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WATER stress detrimentally affects soil quality and crop development. The coupled of biochar
and compost tea could be a promising strategy for improving soil quality, crop development
as well as the productivity of rice plants. Our investigation was performed in split block design to
appraise the impact of coupling addition of biochar with compost tea for mitigating the increasing of
irrigation intervals (6 days (11), 9 days (l,), and 12 days (l3)) in rice (Oryza sativa L. Giza 179) during
2022 and 2023 seasons. It was found that the coupled addition of biochar and Compost tea further
improved exchangeable sodium percentage and soil enzymes than sole application. In addition, no
difference significance was found between irrigation periods every 6 days (I;) and 9 days (I,) and
coupled treatment. Consequently, the coupled application enhanced physiological attributes (relative
water content and stomatal conductance) while decrement proline content due to the increased activity
of antioxidant enzymes (catalase, Ascorbate peroxidase (, and peroxidase). Accordingly, the greatest
findings were obtained with the integrative use of biochar and compost tea. In conclusion, the
integrated application of biochar and compost tea might be promising efforts for reinforcing soil,
physiological characteristics and productivity of rice under environmental stressors conditions.

Keywords: Irrigation intervals, biochar, Rice, compost tea, soil enzymes, antioxidant enzymes.

1. Introduction

Most of the world's population lives on using Rice
(Oryza sativa L.) as the primary meal in their food
(Seck et al. 2012). Therefore, scientists should exert
efforts to increase crop productivity to meet the
steady increase in the population, especially those
who live in arid and semi-arid areas where
production is noticeably low, especially in Egypt.
In Egypt, rice is cultivated roughly in 0.7 m ha,
with productivity expected at 7 million tons based
on (FAOSTAT, 2022). Global warming causes a
main menace to crop productivity due to exposure
of plants to environmental stressors such as water
stress which negatively influences on plant growth
and production (Kumar et al. 2020). Therefore with

increasing the harmful impact of drought and
increasing population, we need to focus on
improving soil quality and increasing the potential
of plants to escape from abiotic stress during the
vegetative and reproductive growth of rice (Hafez
et al. 2019). Rice is highly vulnerable to water
stress during various growth stages, leading to a
lessening in productivity by 70% owing to
environmental stressors (Kheir et al. 2019). Water
stress is one of the most common natural disasters
that negatively influence normal morphological,
physical, and biochemical processes (Hafez et al.
2021a). Water stress triggers a decrease in the
absorption of elements necessary for plant growth,
as well as a decrease in the amount of water
absorbed by the plant roots (Helmy and El-
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Sherpiny 2022), which causes damage to tissues,
including a decrease in plant growth (Osman et al.
2021). Water stress had hindered influence on leaf
expansion and stomatal conductance resulting in
declined photosynthesis rate and physiological
functions Abd-El-Aty et al. 2023). Soil
amendment and improvement its quality under
conditions of lack available water for the rice crop
is very necessary to maintain the appropriate
amount of water suitable for absorption by plant
roots to help the plant growth and development
under harsh conditions (Omara et al. 2022). It turns
out that the most important recent technology used
to improve soil quality is the application of biochar
to the soil before planting. Biochar is a soil
amendment using from burn plant residues under
low oxygen conditions (El-Shamy et al. 2022).
Biochar addition led to improvement in the ability
to retain moisture around the roots, the cation
exchange capacity, reducing the exchangeable
sodium ratio, and thus improving soil fertility
(Abou Hussien et al. 2020), increasing the
absorption of nutrients dissolved in the ground
solution by plant roots, and enhancing microbial
activity in the soil (Alharbi et al. 2022). Biochar
application increased plant water relations which
positively reflected on physiological parameters
and productivity (Bassouny and Abbas, 2019;
Hafez et al. 2021b). There is another approach to
reducing transpiration from the surfaces of plant
leaves increasing the ability of plants to retain
water within plant tissues and increasing stomatal
conductance, and that is through foliar spraying
with Compost tea (Hafez et al. 2021c). Compost tea
is sprayed and applied as a plant growth regulator
which contains all macro and micro nutrients.
Many reports proved that silicon application could
mitigate oxidative stress under water stress
conditions (Hafez and Gharib 2016). Compost tea
is considered as imperative for alleviating the
damage impacts of abiotic stress, including water
stress. Compost tea application could enhance
metabolism activity, and water retention (Nehela et
al. 2021). However, the application of compost tea
helps transfer the products of the metabolic process
inside the plant leaves to the flowers and seed
formation (Abou Hussien et al. 2021). It also
helps the transfer of water and nutrients absorbed
by the root from the soil to the other plant parts
(Abdelrasheed et al. 2021). Compost tea can help in
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protein synthesis, cell division, growth, osmotic
adjustment and enhance physiological processes,
seed size, and quality. So, compost tea could
enhance yield attributes, grain vyield. Little
researches about the coupled application of biochar
and compost tea, under soil water deficiency
(Seleiman and Hafez 2021). In this investigation,
we are assumed to assess the coupled application of
biochar and compost tea for alleviating water
deficiency in rice (Rashwan et al. 2024). It is
supposed that the paper's results will be useful for
improving growth and rice productivity under water
deficiency.

Materials and Methods
Investigational Design and Treatments

The current investigation was executed at Sakha
Agricultural Research Center, Kafr El-sheik
Governorate, Egypt on May 15", 2022, and May
14™ in 2023 summer seasons to estimate the
application of biochar as soil application and
compost tea as spraying on soil properties,
physiological  attributes,  yield  parameters,
productivity and quality under irrigation intervals
as (each 6 (ly), 9 (I,) and 12 (I5) days following
transplanting) on rice (Oryza sativa L., cv. Giza
179). The layout was split-block set with four
replications. Irrigation intervals were distributed in
horizontal plots while soil and foliar applications
were allocated in vertical plots. Rice seeds (Giza
179 cv.) were soaked for a night and repeated for a
night. The seeding amount was 118 kg ha™ which
was allocated on the nursery land for 30 days.
Then, the plants were cultivated at 5 seedlings hill™
and distancing 25 x 25 cm and rows in 20 m* (4.0
m x 5.0 m). Recommended fertilizer rates have
been applied such as N fertilization was added at
150 kg N ha™' as sulphate ammonium (20.5%) and
applied three times, also before sowing has been
applied calcium super phosphate (15.5% P,0s) was
applied at 120 kg P,0s ha ™.

Biochar characteristics
Biochar was produced using plant residues at 400 °C
under hypoxia. Biochar at rate 10 t ha™ was added on
the soil surface before the tillage process
(Danapriatna et al. 2023).
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Table 1. Soil analysis in 2022 and 2023 summer seasons.

Character 2022 2023
Soil organic matter (g kg ') 10.8 10.9
Particle size distribution (%)
Sand 27.22 27.17
Silt 25.23 25.55
Clay 47.55 47.28
Texture grade clayey clayey
Soluble cations (cmolc kg soil)
Ca" 7.54 9.29
Mg™ 5.76 6.23
Na' 26.75 22.63
K 0.33 0.39
Soluble anions (cmolc kgfl soil)
HCO; 4.61 3.34
Cl 24.56 18.21
SO, 15.13 11.15
pH (1:2.5, soil: water suspension) 8.02 8.07
Electrical conductivity (ECe, dS m") 5.01 5.04
ESP (%) 22.01 21.05
Table 2. The physicochemical analysis of the biochar is as follows:

Parameter value

N (g kg™ 25.21

P (g kg™t 7.45

K (g kg™ 13.21

CaCO;3 (%) 1.4

pH 7.60

Electrical conductivity (EC, dS m™) 0.7

Moisture content (g kg™) 33

Water holding capacity (g kg™) 954

Bulk density (g cm™) 0.2

Specific surface area (m? g% 37

Compost tea characteristics

Rice plants were sprayed with Compost tea as foliar
spraying application with 300 mg L™ at the rate of
250 L ha® at 20, 35 and 50 days from
transplanting. It was purchased from Department of
microbiology in Sakha station, ARC, Egypt.

Measurements

Physicochemical properties in soil

It was taken after harvesting a randomized soil
sample at a deepness of 25 cm which was
desiccated and passed through a strainer for
exchangeable sodium percentage (ESP)
measurement by an  Atomic  Absorption
Spectrophotometer (AAS, Perkin Elmer 3300) with
a detection limit of 100 ppb was measured Na*, K",
Ca?*, and Mg®* ions. ESP was calculated by
formula (1) as stated by (Seilsepour et al. 2009).
ESP =1.95 + 1.03 x SAR (R2 = 0.92) where SAR

(Sodium adsorption
formula (2) as stated by (Richards, 1954):

SAR

ratio) was measured by

oy J([Caﬂ + [Mg?'])

2

Enzyme activities in soil

At 65 days after transplanting, urease activity was
estimated and calculated as NH3-N g™ h™ at 37 °C
and determined based on Kandeler and Gerber
(1988) using a spectrophotometer (RIGOL, USA).
Dehydrogenase activity was also estimated as ug
TTC g h' and assessed by Ohlinger and Von
Mersi (1996), using a spectrophotometer (RIGOL,
USA).

Physiological characteristics in plant leaves

Relative water content (RWC, %) in plant leaves
At 65 days after transplanting, in ten plant leaves
randomly from each experimental unit, RWC was
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measured according to Barrs and Weatherley
(1962) the  formula: RWC (%) = [(FW —
DW) / (TW — DW)] x 100

Stomatal conductance (gs) in plant leaves

At 65 days after transplanting, in ten plant leaves
randomly from each experimental unit, stomatal
conductance (gs) was estimated by a dynamic
diffusion porometer using the next formula: Total
leaf conductance (1) is 141 = Lta + 4b.

Free proline content (Pro) in plant leaves

At 65 days after transplanting, in ten plant leaves
randomly from each experimental unit, proline
content was measured using a spectrophotometer
(RIGOL, USA) according to (Bates, 1973) the
method of mortar and pestle.

Antioxidant enzymes activity in plant leaves

At 65 days after transplanting, in ten plant leaves
randomly from each experimental unit, catalase
(CAT, unit mg' protein) was assessed by
spectrophotometer at 240 nm by Aebi (1984).
Ascorbate peroxide (APX, unit mg™ protein)
activity was measured by spectrophotometer at 290
nm using the method of Kumar (2022). While,
peroxidase (POD, unit mg™ protein) was measured
by spectrophotometer at 430 nm by Vetter et al.
(1998)

Yield and its components

At end of the investigation, in ten plant leaves
randomly from each experimental unit, number of
spikelets per panicle and the number of spikes m™
were measured then threshed the spikes to get
1000-grain weight (g).After harvesting, the plot
was harvested and collected to air-dried for 48 h. to
measure grain and straw yields (kg ha™).

Harvest index (HI) was measured as next formula:

. Grain yield (kg ha™1)
Harvest index (%) = x 100
( A)) Biological yield (kg ha—1)

Nutrient Uptake

At end of the investigation, 10 panicles were
selected from each experimental unit to get 50
grains and digested with HNO;-H,0, solution (2:1)
to measure N, P, K and Si contents (g kg™).
Nitrogen content was measured by the Kjeldahl
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method using (A.O.A.C. 2005). Phosphorus content
was calorimetrically assessed by the method of
(Sparks, et al. 1996). Potassium content was
measured by AAS (Perkin Elmer 3300) using the
method of (Sparks, et al. 1996).
Statistical Analyses

The results attained were analysed by an F-test
(Gomez and Gomez 1984). Duncan's test was
applied to explain the variance between the
averages.

2. Results

ESP, urease and dehydrogenase enzymes
activity

The exchangeable sodium percentage (ESP) in soil
was estimated after harvesting (Table 3). The ESP
is affected by different irrigation intervals and soil
and foliar (SF) treatments. Our results displayed
that the addition of a single biochar or compost tea
lowered ESP compared to untreated plots (control).
However, ESP was further lessened when biochar
was applied compared to compost tea in two
growing seasons. The co-application had a lower
than individual application for ESP. In addition, for
different irrigation periods (I, 1, and I3), the
highest decline in ESP was observed in 11 (every 6
days) was slightly different from 12 (every 9 days)
while 13 (every 12 days) and was higher than |11 and
12 in both seasons (Table 3).

Activity Urease and Dehydrogenase (as of soil
enzymes were estimated as indicated in our results
as shown in Table 3. Our results displayed that the
addition of a single biochar or compost tea
augmented the activity of wurease and
dehydrogenase compared to untreated plots
(control). However, the activity of urease and
dehydrogenase was further higher when biochar
was applied compared to compost tea in two
growing seasons. The co-application had further
increased than individual application. In addition,
for different irrigation periods, the maximum
increase in activity of urease and dehydrogenase
was observed in I, (every 6 days) and I, (every 9
days) compared to I3 (every 12 days) in both
seasons (Table 3). The interaction between various
irrigation intervals and soil and foliar (SF)
treatments was significant in both seasons.
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Table 3. Impact of compost tea and biochar applications on soil exchangeable sodium percentage (ESP) and the
activity of soil enzymes (urease and dehydrogenase) in rice grown under irrigation intervals (I, I, and 15)
during 2022 and 2023.

Treatments ESP Urfas_el I Dehydrqglgenése_ ;
(mg N-NH," g™ soil h™) (mg TPF g™ soild™)
2022 2023 2022 2023 2022 2023
Irrigation intervals (1)
I, 15.98b 16.27b 175.27a 188.77a 115.01a 111.10a
I, 16.46b 16.79b 156.39ab 165.39ab 100.26ab 107.31ab
I 19.02a 19.61a 114.05b 125.48b 67.33b 80.92b
F-Test b * * * i -
SF treatments
Control 19.50a 19.56a 102.2 de 1104 d 5219 55.7 f
Biochar 16.02¢ 16.23c 154.2b 171.2b 103.1¢ 107.7 ¢
Compost tea 17.32b 17.78b 136.2 ¢ 146.8 ¢ 83.1d 875d
Combination 15.80d 15.56d 201.7 a 2112 a 1385 a 148.2 a
F-Test b * - - b -
s sk sk sk ok s

Interaction (1xSF)

Means in the same column followed by different letters are significant according to the Tukey’s test (P < 0.05). SF treatments
(soil application with biochar and foliar spraying with compost tea), 11, |, and Iz are meaning the irrigation interval every
6,9 and 12 days, respectively.

RWC, gs and Pr declined under the same treatment. The co-

WC, gs, and Pr express the physiological state that
the plant is in under conditions of water shortage
and the effect of applying biochar as a soil
amendment and foliar spraying with compost tea as
shown in Table 4. Our data showed that a single
application of biochar or compost tea increased
RWC and gs while declining Pr relative to control.
However, relative water content (RWC) and
stomatal conductance (gs) were further higher when
compost tea was sprayed compared to biochar in
two growing seasons while proline content further

application had further augmented than the sole
application. In addition, for different irrigation
periods, the highest increase in RWC and gs while
proline content minimum decreased were remarked
in I, (every 6 days) on par with I, (every 9 days)
compared to I5 (every 12 days) in two years (Table
4). While plants irrigated with 13 declined
physiological parameters compared to I; and I, in
both seasons. The interaction irrigation intervals
and soil and foliar (SF) addition was significant in
both years.

Table 4. Physiological characteristics of rice leaves as influenced by compost tea and biochar under various irrigation
intervals in 2022 and 2023 years.
Relative water content (RWC,;

Stomatal conductance Proline content

Treatments %) (gs; mmol H,Om %s™ (pro; p gt FW)

2022 2023 2022 2023 2022 2023
Irrigation intervals (1)

I, 92.90a 94.07a 55.05a 55.57a 10.48b 9.73b
I, 91.00a 91.99a 52.96a 55.04a 10.59b 10.09b
I, 82.72b 85.02b 47.17b 47.98b 12.68a 12.24a

F-Test ** ** ** ** ** **

SF treatments

Control 82.70d 84.76d 45.96d 46.85d 14.85a 13.86a
Biochar 87.32¢ 89.43c 50.09¢ 51.89¢ 12.03b 11.24b
Compost tea 90.52b 92.98b 54.08b 54.52b 9.94c 9.45¢c
Combination 95.00a 95.76a 56.74a 58.22a 8.21d 8.08d

F-Test ** ** ** ** ** **

** ** ** ** ** **

Interaction (IxSF)
Means in the same column followed by different letters are significant according to the Tukey’s test (P < 0.05). SF treatments (soil
application with biochar and foliar spraying with compost tea) 11, I, and I3 are meaning the irrigation interval every 6,9 and 12 days,
respectively.
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Catalase (CAT), ascorbate peroxide (APX) and
peroxidase (POD)

CAT, APX, and POD express the activity of
antioxidant enzymes and their potential to scavenge
ROS that the plant is in under conditions of water
shortage and the effect of applying biochar and
foliar spraying with Compost tea as shown in Table
5. Our data showed that a single application of
biochar or Compost tea declined CAT, APX, and
POD compared to untreated plots (control).
However, CAT, APX, and POD were further

decreased with the co-application of biochar and
compost teain the two years. A same findings was
remarked with I, (each 6 days) on par with I, (each
9 days) compared to I (each 12 days) in the two
years. The integration of biochar or compost tea
application caused declined CAT, APX, and POD
with irrigation each 6 days (l,) that did not vary
greatly with the irrigation each 9 days (I,) in
growing years (Table 5). The interaction between
various irrigation intervals and soil and foliar (SF)
treatments was significant in both seasons.

Table 5. Antioxidant enzymes (CAT, APX and POD) of rice leaves as affected by compost tea and biochar
under various irrigation intervals in 2022 and 2023 seasons.

Treatments CAT (Unit mg™ protein)  APX (Unit mg™ protein) POD (Unit mg™ protein)
2022 2023 2022 2023 2022 2023
Irrigation intervals (1)
Iy 0.05bc 0.07bc 0.09bc 0.11bc 15.83bc 15.48bc
I, 0.07b 0.9b 0.11b 0.12b 18.01b 17.98b
Iy 0.13a 0.18a 0.18a 0.19 26.54a 25.48a
F-TeSt ** ** ** ** ** **
SF treatments
Control 0.14a 0.18a 0.18a 0.20a 25.2% 24.82a
Biochar 0.08b 0.15b 0.14b 0.16b 19.55b 19.36b
Compost tea 0.07b 0.11b 0.12b 0.15b 17.47b 16.95b
Combination 0.05¢ 0.08c 0.07c 0.09c 11.24c 11.72c
F-Test > o o o * **
ok ok ok ok ok ok

Interaction (1xSF)

Means in the same column followed by different letters are significant according to the Tukey’s test (P < 0.05).
SF treatments (soil application with biochar and foliar spraying with compost tea) I, I, and I3 are meaning the

irrigation interval every 6,9 and 12 days, respectively.

Yield-related traits (1000-grain weight (g),
number of grains panicle® and Number of
panicles m?)

1000-grain weight (g), number of grains panicle™,
and Number of panicles m? are indicators
reflecting the effect of physiological and
biochemical conditions for plants under water
shortage through the positive effect of applying
biochar and foliar spraying with compost tea as
shown in Table 6. Our data showed that a single
application of biochar or Compost tea increased
yield components compared to untreated plots
(control). However, yield components were further
increased when compost tea was sprayed compared
to biochar in two growing seasons. The co-
application had further augmented than the sole
application. In addition, for different irrigation
intervals, the maximum increase in yield
components were remarked in I, (every 6 days) on
par with I, (every 9 days) compared to I3 (every 12
days) in the two years (Table 6). While plants
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irrigated with 13 declined yield-related traits relative
to I, and I, in the two years. The interaction
between various irrigation intervals and soil and
foliar (SF) treatments was significant in both
Seasons.

Crop Yield

Grain yield (t ha), straw yield (t ha™) and harvest
index (%) are indicators that reflect the effect of
physiological, and biochemical conditions along
with yield components for plants under water
shortage through the positive effect of applying and
foliar spraying with compost tea as shown in Table
7. Our data showed that a single application of
biochar or Compost tea increased crop yield
parameters compared to untreated plots (control).
However, Crop yield were further increased when
compost teawas sprayed compared to biochar in
two growing seasons. The co-application had
further augmented than the sole application. In
addition, for different irrigation intervals, the
highest increase in Grain yield (t ha™), straw yield
(t ha), and harvest index (%) were observed in 11
(every 6 days) on par with I, (every 9 days)
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compared to I3 (every 12 days) in the two years
(Table 7). While plants irrigated with 13 declined
yield compared to 11 and 12 in both seasons. The

interaction between various irrigation intervals and

soil and foliar (SF) treatments was significant in

both years.

Table 6. Yield components of rice as influenced by compost tea and biochar under various irrigation

intervals in 2022 and 2023 seasons.

1000-grain weight

number of grains

Number of panicles

Treatments (9) panicle™ m2

2022 2023 2022 2023 2022 2023
Irrigation intervals (1)
I, 29.64a 30.83a 133.88a 135.43a 441.75a 446.05a
I, 27.75a 28.77a 130.07a 132.75a 437.53a 443.94a
ly 21.44b 23.65b 120.72b 122.09b 429.97b 433.64b
F-Test > > > > > >
SF treatments
Control 20.53d 22.16d 120.54d 123.24d 421.44d 425.86d
Biochar 24.34c 26.66¢ 126.35¢ 128.48c 436.32¢ 439.75¢c
Compost tea 29.17b 29.54b 131.25b 131.95b 440.65b 443.47b
Combination 30.04a 32.44a 135.95a 138.29%a 445.55a 456.04a
F-TeSt ** ** ** ** ** **

Interaction (1xSF) **

**

**

**

**

**

Means in the same column followed by different letters are significant according to the Tukey’s test (P < 0.05). SF treatments
(soil application with biochar and foliar spraying with compost tea) |;, I, and I;are meaning the irrigation interval every

6,9 and 12 days, respectively.

Table 7. Productivity of rice as influenced by compost tea and biochar under various irrigation intervals in

2022 and 2023 seasons.

Grain yield Straw yield HI
Treatments (tha?) (tha?) (%)
2022 2023 2022 2023 2022 2023
Irrigation intervals (1)
I, 8.98a 8.77a  13.31a 13.61a 37.55a 36.50a
I, 8.69%a 8.48a 13.12a 13.27a 37.04a 36.20a
I3 7.76b 7.38b 12.49b 12.49b 35.43b 34.25b
F_Test **% **% ** **% *%* **
SF treatments
Control 7.78d 7.38d 12.27d 12.48d 35.29d 34.27d
Biochar 8.28c 8.06¢ 12.78c 13.00c 36.52¢ 35.53c
Compost tea 8.68b 8.48b 13.20b 13.31b 36.97b 36.14b
Combination 9.17a 8.95a 13.75a 13.71a 37.61a 36.86a
F_Test ** ** ** ** ** **
** ** ** ** ** **

Interaction (IxSF)

Means in the same column followed by different letters are significant according to the Tukey’s test (P < 0.05). SF treatments
(soil application with biochar and foliar spraying with compost tea) I;, 1, and I3 are meaning the irrigation interval every

6,9 and 12 days, respectively.

N, P and K contents in rice grains

Nutrient elements contents in rice grains are
influenced by water shortage and the effect of
applying biochar and compost tea as shown in
Figure 1. Our data showed that a single application
of biochar or compost tea increased grain nitrogen
(N), phosphorus (P), and potassium (K) contents
compared to untreated plots (control). However,

Nutrient elements contents were further boosted
when compost tea was sprayed compared to biochar
in two growing seasons. The co-application had
further augmented than the sole application. In
addition, for different irrigation intervals, the
maximum increase in nutrient elements contents in
grains was observed in I, (every 6 days) on par with
I, (every 9 days) compared to I (every 12 days) in
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the two years (Figure 1). While plants irrigated with

different irrigation intervals and soil and foliar (SF)

I3 declined nutrient contents in rice grains relative treatments was significant in both seasons.
to I; and I, in both seasons. The interaction between
1.85
Bl
1.65 12
o I3
2
=
1.45
1.25
Control Biochar Composttea Combination Control Biochar Composttea Combination
2022 2023
1.30
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N c C
< o *B
2
o
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Control Biochar Compost tea Combination Control Biochar Composttea Combination
2022 2023
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o
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N
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b4
1.40
1.20
Control Biochar Compost tea Combination Control Biochar Compost tea Combination
2022 2023

Fig. 1. Nutrient elements contents (N, P and K) in rice grains as influenced by compost tea and biochar under various
irrigation intervals in 2022 and 2023 years. Soil application with biochar and foliar spraying with compost
tea. I, I, and l;are meaning the irrigation interval every 6,9 and 12 days, respectively.
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4. Discussion

This field experiment demonstrated no doubt the
positive influence of biochar on improving soil
quality and increasing the absorption of nutrients
necessary and water uptake for plant growth.
Protective spraying with compost tea also came to
emphasize the pivotal role which they play as
growth stimulants and improving productivity
under conditions of water shortage. The percentage
of exchangeable sodium in the soil decreased with
the soil addition of biochar, and the positive effect
was on improving the availability of necessary
elements such as potassium, magnesium, and
calcium, while it caused the sodium element to be
adsorbed onto the soil particles, which led to a
noticeable improvement in the soil properties
(Naeem et al. 2017). It was found from our field
experiment that when adding biochar with an
increase in the irrigation interval helped to
significantly improve the quality of the soil due to
the ability of biochar to accumulate soil moisture
and preserve it around the roots of plants because it
also has properties such as: biochar’s porous
structure and high water holding (Ouyang et al.
2013). While applying compost tea alone slightly
improved the properties and quality of the soil,
while applying it as a spray in the presence of
biochar improved more than applying biochar
alone, because foliar spraying contains important
elements, which are characterized by their positive
role in improving the health condition of the soil
and the available nutrients (Chintala et al. 2014).
What also indicates an improvement in the health
condition of the soil is the activity of the enzymes
urease and hydrogenase, which were shown to
increase under conditions of lack of irrigation water
when adding biochar to the soil resulting in
augment cell division and elongation (Akhtar et al.
2014) in addition to improvement in ESP. This is
due to the promotion of growth hormones auxin
and cytokinin which accelerate the water
transportation as well as activating the metabolic
system (Haider et al. 2016). While applying
Compost tea alone slightly improved enzymes
urease and hydrogenase, while applying it as a
spray in the presence of biochar improved more
than applying biochar alone, because foliar
spraying contains important elements, which are
characterized by their positive role in improvement
enzymes urease and hydrogenase (Kammann et al.
2011).

Applying biochar also had an impact on improving
the physiological condition of the plant, such as
increasing stomatal conductance, increasing the
relative water content, plus reducing the proline
content of the plant leaves, which reflects a strong
indication of the plant’s ability to tolerate increased
intervals of irrigation by growing under these
conditions compared to the experimental plots to
which biochar was not added (Liu et al. 2017). The
positive impact of biochar on the growth was due to
stimulating the meristematic activity, 1AA-
producing bacteria (Egamberdieva et al. 2017).

However, application of compost tea as foliar
spraying resulted in a further significant increase in
the absorption of nutrients through stomata and
hormone-like compounds, moreover, its pivotal role
in osmoregulation and influencing hydraulic
conductivity as well as improving the biosynthesis
and the permeability of the plasma membrane
(Gomaa et al. 2021). While applying it as a spray
in the presence of biochar gave the highest values
in physiological attributes than sole application.
This proves the complementary role of foliar
application  alongside  soil  application on
physiological attributes such as (increasing the
relative water content plus reducing the proline
content of the plant leaves) (Rodrigues et al. 2009)
Applying biochar led to a noticeable improvement
in antioxidant enzymes (CAT, APX and POD)
under conditions of increased irrigation intervals.
CAT, APX and POD activities could convert H,0,
into non-toxic compounds such as (H,O and O,)
(Liang et al. 2003). However, application of
compost tea as foliar spraying gave the same trend
under conditions of increased irrigation intervals
and showed a noticeable improvement (CAT, APX
and POD) which proved that no significant
difference between both soil and foliar application
under different irrigation intervals (Yaghubi et al.
2016). Compost tea has a pivotal role in
improvement membrane stability and detoxifies the
negative effects of ROS mitigating oxidative stress
(Hasanuzzaman et al. 2018). This proves the
complementary role of foliar application alongside
soil application on (CAT, APX and POD) which
positively reflect on the biosynthesis of
phytohormones, the activity of 1-

aminocyclopropane-1-carboxylate (ACC)
deaminase, and osmolyte production (Ahmad et al.
2016).

Applying biochar also had an impact on improving
the yield components and rice productivity, that
reflects a strong indication on crop yield under
increased intervals of irrigation compared to the
experimental plots to which biochar was not added
(Nehela et al. 2021). The promising impact of
biochar on yield related traits and rice productivity
was due to uptake and translocation of the nutrition
materials from leaves into grains (Abdelrasheed et
al. 2021). Moreover, biochar might enhance the
ovary, and thus may lead to an increase grain yield.
However, application of compost tea as foliar
spraying resulted in a further significant increase in
the absorption of nutrients through stomata and
hormone-like compounds, which reflect on yield
related traits and productivity that can increase its
panicle fertility (Liang et al. 2007). This proves the
complementary role of foliar application alongside
soil application on yield components and yield
productivity under increasing of irrigation intervals.
The high efficiency of coupling application could
be due to its ability to decrease osmotic damage,
augment potassium absorption and translocation
from sources to sink (Gomaa et al. 2021).

Applying of biochar improved soil nutrient content
which became available to absorb by the roots. All
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biochar characteristics increase holding of nutrients
and water around the plant roots which positively
reflecting on N, P, and K contents in grains under
water shortage (Hafez and Gharib 2016). While,
foliar-applied compost tea improved leaf area, cell
division as well as physiological attributes. Foliar-
applied compost tea increased uptake and
translocate nutrients from leaves to grains by
potassium ions which improved leaf water content.
Foliar-applied compost tea increased the transport
of nutrient elements in grains (Seleiman and Hafez
2021). This proves the complementary role of foliar
application alongside soil application grain nutrient
content under increasing of irrigation intervals.

Conclusion

It was clear from the coupled application of biochar
as a soil application, as well as foliar spraying with
compost tea, played a pivotal role in maintaining
the nutritional and water content in the soil around
the roots of rice plants. This was shown by
measuring the exchangeable sodium percentage,
which led to an increase the soil quality which was
reflected positively in the increase (CAT, APX and
POD), which reduced the oxidative stress, and in
turn reflected positively on the physiological
characteristics of the plant and ultimately the rice
productivity and nutrient elements contents in rice
grains. Biochar and compost tea are considered a
very promising strategy for enhancing rice growth
and productivity under water stress. Nevertheless,
further research experiments are required to affirm
the findings attained on a large scale.
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