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he study conducted at private farm in reclaimed sandy soils in the western district of, EI- Minia

Governorate, Egypt during winter of two successive seasons of 2020/2021, 2021/2022. To investigate
the influences of different irrigation regimes, bio-stimulants and their interaction on lettuce growth, yield
and chemical composition, A split-plot design was used, the main plot was irrigation treatments (100% of
crop evapotranspiration, 80% ETc and 60% ETc), while the bio-stimulants (control, potassium humate
(K-H), biofertilizers (EM) and mixture from K-H plus EM) were assigned in sub-plot. The results showed
that in most aspects there was a significant affect between 100% or 80% ETc compared to 60% ETc but
insignificant between 100% ETc and 80% ETc in both seasons. Moreover, soil application of the bio-
stimulants reduced the negative impact of water deficit compared to control. Combined K-H and EM
caused significant increase in all estimated parameters for plant growth and yield. In addition, increase
mineral contents, protein and carbohydrate contents in lettuce leaves. In opposite, it causing significant
decrease by (23.20, .18.38 and 18.18, 14.33%) for nitrate and proline through both seasons respectively,
compared with control. Furthermore, the highest irrigation water use efficiency was recorded with
decreasing the required amount of water (60% ETc). Integration both bio-stimulants caused significant
increase in irrigation water use efficiency by 58.60 %in the first season and were 59.14% in the second
season. Available N, P and K in soil significantly increase with application of mixture of bio-stimulants
followed by sole application of K-H.
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devastating environmental problems threatens many
countries around the world, among them is Egypt.
Researchers face many challenges under increasing
population and changing climate conditions are likely

1. Introduction

Lettuce (Lactuca sativa L.) is grown all over the world
and is considered a winter cash crop for Egyptian

farmers. It is rich with vitamins C and E, polyphenols,
luthein and fibers (Chen et al., 2019). Lettuce plant
cultivated since 4500 BC in the Mediterranean area.
Lettuce plant contains high cellulose content, so it
facilitates digestion. Moreover, lettuce contains
lactocin and lactucopicrin which improves sleep. In
the case of leafy vegetables, a high concentration of
nitrates causes health problems. This is a particularly
serious issue in lettuce, which can accumulate a lot of
NOs (Cruz et al., 2012). Toxicity of nitrate, when it is
transformed to nitrite, as the probability of formation
of toxic compounds increases (Aboud and Abd-
Alrahman, 2021). Water stress is one of the most
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to increase water scarcity, which will lead to further
decline in crop productivity. Irrigation scheduling
might be used to improve plant quality by decreasing
excessive vigor and increasing water use efficiency
(Abdel-Fattah et al., 2020). Moreover, Egypt has
limited agricultural land, associated with the lack of
irrigation water and rapid population growth (Okasha
et al., 2022). Sandy soils widely in arid and semi-arid
regions in Egypt's east and west deserts. Sandy soils
faced a lot of challenges for agricultural production as
nutrient deficiencies, low water holding capacity,
excessive drainage, susceptibility to wind erosion on
sandy dunes, low irrigation water retention, high
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evaporation, low soil organic matter content and low
fertility (Hoa et al., 2010). In general, sandy soil lacks
plant nutrients and the nutrients provided to it are lost
due to irrigation water. Plants under water stress can
avoid the harmful of drought through several ways as
stomata closure, osmotic adjustments, leaf rolling,
reductions and thus decreases in cellular expansion,
and alterations of different essential physiological and
biochemical processes that effect on plant vitality
(Farouk and Ramadan, 2012). In this respect, anti-
transpirants are substances that able to increase leaf
resistance to water vapor loss, consequently improving
plant water use and increasing biomass or yield
(Zahran et al., 2020). Bio-stimulants have been
described as non-nutritional products that may reduce
fertilizer use and increase yield and resistance to water
and temperature stress (Poincelot, 1993). Bio-
stimulants whether substance or microorganism
applied to plants to improve nutrition efficiency,
abiotic stress tolerance and crop quality (Patrick,
2015). Bio-stimulants such as EM, which has role in
restoration of healthy ecosystem in both soil and water
by using some major genera of microorganisms, which
are found in nature:  Rhodopseudomonas,
Lactobacillus and Saccharomyces (Shalan, 2014).
Biofertilizers application enhanced growth, yield and
ripening of pea plant under drought stress conditions
(Itelima et al., 2018). One of these bio-stimulants is
humic acid that improves soil aggregation, and
stimulate microbial diversity (Chen et al., 2006 and
Kocira et al., 2018), its essential role in carbon and
nitrogen cycling, and stability of soil structure (El-
Nagma, 2020). Humic acid combined with potassium
led to rapidly absorbed and incorporated potassium
into plants whether via soil addition or foliar
application methods (Abd EI-Aal et al., 2010).
Potassium humate is a promising natural resource to
improve growth, yield and nutritional state. It is a
natural material that can improve soil physical and
chemical properties and nutrient dynamics (Mahdi et
al., 2021 and Mohammed et al., 2021). It can be used
as an organic potassium fertilizer to supply the plants
with high levels of soluble potassium in a readily
available form. As, K-H contains carboxyl, phenolic
hydroxyl, and other functional groups that can reduce
the loss of ammonium nitrogen, enhance sugar, starch
and protein synthesis. Application of bio-stimulants
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improved onion plant stress tolerance to water deficit
irrigation (Hefzy et al., 2020).

The goal of this study is evaluation the effect of
bio-stimulants whether K-H and/or EM under different
irrigation regime to improve lettuce growth and yield
with high quality under different irrigation regimes to
reduce the negative effect of water stress in reclaimed
sandy soils.

2. Materials and Methods

2.1. Experimental site

A field experiment was conducted at private
farm in reclaimed sandy soils in the western district of
EL-Minia city, EI- Minia Governorate, Egypt during
winter of two successive seasons of 2020/2021 and
2021/2022. To test the impact of humate potassium
(K-H), biofertitatizers (EM; Effective
microorganisms) and mixture K-H and EM under
three irrigation regimes on vegetative growth, yield
parameters and chemical constituents of lettuce plant
as well as available macronutrient contents of sandy
soil after harvesting. The soil physical and chemical
analyses of the experimental site are presented in
Table (1). Physical parameters were determined
according to the methods of Haluschak (2006), while
chemical was according to Reeuwijk (2002). The
experiment includes 12 treatments was arranged in
randomized complete block design in a split-plot with
three replications. The experimental plot area was 21
m?. The treatments were arranged as followed:

1. Main plots (irrigation regime with three
treatments).

A- Irrigation with 100% of (ETc)

B- Irrigation with 80% (ETc)

C- Irrigation with 60% (ETc)

2- Sub-plots (included four treatments).

1. Control.

2. Potassium Humate (K-H) applied at 20.00 Lfed™
3. EM applied at (5L fed™?)

4. Mixture of Potassium Humate (K-H) and EM
2.2. Experimental details:

2.2.1. Organic fertilizers:

Compost fertilizers (commercial compost
namely Nile compost (plant residues). Compost was
added at the rate of 10 ton fed! was broadcasted and
thoroughly mixed with soil surface layer (0 - 25cm)
during plots preparation with all treatments. Chemical
analysis of the compost used presented in Table (2).
2.2.2. Chemical fertilizers:

Granular (22.50 kg P,0s) fed* (150 kg super
calcium phosphate, 15.5% P,0s) was broadcasted and
thoroughly mixed with soil surface layer (0 - 25cm)
during plots preparation; 60 kg nitrogen/fed (180 kg
ammonium nitrate, 33.5% N); in six equal doses with
irrigation water (first doses with transplant) and 24 kg
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K20 fed (50 kg potassium sulfate, 48% K0) in four
equal doses with irrigation water (first doses with three
doses of nitrogen fertilizers). Potassium humate was
applied with the irrigation water through the
Fertigation after two weeks from transplanting at rates
of 20.00 L fed™ and repeated twice after two weeks
interval according to treatments. The chemical
analyses of used K-H were shown in Table (3).

2.2.3. Biofertilizers:

EM is a commercial bio-stimulant, contains
various selected strains of "effective microorganisms"
(photosynthetic bacteria, lactic acid bacteria, yeast,
actinomycetes and various fungi) EM were kindly
obtained from Agriculture Faculty, Minya university.
EM application were performed by addition of 5 L fed
1 of Effective microorganisms. According to
treatment, the first dose was added after two weeks
from transplanting date and repeated twice after two
weeks interval.

2.2.4. Irrigation treatments:

CROPWAT model was used to calculate
reference evapotranspiration according to Penman
Monteith. Crop evapotranspiration (ETc) was
calculated according to (Allen et al., 1998).

ETc = ETo X K¢

Where:-

ETc = Crop evapotranspiration.

ETo = Reference evapotranspiration.

K. = Crop coefficient (from FAO paper 56)

The amounts of actual irrigation water applied under
each irrigation treatment were determined using the

following equation: James (1988).

ETc + Lf
[.LRa =
ER

Where:

I.LRa = total actual irrigation water applied mm/
interval.

Etc = Crop evapotranspiration using CROPWAT
model (8)

Lf = leaching factor 10 %.

Er = irrigation system efficiency.

2.2.5. Water use efficiency (WUE)

The irrigation water use efficiency (IWUE, kg
m-3) values were calculated as follows:

IWUE = ‘Marfcetable yield (Il(g/fed.)

2 arrigation water Applied (m 3 /fed)
2.3. Plant material and growth conditions:

Seeds of head lettuce (Big-Bell) were
germinated in a tray filled with peat and vermiculite
mixture (1:1) and incubated for three days at
(10/8/2020 and 12/8/2021). After germination, the
trays were placed in the greenhouse for six weeks.
Thereafter, seedlings with uniformly size were
transplanted under drip irrigation system during
second week of September in the two growing
seasons, 2020/2021 and 2021/2022. Seedlings planted
in one side of drip irrigation lateral line of 0.5 m lateral
lines which has drippers at 0.3m distance.
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2.4. Data collection and measurements
2.4.1. Growth and yield parameters:

After 70 days from transplanting five plants
were collected from each replicate as a representative
sample to measure plant fresh weight (g), head length
(cm), head diameter (cm), head fresh weight (g), root
fresh weight (g) and total yield (ton/fed.).

2.4.2. Chemical analysis:

Determination of leaf mineral contents (N, P
and K %): Fresh samples of 100 g of leaves were oven
dried at 65 °C for 48 h. The dry matter was finely
ground and wet digested with sulphuric acid -
perchloric acid mixture (1:1). Total nitrogen content
by using the modified Micro-kjeldahl apparatus was
employed for total N-determination as described by
Jones et al. (1991). Total phosphorus was determined
spectrophotomitrically by Peters et al. (2003). Total
potassium was estimated flame photometerically by
Peters et al. (2003). Crude protein was calculated by
multiplying the total percentage of nitrogen by the
factor of 5.75. Determination of total carbohydrate:
Carbohydrates were estimated in the leaves according
to anthrone method (Shumaila and Safdar, 2009).
Proline estimation: proline was determined according
to (Marin et al., 2010). Nitrate determination: by
Cheng and Tsang (1998).

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 in soil according to the
methods that described by according to Reeuwijk
(2002).

2.5. Statistical Analysis

Data were analyzed with statistical analysis
software; CoState (2005). All multiple comparisons
were first subjected to analysis of variance (ANOVA).
Comparisons among means were made using
Duncan’s multiple range test at a P level of 0.05.
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Table 1. Physical and chemical properties of representative soil samples from the field experimental site through two
successive seasons of 2020/2021- 2021/2022.

Soil properties

(1t season)

(2n season)

2020/2021 2021/2022
I- Physical properties
particle size distribution
sand % 89.5 89.1
silt % 7.6 7.8
clay % 2.9 3.1
Texture grade Sandy Sandy
(Field capacity) (%) 8.19 8.22
(Max Water hold capacity) (%) 195 19.8
(Wilting point) (%) 2.94 2.92
Available water (%) 5.25 5.30
Saturation percent 31.00 32.00
Bulk density (g cm) 1.81 1.86
Il — Chemical properties
pH (1:2.5, Soil: water) 8.54 8.37
EC.dSm™ (1.5, Soil: Water) 0.49 0.46
Organic Carbon (g kg?) 1.00 1.10
Cation Exchange capacity (cmolc kg 1) 45 4.8
CaCOs (g kg?) 92.3 92.00
Available nitrogen (mg kg™) 16 17
Available Phosphorus (mg kg™) 4.49 4.41
Available Potassium (mg kg) 152 158
Organic matter (g kg™ 1.72 1.76
Table 2. Physical and chemical properties of the used compost.
Properties 2020/2021 2021/ 2022 Properties 2020/2021 2021/ 2022
Organic matter (%) 27.25 27.75 K (%) 111 121
Carbon (%) 15.6 15.75 Fe (ppm) 979.4 818.6
Total N (%) 0.83 0.94 Zn (ppm) 2711 269.2
C/N ratio 18.80 16.76 Mn (ppm) 227.3 2375
Humidity (%) 8.11 7.99 pH 1:10 7.45 7.21
P (%) 0.26 0.29 E. C. (dSm) 1.08 1.06
Table 3. Some characteristics of K- Humate.

properties Humic acid Fulvic acid K P Fe Zn Mn Mg
Values (%) 10 1 25 1 1 0.5 0.5 2

Table 4. Average monthly meteorological data of Minia weather station during the two growth seasons of 2020/2021 and

2021/2022.
2020/2021 2021/2022
Parameter Temperature (°C) Relative Wind Temperature (°C) Relative Wind
Month - Humidi speed . Humidit speed
Max Min % v (kpm/h) Max Min % y (kpm/h)
November 24.3 9.6 50.1 15.1 23.1 9.1 49.2 14.2
December 215 8.7 54.6 14.2 20.2 8.2 55.2 16.2
January 15.1 51 52.5 15.6 135 4.2 51.8 13.4
February 17.8 6.2 41.3 14.2 15.6 6.1 50.2 18.6
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3. Results

Vegetative and yield attributes

The data in Table (5) concerned with the effects
of wvarious irrigation regime and bio-stimulants
whether potassium humate (K-H) and/or biofertilizers
(EM) on plant fresh weight (g). Plant fresh weight was
significantly increased when plants were irrigated with
100% or 80% ETc compared to 60% ETc. but
insignificant between 100% ETc and 80% ETc in the
first season. Combined K-H and EM caused
significant increase in plant fresh weight by (29.88,
51.56%) respectively in the 1% and 2" season.
Interaction between irrigation regime and bio-
stimulants gave the best result of fresh weight (901.43
and 956.50 g plant™?) due to irrigation with 100% ETc
combined  bio-stimulants, in  both  seasons,
respectively. in the same trend, head length and head
diameter there was a significant affect between 100%
or 80% ETc compared to 60% ETc but insignificant
between 100% ETc and 80% ETc in both seasons.
Integration K-H and EM caused significant increase
for head length and head diameter compared with
control by (14.88, 11.01 and 28.14, 19.56%)
respectively through both seasons. but there was no
significant difference among both bio-stimulants in
second seasons. Regarding the interaction between
irrigation regimes and bio-stimulants treatments,
highest values for head length (12.94 and 12.83 cm)
and for head diameter (12.67 and 12.80 cm) was
recorded by irrigation with 100%

ETc combined both bio-stimulants, in 1% and
2" seasons, respectively. Furthermore, plots irrigated
with 100% and 80% ETc gave significant increase in
weight of fresh head and root in comparison with 60%
ETc. but insignificant between 100% ETc and 80%
ETc in both seasons. Combining K humate and EM
caused significant increase by (39.28, 44.44 and 26.65,
56.79%) for head fresh weight and root fresh weight
compared with control. There was significant
difference among bio-stimulants in both seasons for
head fresh weight. Also, in 2" season for root fresh
weight. While, there were no significant in 1%t season
among them. The interaction effect between irrigation
with 100% ETc with both bio-stimulants was superior
for head and root fresh weight (888.00, 877.00 and
41.12,41.89 g plant®) in 1%tand 2" season respectively
Table (6).

Plants irrigated with 100% and 80% ETc gave
significant increase in total yield comparing with these
irrigated with 60% ETc. but insignificant among 100%
ETc and 80% ETc in both seasons. Integration K-H
and EM caused significant increase by (37.21,
46.16%) for total yield compared with control plants
through 1%t and 2" seasons respectively. There was no
significant difference among bio-stimulants in both
seasons. The interaction effect between irrigation with
100% ETc and both bio-stimulants gave best total
yield of lettuce (24.20 and 21.73 ton fed) in 1 and
2" season respectively Table (6).

Table 5. Effect of bio-stimulants (potassium humate and/or EM) on fresh weight, head length and head diameter of

lettuce plant under irrigation regime treatments.

Plant fresh weight (g)

Treatments 15t season _ 2"d season
Irrigation

60% 80% 100% Mean 60% 80% 100% Mean
NPK (100%chemical) 416.33g 750.73d  776.88c  647.98D 433.50j 620.33h 700.00f 584.61D
Potassium humate 571.37f  790.2c 796.43c  719.27C  560.75i 802.00c 791.17c 717.97C
Biofertilizers (EM) 638.3e 848.57b  839.9b 775.59B  655.229 772.50d 847.56b 758.43B
Mix (EM+K) 734.53d 888.93a 901.43a 841.63A 747.45e 954.00a 956.50a 886.09A
mean 590.13C 819.56A 828.66A 599.23C  787.21.B 823.891A
LSD 5% A. 10.68 B.12.34 AB. 21.37 A. 5,59 B. 6.99 AB. 12.10

Head length (cm)
NPK (100%chemical) 9.55f 11.27cd  11.23cd  10.68D 9.73f 11.50bcd  11.75bc 10.99C
Potassium humate 10.37¢ 11.50c 11.62¢ 11.15C 10.50ef 12.16ab 12.20ab 11.61B
Biofertilizers (EM) 10.46E 12.48b 1253ab  11.82B 10.75de 12.08ab 12.16ab 11.66B
Mix (EM+K) 11.00d 12.88ab  12.94a 12.27A 11.12cde 12.63a 12.83a 12.20A
mean 10.34B 12.03A 12.08A 10.53B 12.09A 12.24A
LSD 5% A. 0.207 B. 0.239 AB. 0.415 A. 0.40 B. 0.46 AB. 0.80
Head diameter (cm)

NPK (100%chemical) 8.67e 9.48d 9.77d 9.31D 8.50f 10.85¢cd 10.70d 10.02C
Potassium humate 9.37f 11.48b 11.35b 10.73C 9.00ef 11.35bc 11.63b 10.66B
Biofertilizers (EM) 10.23c 11.53b 11.44b 11.07B 9.45e 11.45b 11.50b 10.80B
Mix (EM+K) 10.62c 12.51a 12.67a 11.93A 10.50d 12.65a 12.80a 11.98A
mean 9.72B 11.25A 11.31A 9.36B 11.56A 11.66A
LSD 5% A. 0.206 B. 0.24 AB. 0.41 A. 0.30 B. 0.35 AB. 0.60
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Table 6. Effect of bio-stimulants (potassium humate and/or EM) on head fresh weight, root fresh weight and total yield

of lettuce plant under irrigation regime treatments.

Head fresh weight (g)
15 season 2" season
Treatments —
Irrigation
60% 80% 100% Mean 60% 80% 100% Mean
NPK 356.67h 711.00e 724.33d 597.33D  470.00h 602.00g 622.00f 564.67D
(100%chemical)
Potassium humate 548.00g 817.00bc 809.67c 724.89C 595509 714.50d 718.50cd 676.17C
Biofertilizers (EM) 615.67f 823.33b 816.67bc 751.89B  613.50f 739.50b 727.00c  693.00B
Mix (EM + K) 731.00d 877.00a 888.00a 832.00A  700.00e 870.00a 877.00a 815.66A
mean 562.83B 807.08A 809.67A 594.75B 731.50A 736.13A
LSD 5% A. 564 B. 6.52 AB. 11.29 A. 491 B. 5.67 AB.
9.83
Root fresh weight
NPK 16.97h 34.81e 36.33d 29.37C 18.50e 25.70d  27.13cd  23.77D
(100%chemical)
Potassium humate 27.279 39.14b 38.27bc 34.35B 27.50cd  36.50b 36.63b 33.54B
Biofertilizers (EM) 27.87g 37.96¢ 37.21cd 34.89B 25.00d 35.66b 34.56b 31.74C
Mix (EM + K) 30.13f 40.37a 41.12a 37.20A 29.16¢ 40.75a 41.89a 37.27A
mean 25.56B 38.07A 38.23A 25.04B  34.65A  35.05A
LSD 5% A. 053 B. 0.61 AB. 1.06 A 127 B. 2.10 AB. 2.55
Total yield (ton fed?)
NPK 16.39C 10.50f 15.75d 16.00d 14.08C
(100%chemical) 10.033h 19.45f 19.70cd
Potassium humate 17.00 22.00e 22.07b 20.24B 14.07e 17.15¢ 17.22¢c 16.15B
Biofertilizers (EM) 16.75e 22.45d 22.27b 20.48B 14.67e 17.23c 17.34c 16.41B
Mix (EM + K) 19.50c 23.77b 24.20a 22.49A 18.50b 21.50a 21.73a 20.58A
Mean 15.73B 21.92A 22.06A 14.44B  1791A  18.07A
LSD 5% A. 035 B. 041 AB .0.75 A. 0.37 B. 0.43 AB.
0.75

Chemical constituents

Table (7) indicated the effects of bio-stimulants under
various irrigation regimes for mineral contents in
lettuce leaves. Nitrogen content was significantly
increased when plants were irrigated with 100% and
80% ETc compared to 60% ETc. but insignificant
between 100% ETc and 80% ETc in both season.
Combined K-H and EM caused significant increase in
nitrogen content comparing with control by (22.58 ,
13.01%) respectively in the 1% and 2" season .
Highest nitrogen content (3.93 and 3.96%) by
irrigation with 100% ETc combined bio-stimulants, in
both seasons, respectively. In the same way,
potassium and phosphorous gave the same trend.
Integration K-H and EM caused significant increase
for phosphorous by (39.13, 35.01%) and for potassium
by (30.65, 27.83%) respectively through both seasons.
Regarding the interaction between irrigation regimes
and bio-stimulants treatments, highest values for
phosphorous content (0.37 and 0.39 %) and for
potassium content (3.50 and 3.67%) was recorded by
irrigation with 100% ETc combined both bio-
stimulants, in 1%tand 2" seasons, respectively
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Plots irrigated with 100% and 80% ETc gave
significant increase for crude protein and total
carbohydrate compared with 60% ETc but
insignificant between 100% ETc and 80% ETc in both
seasons. Combining K-H and EM caused significant
increase by (22.58, 13.17 and 39.50, 29.22%) for
protein and total carbohydrate through both seasons
compared with control.  There was significant
difference among bio-stimulants in both seasons. The
interaction effect between irrigation with 100% ETc
with both bio-stimulants was superior for crude
protein (22.60 and 22.77%) by same way for
carbohydrate (6.41 and 6.57%) through 1% and 2™
seasons respectively Table (8)

On other hand, irrigated with 100% and 80% ETc
gave significant decrease comparing with 60% ETCc.
for nitrate and proline but insignificant effect between
100% ETc and 80% ETc in both seasons Table (8).
Combining bio-stimulants caused significant decrease
by (23.20, 18.83. and 18.18, 14.33%) for nitrate and
proline through both seasons compared with control.
There were significant differences among bio-
stimulants in both seasons. But there were no
significant effects between control and application of
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EM for proline content in second seasons. The (214.66 and 220.56 mg kg™), and (2.17 and 2.32 pmol
interaction effect between irrigation with 100% ETc g?) for proline through 1% and 2" seasons
with both bio-stimulants gave lowest nitrate content respectively.

Table 7. Effect of bio-stimulants (potassium humate and/or EM) on nitrogen, phosphorous and potassium contents of
lettuce leaves under irrigation regime treatments.

Nitrogen %

15 season 2" season
Treatments ——
Irrigation
60% 80% 100% Mean 60% 80% 100% Mean
NPK 2.86g 3.27e 3.17f 3.10D 2.90h 3.54e 3.69d 3.38D
(100%chemical)
Potassium humate  3.17f 3.50c 3.41d 3.36C 3.21¢g 3.77bc 3.71cd 3.56C
Biofertilizers (EM)  3.36de 3.67b 3.69b 3.57B 3.33f 3.83b 3.80b 3.65B
Mix (EM + K) 3.60b 3.88a 3.93a 3.80A 3.58e 3.92a 3.96a 3.82A
mean 3.25B 3.57A 3.56A 3.25B 3.77A 3.79A
LSD 5% A.0.046 B.0.053 AB.0.092 A.0.032 B. 0.038 AB.0.065
Phosphorus %
NPK . 0.23D 0.19 0.29 0.29 0.257D
(100%chemical) 0.17i 0.25f 0.27e
Potassium humate 0.22g 0.31c 0.30cd 0.27B 0.24 0.34 0.34 0.306B
Biofertilizers (EM) 0.20h 0.29d 0.27e 0.25C 0.21 0.30 032 0.278C
Mix (EM + K) 0.25f 0.35b 0.37a 0.32A 0.27 0.38 0.39 0.347A
mean 0.21B 0.30A 0.30A 0.23C 0.33B 0.34A
LSD 5% A. 0.010 B. 0.011 AB. 0.020 A. 0.007 B. 0.008 AB.0.014
Potassium %
NPK 2.74D 2.23f 3.27d 3.24d 2.91D
(100%chemical) 2.17h 2.95¢f 3.0%
Potassium humate 2.49g 3.43cd 3.39d 3.10C 2.55e 3.68c 3.57c 3.27C
Biofertilizers (EM) o 76f 3.67bc 3.59hcd 3.34B 2.70e 3.73c 3.77bc 3.40B
Mean 2.61B 3.46A 3.50A 2.64B 3.66A 3.67A
LSD 5% A. 0122 B. 0141 AB. 0.244 A. 0.115 B. 0.132 AB. 0.229

Table 8. Effect of bio-stimulants (potassium humate and/or EM) on protein, carbohydrate, nitrate and proline contents
of lettuce leaves under irrigation regime treatments.

Protein%
1%tseason 2" season
Treatments ——
lirrigation
60% 80% 100% Mean 60% 80% 100% Mean
NPK 16.48g 18.80e 18.23f 17.84D 16.68h 20.35e 21.22d  19.42D
(100%chemical)
Potassium humate 18.22f 20.13c 19.59d 19.31C 18.46g 21.68bc 21.32cd  20.49C
Biofertilizers (EM) 19.32de 21.10b 21.22h 20.55B 19.15f  22.02b 21.85h  21.00B
Mix (EM + K) 20.70bc 22.31a 22.60a 21.87A 20.58e 22.54a 22.77a  21.97A
Mean 18.68B 20.58A 20.41A 18.72B  21.65A 21.79A
LSD 5% A.0.267 B. 0.308 AB. 0.533 A. 0.188 B. 0217
AB.0.375
Carbohydrate%o
NPK 3.23i 4.36ef 4.56e 4.05D 4.07h 4.85de 4.93d 4.62D
(100%chemical)
Potassium humate 3.89¢g 5.84bc 5.98b 5.24B 4.64f 5.94b 5.88b 5.49B
Biofertilizers (EM) 3.49h 5.53d 5.62cd 4.88C 4.329 5.58¢c 5.63c 5.17C
Mix (EM + K) 4.17f 6.37a 6.41a 5.65A 4.70ef 6.63a 6.57a 5.97A
mean 3.70B 5.53A 5.64A 4.43B 5.75A 5.75A
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LSD 5% A.0.117 B. 0.136 AB. 0.235 A. 0.097 B. 0.112 AB.
0.194
Nitrate mg kg
NPK 319.16a  300.00cd. 303.5bc  307.56A 297.00a 289.50b 288b 291.50A
(100%chemical)
Potassium humate 297.81d 253.42¢g 24950 266.91C 274.34c  247.42f 244.59f  255.45C
Biofertilizers (EM) 305.57b 271.59f 268.75f 281.97B 291.75b  265.16e 270.44c-e  275.79B
Mix (EM + K) 281.43e 212.50h 214.66h  236.20D 266.24 223.129 220.56g 236.62D
mean 300.99A 259.38B  259.10B 282.33A  256.30B 255.89B
LSD 5% A. 252 B. 291 AB. 5.04 A.2.19 B. 253 AB. 4.38
Proline pmol g,
NPK(100%chemical) 3.73a 2.97d 2.88d 3.19A 3.66a 2.79¢c 2.75¢ 3.07A
Potassium humate 3.49c 2.53f 2.50f 284C 3.38b 2.56d 2.50d 2.81B
Biofertilizers (EM) 3.60b 2.66e 2.68e 2.98B 3.58a 2.72¢ 2.75¢ 3.02A
Mix (EM + K) 3.44c 2.21g 2.17g 261D 3.27b 2.30e 2.32¢ 2.63C
mean 3.57A 2.59B 2.55B 3.71A 2.60B 2.58B
LSD 5% A.0.0471 B. 0.054 AB. 0.094 A. 0.060 B. 0.069 AB. 0.119

Irrigation water efficiency

The trends of irrigation water use efficiency are
negatively correlated with the total amount of
irrigation water. Irrigation water use efficiency is
defined as marketable yield per unit of irrigation water
applied of growing plants. The effects of irrigation
regime and bio-stimulants whether K-H and/or EM on
the irrigation water use efficiency are represented in
Table (9). Irrigation water use efficiency was
significantly decreased when plants were irrigated

with 100% and 80% ETc compared to 60% ETc but
insignificant between 100% ETc and 80% ETc in the
first and second seasons. Integration both bio-
stimulants caused significant increase in irrigation
water use efficiency by 58.64 %in the first season and
were 59.14% in the second season. Interaction
between irrigation regime and bio-stimulants gave the
best result of IWUE (19.68 and 20.23 Kg fed) due to
application of K-H and EM under irrigation with 60%
ETc, in the first and second seasons,respectively.

Table 9. Effect of bio-stimulants (potassium humate and/or EM) on Irrigation water efficiency Kg / m? of lettuce plant

under irrigation regime treatments.

Irrigation water efficiency Kg/ m®
1t season | 2" season
Treatments —
Irrigation

60% 80% 100% mean 60% 80% 100% mean
NPK(100%chemical) 9.00g 13.14d 10.65f 10.93C 9.42g | 10.64f 8.65h 9.57C
Potassium humate 15.25¢ 14.87c 11.93e 14.02B | 12.62d | 11.59e 9.31g 11.17B
Biofertilizers (EM) 15.02c 15.10c 12.04e 14.08B | 13.16c | 11.64e 9.37¢g 11.39B
Mix (EM + K) 17.49a 16.06b 13.08d 15.54A | 16.60a | 14.53b | 11.75e 14.29A

Mean 14.11A 14.81B 11.92C 12.95A | 12.10B 9.77C
LSD 5% A. 0.26 B. 0.30 AB. 0.51 A. 0.76 B. 0.87 AB. 52

Available macronutrients content

The impact of K-M and EM on available N, P and
K for the investigated soil under water stress is
represented in Fig.1. The results indicated that plots
irrigated with 100% or 80% ETc gave significant
effect comparing with 60% ETc. but insignificant
between 100% ETc and 80% ETc in both seasons.
Combining K-H and EM caused significant increase
by (9.23, 6.79%) for nitrogen and (13.97, 12.75%) for
phosphorous and (43.45, 41.43%) for potassium
compared with control through both seasons. There
were significant differences among bio-stimulants in
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both seasons. Where, Application of K-H gave
significant increase in available NPK in soil
comparing with EM. The interaction effect between
irrigation with 80% ETc with both bio-stimulants gave
highest available nitrogen in first season (172.50 mg
kg') but under 100% ETc gave (175.83 mg kg*) for
nitrogen in second season, (7.41 and 7.53 mg kg*) for
phosphorous through two seasons respectively,
(188.00 mg kg™) for potassium through first season
while (189.50 mg kg™) under 80%ETc for available
potassium through second season.
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Fig. 1. Effect of bio-stimulants (potassium humate and/or EM) on available N, P and K in soil mg kg after lettuce crop

harvested under irrigation regime treatments through two studied seasons.

4, Discussion

Lettuce is low-calorie plant, has loosely bunched
leaves and is used mainly for salads (Hamerschmidt
et al., 2013). It is rich with vitamins C and E,
polyphenols, luthein and fibers (Chen et al. 2019).
Previous reports concluded that water deficit cause
yield reduction by decreasing the growth of crop and
biomass (El Shahawy et al. 2020 and Zahran et al.
2020). Combining of bio-stimulants (K-H and EM)
Env. Biodiv. Soil Security, Vol. 6 (2022)

under various irrigation regimes on lettuce growth and
yield, indicated that application of bio-stimulants
under less water (80% of ETc) leads to increase the
studied parameters.

Vitality of lettuce plants may be attributed to
application of bio-stimulants. Where, potassium
humate effects, humic compounds used as a soil
conditioner to improve root and whole plant growth
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under normal or stress conditions (Rady et al., 2016),
prevents crop transpiration, increases the soil water
content, and slows down the rate of soil water
consumption (Abou-Elseoud and Abdel-Megeed
2012). Potassium humate contains many carboxylic
and phenolic groups, provides good conditions for
chemical reactions, biological activity, increases
buffering of pH, accelerates the transfer of nutrients to
plants (Amjad et al., 2014) and enhancing protein and
carbohydrate (Amruthesh et al., 2003). Potassium
plays an important role in reducing abiotic stress on
plants (Waraich et al., 2011). Bio-stimulants improve
plant performance, enhance plant growth and
productivity, interact with several processes involved
in plant responses to stress, and increase the
accumulation of antioxidant compounds that allow
decrease in plant stress sensitivity (Bulgari et al.,
2019). The use of microbial bio-stimulants
recommended for creating ecologically friendly
technologies (Gaveliene et al., 2021), supporting
plants exposed to abiotic stresses (Santoyo et al.,
2021), improving plant development under water
stress conditions (Sangiorgio et al., 2020).
Furthermore, production of protective osmolytes or
phytohormones, secretion of volatile organic
compounds (Fadiji, et al., 2022) and synthesize 1AA,
which stimulates plant growth and root branching of
the plant under drought stress (Ouyang et al., 2017).
These results agreed with Refai et al. (2018) who
revealed that interaction irrigation (80% of ETc) plus
adding bio-stimulants had a positive effect on growth
and yield of cauliflower. Same results gave by Amer
et al. (2020) on sugar beet and cotton. Likewise, Abou
Basha et al. (2021) who found that application of
potassium humate combined with biofertilizer
gradually increased growth, yield and yield quality of
maize under water stress conditions.

Besides, the role of organic acids in potassium
humate, Application of K-H increases permeability of
plant cell membranes and improved nutrient uptake
(Verlinden et al. 2009) and facilitating transport of
nutrients, especially N, P, K which led to Increasing
plant efficiency to absorb and accumulate these
elements in the leaves (Hashem, 2014). Applied K-H
directly or indirectly, affect the nutrient status of faba
bean plants (Mahdi et al., 2021). Likewise, the humic
substances react with the cell membrane structures and
interact as a carrier of nutrients (Garca et al., 2016).
The increases in the protein content might be attributed
to the high content of leaves from the mineral elements
that give efficiently to the protein (El-Zehery, 2019).
Where, nitrogen is directly entered in the synthesis of
amino acids, which are the essential compounds for
protein synthesis (Barak, 1999). Phosphorous enters
inside the synthesis of DNA and RNA, which directly
influences protein synthesis and enhancing of crop
yield and quality (Scalenghe et al., 2012).
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Furthermore, potassium effects the enzyme activation
and carbohydrate metabolism, as well as potassium
enhancement the efficiency of nitrogen uptake and
consequently increases in protein synthesis (Elhakim
et al. 2016).

Interestingly, the nitrate content in leaf of lettuce
treated with bio-stimulants make it safely marketable.
As the ability of bio- stimulants to avoid nitrate
accumulation by regulation of nitrate reductase, which
responsible for higher assimilation of nitrates into
amino acids (Tsouvaltzis et al., 2014). These results
agreed with (Soliman and Hamed , 2019) who found
that application of bio-stimulants reduced the nitrate
content in spinach leaves. Proline is a source of carbon
and nitrogen for quick recovery and growth in stress.
Proline is the main component of osmotic adjustment
and this mitigates oxidative damage, stabilizes cell
membranes (Matysik et al., 2002). Under drought
stress, a higher accumulation of proline (Yi et al. 2016
and Abid et al., 2018), may be attributed to bio-
stimulants that applied when the stress occurs or
during stress conditions. Beside bio-stimulants
involved in the activation and biosynthesis of
bioactive compounds, these products are able to
counteract environmental stress such as water deficit
(Pokluda et al., 2016).

Referring to IWUE are in general agreement with
those reported by Khan et al. (2017). Where, lower
irrigation treatments induce higher values of IWUE.
This was confirmed by Zahran et al. (2020) who
concluded that the highest the values IWUE for potato
were higher under irrigation with 60 % ETc, than drip-
irrigated with higher water amounts (100% ETc) in
both seasons. values of IWUE for summer squash
were obtained under the lowest irrigation conditions.
In the same direction, EI-Gindy et al. (2009) showed
that lower water amounts (60% of ETc) recorded
higher IWUE than drip-irrigated summer squash with
higher water amounts (80% ETc). In contrast,
Cantore et al. (2014) reported that IWUE was not
influenced by the applied supplementary irrigation.
Badawy et al. (2019) reported that, irrigation water
use efficiency (IWUE) values for potato increased
with application bio-stimulants that enhancement of
water stored in the effective root zone and these
observations indicated that addition bio-stimulants
mitigated the harmful effect of water stress, because
the trudged cells of the stomata closed most of time, so
transpiration rate decreased, however there is no need
for more water to be absorbed by plant roots which in
turn reduce the amount of absorbed water (Zein El-
abdeen et al., 2018).

The significant increase in available nutrients content
of the soil after harvesting of the crop may be
attributed to K-H that can be used to enhance the
physio-biochemical properties of soils, because its
containing most elements that improve soil fertility
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and increase nutrients availability (Mahdi, et al.,
2021), good chelating properties, which reduce loss of
nutrients due to leaching and run off (Hassan et al.,
2017), Increase the activity microorganism to mobile
the unavailable forms of nutrient elements and cation
exchange capacity (Natsheh and Mousa, 2014 ) and
production of exo-polysaccharides alongside the
enrichment of nutrients and soil organic matter (Fadiji
et al., 2022). Its ability to interact with metal ions and

5. Conclusion

It could be concluded that irrigation with 20 % water-
saving from required amount of irrigation water
accompanied with bio-stimulants (K-H and EM)
alleviate the negative effect toward water deficit
irrigation and gave more efficient for growth, yield
and chemical constituents of lettuce plants grown
under reclaimed sandy soil conditions. Furthermore,
improved available nutrients content of the soil after
harvesting of crop
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