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Abstract: A precise estimation of plant water use is crucial for efficient irrigation management and
understanding of plant-water interactions. Metalized-polyethylene mulch as a ground cover, com-
bined with irrigation management, can improve water and fertilizer use, efficiency growth, and yield
of young citrus trees, compared to bare ground. Thus, a study was undertaken to (i) compare daily
water use, using the stem heat balance (SHB) method on <4-year-old citrus trees using three irrigation
methods, and (ii) to determine soil moisture content, as well as total available soil water (TASW) in
the irrigated zone. Three irrigation methods, regulated deficit irrigation (RDI), conventional drip
irrigation (CD), and microsprinkler irrigation (MS), were applied on two sandy soils in central and
southwest Florida with treatments further split between trees grown on 2.4 m mulched beds (M)
and bare ground (NM) to form a factorial design. Measurements included sap flow, canopy size,
leaf area index (LAI) and soil moisture. The result of this study shows greater values for the trunk
cross-sectional area, canopy volume and LAI for both mulch treatments, in comparison to bare
ground treatments. The sap flow data suggest that RDI resulted in higher water use than both CD and
MS. The hourly sap flow was 120, 99 and 163% greater in M-RDI than M-CD, NM-CD and NM-MS,
respectively. Mulched ground cover showed a higher soil moisture average at all soil layers (8-, 15-
and 45-cm depth). For instance, the mulched ground cover showed higher soil moisture (37%) at
a 15 cm depth at the Entisol site, followed by 30% at a 45 cm depth and 25.3% at depth 45 cm for
the Spodosol site. The TASW values varied between 100 to 136% for both mulch and bare ground
treatments. The irrigation systems used showed water contents close to field capacity, indicating that
water was not limiting despite the different irrigation schedules. The high-water uptake is ascribed
to frequent irrigation applications and pulses, and improved water distribution in the irrigated zone
as a result of the mulch. These findings demonstrate the potential of metalized-polyethylene mulch
and regulated drip irrigation to enhance water use efficiency.
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1. Introduction

Reflective mulch has long been used to repel aphids, thrips, and whiteflies from
colonizing a variety of young crop plants, presumably by disorienting the insects during
flight [1]. Aluminum foil was first tested in the 1950s, as mulch for various vegetables, and
was shown to repel green peach aphids in 1968 [2,3]. Since those earlier studies, various
types of reflective mulch have been developed for a wide range of crops and shown to
significantly increase crop yields [1]. Possible repellence of bees could be a concern in
many crops on which they are needed for pollination, but Moore et al. (1965) found more
honey bees, as well as a reduction in agromyzid leafminer damage in squash growing on
aluminum mulch in Florida compared to black mulch or bare ground [4].

Mulching by plastic polyethylene has proved its effectiveness in soil moisture conser-
vation and increasing the growth and yield and enhancing the quality in various citrus
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cultivars [5-7]. The practice of mulching helps with the proper growth and development
of plants by modifying soil temperature, providing better nutrient availability, and by
better water conservation [8]. In the study on kinnow mandarin, drip irrigation with
black-polyethylene mulch significantly improved the soil moisture content, yield, and
fruit quality over bare ground [9,10]. Drip irrigation and plastic mulch also increased soil
moisture content (41%) in Kinnow mandarin [11]. Plastic film mulching (PFM) around
fruit trees could effectively improve the fruit quality of Citrus grandis cv. ‘'Hongroumiyou’
and ‘Sanhongmiyou’ by promoting fruit coloration and sugar accumulation [12]. Proper
management of available irrigation water and conservation of moisture for a longer dura-
tion in the root zone of the tree canopy plays an important role in enhancing the yield and
fruit quality [13,14]. Mulching plays an important role in the conservation of soil moisture
during dry periods. In a study on Acid Lime, polythene mulch with a black side facing
upward improved plant growth, fruit yield, and quality, as compared to bare ground. By
having a maximum soil moisture content of about 36% in polythene mulch, it might have
increased plant-growth parameters [15].

A study on early season peaches also reported that soil moisture levels were 10%
higher under the extended-reflective mulch compared to similar bare ground areas [16].
Additionally, in New Zealand, the reflective mulch treatment improved peach quality, in-
creasing soluble solids (SSC), dry matter content, flesh firmness, and taste panel scores [17].
Apart from the expected water economy, reflective mulch is often used to improve light
penetration inside the canopy and improve fruit quality and growth. In Germany, the use
of reflective mulch in apples increased the red skin color, mainly in fruit from the lower
part of the canopy [18].

Irrigating crops based on evapotranspiration can increase production efficiency [19,20].
Therefore, studies have proposed the Advanced Citrus Production System (ACPS), which
combines an adaptation of the open hydroponics system (OHS) with high tree density
on semi-dwarfing rootstocks, and has been proposed as a modification to current mi-
crosprinkler irrigation [21-23]. OHS is an integrated system of drip irrigation, nutrition,
and horticultural practices developed in Spain to improve production on gravel-based
soils with low fertility, providing tight control over water and nutrient-mediated plant
growth and development [23-25]. The OHS ensures precise control over water and nutrient-
mediated plant growth and development by using irrigation to train the root system into a
limited area and fertigates with daily nutrient requirements [26].

In a review by Chai et al. (2016), among regulated deficit irrigation (RDI) approaches,
partial root-zone irrigation was the most popular and effective because many field crops
and some woody crops can save irrigation water up to 20 to 30% with or without a minimal
impact on crop yield [27]. They found that the mechanisms involved in the plant response to
RDI-induced water stress include the morphological traits, e.g., increased root to shoot ratio
and improved nutrient uptake and recovery. They concluded that in many crop species,
such as green gram, maize, cotton, sunflower, potato, tomato, almond, apple, grape, and
peach, the foremost benefit of using RDI is to reduce the amount of irrigation and increase
water use efficiency, but crop yield can be increased (cotton, potato, grape), maintained,
or decreased (wheat, sunflower). Studies have shown that crops with RDI can increase
nutrient use efficiency through the promotion of nutrient recovery after a short period of
water stress. For example, RDI to maize enhanced the ratio of N uptake in plants to the N
supplied by 16%, compared to fully irrigated control [28]. It also showed that RDI generally
increases the root to shoot ratio [29,30]. Deficit irrigation strategies may also influence
fruit quality. Apples from regulated deficit-irrigated trees had higher total soluble—solid
content and titratable acidity than control fruit, and a similar fruit diameter, fresh mass,
flesh firmness, and maturity index [31]. For instance, a study on peaches showed that
deficit irrigation improved the nectarine quality, as well as soluble—solid content. It also
showed that nectarines from trees on reflective mulch had better skin color, harder flesh,
more maturity, higher acidity and dry matter than fruit from control trees [32]. Several
authors reported that deficit irrigation improved peach fruit quality without affecting
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tree productivity [33,34]. In research by Guizani et al. (2022), most cultivars showed an
improvement of fruit quality under sustained deficit irrigation and the best antioxidant
activity under cyclic deficit irrigation [35].

The study estimated tree water use in young citrus trees irrigated with different
irrigation methods. The stem heat balance (SHB) technique was used to calculate water use,
and measurements were taken based on plant sap flow and plant size. The study compared
the water use of trees irrigated with regulated drip irrigation (RDI), conventional drip
(CD) irrigation, as well as microsprinkler (MS) irrigation with and without metalized UV-
reflective mulch. The objectives of the study were to (i) evaluate the impact of UV-reflective
mulch on aboveground tree growth and soil moisture in young citrus trees using three
different irrigation methods on Florida Spodosol and Entisol; and (ii) aim to determine tree
water use using the SHB method and to examine the relationship between hourly sap flow
and time of day.

2. Materials and Methods
2.1. Site Description

Two sites were studied for this research: (i) an Entisol site (ES) located in Lake Al-
fred, FL (lat. 28°6'28.01"" N, long. 81°42/50.77"” W) on Candler fine sand (hyperthermic,
uncoated Lamellic Quartzipsamments); and (ii) a Spodosol site (SS) located in Immokalee,
FL (lat. 26°27'44.47" N, long. 81°26/47.84'" W) on Immokalee fine sand (sandy, siliceous,
hyperthermic Arenic Alaquods). ‘Valencia’ (Citrus sinensis) orange trees grafted on Carrizo
citrange [C. sinensis (L.) Osbeck Poncirus trifoliata (L.) Raf.] rootstock trees were planted
in 2019 at =1.8 x 6.1 m at ES. The same orange variety was grafted on Swingle citrumelo
(Citrus paradisi Macf. and Poncirus trifoliata (L.) Raf.) rootstock at 1.5 x 3.6 m at SS. At SS,
shallow swales have been designed for the rapid removal of surface water. The soils at
all sites have comparable water and nutrient holding capacities above the Spodic horizon
(Table 1), which is characteristic of citrus-producing soils in Florida [36].

Table 1. Selected soil physical and chemical properties for the Entisol (ES) and Spodosol (SS) sites.

. Soil . Saturated HC at Saturated MC at Residual

Site Depth pH oM Sand Silt Clay BD HC FC MC FC MC

cm % e Yo------- g/em cm/h cm?/cm?®

ES 0-15 53 1.96 95.4 1.4 32 1.65 15.53 0.34 0.36 0.07 0.009
ES 15-30 49 1.56 94.8 2.3 29 1.64 15.94 0.31 0.33 0.10 0.009
ES 30-45 5.6 1.61 94.8 2.3 2.9 1.57 14.76 0.77 0.31 0.10 0.009
ES 45-60 5.4 1.28 95.1 1.8 3.1 1.68 15.73 0.11 0.42 0.09 0.009
SS 0-15 5.6 0.61 98.0 1.2 0.8 1.62 15.82 0.37 0.34 0.09 0.013
SS 15-30 52 0.41 97.2 2.7 0.1 1.62 13.97 0.15 0.36 0.10 0.013
SS 30-45 5.8 0.49 95.0 2.5 2.5 1.59 13.22 0.63 0.39 0.10 0.013
SS 45-60 5.9 0.27 88.5 1.4 7.1 1.61 14.57 0.35 0.32 0.10 0.013

Note: OM: organic matter; BD: Bulk density; HC: hydraulic conductivity; FC: Field Capacity; MC: moisture
content.

2.2. Irrigation, Mulch and Experimental Design

In this study, three irrigation treatments were applied to replicated trees indepen-
dently: (i) conventional microsprinkler irrigation (MS), (ii) conventional drip irrigation
(CD), and (iii) regulated deficit irrigation (RDI). The microsprinkler was placed at about
15 cm perpendicular to the tree row, providing 40 L h~! for the MS irrigation to irrigate
and fertigate at specific soil water depletions, while one drip line and two integral 8 L h~?
pressure-compensating drip emitters (Maxijet), spaced at 15 cm from the tree, were used
for the CD irrigation to irrigate and fertigate weekly in small pulses to replace daily ET..
For the regulated deficit irrigation, two drippers were placed at about 15 cm perpendicular
to the tree row that receives 75% of the CD irrigation.

Half of the plots were established with metallized-reflective mulch (M) treatment,
randomly. After recommended site preparation, 2.4-m-wide rolls of mulch were laid
(Figure 1) on the mulch-assigned plots and soil was backfilled to about 15 cm depth.
The plots with mulch included either conventional drip irrigation (M-CD) or regulated
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deficit irrigation (M-RDI), and selected plots with bare ground included conventional
drip irrigation (NM-CD), regulated deficit irrigation (NM-RDI) or microsprinkler irrigation
(NM-MS) with nutrients applied through fertigation at periodic intervals. The total nitrogen
(N) application was similar for all treatments.

Figure 1. The 2.4-m-wide UV reflective mulch on conventional drip irrigation (CD) at the Entisol Site
in Lake Alfred, FL. Credit: Hossein Ghoveisi.

Plots consisting of six trees, serving as replications and one border tree at each end,
were assigned in a randomized complete block.

2.3. Estimation of Soil Moisture in the Irrigated Zone by Using Soil Moisture Sensors

To determine the effects of different irrigation treatments on soil water content in the
irrigated zone, soil water sensors were used to measure soil moisture on Candler sand and
Immokalee fine sand [37]. The sensors used were TEROS-10, using the capacitance methods
by Meter Group, Pullman, WA, and measurements were recorded using an automated
Z1-6 data logging system (Meter Group, Pullman, WA, USA).

Soil moisture was measured every 30 min at 8-, 15- and 45-cm depths in M-CD and
NM-CD plots at both sites. The sensors were installed at both sides of the trees at the
selected depths, because most roots of young citrus trees are concentrated within 30 cm of
the soil surface [38,39]. Volumetric water content was expressed as a percentage. Changes
in soil moisture storage (AS) between depths z; and z;, zy, and z3, and so on (dz) were

determined as [40]:
Z

Z
AS = / 29(2,1‘1)012—/ 29(2,1%2)dz (1)
Z1 Z1
where 6 is the moisture contents (cm® cm~3) at depths z; and z,.

The total available soil water (TASW expressed as a percentage) was determined as:

TASW = <9_6r> x 100 2)
Orc — 6r

where 0 is the moisture content (cm3 cm*3) at a particular depth; 6, is the residual moisture
content (cm® cm~3) corresponding to the permanent wilting point; and 8¢ is the moisture
content at field capacity (cm® cm~3).
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2.4. Estimation of Stem Flow

In this study, water uptake was measured using sap flow sensors from Dynamax Inc.
(Houston, TX, USA) installed on one branch in each of the four trees per treatment (each
tree serving as a replicate, [37]) from 11 August 2021 to 23 August 2021, from 16 September
2022 to 26 September 2022 at ES, and from 23 November 2021 to 6 December 2021 and
30 August 2022 to 12 September 2022 at SS. The sensors were connected to a data logger
(CR1000, Campbell Scientific Inc., Logan, UT, USA) to record data every hour. The data
obtained from the logger (in g h~!) were then converted to water flow per unit and stem
area per unit time (g cm~2 h™1!). The sap flow measurements were performed for about
two weeks, which is the standard in using the SHB technique [37,41].

2.5. Tree Measurements

Tree canopy volumes (TCV) were calculated using the formula for a prolate spheroid
as Equation (3) [37].

TCV = (;L) thr? (3)

where h is tree height, and r is the mean canopy radius. To obtain the mean canopy
radius, the canopy width was measured in the east-west and north—south directions. Trunk
diameter was estimated from averaging the diameter in the east-west and north-south
directions, and then the trunk cross-sectional area was calculated using the formula 72,
where r is the trunk radius. Leaf area index (LAI) of each tree for each plot was measured
using a canopy interception (ACCUPAR LP-80, Meter Group, Pullman, WA, USA) during
a sunny day in September 2021 and 2022 at both ES and SS sites. The LAI measurements
were taken in two directions: the northwest-southeast and northeast-southwest directions
around a tree, and were averaged as an estimate of the tree LAL

2.6. Data Analysis

Two-way analysis of variance (ANOVA) was performed to determine treatment effects
on tree characteristics, LAI and soil moisture, using R software (R version 4.3.0). The data
were tested for linearity, normality, homogeneity of variance, and independent errors before
the derivable statistics analyses were performed. For F-tests with a statistical difference at
(p < 0.05), the Tukey—Kramer honest significant difference test was used to compare the
means. All graphs were plotted and relationships between the sap flow and time were
analyzed using Sigma Plot 15 (SigmaPlot 15, Systat Software, San Jose, CA, USA).

3. Results and Discussion
3.1. Tree Characteristics

The trunk cross-sectional areas and canopy volumes at both ES and SS sites show that
tree size characteristics are higher in mulch plots (Figures 2 and 3). At ES, for instance, the
M-RDI resulted in 21.6% and 34.8% larger trunk cross-sectional compared to NM-CD and
NM-MS in May 2021, and 22% and 27.1% in September 2022, respectively (Figure 2). At
S5, M-CD showed 41.1% and 31.2% greater trunk cross-sectional area than NM-CD in June
2021 and September 2022, respectively (Figure 2).

There is no significant difference between M-RDI and M-CD at ES (p < 0.05); however,
at SS, conventional drip irrigation showed a larger trunk cross-sectional area compared to
RDI (Figure 2).

The results of the canopy volume at ES showed that there was a 53% and 65% larger
canopy volume for M-RDI and M-CD, than NM-CD, respectively, in May 2021, and 28%
and 65% in September 2022 (Figure 3). At SS, M-CD showed a 38% and 9% greater canopy
volume than NM-CD in June 2021 and September 2022, respectively. The CD irrigation at
SS also resulted in higher canopy-volume values compared to RDIL.
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Previous studies indicated that for a wide range of crops, reflective mulch increased
the trunk-sectional area and the canopy volume, significantly [1,5-7,15,42].

ES - May 2021 ES - Sep 2022

25 +

20 +

Trunk Creoss Sectional Area (cm?)
Trunk Creoss Sectional Area (cm?)

T
M-RDI M-CD NM-CD NM-MS M-RDI M-CD NM-CD NM-MS

SS - June 2021 SS-Sep 2022

20 + aﬂ

Trunk Cross Sectional Area (cmz)
[=>]
Trunk Cross Sectional Area (cm?)

T
M-CD M-RDI NM-CD NM-RDI M-CD M-RDI NM-CD NM-RDI

Figure 2. Trunk cross-sectional area characteristics—Entisol site and Spodosol site. Error bars denote
one standard deviation. CD stands for Conventional Drip irrigation, RDI for Regulated Deficit
irrigation, MS for Microsprinkler irrigation, M for Mulch and NM stands for Bare ground. Means
followed by the same letter are not significantly different at & = 0.05.

The results at ES in both 2021 and 2022 showed that the LAI did not differ between
M-CD and M-RDI (p < 0.05). However, LAI was greater for both mulch treatments in
comparison to bare ground treatments (Figure 4), where M-RDI was 46% and 51% greater
than NM-CD and NM-MS, respectively. At the SS site, conventional drip irrigation resulted
in higher LAI than regulated deficit irrigation in treatments both with and without mulch.
This is consistent with previous studies, indicating that ACPS irrigation methods showed
higher LAI values compared with conventional drip irrigation [37].
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TCV (m%)

TCV (M%)

ES - May 2021 ES - Sep 2022
25 4
J b w
204 o
4t
ab o a
15 4 =
ga ac
5. AT
2 c
10 4 | J
1+
05+
0.0 " 0 T
M-RDI M-CD NM-CD NM-MS M-RDI M-CD NM-CD NM-MS
SS - June 2021 SS-Sep 2022
25 a5
sl
20+ a
a 25 J - a
1.5 4 m’g 2
= b
O
F~ 15
10 4
14
05+
05
0.0 ' 0 '
M-CD M-RDI NM-CD NM-RDI M-CD M-RDI NM-CD NM-RDI

Figure 3. Tree canopy volume (TCV) characteristics—Entisol site and Spodosol site. Error bars
denote one standard deviation. CD stands for Conventional Drip irrigation, RDI for Regulated Deficit
irrigation, MS for Microsprinkler irrigation, M for Mulch and NM stands for Bare ground. Means
followed by the same letter are not significantly different at o« = 0.05.

3.2. Sensor-Based Soil Moisture Distribution in the Irrigated Zone

The soil moisture distribution pattern, which was evaluated with automated capaci-
tance sensors in both sites (Figures 5 and 6), showed that mulching increased average soil
moisture at all layers with soil moisture values ranging from 9 to 13, 9 to 14 and 10 to 13%
at 8, 15 and 45 cm soil depths, respectively, when the soil moisture ranges from 9 to 11% at
all layers using NM-CD treatment at ES. Soil moisture at ES averaged 13, 12 and 11% at
8 cm depth, 12, 13 and 9% at 15 cm depth and, 10, 12 and 12% at 45 cm depths using M-CD
treatment in Spring, Summer, and Winter 2022, respectively (Figure 5). Overall, the average
soil moisture when using NM-CD at ES is 2% less than the values above. Soil moisture
decreased with depth at ES probably because of the frequent rainfall that kept the top 8 cm
layer wet throughout the study period (Figure 5).
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ES- Sep 2021 ES - Sep 2022
4 5]
5
a
3 4
4
- b -
30 IRER
Gl
\ g i
14
14
0 T 0- T
M-RDI NM-CD NM-MS M-RDI NM-CD NM-MS
SS - Sep 2021 SS - Sep 2022
4 6
a
54
ab
3 ab
e
s s e b
< 2 . < o
2 2
1 4
1 =
0 T 0 T
M-CD M-RDI NM-CD NM-RDI M-RDI NM-CD NM-RDI
Figure 4. Leaf area index (LAI) at the Entisol site. Error bars denote one standard deviation of six
replicates. CD stands for Conventional Drip irrigation, RDI for Regulated Deficit irrigation, MS
for Conventional Microsprinkler irrigation, M for Mulch and NM stands for Bare ground. Means
followed by the same letter are not significantly different at & = 0.05.
8-cm soil depth 15-cm soil depth 45-cm soil depth
0.18
016

-l

Soil moisture {cm?fcm?)

S & o o o o

E 28 B8R B
Feb- 22 =—0
Mar- 22 e

~
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=
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Apr- 27 E——
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Oct- 22 ——1
Dec- 22 et —|
lan-2? Ee———
Feb-22 et 1
ADr 27— |
May- 22 et |

0.02
0.00
~d ~N ™™ ~N ™ ™~ o~ ™~ ~od ~ ™~ ™N N
~ ™~ NN o ™ ™~ o~ ™~ o~ ™~ ™~ ™ot
& Lo SR & & 88 - < & 5
5 o 5
= < 2 3 E:f § = 1§ = = g E g 2 == E:f E

Figure 5. Soil moisture at Entisol. M stands for Mulch and NM for Bare ground. Error bars denote
one standard deviation.
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Figure 6. Soil moisture at Spodosol sites. M stands for Mulch and NM for Bare ground. Error bars
denote one standard deviation.
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The M-CD soil moisture varied between 8 and 18% at 8 cm, between 8 and 20% at 15
cm, and between 8 and 33% at 45 cm soil depth at SS (Figure 6). The NM-CD soil moisture
contents ranged between 8 and 18% at 8 cm, between 7 and 21% at 15 cm, and between
6 and 33% at 45 cm soil depth. In Spring 2022, the moisture contents for M-CD averaged
13,10, and 9% form 8, 15, and 45 cm depths, respectively. The recorded soil moisture data
showed average values of 12 and 13% at 8 cm depth, 12 and 12% at 15 cm depth and, 18
and 27% at 45 cm depths in Summer and Winter 2022, respectively (Figure 6). The NM-CD
treatments resulted in soil moisture of 2-3% less when compared to mulch treatment at
SS. Soil moisture increased with depth at SS, which might be ascribed to the shallow water
table that limits root development to the top 30 cm on the Immokalee fine sand (Figure 6).

These results along with the previous studies indicate that mulching plays an impor-
tant role in the conservation and retention of soil moisture in the root zone [5-8]. It has
also been shown that drip irrigation with mulch improves soil moisture in citrus and other
crops [9-11,16]. The review by Chai et al. (2016) indicated that regulated drip irrigation
(RDI) improves tree growth, as well as soil moisture under drought stress [27].

TASW values (Equation (2)) were calculated using Table 1 and summarized in Figure 7
for M-CD and NM-CD plots at both ES and SS sites. Figure 7 indicates that there was
enough soil moisture in the root zone in all the treatments at both sites.

ES site SS site
200 300
160 250
S 200
g 120 &
Z % 150
= 80 §
100
40
50
0 0
8cm 15cm 45cm Scm 15¢m 45cm
® Mulch ®=noMulch ®Mulch ®noMulch

Figure 7. Total available soil water (TASW) values at the Entisol Site (ES) and Spodosol Site (SS).
Error bars denote one standard deviation.
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3.3. Hourly Water Use

At SS, hourly sap flow ranged from 0.9 to 1.11 g cm~2 h~! between 600 and 700 HR,
peaking to 22.03 g cm~2 h~! at 1300, and declining steadily to 0.93 g cm~2 h~! at 2100 HR
for M-RDI in Nov 2021 (Figure 8). Hourly sap flow values between M-CD, NM-CD and
NM-RDI were not statistically different. However, sap flow for M-RDI was greater than
NM-CD by 30 to 41% between 900 and 1200 HR, 47 to 54% around 1300 to 1500 HR, and 27
to 43% at the time interval of 1600 to 1800 HR.

SS- Nov 2011 SS- Aug 2022
25 50
& &
g 5 40
§ 20 2
2 = 30
z 15 o g
= =20
g 10 / 8 )
v;‘ ‘ 210 4 :
= A .
E S oef N
g )
EO \-—_.- 8§ 10 12 14 16 18 20 22
8 10 12 14 16 18 20 22 Time (hr)
Time (hr)
—e—M-RDI M-CD
—#—M-RDI M-CD =—#—NM-CD NM-RDI NM-CD NM-RDI

Figure 8. Average hourly sap flow at Spodosol site. CD stands for Conventional Drip irrigation, RDI
for Regulated Deficit irrigation, MS for Microsprinkler irrigation, M for Mulch and NM stands for
Bare ground.

The August 2022 results showed that the hourly sap flow for M-RDI were, respectively,
34 to 46% and 24 to 52% greater than NM-CD between 1000 and 1800 HR when sap flow
was highest (Figure 8).

At ES, the hourly sap flow started from 6.7 g cm~2 h~! at 900 HR, peaking to
78.8 gcm 2 h! at 1300 HR, declining steadily to 6.6 g cm~2 h~! at 2100 HR for M-RDI
in August 2021, which resulted in being 85 to 174% greater than NM-CD between 1200
and 1800 HR (Figure 9). The September 2022 results showed that M-RDI resulted in higher
sap flow than the NM-CD. For example, M-RDI sap flow was 18 to 83% greater than that
of NM-CD (Figure 9). The NM-CD showed sap flow values that were largely between 11
and 30% more than NM-MS between 900 and 2100 HR. Hourly sap flow values were not
statistically different between M-CD and NM-CD at ES.

The frequent, daily irrigation in small pulses using CD or RDI, along with mulch,
increased soil water content, and thus might have resulted in the increased sap flow for
M-CD and M-RDIL. It suggests that irrigation events could be slated just before 900 HR to
coincide with the cycle of elevated sap flow in citrus trees. Overall, the trees at both sites
had a greater hourly sap flow in August and September, than in November 2021 at SS, at
the start of the cooler winter season. These results agree with past studies in citrus which
have used ACPS to improve water use in citrus [37,43,44].

The relationship between hourly sap flow and time of day was described by both
second-order and third-order polynomial models between 900 and 2100 HR, and explained
between 83% and 93% and 91 to 99% of the variation in sap flow, respectively (Tables 2
and 3). Such models could provide important information for irrigation decision support
for improving citrus irrigation that is scheduled to match with peak water use during
the day.
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Figure 9. Average hourly sap flow at Entisol site. CD stands for Conventional Drip irrigation, RDI
for Regulated Deficit irrigation, MS for Microsprinkler irrigation, M for Mulch and NM stands for
Bare ground.

Table 2. Regression analysis of hourly sap flow (Y) with time of day (T, h) at the Spodosol Site (SS)
and Entisol Site (ES) using the third-order polynomial model Y =Yg + aT + bT? + cT5.

Irrigation

; 2
Site Method Yo a b c R RMSE p
g/h/cm? g/h?/cm? g/h3/cm? g/h%/cm? - g/h/cm? -
ES I M-RDI —734.95 139.14 —7.47 0.12 0.96 5.42 0.0001
ES M-CD —450.38 94.16 —5.84 0.114 0.99 1.38 0.0001
ES NM-CD —328.55 68.45 —4.05 0.073 0.98 1.68 0.0001
ES NM-MS —148.61 31.15 —1.68 0.026 0.91 2.35 0.0001
SS M-RDI —283.7 59.26 —3.66 0.07 0.94 1.99 0.0001
SS M-CD —205.95 43.36 —2.69 0.052 0.94 1.48 0.0001
SS NM-RDI —182.34 37.81 —2.32 0.044 0.95 1.24 0.0001
SS NM-CD —179.7 37.79 —2.34 0.045 0.94 1.32 0.0001
Note: ! CD stands for Conventional Drip irrigation, RDI for Regulated Deficit irrigation, MS for Microsprinkler
irrigation, M for Mulch and NM stands for Bare ground.
Table 3. Regression analysis of hourly sap flow (Y) with time of day (T, h) Spodosol Site (SS) and
Entisol Site (ES) using the quadratic polynomial model Y = Yq + aT + bT?.
. Irrigation 2
Site Method Yo a b R RMSE p
g/h/cm? g/h%/cm? g/h3/cm? - g/h/cm? -
ES I M-RDI —375.60 61.30 —2.08 0.93 26.100 0.0001
ES M-CD —109.30 20.27 —0.73 0.84 11.200 0.0001
ES NM-CD —109.05 20.90 —0.76 0.92 6.100 0.0001
ES NM-MS —70.14 14.15 —0.51 0.90 3.400 0.0001
SS M-RDI —723 13.4 —0.4895 0.83 3.54 0.0001
SS M-CD —50.1 9.59 —0.3501 0.83 2.53 0.0001
SS NM-RDI —49.04 8.93 —0.3224 0.84 2.15 0.0001
SS NM-CD —44.87 8.58 —0.3126 0.83 2.21 0.0001

Note: ! CD stands for Conventional Drip irrigation, RDI for Regulated Deficit irrigation, MS for Microsprinkler
irrigation, M for Mulch and NM stands for Bare ground.

4. Conclusions

The study compared the performance of using UV-reflective mulch on advanced citrus
production systems using conventional drip irrigation (CD) and regulated deficit irrigation
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(RDI). A higher trunk cross-sectional area, canopy volume and LAI was observed for mulch
treatment in both CD and RDI, as compared to bare ground. The study revealed that
the average soil moisture at all soil layers (8-, 15- and 45-cm depth) were observed to be
higher under mulched ground. The regulated deficit irrigation (RDI), despite irrigating
in a limited area of the root zone, had similar or greater water use than conventional
irrigation by increasing soil water availability in the root zone. These results strongly
indicate, that despite the predominantly sandy soil characteristic of Florida and low water
retention, water use might be increased with frequent irrigation without subjecting the
tree to water stress. Third-order polynomial and quadratic models described the hourly
sap flow vs. time of day successfully and could be used for optimizing citrus irrigation
events to coincide with peak water use. Therefore, given these advantages on the tree
growth characteristics, soil water availability and tree water use, it would be logical to
conclude that using UV-reflective mulch can be considered as an option on advanced citrus
production systems. Daily sap flow measurements would help in accurately predicting
transpiration to minimize evaporation and percolation losses by synchronizing irrigation
applications with peak tree water use.
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