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Abstract

This paper presents research on lettuce production's
physiological and economic aspects under deficit water and
nitrogen conditions. Lettuce (Lactuca sativa L. var. longifolia)
is an essential crop for the economy of California. Two
experiments were conducted during fall 2017 and spring 2018
to evaluate the effect of different water applications (0, 25, 50,
and 100% of required water to replenish weekly crop
evapotranspiration). Nitrogen fertilizer levels (0, 25, 50, and
100 percent of nitrogen required for optimum plant growth
based on soil chemical analysis) on lettuce optimize the best
water and nitrogen level to achieve the highest input efficiency
economically justifiable yield. Soil moisture followed a
decreasing trend as the irrigation level decreased, while there
was no identical trend in soil moisture content in response to
nitrogen treatments. The highest leaf water potential was
measured for 100% nitrogen application (N1og), Whereas the
lowest one was recorded in the plants with zero nitrogen (No).
The higher irrigation levels caused lower leaf water potential
in lettuce, while the zero irrigation level (IRo) demonstrated
the highest leaf water potential. Across all treatments, leaf
chlorophyll content was more significantly affected by
irrigation levels compared to nitrogen treatments. The higher
irrigation and nitrogen levels up to 100% produced the highest
lettuce yield. However, the highest water and nitrogen use
efficiency was recorded at IRsoN2s treatment in both growing

seasons. The same treatment produced an economically justifiable
yield.

Keywords: Chlorophyll; Lettuce; Nitrogen; Physiology;
Water; Yield Economy

Introduction

Lettuce (Lactuca sativa L. var. longifolia) is an essential
crop for California's economy with about $2 billion annual
revenue. Lettuce is full of minerals, including calcium,
phosphorous, potassium, zinc, iron, vitamins like thiamin and
vitamin B-6, and E. Lettuce is one of the most useful
vegetables that reduce blood cholesterol control anxiety. The
large quantity of nitrogen accumulates in the ecosystem
through fertilizer use causes excellent human health and
environmental aspects. On the contrary, a limited amount of
nitrogen adversely affects crop yield and yield components.
Senyigit et al. (2013) believe that there are strict limits on the
lettuce nitrogen content because of its potentially adverse
effect on human health. One of the nitrogen properties is its
mobilization when it interacts with water. Hence, the higher
irrigation level cannot guarantee the most nitrogen availability
for a vegetable such as lettuce. Thus, it is necessary to
determine the most efficient irrigation levels and nutrients,
such as nitrogen, to achieve the optimum yield (Chaichi et al.,
2011).
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Turner et al. (2012) showed significant effects of nitrogen
treatments on lettuce growth's morphological and
physiological characteristics. He reported that dry matter
increased over time in control, while it decreased in N- limited
lettuce. Stefanelli (2012) reported that adding nitrogen and
irrigation at a moderate level caused a significant increase in
lettuce yield, height, root depth, leaf area, calcium, zinc, and
copper, but did not significantly affect leaf water potential.
Grafton (2013) demonstrated that nitrogen fertilizer caused a
significant increase in tomato yield, yield components, and
chlorophyll content, while it did not significantly affect the
water potential. Moussa (2015) reported that if the
recommended amount of nitrogen fertilizer (200 kg-N-ha™)
were used as a standard for comparison, lettuce would have
significantly more prolonged and broader leaves and higher
shoot due to higher concentrations of nitrate. Lindsay et al.
(2016) declared that an efficient fertilizer application is crucial
to sustainable agriculture because it can reduce the negative
effect of fertilizer waste on the environment. Further research
indicated a slow-release nitrogen fertilizer application
produced more biomass in lettuce than nitrogen fertilizer
injected in the soil (Krzebietke 2008; Monaghan 2013 and
Cantliffe et al. 2016).

Konstantopoulou et al. (2012) reported that fertilizing
nitrogen in lettuce caused higher nitrate concentration in
lettuce leaves, higher content of photosynthetic rate, and leaf
chlorophyll content while decreased leaf water potential. They
also reported that the photosynthetic and chlorophyll ratio was
higher in spring than in autumn or winter in lettuce. Liu et al.
(2014) demonstrated that the total nitrogen concentration in
soil and the nitrate concentration in lettuce increased as
nitrogen fertilizer increased. Tsiakaras et al. (2014) found that
nitrogen application resulted in a significant increase in
chlorophyll content in lettuce while a significant decrease in
the leaf water potential. Fox et al. (2017) demonstrated a
simple linear relationship between plant N concentration and
relative growth rate (RGR).

Dilgado et al. (1992), in an experiment with different
water stress treatments on tobacco, concluded that the
difference between photosynthesis rate per leaf surface unit
for water stress and non- water stress plants were not
significant, but the pattern of the change of photosynthesis rate
was 45% higher in non-water stress than water stress plants.
Sanchez (2000) showed that the interaction of irrigation and
nitrogen fertilizer in lettuce caused the highest yield and yield
components compared to the sole application of either
irrigation or nitrogen fertilizer. Godsey et al. (2003) found that
the corn leaves' water content decreased with the lower
irrigation levels. Aggelides et al. (2008) supported his results,
demonstrating that leaf nitrogen, leaf water, and Chlorophyll
content decreased at the highest soil moisture tension (-100
KPa), while lettuce leaf water potential increased at the same
soil moisture condition. Amer et al. (2009) found that the
maximum cucumber yield was obtained with adequate water
applied with higher N fertilizer application rates. Campos et
al. (2011) also reported that the lowest irrigation level
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increased the photosynthesis rate at the early corn growing
season, whereas it decreased at the end of the growing season.

There has been considerable research about the interaction
of different fertilizers and irrigation levels on various types of
vegetables in the United States and other parts of the world.
However, there has not been much research about the
interaction of nitrogen and irrigation levels on lettuce in an
efficient water and fertilizer use system. This project aims to
investigate a compromise between water and N fertilizer
application to achieve optimum resource consumption and
lettuce production for precision agriculture (Bhandari et al.,
2018).

Materials and Methods

A research project was designed to study the interaction
effect of irrigation systems and nitrogen fertilizer on lettuce
physiological characteristics, including leaf chlorophyll
content, leaf water potential, nitrogen use efficiency, soil
moisture content, and economical production justification in
two growing seasons (fall 2017 and spring 2018) at Spadra
Farm in Pomona, California.

Soil samples were collected and analyzed to evaluate the
level of different nutrients, including nitrogen. Also, the
irrigation water nitrogen level was tested to ensure N
treatments' accuracy in the project. Both soil and water
nitrogen levels were low enough as a suitable zone to allow
for the application of nitrogen treatments in both cycles. In the
fall 2017 experiment, a field with a size of 1360 m? (14639 ft?)
was prepared on October 2", and lettuce (Lactuca sativa L.
var. longifolia) seedlings were transplanted to the field on
October 5. Establishment irrigation was carried out to help
the plants to get settled for two weeks. Then, irrigation
treatments were applied to the plants from October 26™ to
December 14

In the spring 2018 experiment, a field with an area of 1360
m? (14639 ft?) was prepared. On February 07" lettuce
(Lactuca sativa L.) variety longifolia with 65-70 days of the
growing period from transplanting to harvesting, was
transplanted to the field on February 15™. A general irrigation
application was carried out to help the plant get settled (4-6
leaf-stage) for two weeks. Then irrigation treatments were
applied to the plants from March 08™ to May 05",

The irrigation application was conducted in the form of the
dripped irrigation system in both experimental research sites.
A dripped tape irrigation from Valplastic USA Company was
used in the experimental plot. The tapes were laid out
alongside the planting rows with 12 inches apart emitters with
a flow rate of 0.27 gph (gallon per hour) and eight psi (0.55
bar) pressure.

Nitrogen fertilizer treatment levels were determined based
on the soil lab recommendation. The nitrogen fertilizer used in
the research was a slow-release coated granule urea (GAL-Xe
ONE) with 46% pure nitrogen, provided by J. R. Simplot
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Company. The fertilizer treatments were applied in bands of
3cm apart from the planting rows and 5cm deep in the soil.
The N fertilizer was applied to the soil on October 23™ for the
fall and March 05th for the spring experiments.

Treatments were arranged in a strip plot based on a
randomized complete block design with three replications.
The main plots were assigned to four nitrogen fertilizer levels
consisting of a control (no fertilizer), 25, 50, and 100 percent
of nitrogen required for optimum plant growth based on soil
chemical analysis. The irrigation treatments consisting of four
irrigation levels of control (0 percent), 25, 50, and 100 percent
of required water to replenish weekly crop evapotranspiration
were assigned to the subplots within the main plots in the
dripped irrigation system.

Every single plot contained three rows of lettuce for which
there was 90 cm (2.95 ft) buffer space between the rows and
25 cm (10 inches) buffer space between each plant on the
rows. Irrigation was scheduled based on a water balance,
calculated as the sum of estimated daily crop evapotranspiration
(ETc), subtracting the fraction of rainfall not exceeding the
field capacity (Di Paolo and Rinaldi, 2008; El-Hendawy and
Schmidhalter, 2010). Actual crop water use requirements for
lettuce was determined according to the crop evapotranspiration
(ETc), estimated from the potential evapotranspiration (ETo),
and using the crop coefficients (Kc) proposed using the
following equation:

Eq. () ETc = EToxKc

The parameter (ETo) was calculated using the Penman-
Monteith method (Allen et al., 1998) using the daily data
obtained from California Irrigation Management Information
System (CIMIS) that was recorded at the Cal Poly Pomona's
weather station. The Kc is defined as the ratio of the crop
evapotranspiration rate to the reference evapotranspiration
rate. The localized step-wise Kc of Southern California was
used in this study (Allen et al., 1998). The water requirement
for individual plots was measured for weekly irrigation. The
amount of water application base for each treatment was also
calculated using the following Eq.:

Eq. (2) In=0.623 X AX Kc X ETo/ IE
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In the above equation, In is the volume of irrigation water
(Gal), 0.623 is the constant of the equation, A is the plant
canopy area (ft?), Kc is the crop coefficient, ETo is the
potential evapotranspiration (inch), and IE is the irrigation
efficiency.

The lettuce yield and yield components were measured
after 8 to 10 weeks of each experimental commencement.
Agronomic characteristics including biomass, water use
efficiency, nitrogen use efficiency, plant height, leaf number,
and physiological characteristic such as leaf chlorophyll
content (Spectrophotometry), leaf water content, and water
potential as well as soil moisture content were measured
weekly. Water potential was measured using a WPC4 Water
Potential Meter, and chlorophyll content was measured using
SPAD 502DLPIlus chlorophyll meter (Bhandari et al., 2018).

The lettuce chlorophyll content and water potential were
also compared with the remote sensing data obtained using a
multispectral sensor aboard an unmanned aerial vehicle
(UAV). The data was helpful, validating the lettuce yield, and
yield components measured in the field. Therefore, any
significant correlation between the two data sources is
expected to establish a standard model used to predict lettuce
yield and its components in the same conditions to save more
money, time, and energy.

The data were analyzed by SAS statistical program, the
means were compared by LSD (least significant difference)
procedure, and the diagrams and figures were created and
analyzed by the Microsoft Excel program.

Leaf Water Potential

The leaf water potential was significantly (p<0.05)
affected by nitrogen treatments during the spring experiment
(Figure 1). The highest leaf water potential was seen with the
Nigo level, whereas the lowest one was recorded with No.
Nitrogen fertilizer has the most significant effect on leaf water
potential than phosphorus and potassium fertilizers in lettuce
(Tzortzakis, 2009). He also reported that higher nitrogen
fertilizer caused a significantly higher nutrient concentration
in lettuce, which increased the leaves' water potential. It seems
that a higher concentration of nitrogen has caused the leaf to
absorb and hold the water more tightly (Figure 1).
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Figure 1: The sampling period (growing season) and nitrogen treatments on leaf water potential in lettuce, fall 2017 experiment.

Week 1 (W1): 03/08/2018, W2: 03/15/2018, W3: 03/22/2018,
W4: 03/29/2018, W5: 04/05/2018, W6: 04/12/2018, WT:
04/19/2018, W8: 04/26/2018, W9: 05/03/2018, W10: 05/10/2018

(Figure 2) shows that during the spring growing season,
higher irrigation levels caused lower leaf water potential in
lettuce, while IRy demonstrated the highest leaf water
potential. It could be concluded that IR1go treatment provided

enough water to overcome a higher leaf water potential
(Figure 2). Stefanelli et al. (2011) showed that leaf water
tension in lettuce was increased as irrigation levels decreased
from IR0 to IRo. Tandon (2005) demonstrated that control
non-irrigation (IRg) caused the highest leaf water potential and
the lowest yield in lettuce compared to other corresponding
irrigation treatments. He reported that high leaf water potential
under IRq could lead to the lower yield in lettuce.
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Figure 2: The sampling period (growing season) and irrigation treatments on leaf water potential in lettuce, spring 2018 experiment.

W1: 03/08/2018, W2: 03/15/2018, W3: 03/22/2018, W4:
03/29/2018, W5: 04/05/2018, W6: 04/12/2018, WT: 04/19/2018,
W8: 04/26/2018, W9: 05/03/2018, W10: 05/10/2018

Leaf Chlorophyll Content

In the fall growing season, the leaf chlorophyll content
demonstrated a decreasing trend as the irrigation levels
increased. In the spring growing season, the leaf chlorophyll
content also decreased while the irrigation treatments increased
where IR and IR2s demonstrated the highest leaf chlorophyll

content than the other corresponding treatments. Nitrogen
treatments significantly (p<0.05) affected leaf chlorophyll
content. The highest and lowest chlorophyll content was
measured in Nsp and N treatments, respectively.

The leaf chlorophyll content followed a decreasing trend
up to the fifth week during the fall season across all the
nitrogen treatments. However, it seems that as the plant
reached higher developmental stages of growth, the chlorophyll
content increased across all the nitrogen fertilizer treatments
(Figure 3).
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Figure 3: The sampling period (growing season) and nitrogen treatments on leaf chlorophyll content in lettuce, fall 2017.

W1: 10/26/2017, W2: 11/02/2017, W3: 11/09/2017, W4:
11/16/2017, W5: 11/22/2017, W6: 11/30/2017, W7: 12/07/2017,
W8: 12/14/2017

Different nitrogen treatments did not significantly affect
the lettuce chlorophyll content up to the fourth week of the

spring season sampling period. However, there was a significant
reduction in No compared to other nitrogen treatments since then.
The difference was even more significant between Ng and Nso
towards the latest weeks (Figure 4).
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Figure 4: The sampling period (growing season) and nitrogen treatments on leaf chlorophyll content in lettuce, spring 2018
experiment.

W1: 03/08/2018, W2: 03/15/2018, W3: 03/22/2018, W4:
03/29/2018, W5: 04/05/2018, W6: 04/12/2018, W7: 04/19/2018,
W8: 04/26/2018, W9: 05/03/2018, W10: 05/10/2018

Nitrogen is one of the most important essential elements to
produce leaf chlorophyll (Zhou et al. 2014). Applying nitrogen
fertilizer in Urea's form caused a significantly higher leaf
chlorophyll content in lettuce (Sabat et al. 2015 and Coria et
al. 2009). Sandra (2005) showed that increasing Nso to N1go led

to two times higher leaf chlorophyll content than increasing Nso to
Nso in lettuce.

The plant chlorophyll content followed a decreasing (W1
to W5) and increasing trend (W5 to W8) in response to
different irrigation treatments during the fall season. It is
worth mentioning that the chlorophyll content under IR1go
treatment was significantly lower compared to the other
irrigation treatments all through the growing season (Figure
5).
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Figure 5: The sampling period (growing season) and irrigation treatments on leaf chlorophyll content in lettuce, fall 2017 experiment.

W1: 10/26/2017, W2: 11/02/2017, W3: 11/09/2017, W4: 11/16/2017, W5: 11/22/2017, W6: 11/30/2017, W7: 12/07/2017, W8:

12/14/2017

The
increasing trend in the leaf chlorophyll content during the

spring growing season. IRso and IR0 treatments showed a

irrigation treatments demonstrated a generally

significantly lower leaf chlorophyll content compared to IR2s
and control (No irrigation) from week eight to week ten
(Figure 6).
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Figure 6: The sampling period (growing season) and irrigation treatments on leaf chlorophyll content in lettuce, spring 2018
experiment.

W1: 03/08/2018, W2: 03/15/2018, W3: 03/22/2018, W4:
03/29/2018, W5: 04/05/2018, W6: 04/12/2018, WT: 04/19/2018,
W8: 04/26/2018, W9: 05/03/2018, W10: 05/10/2018

A higher water volume could explain the significantly
lower concentration of leaf chlorophyll content in IR50 and
IR100 in the leaf, which decreased the concentration of
nutrients and chlorophyll. Our results correspond to Hoque et
al. (2010) findings, which demonstrated that the concentration
of chlorophyll in lettuce decreased at higher levels of
irrigation treatment than control (IRo). Andriolo et al. (2005)
also reported a higher volume of water content in lettuce leaf
showed lower chlorophyll concentration. Sefer (2009) showed

that IR100 led to significantly lower chlorophyll content in corn
leaf than IRso.

Nitrogen Use Efficiency

Understanding the significance of nitrogen use efficiency
is important because it demonstrates the system's capability to
produce lettuce dry matter per unit of nitrogen fertilizer used.
During the fall experiment, increasing nitrogen fertilizer in
each irrigation level decreased nitrogen use efficiency in
lettuce (Figure 7). The least nitrogen use efficiency (8.8 kg
DM/kg N) occurred in control irrigation treatment (IRo) while
receiving the highest level of nitrogen (Nioo), whereas the
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highest efficiency of nitrogen use (46.8 kg DM/kg N) was
observed in IRsp and IR100 receiving Nas treatment (Figure 7).
From the environmental and economic point of view, it seems
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that the best nitrogen use efficiency was achieved in IRsoN2zs
treatment.
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Figure 7: Interaction effect of irrigation and nitrogen treatments on nitrogen use efficiency (Kg DM/Kg N) in lettuce biomass (dry
matter) yield, fall experiment 2017.

No significant difference (p<0.05) between treatments with
the same letters.

The same trend of nitrogen use efficiency as the fall
experiment was observed in the spring experiment. Nitrogen
use efficiency followed an increasing trend as irrigation levels
increased (Figure 8). However, higher levels of nitrogen in
each irrigation level demonstrated a decreasing trend in
nitrogen use efficiency. The highest nitrogen use efficiency

was similarly observed in IRsoN2s and 1R100N2s treatments.
However, IRsoN2s treatment was the most suitable treatment to
achieve the optimum lettuce biomass yield (Figure 8). From
the environmental and economic perspective, the best nitrogen
use efficiency was achieved in IRsoN2s treatment. The lowest
nitrogen use efficiency was recorded in lettuce's highest
nitrogen fertilizer level (Sandra, 2005 and Francesco et al.,
2013).).
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Figure 8: Interaction effect of irrigation and nitrogen treatments on nitrogen use efficiency (kg DM/kg N) in lettuce biomass (dry
matter) yield, spring experiment 2018.

No significant difference (p<0.05) between treatments with the same letters.
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Soil Moisture

The soil moisture content did not follow any significant
trend in response to different nitrogen treatments in the fall
and spring growing seasons (Figures 9 and 10). However, No
treatment demonstrated the highest soil moisture content than
other corresponding nitrogen treatments in both growing
seasons. In the fall experiment, No treatment showed the
highest soil moisture content in week 7 and week 7 sampling
periods (Figures 9).

One of the nitrogen fertilizer properties is to absorb soil
moisture (Bowden et al. 2004). It seems that increasing the

Physiological and Economic Aspects of Lettuce Production under Copyright: ©

2020 Chaichi MR"

nitrogen level decreased the moisture content of the soil. The
highest soil moisture content was measured for No treatment in
both growing seasons. Burton et al. (2002) reported that soil
moisture content was increased as nitrogen and phosphorous
fertilizer levels decreased (Burton et al. 2002 and Ding et al.
2007). Chu et al. (2004) demonstrated that Nigo and Nis
treatments decreased the soil moisture in Japanese Andisol,
whereas No and Ny treatments held the highest moisture in the
soil. Rodrigues et al. (2011) showed that the lower nitrogen
fertilizer (Urea) treatments caused higher soil moisture and
olive biomass in a four-year study.
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Figure 9: The sampling period (growing season) and nitrogen treatments on soil moisture content, fall 2017 experiment.

W1: 10/26/2017, W2: 11/02/2017, W3: 11/09/2017, W4: 11/16/2017, W5: 11/22/2017, W6: 11/30/2017, W7: 12/07/2017, W8:

12/14/2017
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Figure 10: The sampling period (growing season) and nitrogen treatments on soil moisture content, spring 2018 experiment.
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W1: 03/08/2018, W2: 03/15/2018, W3: 03/22/2018, W4:
03/29/2018, WS5: 04/05/2018, W6: 04/12/2018, WT: 4/19/2018,
W8: 04/26/2018, W9: 05/03/2018, W10: 05/10/2018

In both fall and spring growing seasons, the soil moisture
content followed a significant increasing trend as the irrigation

Physiological and Economic Aspects of Lettuce Production under Copyright: ©

2020 Chaichi MR"

levels increased. The Highest soil moisture content was seen
in IR1go and the lowest in IRo. The IR1go treatment showed the
highest soil moisture content compared to other corresponding
treatments. However, there was no increasing or decreasing
trend in the soil moisture content from IRz to IR100 (Figures
11 and 12).
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Figure 11: The sampling period (growing season) and irrigation treatments on soil moisture content, fall 2017 experiment.

W1: 10/26/2017, W2: 11/02/2017, W3: 11/09/2017, W4: 11/16/2017, W5: 11/22/2017, W6: 11/30/2017, W7: 12/07/2017, WS8:

12/14/2017
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Figure 12. The sampling period (growing season) and irrigation treatments on soil moisture content, spring 2018 experiment.

W1: 03/08/2018, W2: 03/15/2018, W3: 03/22/2018, W4:
03/29/2018, W5: 04/05/2018, W6: 04/12/2018, W7: 04/19/2018,
W8: 04/26/2018, W9: 05/03/2018, W10: 05/10/2018

The soil moisture content was well responsive to the
irrigation treatments through the fall and spring growing
seasons (Figures 11 and 12). The highest soil moisture
content was seen for IR0 treatment, while the lowest content

was recorded for the control treatment (IRg). The soil used in
both experiments was clay loam, a moderate-heavy texture
containing more micro rather than meso and macro-pores,
which increased the soil moisture storage capacity (Messing
1977., Rawls et al. 1989., Kattere et al. 2002 and Madi et al.
2016). That could better explain the higher moisture content at
the higher irrigation treatments (IR100 and IRsp). Ansari et al.
(2011) demonstrated that soil water content was significantly
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higher at IR1go treatment than other corresponding treatments
in a silty clay loam under carbonate calcium and gypsum
treatments.

Crop Production Economics

From an economic point of view, there was no significant
difference in yIE|d income among IR100No, 1R100N2s5, 1R50N2s5,
IRsoNso, and IRsoNigo treatments in the fall and spring
experiments (Figures 13 and 14). Despite IRi00Nso and
IR100N100 treatments achieved the highest yield income, these
treatments cannot be environmentally justified, inefficient
water, and nitrogen use strategy. Based on these results, we
could conclude that IRsoN2s treatment provided a justifiable
yield income per hectare in both fall and spring experiments.
One of the most crucial issues in California agriculture is
water shortage and nitrogen fertilizer pollution from the
environmental perspective. It could be justifiable to consider
IRsoN2s treatment as the most efficient water and nitrogen
treatment (based on both experiments' biomass graphs).

Copyright: ©
2020 Chaichi MR”

The total water used in the fall experiment was 851.7
mé3/ha (91052.3 gallons/acre) in IR100N100 treatment. It should
be considered that IRsoN2s treatment was the most water and
nitrogen fertilizer efficient treatment, which saved 425.8 m3/ha
of water (50%) in lettuce production. This result is critically
important in California’s agricultural system. It should be
considered that the savings in water resources in this treatment
(50% compared to control) and nitrogen fertilizer (75%
compared to control), a crucial environmental goal, will be
achieved in the California lettuce production industry.

The total water used in the spring experiment was 1557.5
mé/ha (166507 gallons/acre) for IR100N100 treatment. The same
results and comparisons of fall could also be applied in the
spring experiment. Water saving of 778.8 m%ha (50%) in the
spring experiment is most important in California agriculture
under water shortage conditions.
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Figure 13: Interaction effect of irrigation and nitrogen treatments on income (USD) in lettuce biomass (dry matter) yield, fall

experiment 2017.

No significant difference (p<0.05) between treatments with the same letters.
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Figure 14: Interaction effect of irrigation and nitrogen treatments on income (USD) in lettuce biomass (dry matter) yield, spring 2018

experiment.

No significant difference (p<0.05) between treatments with the same letters.

Conclusions

Different irrigation and nitrogen treatments significantly
affected lettuce yield and yield components in both fall and
spring experiments. It seems that higher irrigation and
nitrogen levels up to 100% produced the highest lettuce yield.
However, the most efficient water and nitrogen fertilizer use
in lettuce was recorded at IRsoN2s treatment in both the
growing seasons. Since California's most crucial agricultural
concern is to achieve the best water and nitrogen use
efficiency, IRsoN2s treatment could be recommended for
lettuce production under this experiment's environmental
conditions. This recommendation is for water and nitrogen
savings and preferably for more environmentally friendly
practice with economically justifiable yield. Measuring leaf
chlorophyll content by the chlorophyll meter and UAV-based
remote sensing technique revealed that the leaf chlorophyll
content was more significantly affected by irrigation levels
than nitrogen treatments.
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