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ﬁccepiegzi 2021 The possible scarcity of available water for irrigation, climate change implications
O”?_us o and environmental issues created the motivation for investigating new ways of
et 0%, 2051 increasing water use efficiency for crops. A field experiment was conducted, during
Published: two growing seasons, under open field conditions at Agricultural Research Center,
February 28, 2022 Egypt. The study aimed to determine the effect of different irrigation water levels (60,

80 and 100% of crop evapotranspiration (ETc)) and fertilization (mineral fertilizers
(control), farmyard manure (FYM), biochar, compost and vermi-compost) on growth,
yield, water use efficiency and nutritional status of lettuce (Lactuca sativa L.). The
experimental design was split plot; the irrigation water levels located at main plots
and fertilization types located at sub-plots. Applying different irrigation water levels
and fertilizers significantly affected the vegetative growth and yield traits, i.e., no. of
leaves, weight, head length and width, and total chlorophyll, as well as nutrient
contents (N, P and K) and total soluble solids (TSS). Data revealed that using vermi-
compost fertilizer reduced irrigation water requirements of lettuce plants, compared
with control treatment. Also, vermi-compost treatment gave the highest values of the
studied plant traits, during the two tested seasons. Increasing irrigation level up to
80% of ETc enhanced the yield, with additions of organic fertilizer treatments, and
increased water use efficiency. Moreover, the treatment of vermi-compost + 80% of
ETc gave the highest benefit-cost ratio (BCR values were 3.08 and 2.77 during the
two tested seasons, respectively), while the lowest ones (0.85 and 0.93) were recorded
by applying the treatment of mineral fertilizers+ 60% of ETc during the two studied
seasons, respectively.
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Introduction

Water scarcity is one of the most limiting factors in
agriculture worldwide (Hashem and Abd-Elrahman,
2016). Strategies to raise the efficiency of irrigation
water are based on two approaches, technological and
biological. Technological methods include using of
developed irrigation systems and schedule irrigation
frequencies. Biological approach includes breeding
drought tolerant crop genotypes. Many of vegetable
crops are shallow rooted like lettuce, and therefore
sensitive to water scarcity (Kere et al., 2003).
Although vegetable production has a high value
product, it is a high-cost enterprise. So, many farmers
search for having available water for irrigation with
enough to ensure against drought. There are many
potential benefits from irrigating vegetables, e.g.,
improving plant growth, increasing yield, and
enhancing crop quality (Hashem and Abd-Elrahman,
2016). As water availability became scarcer and
increases cost for irrigation, followed technological
methods need to be more precise (Chaichi et al.,
2020).

Applications of different organic fertilizers and reuse
of organic plant residues have remarkable impacts on
yield and quality of lettuce (Lactuca sativa L.) and
especially its content of nutrients, besides improving
soil-water holding capacity and nutrients availability
as well as their buffering act on the environment. One
of the most common organic fertilizers that added to
the agricultural soils is compost. It contains several
necessary nutrients and improves soil physical and
chemical properties. Compost is a valuable product
that improves organic matter content, nutrient
availability, water holding capacity and aeration, and
decreases bulk density of soil (Mostafa et al., 2019).
Also, vermi-compost contains nutrients in forms that
are readily available to be absorbed by plants such as
N, P, K, Ca and Mg. Vermi-compost has a great
potential in the agricultural industries as a good
media for plant growth. It improves seeds
germination and enhances rates of seedling
development (Abdrabbo et al., 2015; Hashem and
Abd-Elrahman, 2016). Moreover, applying biochar
for soil restoration and biofertilization has
increasingly received concern as low-cost and eco-
friendly amendment (Lone et al., 2015; Ibn Ferjani et
al., 2020). Several studies have reported the role of
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biochar in carbon sequestration in soil, and therefore
contributing to the mitigation of climate change
impacts (Soong et al., 2017; Elsharkawi et al., 2018;
Han et al., 2020). In addition, biochar has been used
as a remediation tool by limiting bioavailability of
heavy metals and pesticides (Khorram et al., 2016).
Also, biochar has a positive effect on soil aggregates
and regulating soil-water, which may promote plant
growth (Obia et al., 2016; El-Bassi et al., 2021).

For sustainable agricultural production, increasing
the water use efficiency and reuse the organic
materials are playing an important role under the
climate change impacts, i.e., water scarcity, high
temperature, high evapotranspiration, extreme
weather events, etc..., in addition to making use of
agricultural residues to store carbon in the soil. Thus,
the main objectives of this study are to investigate the
influence of organic fertilizers and water
requirements on some soil chemical characteristics
and growth, yield quality and water use efficiency of
iceberg lettuce, compared to use of mineral
fertilizers. Economic study was maintained.

Material and Methods

To assess the effect of different irrigation water
levels and fertilizers on some soil chemical
characteristics, and growth, vyield, water use
efficiency and nutritional status of lettuce (Lactuca
sativa L.), a field experiment was conducted during
the two successive winter seasons of 2018 and 2019
at Dokki protected cultivation experimental site,
Central Laboratory for Agricultural Climate,
Agricultural Research Center, at Giza Governorate,
Egypt. The meteorological data of the experimental
site during the two studied seasons are shown in
Table 1.

Plant material

Seeds of iceberg lettuce (Lactuca sativa var. capitata
cv. Chianti) were sown on February 25, 2018, and
February 24, 2019, respectively, in polystyrene trays.
After 4 weeks from sowing, the transplants were
cultivated in the open field. Lettuce seedlings were
planted in 3 beds (80 cm raise) with 2 rows in each
bed (25 cm apart) and the distance between the plants
in each row was 30 cm.
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Table-1: Meteorological data of Dokki protected cultivation experimental site during lettuce growing

season in 2018 and 2019.

Temperature (°C)

SRAD** RH*** Wind Speed

Weeks* Max Min Mean

(MJ/m?/day) (%) (m/s)

2018 | 2019 2018 | 2019 | 2018

2019 | 2018 | 2019 | 2018 | 2019 | 2018 | 2019

18.0 141 10.3 7.94 14.1

11.0 20.1 14.3 52.5 50.2 3.17 2.70

16.3 14.2 11.2 7.70 13.7

11.0 16.5 12.2 51.0 49.0 3.49 2.36

19.2 14.0 12.3 8.27 15.7

11.1 20.3 13.3 47.3 45.9 2.49 2.44

19.8 15.3 12.9 8.79 16.4

12.1 21.3 15.8 46.5 43.7 3.23 1.98

17.5 17.4 10.3 9.42 13.9

13.4 23.0 18.8 48.6 48.1 3.31 2.43

22.6 17.9 13.7 11.2 18.1

14.6 25.2 15.7 36.2 34.1 3.34 3.40

24.3 254 16.7 9.04 20.5

17.2 22.8 18.2 315 324 3.10 3.00

O N[OOI WIN|FP

22.7 23.4 151 10.3 18.9

16.8 26.0 21.6 34.6 351 2.75 2.74

*Cultivation date started on 25 and 24 March during the two studied seasons, respectively, and the experiment ended at the

middle of May.

**SRAD means Solar Radiation (MJ/m?/day), ***RH means Relative Humidity.

Process of composting, vermi-composting, and
biochar

The organic mixtures (agricultural residues and cattle
manure, 4: 1) were used to make the compost heap
with size 2.5 m length x 1.25 m width x 0.75 m
height, according to the steps that were described by
Hashem and Abd-Elrahman (2016). Earthworms with
different species were used in the vermi-composting
bins. Worm length; 10-120 mm and worm diameter;
0.5-5 mm. The input raw materials of vermi-
composting included vegetable and fruit wastes +
cattle manure + shredded papers (2: 2: 1), according
to Abdrabbo et al. (2015) and Hashem and Abd-
Elrahman (2016). These processes were conducted
during the summer seasons of (2017 and 2018) and
took approximately 4 months in the two tested
seasons. The biochar used in the experiment,
obtained from the biomass of agricultural residues,
through a slow pyrolysis process at a temperature of
420°C in a pilot-scale electric pyrolyzer with a
maximum capacity of 10 kg of raw materials per
batch. Chemical composition of the different tested
organic fertilizers is tabulated (Table 2).

The field experiment

The experiment was designed in a split plot
arrangement with three replications. The treatments
comprised three irrigation water levels, i.e., 60, 80
and 100% of crop evapotranspiration (ETc) in main
plots, and five fertilizer treatments (mineral fertilizers

compost, and vermi-compost) in sub-plots.

Table-2. Chemical composition of the tested
organic fertilizers.

Organic Nutrient percentage (%) CI/N
fertilizer N P K C ratio
Farmyard | 4 g8 | 055 | 1.09 | 156 | 9.29
manure

Vermicompost | 1.77 | 0.76 | 156 | 17.8 | 10.1

Compost 173 | 055 | 131 | 172 | 994

Biochar 146 | 051 | 1.38 | 18.7 | 128

The organic treatments were applied to the soil
before lettuce transplanting by 1 week after raising
the beds. The organic fertilizers were mixed with the
soil in the beds at a rate of 24 Mg (ton) ha™.
Regarding the mineral fertilizers (control treatment),
lettuce plants subjected to this treatment received the
recommended doses of N, P and K fertilizers
according to the Egyptian Ministry of Agriculture,
i.e., ordinary superphosphate 15.5% P,0s was added
to the soil before one week from cultivation, during
raising the beds, at a rate of 37.2 kg P,0s ha.
Ammonium sulfate 21% N and potassium sulfate
48% K,O were applied, at a rate of 75.6 kg N ha™
and 115 kg K,0O ha, in two batches the first one was
after 15 days from seedlings transplant, and the other
one was after 15 days from adding the first batch.

(control), farmyard manure (FYM), biochar,
y AL
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Table-3: Some initial physical and chemical properties of the studied soil (0-15 cm).

Sand Silt Clay Textural SP FC WP BD CaCO4 OM
% % % class % % % Mg m* % %
16.9 30.8 52.3 Clay 87.9 62.1 27.8 1.35 5.61 0.81
pH EC., Ca™ Mg~ Na* K* CO5” HCO5 Cr S0~
(1:2.5) | dSm? | mmolcL? | mmolc L | mmolc L™ | mmolc L™ | mmolc L™ | mmolc L™ | mmolc L™ | mmolc L™
7.64 2.69 10.9 7.74 11.6 5.98 n.d* 7.05 12.9 13.9

*n.d means not detected.

The plot area was 12 m? (6 m length x 2 m width). Flow
meter was installed for each irrigation level treatment; 2
m were left between each two irrigation levels. Lettuce
plants were irrigated using drippers of 4 L h™ capacity.
Some physical and chemical characteristics of the
studied soil (0-15 cm) were determined, before
cultivation, by the standard methods outlined by Page et
al. (1982) and Klute (1986) and the obtained results are
presented in Table 3.

Estimation of water requirements

The crop evapotranspiration, ETc, was calculated as
follows according to FAO (2012): ET, = K. * ET,
Where: ET. crop evapotranspiration (mm d*), K.
crop coefficient (dimensionless), ET, reference crop
evapotranspiration (mm d™).

The total applied water volumes of 60, 80, 100% of
ETc in the experimental area were 2486, 3314 and
4142 m*ha™, respectively, during the tested season of
2018 and 2596, 3461 and 4327 m® ha™, respectively,
during the tested season of 2019.

The water use efficiency (WUE, kg m®) was
calculated according to FAO (1982) as follows: The
ratio of crop yield (Y, kg) to the total amount of
irrigation water used for the growing season (IR, m®).
Crop management practices were in line with
standard recommendations for farmers.

Measurements

Samples of 3 plants of each experimental plot were
taken at 55 days from the cultivation date, to
determine growth parameters at harvest as follows:
No. of leaves per plant, yield weigh, head length,
head width and total chlorophyll (SPAD). The SPAD
value was estimated as reported by Minolta (1989).
For N, P and K determinations in leaves, 3 plant
samples of each plot were dried at 65°C in an air
forced oven for 48 h. Dried leaves were digested by a
mixture of H,SO,H,0, according to the method
described by Page et al. (1982). Total N was
determined using Kjeldahl method according to the
procedure described by Chapman and Pratt (1961).
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The P content was determined spectrophotometrically
as outlined by Watanabe and Olsen (1965). The K
content was determined using Flame photometer as
described by Chapman and Pratt (1961). Total
soluble solids (TSS) in the juice extracted from
leaves expressed as Brix value were determined by
digital refractometer (Magwaza and Opara, 2015).
Soil samples were collected after plant harvest at 0-
15 cm depth. The collected samples were air dried,
crushed, and sieved through a 2 mm sieve and
prepared for chemical determinations of available
concentrations of N, P and K as well as OM content
in soil according to the methods that described by
Page et al. (1982).

According to Cimmyt (1988), the benefit-cost
analysis (BCA) as the most appropriate economic
analysis tool for decision makers was chosen. The
benefit-cost ratio (BCR) for numerous projects can be
compared to each other to determine which project
has a higher economic return, with higher BCR's
indicate higher return.

Statistical analysis

The obtained data were statistically analyzed using
SAS software package. The means that were
significant were separated using Duncan’s multiple
range test at P<0.05 (SAS, 2006).

Results and Discussion

Soil chemical characteristics

Available N, P and K for the investigated soil (Table
4) showed that the treatment of vermi-compost
increased soil content of these nutrients compared to
other treatments, with significant differences between
mineral fertilizer treatments and those of organic
ones. This may be due to that vermi-compost is rich
in those nutrients (see Table 2). Munnoli et al. (2010)
reported that applying vermi-compost to the soil
modified its physico-chemical properties, water
holding capacity and infiltration, as well as it
enhanced soil fertility and soil microorganisms.
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Table-4: Effect of different irrigation levels and fertilizers on some soil chemical characteristics (0-15 cm),
after plant harvesting during the two studied seasons of 2018 and 2019.

Available macronutrients (%)
Treatment N P K OM (%)
2018 2019 2019 2018 2019 2018 2019
60% of ETc 064A | 066 A | 0.37A | 0.39A | 0.52A | 054 A 111 A 1.12 A
80% of ETc 0.63A | 0.64A | 0.34B | 0.36B | 048B | 0.49B 1.07B 1.04 B
100% of ETc 0.58B 0.60B | 0.31C | 0.33C | 043C | 042C 099C 1.00C
FYM 056CD | 0.56C | 0.31C | 034D | 046C | 042D 1.05C 1.05C
Biochar 0.68B | 0.71A | 040A | 0.38B | 0.52B | 0.53B 1.16 B 1.14B
Compost 0.61C 0.63B | 0.34B | 0.36C | 048C | 049C 1.12B 1.10 BC
Vermi-compost 0.72A | 0.74A | 0.40A | 043A | 056 A | 0.58 A 1.19 A 1.23 A
Mineral Fertil. 051D | 052C | 024D | 0.29E | 036D | 0.39E 0.77D 0.74 D
FYM 0.57h 0.59 f 0.36e | 0.38d | 0.53d 0.48¢ 1.09 fg 1.12 de
60% of Biochar 0.72b 0.73¢ 0.42a | 0.40c | 057c | 0.58b 1.24b 1.19¢
ETc Cqmpost 0.63d 0.66e | 0.38cd | 0.40c | 0.53d 0.56 ¢ 1.17 de 1.21 bc
Vermi-compost 0.73a 0.77a | 0.40b | 0.43b | 0.60a 0.61la 1.25a 1.28a
Mineral Fertil. 0.56i 0.53i 0.26i 0.35e 0.39 0.46 f 0.83j 0.79i
FYM 0.57h 055g | 0.29g | 0.34e | 045h | 0.42h 1.06 gh 1.02¢g
80% of Biochar 0.71c | 0.74bc | 0.40b | 0.37d | 051e | 055¢cd | 1.18cd 1.15d
ETc Cqmpost 0.62 e 0.66 e 0.33f 0.34e | 047¢g 0.49e | 1.14 def 1.07 f
Vermi-compost 0.73a 0.75b 042a | 046a | 0.58b 0.59b 1.21 bc 1.24b
Mineral Fertil. 0.52 ] 0.51] 0.261i 031f | 037k 0.41h 0.78 k 0.73]
FYM 0.53j 054h | 027h | 031f 0.40 0.36i 0.99i 1.01h
100% of Biochar 0.62¢ 0.66 e 0.39c¢ | 0.37d 0.49 f 047 f | 1.07fgh 1.08 ef
ETc Compost 0.58¢g 059 f 0.32f | 0.35e 0.43i 0.44 g 1.05h 1.02¢g
Vermi-compost 0.70 ¢ 0.72d 0.37d | 04lc | 051e 0.54d 1.12 ef 1.15d
Mineral Fertil. 0.47 k 0.51] 0.20] 0.22¢g 0.311 0.29] 0.711 0.69 k

Increasing irrigation water level led to decrease in the
available amount of N, P and K in soil during the two
studied seasons; possibly due to their consequent
leachability out of soil profile. Regarding the
interaction among treatments, the results showed that
treatment of 60% of ETc combined with vermi-
compost gave the highest values of nutrient contents
in the studied soil. Logically, application of organic
fertilizers increased soil organic matter content
compared to mineral fertilizers treatment (control),
the highest value being obtained by vermi-compost
treatment. Increasing irrigation water level decreased
OM content of the studied soil; the interaction among
treatments showed that the treatment of 60% of ETc
combined with vermi-compost gave the highest value
of soil OM content; 100% of ETc combined with
mineral fertilizers treatment gave the lowest
corresponding one. Similar trend was found during
the second season, with almost higher values
compared to the first season; may be due to the
continued application of the studied treatments.
Opposite trend was obvious (the first season was
higher than the second one) with application of

& A
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mineral fertilizers especially about the effect on OM
content in the studied soil. These results are in line
with those obtained by Hashem and Abd-Elrahman
(2016) concerning the effect of vermi-compost tea
and compost tea combined with different irrigation
water levels in this respect. Also, the results obtained
herein agreed with those obtained by Han et al.
(2020) concerning the effect of biochar on increasing
soil organic carbon (SOC) and consequently soil
organic matter (SOM) content.

Vegetative growth and yield traits

Data in Table 5 showed the effect of different
irrigation water levels and fertilizers on vegetative
growth and yield traits of lettuce plants, i.e., no. of
leaves per plant, yield weigh, head length, head width
and chlorophyll content, during the two studied
seasons of 2018 and 2019. Regarding the effect of the
irrigation levels, the treatment of 80% of ETc gave
the highest no. of leaves per plant, yield weigh and
head width, followed by the treatment of 100% of
ETc. There was no significant difference between the
treatment of 80% and 100% of ETc in their effect on
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head length. Head length is a quality characteristic,
the shorter the better. On the opposite trend,
chlorophyll content was higher under low irrigation
level (60% of ETc) during the two studied seasons,
and this is an indicator that plants suffer from water
stress. These results agree with those outlined by
Abdrabbo et al. (2015) on cabbage, and Chaichi et al.
(2020) on lettuce under different irrigation levels.
They demonstrated that increasing irrigation level

decreases the concentration of nutrients and
chlorophyll in plant leaves, due to dilution effect.
Regarding the effect of different fertilizers

application, data in Table 5 showed that the treatment
of vermi-compost gave the highest values of no. of
leaves per plant, yield weigh, head length and width,
followed by biochar and mineral fertilizers,
respectively. On contrary, application of mineral
fertilizers led to increase chlorophyll content, as
compared to organic fertilizers. These results agree

with those found by Abdrabbo et al. (2015) on the
effect of organic fertilizers on enhancing plants
growth and yield, as compared to mineral fertilizers.
The interaction between irrigation water levels and
fertilizer treatments was of significant effect on
vegetative growth and yield traits during the two
studied seasons (Table 5). The highest values of
number of leaves per plant, yield weigh and head
width were achieved due to the treatment of 80% of
ETc combined with vermi-compost followed by 80%
of ETc combined with biochar treatment. Regarding
the head length of lettuce, the treatment of 100% of
ETc combined with vermi-compost gave the highest
value. Chlorophyll content had another trend; the
highest value was obtained by the treatment of 60%
of ETc combined with mineral fertilizers, during the
two tested seasons.

Table-5. Effect of different irrigation levels and fertilizers on vegetative growth and yield traits of lettuce
plants during the two studied seasons of 2018 and 2019.

Yield Head length Head width Chlorophyll
Treatment No. of leaves/plant
(kg/plot area*) (cm) (cm) (SPAD)
2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
60% of ETc 29.1C 273C 239B 248C 13.2B 142B 27.7B 289C 46.2 A 471 A
80% of ETc 365 A 35.7A 383 A 36.4 A 155 A 159A 34.1A 441 A 39.1B 42.1B
100% of ETc 351B | 326B | 379A | 309B | 158A | 16.1A | 33.7A | 386B | 351C | 357C
FYM 28.7E 28.1D 235E 220D 124D 127D 249D 315E 355D 354 E
Biochar 355B 33.2B 374B 34.7B 154B | 16.7AB | 334B 39.2B 396C 416C
Compost 303D 304C 30.7D 265C 135C 138C 292C 338D 382C 394D
Vermi-compost 39.0A 353 A 413 A 36.7 A 17.7 A 176 A 399 A 452 A 425B 45.08B
Mineral Fertil. 343C 32.3B 340C 33.6B 152B 16.2B 31.8B 36.1C 447 A 469 A
FYM 2331 22.7n 19.8 m 18.4 k 1151 11.3] 21.9 k 25.1j 395¢ 42.19g
60% Biochar 31.7h 29.7 k 23.1k 26.4h 143 f 15.7 de 29.0h 29.2h 444 c 47.2d
of Compost 27.7k 26.0m 22.9 ki 24.0]j 124k 129i 248 j 2751 408 e 448¢e
ETc Vermi-compost | 33.0g 30.0j 315h 30.1g 145e 15.9d 34.7de | 334¢g 509 b 504 b
Mineral Fertil. 29.7 28.31 2241 25.0i 135h 154¢e 28.4 hi 29.1h 55.2a 51.1a
FYM 31.7h 31.3¢g 26.6 i 31.9f 12.7 ] 134 h 254 j 354f 36.11 36.2j
80% Biochar 39.3b 38.3b 44.7¢c 40.6 b 15.8d 17.2b 37.0c 49.1b 38.7h 41.2h
of Compost 31.7h 34.7d 36.2 f 30.7¢ 143 f 1419 32.3f 385e 38.6h 415h
ETC | vermi-compost | 453a | 433a | 466a | 426a | 189b | 183a | 439a | 580a | 41.6d | 439f
Mineral Fertil. | 34.3f | 31.0gh | 37.3¢e 36.le 159d 166c | 31.8fy | 39.3de | 40.4f 47.8¢
FYM 31.0i 30.3ij 23.9]j 15.7 1 129i 136h 275i 34049 3091 2791
100 Biochar 35.3e 31.7f 445¢ 37.0d 16.2¢c 17.3b 34.1e | 39.3de 35.7j 36.4j
% of Compost 31.7h 30.7 hi 3299 24.7 1399 144 f 3069 354f 35.2 k 32.0k
ETC | vermi-compost | 38.7d | 327e | 457b | 375d | 197a | 185a | 413b | 442c | 350k | 405i
Mineral Fertil. | 39.0c 37.7¢ 42.2d 39.8¢ 16.1¢ 16.7¢ 35.2d 39.9d 38.6h 4199

*Plot area = 12 m°.
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Asaduzzaman et al. (2010) found that applying vermi-
compost led to improve yield compared to the other
organic fertilizer sources; because of its effect on
improving growth and nutrient uptake. It was obvious
that the treatment of 80% of ETc combined with
organic fertilizers gave better results of vegetative
growth and yield traits, while the treatment of 100% of
ETc combined with mineral fertilizers gave better
results of the same characteristics in lettuce plants. It
may refer to the effect of organic fertilizers on
enhancing soil-water holding capacity and soil
characteristics, so improving crop performance
(Mostafa et al., 2019).

Chemical components of plant leaves

Data in Table 6 showed the influence of different
irrigation levels and fertilizers on concentrations of N,
P and K, as well as TSS content in lettuce leaves,
during the two studied seasons of 2018 and 2019.
Regarding the effect of the irrigation levels, the
treatment of 60% of ETc resulted in the highest
average values of the studied parameters, followed by
the treatment of 80% and 100% of ETc, respectively.
This sequence may be due to the dilution effect with

increasing irrigation level (Hashem et al., 2014,
Hashem and Abd-Elrahman, 2016).

The fertilizer treatments significantly affected the
percentages of N, P and K in lettuce leaves (Table 6).
Mineral fertilizer applications resulted in the highest
average values in plants, followed by vermi-compost
and biochar, respectively. The TSS had the same
trend; mineral fertilizers treatment gave the highest
values. This might occur due to that nutrient in the
mineral fertilizers are more readily available, as
compared to those of the organic fertilizers slow
released (Walker and Bernal, 2004).

Regarding the interaction effect between irrigation
levels and fertilizers, the highest concentrations were
obtained by the treatment of 60% of ETc combined
with mineral fertilizers. The lowest concentrations
were obtained by the treatment of 100% of ETc
combined with FYM. These results are in line with
those outlined by Abdrabbo et al. (2015) and Mostafa
et al. (2019). Applying proper water quantity allows
plants to use water and nutrients from surrounding
soil, thus increases water and nutrient use efficiency,
and decrease nutrient leaching.

Table-6. Effect of different irrigation levels and fertilizers on chemical components of lettuce leaves

during the two studied seasons of 2018 and 2019.

N P K TSS
Treatment % % % (Brix)
2018 2019 2018 2019 2018 2019 2018 2019
60% of ETc 249 A 2.65 A 0.74 A 0.75A 1.69 A 1.60 A 357A 352 A
80% of ETc 211B 2.21B 0.67B 0.69 B 147B 1.22B 3.10B 3.12A
100% of ETc 2.03C 1.93C 054C 0.56 C 116 C 1.07C 2.68 C 2.66 B
FYM 2.03D 1.95D 0.53D 0.50 D 1.13D 1.01D 221D 2.56 C
Biochar 2.20B 2.25BC 0.65C 0.69 B 147B 1.32BC 3.10C 3.13B
Compost 2.13C 217C 0.64C 0.62 C 1.29C 1.19C 3.13C 2.98B
Vermi-compost 2.21B 2.32B 0.71B 0.73B 1.62 A 141B 3.48B 3.35A
Mineral Fertil. 248 A 2.63 A 0.76 A 0.80 A 1.69 A 157 A 3.65 A 347 A
FYM 2159 2.47d 0.61h 0.57i 1.30f 144 e 2.94 h 2.90 h
60% of Biochar 255D 2.57¢c 0.72d 0.77c 1.70¢ 1.58¢ 3.72¢c 3.65¢c
ETc Co_mpost 2.39¢c 2.48 cd 0.71 de 0.70 e 1.55d 145e 3.66d 3.32e
Vermi-compost 2.34d 2.68b 0.81b 0.84b 1.92a 1.68 b 3.75b 3.76 b
Mineral Fertil. 3.02a 3.07a 0.85a 0.88 a 1.98 a 1.87a 3.77a 3.9%a
FYM 2.00i 1.79h 0.60i 0.49 ] 1.13g 0.85 k 2.02 k 241Kk
80% of Biochar 2.06 h 2.19e 0.68 f 0.71e 146¢e 1.24 g 3.14¢g 3.22f
ETc Compost 2.03h 2.06 f 0.65¢g 0.65f 1.26 f 1.19 hi 3.13¢ 3.07¢
Vermi-compost 2.23¢ 2.26¢ 0.70 e 0.73d 1.68 ¢ 1.32f 343e 3.49d
Mineral Fertil. 222¢ 2.73b 0.75¢ 0.87 a 1.81b 1.53d 3.76 ab 3.41d
FYM 1.93k 1.59i 0.37k 0.44 k 0.97 h 0.731 1.66 1 237k
100% of Biochar 1.98ij 2.00 fg 0.54j 0.60 h 1.25f 1.15i 245 2.51]
ETc Compost 1.97] 1979 0591 0.50j 1.05gh 0.93] 2.61i 2.53]
Vermi-compost 2.06 h 2.03f 0.61 h 0.63¢g 1.27f 1.23 gh 3.27f 2.80i
Mineral Fertil. 2.18f 2.09 f 0.68 f 0.64 fg 1.27f 1.32f 34le 3.07¢g
() asian | Agric & Biol. 2022(2 7/10
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Table-7: Water use efficiency of lettuce plants under different irrigation water levels and fertilizers in the
two seasons of 2018 and 20109.

Treatment | FYM | Biochar | Compost |Vermi-compost| Mineral Fertil. | Mean (B)
First season 2018
60% of ETc 1.22 jk 1.43h 1.42 h 195¢ 1.38i 1.48B
80% of ETc 1.23j 2.07b 1.68¢ 2.16a 1.73d 177 A
100% of ETc 0.89 k 165f 1.22 jk 1.70 e 1569 1.40B
Mean (A) 1.12D 1.72B 1.44 C 193 A 156 C
% Increase or decrease -28.2 +10.3 -7.69 +23.7 0.0
Second season 2019
60% of ETc 1.09]j 1.56d 142 f 1.78b 148¢ 1.47 A
80% of ETc 142 f 1.80b 1.36 h 1.89a 1.60c 1.62 A
100% of ETc 0.56 | 1.32i 0.88 k 1.33i 141¢g 1.10B
Mean (A) 1.02E 1.56 BC 1.22D 1.67 A 1.50C
% Increase or decrease -32.0 +4.00 -18.7 +11.3 0.0

Table-8: Total cost of production and gross return analysis of lettuce plants due to different treatments in
the two studied seasons of 2018 and 2019.

First season 2018 Second season 2019
Total | Total Total cost Gross Total Total Total cost Gross
Treatment ield | revenue of margin | BCR ield | revenue of margin | BCR
y production g y production g
Tons LE LE LE Tons LE LE LE
FYM 1.02 | 2035 1393 643 | 1.46 | 094 | 1889 1417 473 | 1.33
Biochar | 1.19 | 2375 1480 895 | 1.60 | 1.36 | 2714 1506 1208 | 1.80
60% of |_Compost | 1.18 | 2354 1418 936 | 1.66 | 1.23 | 2468 1442 1026 | 1.71
ETc | Vo™ | 162 | 3236 1543 1693 | 2.10 | 1.55 | 3092 1570 1523 | 1.97
compost
'\ﬁ'er;firla' 115 | 1150 1355 205 | 085 | 128 | 1284 1378 94 | 0093
FYM 137 | 2736 1403 1334 | 1.95 | 1.64 | 3282 1427 1855 | 2.30
Biochar | 2.30 | 4501 1490 3101 | 3.08 | 2.09 | 4173 1516 2657 | 2.75
800 of |_Compost_| 1.86 | 3714 1428 2286 | 2.60 | 158 | 3152 1452 1700 | 2.17
ETc | Yermi- | 539 | 4784 1553 3232 | 3.08| 219 | 4376 1580 2796 | 2.77
compost
'\ﬁ'er;‘t*ﬁa' 192 | 1915 1365 550 | 1.40 | 1.85 | 1855 1389 466 | 1.34
FYM 1.23 | 2460 1413 1048 | 1.74 | 0.81 | 1611 1437 174 | 1.12
Biochar | 2.29 | 4573 1500 3073 | 3.05 | 1.90 | 3805 1526 2279 | 2.49
1009 |_Compost | 1.69 | 3384 1438 1947 | 235 | 1.27 | 2535 1463 1073 | 1.73
of ETc| V&M | 535 | 4697 1563 3135 | 3.01| 1.92 | 3847 1590 2257 | 2.42
compost
'\ﬁg;‘t*irla' 217 | 2167 1375 792 | 158 | 2.04 | 2043 1399 644 | 1.46

Chemical production of one ton of lettuce= 1000 LE per total area (540 m?); organic production of one ton of
lettuce= 2000 LE per total area (540 m?). 1 $= 15.60 LE with today price.

Water use efficiency (WUE)

Data in Table 7 showed values of WUE under the
effect of different irrigation water levels and
fertilizers during the two studied seasons of 2018 and
2019. The highest value of the WUE was obtained
due to applying the treatment of 80% of ETc

N N
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followed by 60% of ETc. These results agree with
those obtained by Bozkurt and Mansuroglu (2011) on
lettuce plants. Regarding the effect of different
fertilizer treatments on WUE, data showed that there
were significant differences among treatments,
applying vermi-compost led to increase WUE by
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about 23.7 and 11.3% over than control (applying
mineral fertilizers), followed by biochar by about
10.3 and 4.0%, during the two tested seasons,
respectively. On the other hand, applying compost
led to decrease WUE by about 7.69 and 18.7% less
than control, followed by FYM by about 28.2 and
32.0%, during the two tested seasons, respectively.
Regarding the interaction between irrigation levels
and fertilizer treatments, the highest WUE was
obtained by 80% of ETc combined with vermi-
compost. Importance of organic fertilizers for better
yield and maximize the efficiency use of water could
be attributed to the role of them in improving the
crop resistance to water stress by improving soil
physical, chemical, and biological properties as well
as supplying plants by macro- and micro-nutrients
(Abdrabbo et al., 2015; Mostafa et al., 2019).

Benefit to cost ratio (BCR)

Data in Table 8 showed values of the benefit-cost
ratio (BCR) due to applying the different treatment
combinations in the two studied seasons of 2018 and
2019. The highest values (3.08 and 2.77) were
obtained owing to applying the treatment of vermi-
compost + 80% of ETc during the two seasons,
respectively. The lowest BCR values (0.85 and 0.93)
were recorded due to applying the treatment of
mineral fertilizers + 60% of ETc during the two
seasons, respectively. These results agree with those
obtained by Hashem and Abd-Elrahman (2016) on
the benefits of applying organic fertilizers, compared
to mineral fertilizers. Also, the results are in line with
those obtained by Patil et al. (2013) on lettuce plants
under different irrigation intervals and N application
rates

Conclusion

The reuse of organic materials leads to mitigate CO,
emission and sequestrates C into the soil, which
increase soil fertility, nutrient availability, and
sustainable production. Using organic fertilizers
especially vermi-compost encouraged the growth and
improved yield of lettuce plants. Applying 80% of
ETc with vermi-compost was the best combination
treatment, while increasing irrigation dose led to
decrease water use efficiency. This treatment of
combination gave the highest BCR, while the lowest
ones were recorded by applying the treatment of
mineral fertilizers + 60% of ETc during the two
studied seasons, which focus the light on the benefits

AT Asian ] Agric & Biol. 2022(2).

of applying organic fertilizers, compared to mineral
ones.
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