ET at corresponding stages in the second growth season, daily ET for
each maize variety significantly increased at three growth stages: S-V6, V6-V13, V13-R1, decreased at
last two growth stages: R3-R5 stage (p>0.05) and significantly decreased at R5-Maturity stage during
the first growth season. It is worth noting for the adverse annual variation of daily ET at R1-R3 stage
that daily ET of JK increased (p>>0.05) when that of CF significantly decreased at R1-R3 stage in the
first growth season when compared with corresponding daily ET in the second season respectively.

3.3. Hourly evapotranspiration averaged for total growth stage

5 5

ET per hour mm/h
ET per hour mm/h

2023

o1 L L L L L o1 L L L L L
00:00 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

Time Time

Figure 3. Hourly ET averaged for total growth season of summer maize in different seasons.

Hourly ET averaged for total growth stage was showed in Fig 3. Variation of hourly ET was
similar for JK and CF in each season. In the first season, hourly ET of JK was significantly higher than
that of CF at 5:00, 7:00, 8:00, 9:00, 10:00, 15:00, 16:00, and was significantly lower than that of CF at
20:00, 22:00, 23:00 in the first season, respectively. In the second season, ET difference was not
significant between JK and CF at each individual hour. Hourly ET difference reach its first extreme
value that was -0.0153 mm/hour and 0.0426 mm/hour at 9:00 and reach its second extreme value that
was 0.0214 mm/hour and 0.0252 mm/hour at 15:00. It is noteworthy that the difference of individual
hourly ET was not significant at noon from 11:00 to 14:00, although this time frame was considered
as the peak of daily ET.

According to our observation, more than 50% of diurnal ET occurred at afternoon (12:00-17:00)
in both two seasons. However, the accumulated difference of hourly ET between JK and CF was
significant at afternoon (12:00-17:00) in the second season and was significant at morning (6:00-11:00)
in the first season, respectively. Further investigation revealed that majority of daily ET accumulated
at the daytime in both two seasons, however, hourly ET difference accumulated during daytime were
0.31 mm (p<<0.05) between JK and CF in the first season, and were 0.05 mm (p=>0.05) between JK
and CF in the second season, respectively. On the other hand, the accumulation of hourly ET occurred
during nocturnal time were 0.08 mm and -0.04 mm between JK and CF in the corresponding seasons
respectively.
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Figure 4. Hourly ET averaged for total growth season of summer maize in the first growth season.
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Figure 5. Hourly ET averaged for total growth season of summer maize in the second growth season.

Fluctuations of hourly evapotranspiration (HET) of summer maize at different growth stages in
the first growth season and the second growth season were showed in Fig 4. and Fig 5., respectively.
The peak of hourly ET occurred at 11:00 and 13:00 more than other hours. The peak of hourly ET of
both two maize varieties increased with the development of canopy, from 0.26 mm/hour and 0.27
mm/hour at 5-V6 stage to 0.62 mm/hour and 0.61 mm/hour at V13-R1 stage for JK and CF in the first
growth season, from 0.16 mm/hour and 0.15 mm/hour at S-V6 stage to 0.61 mm/hour and 0.61
mm/hour at R1-R3 stage for JK and CF in the second growth season, respectively. The peak of hourly
ET of both two maize varieties decreased with leaf senescence development, from 0.62 mm/hour and
0.60 mm/hour at R1-R3 stage to 0.22 mm/hour and 0.27 mm/hour at R5-M stage for JK and CF in the
first growth season, from 0.59 mm/hour and 0.48 mm/hour at R3-R5 stage to 0.45 mm/hour and 0.43
mm/hour at R5-M stage for JK and CF in the second growth season, respectively. Peak value of hourly
ET was higher in the first growth season than in the second growth season at most growth stages
except the final R5-Maturity stage, which maybe caused by 6 day harvest earlier in the second growth
season.

The biggest difference of these peaks among all growth stages, exhibiting one hour time-lag
between two maize varieties, which was 0.0593 mm/hour at V6-V13 stage in the first growth season
and was 0.0783 mm/hour at R3-R5 stage in the second growth season, respectively. However, the
biggest difference of the peak of hourly ET was lower than the biggest difference of hourly ET, which
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was 0.1425 mm/hour in the first growth season (at 16:00, R1-R3 stage)and was 0.0999 mm/hour in the
second growth season (at 13:00, R3-R5 stage), respectively. The difference of hourly ET between
maize varieties decreased with the increase of hourly ET may implied a limitation or a ceiling for
hourly ET of summer maize.

Averaged for two years, there were 7 hours at R1-R3 stage including 3:00, 5:00, 7:00, 9:00, 10:00,
15:00, 16:00 and 3 hours at R3-R5 including 12:00, 13:00, 19:00 when hourly ET of JK was significantly
higher than that of CF, those differences of HET lead to significant accumulated differences of HET
for 12:00-17:00, and finally made the significant accumulated difference of HET for 24 hours at two
stages.

The annual difference of hourly ET was significant for JK and CF during the afternoon: 13:00,
16:00 at Sowing-V6 stage, 12:00-17:00 at V6-V13 stage, 13:00-16:00 at V13-R1 stage, 16:00 at R3-R5
stage, 12:00-16:00 at R5-Maturity, respectively.

3.4. Transpiration rate at plant level

—— K
—O— CF

Transpiration rate mmol !
IS

m

07:00 09:00 11:00 13:00 15:00 17:00

©

Hour

Figure 6. Leaf transpiration rate during pre-anthesis period.
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Figure 7. Leaf transpiration rate during post-anthesis period.

Transpiration rate (Tr) of summer JK and CF at pre-anthesis period and post-anthesis period
was showed in Fig 6 and Fig 7. Tr of JK was higher than that of CF at 9:00, 10:00, 11:00, 12:00, 15:00,
and was lower than that of CF at 8:00, 13:00, 14:00 and 16:00, either at pre-anthesis or at post-anthesis,
respectively. Actually, the significant difference of Tr between two maize varieties from 9:00 to 12:00
was 16.8%, 31.8%, 23.0%, 20.7% during pre-anthesis and 57.0%, 46.5%, 21.5%, 22.2% during post
anthesis, respectively. Among other hours, Tr of JK was significantly lower than that of CF at 14:00
by 16.1% at pre-anthesis and was significantly higher than that of CF at 15:00 by 41.7% at post-
anthesis, respectively.

In compared with pre-anthesis, Tr increased significantly at every hour at post-anthesis for JK
and CF respectively. Averaged Tr at diurnal time (8:00 -16:00) was 5.3% and 16.0% higher for JK than
CF at pre-anthesis and post-anthesis respectively. Further, averaged Tr at forenoon (8:00 - 12:00) of
JK was significantly higher than that of CF by 20.0% and 28.7% , in contrast of -9.0% and 1.5% at
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afternoon (13:00 -16:00), respectively. In consequence, the difference of Tr between two maize
varieties depends on the difference formed at forenoon.

4. Discussion

Daily evapotranspiration (ET) serves as a critical indicator for irrigation scheduling, exhibiting
distinct spatial characteristics. In this study, daily ET variations fell within the range reported for
summer maize in the North China Plain (Liu et al., 2002; Liu et al., 2010). Daily ET was higher for JK
with larger canopy size across most growth stages. During the second season, daily ET of JK was
slightly higher than that of CF because canopy size was similar before R1 stage, and the significantly
higher daily ET for JK in compared of CF relied on the significantly larger canopy size or LAI for JK
during V9-R1 period in the first season (Fig 1.). The positive correlation between daily ET and LAI
highlights the influence of individual canopy size on maize evapotranspiration.

There are few reports about the effect of individual canopy size on maize evapotranspiration,
but the positive effect of canopy size under various planting densities on maize ET can be used as
reference. Higher plant density resulted in more evapotranspiration during the whole growth season
(Jiang et al., 2014), except for its initial growth stage when barely canopy difference occurred (Chen
et al., 2019), significant ET increment under medium and high plant density treatments occurred
during V10-R1 stage while canopy size was significantly enhanced simultaneously (Wang et al.,
2017). In this study, 48.2% of daily ET difference averaged for two growth seasons depended on the
significant difference of daily ET at R1-R3 stage. This stage is considered as a period with high water
consumption and high water sensitivity for maize (Wang et al., 2021), and is also regarded as a period
with the maximum LAI difference for canopy maintains its high capability of transpiration and
photosynthesis after fully establishment (Li et al., 2018). According to our results, the absence of
significant LAI difference at R1 stage when annual variation of daily ET was significant for JK and
insignificant for CF, is the primary reason of the temporal diversity of the occurrence of the significant
ET difference, regardless of the significant difference of LAI at other stages such as V9, V13, R3 stage,
when maize maintained a large canopy size under adequate meteorological conditions for
evapotranspiration (enough radiation and sun duration) in NCP.

The LAI difference at the critical stage also influenced the proportion of diurnal difference in
daily difference of ET. Diurnal ET was the main component of daily ET (Irmak, 2011). In this study,
diurnal ET accounted for 93.7%-97.3% of daily ET averaged for total growth season (Fig 3.), hence, it
is reasonable that diurnal difference composes 87.2% of the difference of daily ET. However, the
proportion was 24.7% and 117.1% for two seasons respectively. According to our investigation, the
primary reason is the significant difference of diurnal ET between two maize varieties at R1-R3 stage
in the first season. We can further deduced that reduced diurnal difference of hourly ET may lead to
the increased nocturnal difference because less water consumed at daytime means more available
moisture conserved in the soil at nighttime, and vice versa.

Transpiration is the majority of maize evapotranspiration, accounting for 65.0%, 78.3%, 81.8%,
and 50.0% in four growth stages of jointing, booting, tasseling, and filling-mature, respectively
(Zhang et al., 2014). Transpiration increased with plant density ranging from 52,500/60,000 plants ha-
1t0 97, 500/90, 000 plants ha! (Ren et al., 2016, Chen et al., 2019). Similarly, the individual canopy size
also has a positive effect on hourly transpiration rate at whole plant level (represented as TrxLA)
when averaged for diurnal time (8:00-16:00) at pre-anthesis and at post-anthesis respectively.
Transpiration was driven by radiative energy and evaporative demand (vapor pressure deficit, VPD)
in daytime (Kukal et al., 2022), therefore, the response of transpiration to solar radiation was
enhanced by larger canopy, and the dependance of transpiration on leaf area as the plant growth
progressed was widely reported (Villalobos and Fereres, 1990; Herbst et al., 1996; Steduto and Hsiao,
1998; Basso and Ritchie, 2015). It is worth pointing out that seasonal transpiration is positively and
closely correlated with maximum LAI across plant densities and seasons (Hernandez et al., 2021).
Here we also found that hourly TrxLA and TrxLA of both two maize varieties averaged for the
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forenoon (8:00-12:00), afternoon (13:00-16:00) and diurnal time (8:00-16:00) significantly increased at
post-anthesis when the canopy fully established.

Although variations of transpiration rate were similar for maize varieties with different canopy
size (Fig 6. and Fig 7.), there were several diversities that worth noting: (1)faster startup transpiration
rate for JK at the beginning of morning and higher final transpiration rate for CF at 16:00. (2) 1 hours
time lag of the maximum hourly ET, which occurred at 12:00 for JK and at 13:00 for CF, respectively.
(3) the downtrend Tr rose briefly at 15:00 and then continued to decline for JK instead of CF during
the afternoon. Transpiration rate, determined either at leaf level or at individual plant level by
multiplying leaf area, was identified as the transient transpiration rate, which was determined by the
hydraulic conductivity of the plant-soil interface or vapor pressure deficit under water stress
conditions (Hayat et al., 2019). Hence, during the early morning, for instance at 9:00 or 10:00, the
transient transpiration rate would remain high when the evapotranspiration demand is lower than
at noon (Wu et al., 2011). According to our analysis, strong transpiration under large canopy leads to
rapid depletion of soil moisture, lower soil water content then in turn limits the subsequent
transpiration (Novak et al., 2005). Therefore, it is well understood that the positive effect of canopy
size on transpiration relies more on the significant difference of Tr averaged for forenoon (8:00-12:00)
than for afternoon (13:00-16:00), especially on the significant difference of hourly transpiration at four
consecutive hours involving 9:00, 10:00, 11:00, 12:00. We speculate that available water in rhizosphere
soil is enough for supporting transpiration in the forenoon and it may cost about two hours to recover
from the decreased water potential, either from the nearby soil with higher water potential through
horizontal transfer or from deeper soil profile through vertical movement such as capillarity
phenomena (Wu et al.,, 2015, Ramos et al,, 2017, Wang et al., 2020). In our opinion, the temporal
variation of plant transpiration and its coupling relationship with soil water dynamics in both
horizontal and vertical directions requires further analysis.

However, we found sporadic temporal consistency between the difference of daily ET and the
difference of TrxLA at the date of measurement, just at 10:00, 11:00, 12:00 at pre-anthesis. ET and Tr
was measured at field level and at leaf level in this study, representation of ET scaling up from leaf
level to plant level and field level is important for better understanding of efficient water utilization
of summer maize, because it related transpiration with photosynthesis through stomatal movement
(Jones H G., 1998; Katul G., 2010). In this study, TrxLA is a method widely applied for ET
representation scaling up from leaf level to plant level from statistics, ignoring the diversities of
canopy structure and capacity (leaf angle, orientation, stomata density, etc.), as well as water transfer
in stem. Further, soil evaporation and the consequent spatial and temporal distribution of soil water
content should be taken into account when ET representation needs to scale up to field level.

5. Conclusion

Analysis of pooled date revealed the advantage of maize variety with large canopy size that LAI
of JK was significantly higher than CF by 18.1%, 5.0% and 10.4% at V9, V13 and R3 stage, respectively.
Larger canopy size at R1 stage may lead to the significant difference of daily ET between JK and CF,
because the significant difference of daily ET between JK and CF was 1.03 mm/day at R1-R3 stage,
higher daily ET of JK in compared with that of CF also occurred at V6-V13 stage, V13-R1 stage, R3-
R5 stage in the first growth season (p>0.05). Diurnal ET difference accounted for 24.7% and 117.1%
of daily ET difference,in spite of the proportion of diurnal ET in daily ET was 95.0% and 95.2% for JK
and 97.3% and 93.7% for CF in each growth season respectively.

Hourly ET of L was higher than that of CF among diurnal 12 hours in the first season, especially
at 7:00, 8:00, 9:00, 10:00, 15:00, 16:00 (p<<0.05). Accumulated hourly ET difference during the afternoon
(12:00-17:00) was 0.080 mm and 0.088 mm in each growth season, when the variation of sum of hourly
ET difference during the forenoon (6:00-11:00) was -0.054 mm and 0.170 mm respectively. Hourly ET
of JK was higher than that of CF among diurnal 12 hours in the first growth season, especially at 7:00,
8:00, 9:00, 10:00, 15:00, 16:00 (p<<0.05). Hourly ET difference showed an “increase-decrease” process
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both in the forenoon and in the afternoon. It was noteworthy that the difference of hourly ET
decreased to near 0 mm/hour at noon when the peak hourly ET occurred.

The significant difference of Transpiration rate between two maize varieties from 9:00 to 12:00
was 16.8%, 31.8%, 23.0%, 20.7% at pre-anthesis and 57.0%, 46.5%, 21.5%, 22.2% at post anthesis,
respectively. Among other hours, Tr of JK was significantly lower than that of CF at 14:00 by 16.1%
at pre-anthesis and was significantly higher than that of CF at 15:00 by 41.7% at post-anthesis,
respectively. Averaged Tr at diurnal time (8:00-16:00) was 5.3% and 16.0% higher for JK than CF at
pre-anthesis and post-anthesis respectively.Further, averaged Tr at forenoon (8:00- 12:00) of JK was
significantly higher than that of CF by 20.0% and 28.7%, in contrast of -9.0% and 1.5% at afternoon
(13:00-16:00), respectively.
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