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Introduction

WORLDWIDE food creation is seriously hampered by drought. Biochar and potassium
silicate are essential for how crops use their energy, whether under favorable or adverse
conditions. They may also make plants more drought tolerant. Ajwain (7rachyspermum ammi
L) is a medicinal and aromatic plant that is cultivated mainly for its seed, herb, and volatile oil.
This present study was carried out to evaluate the effects of biochar and foliar application of
potassium silicate K,SiO, under irrigation intervals (3, 4, and 5 days) on growth, fruits yield,
essential oil, and its main components as well as chemical constituents of Ajwain in filed
experiments conducted at the Experimental Farm of East of Malawi, El-Minia Governorate,
Egypt during the two seasons 0£2020/2021 and 2021/2022. A split plot design in four replications
was used. Three irrigation intervals in main plot biochar and potassium silicate treatments and/
or in sub plot. Results showed that irrigation every 3 and 4 days produced the highest yield
with higher quality parameters. While irrigation every 5 days gave highly significant positive
values of water use efficiency. Biochar + sprays of K-silicate produced the highest fruit yield.
Irrigation every 3 and 4 days combined with biochar + foliar spray of K-silicate achieved the
highest values of fruit yield and its components. These results show that biochar + K-silicate
treatment can increase water use efficiency and produce high fruit yield.

Keyword: Irrigation intervals, Biochar, Potassium silicate, Vegetative growth, Yield parameters,
Water used efficiency, Ajwain.

(Burke et al., 2006 and Jajarmi, 2009). Because

of its huge consequences for morpho-physical,

The principal difficulties to edit creation in parched
and semi-dry locales incorporate environmental
change, water shortage, an absence of foundation,
quick populace development, and urbanization.
The essential ecological component decreasing
harvest efficiency overall is dry season (Farouk
et al., 2018 and Pang et al., 2019). Around 25%
of the world’s agrarian grounds were impacted
by the dry season, and it was anticipated that
number would ascend to 30-40% by the 2090s

physio-biochemical, and sub-atomic variables
that adjust different metabolic cycles, including
photosynthesis and water retention, prompting
development and yield decline, dry spell pressure
has altogether diminished the yield of many
harvests by 17-70% (Sheshbahreh et al., 2019).

As 85% of the nation’s all out water supply
is utilized by the horticulture business, and
most of on-ranch water system frameworks are
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insufficient as well as having unfortunate water
system necessities, rural expansion in Egypt
requests a lot of water system water that is as
of now deficient to address customary issues.
Considering this, it is suggested that water
systems be planned for understanding with
climate related factors, and the deficiency water
system hypothesis ought to be acknowledged
with a negligible yield decrease (Farouk and
Omar, 2020). Given the shortage of accessible
water for agribusiness, shortfall water system is
extremely useful and significant for expanding
water efficiency (Bhagyawant et al., 2015).

The beneficial inventive methodology forusing
crop efficiency and water use productivity (WUE)
has as of late been empowered by expanded rivalry
for scant water assets. Subsequently, shortfall
water system should be perceived as being very
reasonable, straightforward, and fundamental for
expanding WUE limit (Farouk and Metwally,
2019). One of the coherent methodologies in such
manner has been to apply supplements or soil
corrections (Yang et al., 2020). Potassium silicate
and biochar are accordingly used to increment
crop improvement and efficiency in both ordinary
and distressing circumstances. Given its qualities,
which incorporate being non-destructive, non-
contaminating, reasonable, accessible, and having
both monetary and natural effectiveness right
now, it is a palatable treatment inside manageable
horticulture creation.

An astonishing measure of conversation has
been given to biochar (a carbon-based item),
which might be an indispensable wellspring
of natural assets. The aftereffects of various
investigations show that adding biochar to
establish soil both under ordinary and water-
scant circumstances further developed plant
development and efficiency (Yang et al., 2020).
The valuable impacts of biochar on plants might
be owing to its upgrades in their ability to adsorb
phytotoxic natural atoms, as well as the way that it
supports the movement of gainful microorganisms
(Warnock et al., 2007 and Novak et al., 2012).
Biochar additionally assists plants with better
keeping up with their water balance.

Potassium silicate has as of late been utilized
in crop development to check the adverse
consequences of dry season (Tarabih et al., 2007
and Salim, 2014). The third major macronutrient
that plants expect for typical or upsetting
circumstances is potassium. By supporting
photosynthetic capacity, shielding chloroplasts
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from oxidative pressure, controlling stomatal
capabilities, improving water status, enacting
various proteins, advancing expanded cell
development and phloem stacking, and causing
osmotic change in addition to net carbon osmosis,
potassium assumes an urgent part in advancing
dry season resistance (Damon and Rengel,
2007). The supplement silicon (Si) is essential
for high-yielding harvest species like fragrant
plants, grains, vegetables, and vegetables. Under
specific developing circumstances, Si can be
found in follow sums, and plants without Si may
not get an adequate number of supplements.
Si inadequacy brought down glucose levels,
expanded illness commonness and bug assaults,
exacerbated withering, and supported post-collect
fall. It additionally diminished photosynthesis
and brought down glucose levels. These are all
pressure related side effects. (Schmidt et al., 1999
and Kandil et al., 2020). Moreover, it advances
the plant’s solid development and is fundamental
for cell improvement and separation. (Liang et
al., 2005). Dry season pressure, salt pressure, heat
pressure, and oxidative harm can be generally
diminished with silicon treatment. Because of
its better water maintenance, silicon assumes
a positive part in dry season conditions and
advances photosynthesis. (Hattori et al., 2005;
and El-Naggar et al., 2020).

In the case of aromatic plants water stress
may cause changes in the yield and composition
of their essential oils. Secondary metabolites are
synthesized by plants due to plant adaptation in
response to biotic and abiotic stresses (infection,
water stress, cold stress, high visible light).
Drought stress affects essential oil percentage and
essential oil content differently, because drought
stress increases the essential oil percentage but
decreases shoot biomass, therefore essential oil
content decreases (Pitchersky and Gang, 2000;
and Aliabadi et al., 2009). Ajwain is an aromatic
spice that is grown primarily for its seeds, herbs,
and volatile oil. Ajwain (Trachyspermum ammi
L.) is an important seed spice plant, belonging to
the Apiaceae family. Seeds 2-3 mm long, grey-
brown in color. Its characteristic smell and taste
are due to the presence of essential oil (2-4%).
Ajwain oil is a major source of thymol (Rathore
etal.,2014). Ajwain is also known by other names
Ajowan and Ajwan as well as (Carum copticum
L.). Ajwain is an annual herb up to 90 cm high,
with flowers and small brown seeds, native to arid
and semi-arid regions of Egypt (Jeet et al., 2012).
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In order to reduce the stress caused by water
scarcity on the ajwain, we investigate the irrigation
intervals to produce the highest yield as well as
the effectiveness of biochar and foliar potassium
silicate spraying.

Materials and Methods

This field explore was directed at Farm located
at East of Mallawi, ElI-Minia Governorate, Egypt
during two successive seasons (2020/2021 and
2021/2022). The objective of this investigation
was to study the effect of irrigation intervals,
biochar, and spraying potassium silicate on
the growth, productivity, and phytochemical
production of ajwain (Trachyspermum ammi L.)
plants under newly reclaimed sand soil conditions.
Seeds were obtained from Sekem company, El-
Sharkia Governorate, the seeds were sown in the
field on 15" and 20" October 2020 and 2021,
respectively at distances of 25 cm between hills
(thinned to two plants/hill) A month after laying
the seed and 100 cm between rows (80640 plant/
ha). A drip irrigation system was adopted in this

experiment using GR, polyethylene drip line of 16
mm diameter and 4 liter per hour discharge with
dripper.

Composed sample of experimental farm
Soil were collected and analyzed according to
A.O.A.C. (1990) and the data is listed in Table
(1). The irrigation water analyses were illustrated
in Table (2).

A split-plot design with four replicates was
used in this experiment, during the two seasons.
The treatments were: The irrigation intervals
treatment (3, 4, and 5 days) in the main plot
and stimulators, 0.0 (control), 3 cm*/1 potassium
silicate, 5 ton/ha biochar, and 3 c¢cm?/1 potassium
silicate + 5 ton/ha biochar in the sub-plots.

The irrigation intervals treatments began 21
days after the sowing date and all treatments were
irrigated twice a day for one hour, Irrigation was
every 3 days before the start of the experimental
treatments. Applied water for these treatments
(every 3, 4, and 5 days) were recorded in Table 3
as the same in the two seasons.

TABLE 1. Physical and chemical analysis of the experimental farm soil.

Soil properties 2020/2021 2021/2022
Physical properties
Particle size distribution:
Clay (%) 7.05 5.11
Silt (%) 16.74 23.11
Sand (%) 78.21 71.76
Texture grade Loamy sand Loamy sand
Chemical properties
pH (1:2.5 soil-water suspension) 7.80 7.90
EC, (soil paste ds m™) 2.63 2.79
Organic matter (%) 0.31 0.25
CaCo, (%) 7.11 6.05
Available N (mg kg) 3.10 5.50
Available P (mg kg) 1.10 1.70
Available K (mg kg) 32.50 27.70
TABLE 2. Irrigation water analysis of the experimental.
pH E.C. Soluble cations (mg L) Soluble anions (mg L)
Seasons ,
@Sm") Ca Na* K* €Oy HCO, SO~ Cr
2020/2021 7.7 1.6 3.35 9.20 0.46 0.0 1.72 12.17 2.05
2021/2022 7.8 1.5 3.11 9.14 0.80 0.0 1.85 11.93 2.13
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Biochar

The biochar of sugarcane bagasse waste was
produced locally through slow burning under
limited oxygen condition and incorporated at
5 ton biochar/ha rates into the soil. The biochar
was added before sowing during land preparation.
Some important characteristics of the sugarcane
bagasse biochar is given in Table 4 according to
Klute, (1986).

Potassium silicate

The liquid K-silicate (K,SiO, content as
10% K,O and 25% SiO,) was obtained from
Abo Ghaneima Company Trade and Agencies,
Alexandria-Abu Qir and applied was sprayed
three times at 30, 45, and 60 days after sowing,
respectively.

All plants had received the recommended
doses of N, P and K fertilization throw the
drip irrigation system, as well as the common
agriculture practices.

Harvesting
The plants were harvested at 2* week of May
during the two experimental seasons.

Data recorded
a. Vegetative growth characteristics: at the
beginning of flowering, plant height (cm)

and the number of branches/plant as well as
fresh weights of herb plant (g). Then, the fresh
plants were taken and dried under shading
then enter the oven at a temperature of 40-60
degrees Celsius to obtain the air-dried weight

().

b. Fruit yield measurements were recorded at
harvesting time: the number of umbels per
plant, weight of 1000 fruits (g) and fruit yield/
plant (g). So, the fruit yield/ha (kg) were
calculated.

¢. Determination of essential oil % and yield:

Fruit essential oil of ajwain was extracted
using hydro distillation according to the
method described in Egyptian Pharmacopoeia
(1984). Sample of 100 g fruits put into 1000
ml flask to distillate in water. After four hours
of distillation, the volatile oil was done. Then,
the volatile oil percentage was calculated
as ml/100 grams of seeds or fruits using the
following equation:

Volatile oil percentage =

oil volume in the graduated tube
x100

dry weight of samples

Based on essential oil %, the volatile oil yield/ha
was calculated.

TABLE 3. Irrigation water amount applied of the experimental.

Water applied
Irrigation interval treatments
m?*/feddan m’/ha
Every 3 days 2586 6206
Every 4 days 2057 4936
Every 5 days 1740 4176

TABLE 4. Some physicochemical properties of the studied sugarcane bagasse biochar.

Biochar property Value
pH 7.2
EC dS m! 34
Total carbon g kg! 316
Total N g kg! 12.8
Total P g kg™ 2.9
Total K g kg™ 6.7
C/N ratio 24.5
Bulk density 0.21
Ash% 12.7
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d. Pigment content determination:

Chlorophyll a, b and carotenoid were
determined in leaf fresh samples (mg/g F.W.) as
described by Saric (1967).

e. NPK determination:

The chemical analysis was carried out on
dried leaves samples obtained from the different
treatments for the determination of N, P and K%
as described by A.O.A.C (1990).

f. Water use efficiency (WUE) was calculated
according to the method described by Israelsen
and Hansen (1962).

WUE = Grain yield kg/ha

= 100
Total water used m3/ha

Statistical analysis

The obtained data were statistically analyzed
using analysis of variance according to method
described by Snedecor and Cochran (1980).

Duncan’s multiple range for comparing the
difference between treatment mean was used at
the probability level of 0.05.

Results and Discussion

Effect of irrigation intervals, biochar, and
foliar spraying of K-silicate on
vegetative growth characters

Regarding the effect of irrigation intervals,
biochar, and foliar spraying of potassium silicate
on ajwain plants. Data illustrated in Table
(5) shows that, ajwain plants height, number
of branches plant! and fresh and dry weight
significantly decreased as a result of increasing the
irrigation intervals from three days to five days in
both experimental seasons. Where irrigated ajwain
plants every 3 days give the taller plants and the
highest number of branches plant’, fresh and dry
weight followed by those irrigated every 4 days,
the data take a similar line during the two seasons.

TABLE 5. Effect of irrigation intervals, biochar, and foliar spraying of potassium silicate and their interaction
treatments on plant height, number of branches/plant, fresh and dry weight of ajwain during
the two seasons 2020/2021 and 2021/2022.

Plant height Number of Fresh weight of Dry weight of

Irrigation Stimulators (cm) branches/plant herb/plant (g) herb/plant (g)
intervals lsl 2nd lst znd lst 2nd lsl 2nd

control 60.2d 61.9d 10.5d 10.7d  153.7d  156.1d  58.4d 59.3d

3 days K SiO, 62.5¢ 65.0c 12.1¢c 12.5¢  159.1c  160.4c  60.1c 62.1c

Biochar (BO)  65.7b 67.3b 14.2b 149b 1643b  1663b  62.4b 64.0b

K,SiO,+BO 68.4a 69.6a 16.5a 17.1a  171.6a  175.5a  65.3a 67.1a

0.0 56.5¢ 57.7¢ 10.0e 104e 1413e  143.6e  53.7¢ 55.9¢

4 days K,SiO, 59.2d 60.4d 11.8¢c 12.1c  148.0d 150.1d  56.7d 57.8d

Biochar (BO)  65.7b 67.2b 14.2b 14.6b 164.0b 166.0b  62.5b 63.9b

K. SiO,+BO 68.3a 69.4a 16.4a 17.0a 171.2a 174.1a  64.9a 67.0a

control 52.3¢g 53.5¢g 8.10g 820g 130.2g 132.5¢ 50.7¢g 52.1f

5 days K SiO, 54.8f 56.1f 9.40f 9.6f0  137.1f  139.3f  52.2f 52.6f

Biochar (BO)  57.6ed  57.8ed  10.7d 10.8d 143.7e  146.1e  52.5f 56.1e

K,SiO,+BO 60.4d 62.1d 11.9¢c 12.0c  1509d 1552d 59.1d 59.9d

Mean of 3 days 64.2a 66.0a 13.3a 13.8a 162.2a  164.6a  61.5a 63.1a

irrigation 4 days 62.4b 63.7b 13.1b 13.5b  156.1b  158.5b  59.5b 61.2b

intervals 5 days 563c  574c  10.0c  102¢ 140.5c  1433c  53.6c  55.2¢

control 56.3d 57.7d 9.5d 9.8d 141.7d  144.1d  54.3d 55.8d

Mean of K., SiO, 58.8¢c 60.5¢ 11.1c 11.4c  148.1c  1499c  56.3c 57.5¢

stimulators Biochar (BO)  63.0b 64.1b 13.0b 134b  1573b  159.5b  59.1b 61.3b

K,SiO,+BO 65.7a 67.0a 14.9a 154a 164.6a 1683a 63.1a 64.7a

Means designed by the same letter at each cell are not significantly different at the 5% level according to Duncan s

multiple range tests.
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While, the shortest ajwain plants and the lowest
values of number of branches plant! and fresh and
dry weight were obtained from the plants irrigated
every 5 days intervals, during two seasons.

The negative effect of increasing irrigation
intervals on vegetative growth characteristics
of Trachyspermum ammi plants may be due to
poor availability of moisture around plant roots
in the root zone, poor root growth or lack of
nutrient uptake (Razmjoo et al., 2008). These
results coincided with those obtained for the
ajwain plant (Trachyspermum ammi) by Zeid et
al. (2014), Ghassemi et al. (2017) and Meena et
al. (2017), the authors confirmed that increasing
irrigation intervals (decreasing the number of
irrigation times) reduces all vegetative growth
characteristics. Ibrahim et al. (2020) showed
that fennel plants irrigated every 7 days gave the
highest values for growth traits. However, fennel
plants irrigated every 3 days recorded the lowest
values for growth traits.

Table (5) shows the significant effect of
stimulators on plant height, number of branches/
plant and fresh and dry weights of herb/plant of
ajwain during the 2020/2021 and 2021/20222
seasons. The tallest plant height and the highest
number of branches/plant values, maximum
values of fresh and dry weights of herb/plant
were recorded when the plants received foliar
applications of K-silicate + biochar. Contrary,
untreated plants present the lowest parameters
in both seasons. The application of biochar to
sandy soils is anticipated to have an impact on
the soil’s moisture content, pH, organic matter
(OM), and carbon dioxide content (CEC), which
in turn may have an impact on the microbial
biomass and fate of heavy metals bioavailability
in the amended soil (Steiner, 2015). In addition,
the silicon deposition in the cell wall can increase
the height of the ajwain plant by making ajwain
leaves and the stems become more erect, which
reduces the mutuality Shading, thus increasing the
rate of plant photosynthesis because of better high
interception and vegetative improvement growth.
These results are in harmony with those observed
By Ranganathan et al. (2006), Ghanbari (2011),
and Pati et al. (2016).

The interaction between irrigation intervals,
biochar, and foliar spray with K-silicate had major
effect plant height, number of branches/plant as
well as fresh and dry weight of herb/plant of ajwain
in both the 2020/2021 and 2021/2022 seasons
(Table 5). The greatest values of these traits were
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recorded when ajwain plants were irrigated every
3 and 4 days with biochar + foliar spraying with
K-silicate. Whereas the lowest values resulted
from irrigation every 5 days without stimulators
in both growing seasons.

Effect of irrigation intervals, biochar, and
foliar spraying of K-silicate on yield attributes
characters of ajwain plant

It was cleared from the results in Table and
Figure 1 that increasing the irrigation intervals
had a negative effect on the number of umbels/
plant. Hence, the highest values of the number
of umbels/plant, 1000 fruits weight, fruit yield/
plant, and fruit yield/ha were obtained by irrigated
ajwain plants every 3 days in the 1% and 2™
seasons, respectively. While, treated ajwain plants
with watered every 5 days gave the lowest values
of the number of umbels/plant, 1000 fruits weight,
fruit yield/plant, and fruit yield/ha in the 1** and
2% seasons, respectively.

Drought stress can reduce the grain yield
of medicinal and aromatic plants by reducing
the yield index (HI). This can occur even in the
absence of a significant decrease in the dry matter
accumulation of total medicinal and aromatic
plants if a short period of stress coincides with
the critical growth phase around flowering (Earle
and Davies, 2003). During the breeding period,
the lack of water can shorten the time period from
seed formation to pollen falling off and shorten the
grain filling time. (Barnabas et al., 2007). There
is also a significant amount of literature on the
effect of water deficiency on yield components of
medicinal and aromatic plants (Farouk and Omar,
2020).

Results in Table 6 revealed that stimulators
potassium silicate + biochar had significant
effects on number of umbels/plant, weight of
1000 fruits, fruit yield/plant, and fruit yield/ha in
both seasons. As compared with other treatments,
the highest values occurred when ajwain plants
were sprayed by K-silicate + biochar, whereas
the lowest values occurred without stimulators
treatments in two seasons. Number of umbels/
plant increased parallel with increasing K-silicate
spraying + biochar by 32.30 and 31.19%, weight
of 1000 fruits increased by 7.78 and 8.70%, fruit
yield/plant increased by 27.54 and 26.76%, and
fruit yield/ha increased by 27.05 and 27.33% as
compared without the stimulator’s treatments,
in the first and the second seasons respectively.
The beneficial effects may also be attributed to
the nutrients that are naturally present in biochar,
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TABLE 6. Effect of irrigation intervals, biochar, and foliar spraying of potassium silicate and their interaction
treatments on number of umbels/plant, weight of 1000 fruits, fruit yield/plant, and fruit yield/ha of
ajwain plant during the two seasons 2020/2021 and 2021/2022.

L. Number of Welfght. tl 000 Fruit yield/plant Fruit yield/ha
Irrigation g ulators  umbels/plant e ® (kg)
intervals (€]
ls[ 2nd lst znd lst 2nd lst znd

0.0 50.7f 53.2f 0.90 0.91 5.8d 5.9d 461.0d 467.8d

3 K,SiO, 60.3d 62.7d 0.95 0.97 6.1c 6.4c 484.8¢ 493.7¢

Biochar (BO) 69.8b 68.0b 0.95 0.97 6.8b 6.9b 541.7b 547.2b

K,SiO,+BO 71.9a 73.0a 0.94 0.96 7.3a 7.5a 582.2a 593.0a

0.0 46.8g 48.2¢g 0.83 0.83 4.9f 5.2f 391.2f 398.6f

4 K SiO, 57.6e 58.1e 0.90 0.91 5.8d 5.9d 463.4d 474.0d

Biochar (BO) 65.1c 68.2¢ 0.95 0.96 6.8b 6.9b 537.6b 546.7b

K SiO,+BO 71.3a 73.1a 0.95 0.97 7.4a 7.6a 579.1a 592.6a

0.0 40.3h 43.0h 0.76 0.78 4.4g 4.6g 347.8g 353.3g

5 K,SiO, 47.8g 48.2¢g 0.81 0.83 4.8f 4.9f 384.0f 396.0f

Biochar (BO) 57.1e 54.5¢ 0.81 0.82 5.5e 5.7e 432.5¢ 441.1e

K,SiO,+BO 60.3d 63.6d 0.81 0.83 6.1c 6.3c 483.6¢ 493.0c

Mean of 3 63.2a 64.2a 0.94a 0.95a 6.5a 6.7a 517.4a 525.4a

irrigation 4 60.2b 61.9b 0.91a 0.92a 6.2b 6.4b 493.0b 503.0b

intervals 5 51.4c 52.3¢c 0.80b 0.82b 5.2¢ 5.4c 412.1¢c 421.0c

0.0 45.9d 48.1d 0.83b 0.84b 5.0d 5.2d 400.1d 406.6d

Mean of K SiO, 55.2¢ 56.3c 0.89a 0.90a 5.6¢ 5.7¢ 444.0c 454.6¢

stimulators  Biochar (BO) 64.0b 63.6b 0.90a 0.92a 6.4b 6.5b 504.0b 511.7b
K,SiO,+BO 67.8a 69.9a 0.90a 0.92a 6.9a 7.1a 548.4a 559.4a

Means designed by the same letter at each cell are not significantly different at the 5% level according to Duncan s
multiple range tests.
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Fig. 1. Effect of irrigation intervals, biochar, and foliar spraying of potassium silicate and their interaction
treatments on fruit yield/ha of ajwain during the two seasons 2020/2021 and 2021/2022.
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but whose availability is element dependent
(Angst and Sohi, 2013). Also, this enhancement
of number of umbels/plant, weight of 1000 fruits,
fruit yield/plant, and fruit yield/ha because of
potassium silicate application may be due to the
efficacy of silicon in enhancing the absorption
of carbohydrates in ajwain fruits, resulting in an
improved filling rate of ajwain. Similar results
were obtained, also from some researchers Arab
et al. (2011) Gholami and Falah (2013) and
Dallagnol et al. (2014).

The interaction between irrigation intervals
(3, 4 and 5 days) and frequencies of stimulators
had a significant effect on the number of umbels/
plant, fruit yield/plant, and fruit yield/ha, but not
significant on weight of 1000 fruits of ajwain in
both seasons. The largest values for these traits
were recorded when ajwain plants were irrigated
every 3 days followed by those irrigated at 4 days
intervals under foliar spraying with K-silicate +
biochar. While the plants values were obtained
from the plants irrigated every 5 days under
without stimulators in both growing seasons.

Effect of irrigation intervals biochar, and foliar
spraying of K-silicate on essential oil contents and
leaves photosynthetic pigment of ajwain plant.
Results in Table (7) regarding essential oil
percentage, contrary to all studied traits that
the increase in the irrigation intervals led to an
increase in the essential oil percentage in fruits
of ajwain plants. Hence, the highest values of
essential oil percentage were attained with IR,
irrigated Ajwain plants every 5 days, which
amounted to (5.1 and 5.2%) in the 1% and 2™
seasons, respectively. Contrary, irrigated ajwain
plants every 3 days caused the lowest values of
essential oil percentage in the 1 and 2™ seasons,
which amounted to (4.6 and 4.7%) respectively.
The influence of differential investigated
irrigation intervals treatment on oil yield/ha,
Table (7) displays obviously that there wasn’t
significant effect between irrigated ajwain plants
every 3 days and every 4 days which resulted
in the highest values of the oil yield/ha in both
seasons. While the lowest amount of the oil yield/
ha obtained from the ajwain plants irrigated every
5 days, in both seasons. The effect of irrigation
intervals on the percentage of essential oils
may be due to their effect on enzyme activity
and metabolism for essential oil production
(Simon et al., 1992, and Khalid 2006). Water
stress may increase the essential oil content of
medicinal and aromatic plants because in stress,
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more metabolites are produced in plant cells and
substances that prevent oxidation in these stressed
cells (Farahani et al., 2009). On the other hand,
Penka (1978) indicated that essential oils are a
product of respiratory catabolic processes that are
enhanced under water deficiency. Thus, drought
stress increases the essential oil content and
decreases the essential oil content of medicinal
and aromatic plants under drought conditions due
to reduced fruit yield. These results closely match
those reported by Rezaci-Shayana et al. (2017);
and Ghassemi-Golezani et al., (2018a) on ajowan,
and Ali et al., (2020); and Ibrahim et al. (2020) on
fennel, they mentioned that the percentage of oil
increased as a result of the increase in irrigation
periods. While the oil production decreased with
increasing irrigation periods.

Data presented in Table (7) demonstrated
that there was a negative effect of the irrigation
intervals on the chlorophyll a, where the highest
values of the chlorophyll a scored by ajwain
plants irrigated every 3 days, in the 1% and 2™
seasons. While irrigated ajwain plants every 5
days caused the lowest values of the chlorophyll,
during the 1% and 2" seasons. Increasing the
irrigation intervals were reduced the chlorophyll b
content of ajwain plants, as shown in Table (7) the
largest values of the chlorophyll b were obtained
from the ajwain plants irrigated every 3 days
without significant differences after 4 days in both
seasons, respectively. However, irrigated ajwain
plants every 5 days gave the lowest values in
both seasons. Furthermore, the different irrigation
intervals treatments had a marked impact on the
values of carotenoids of ajwain plants in the two
seasons, the results indicated that irrigated ajwain
plants every 3 days produced the largest values of
carotenoids. In the meantime, the lowest values
carotenoids achieved with irrigated ajwain plants
every 5 days. These findings are supported by
Azhar et al. (2011) on ajwain, Abd El-Razik et al.
(2015) on chervil, Mohammad pour et al. (2015)
on Achillea, and Pishva et al. (2020). on cumin,
which reported that the content of chlorophyll
a, chlorophyll b, and carotenoids decreased with
increasing water stress. On the other hand, there
is no significant effect of irrigation periods on
chlorophyll content in ajwain plants, according to
Zeid et al. (2014).

The results presented in Table 7 showed that
stimulators potassium silicate + biochar had a
significant effect on the essential 0il%, oil yield/
ha, chlorophyll a, chlorophyll b, and carotenoid
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TABLE 7. Effect of irrigation intervals, biochar, and foliar spraying of potassium silicate and their interaction
treatments on essential oil, oil yield/feddan, chlorophyll a, chlorophyll b, and carotenoids of ajwain
during the two seasons 2020/2021 and 2021/2022.

Essential oil Qil yield/ha Chlorophyll a Chlorophyll b Carotenoids
l.l’rigation Stimulators (%) @) (mg/g) (mg/g) (mg/g)

intervals 1 2nd 1t 2nd 1 2nd 1 2nd 1% 2nd
0.0 44de  45c 2028 21.05f 08lc 082 0354 0354 032d 031d
, K,SiO, 41f  42d  1987¢ 20.74f 085b 085b 037c  037c  034c  0.34c
Biochar (BO) 4.7c  49b  2546c 268lc 0.88a 088 039  040b 036b 0.36b
K,Si0,fBO  5.0ab 5.1ab 29.11a 30.24a 09l1a 092a 04la 0422 039 0.40a
0.0 46cd  46c  17.98f 1834g 074e  0.75¢ 032 032  030d 0.29d
. K,SiO, 48 49b 22254 2323d 077d 0.77d  034d  034d 032d 0.32d
Biochar (BO) 52a  53a 2796b 2897b 089a 088 03% 039 036b 0.36b
K,Si04BO  52a  53a 30.12a 3142a 09la 09la 04la 0422 038a 0.40a
0.0 48c 48>  1670f 1697h  0.70f 0.71f  030f  031f  026f 0.27f
s K,SiO, 51a  52a  19.58¢ 2059 0.73¢ 0.73¢ 033de 0.33de 028 0.29¢
Biochar (BO) 52a  53a 2249d 23384 0.77d 0.78d 0354 0354 031d 0.33d
K80 BO  52a  53a 25.15¢ 26.14c 0.80c 08lc 037c  0.38c  034c  0.35¢
3 46c 47c 238la 2470a 086a 087a 038a 039 0352 0.35a
l?ff;;lzfl 4 495  50b 24142 25.15a 0.83b 083%b 037a 037a 034a 034a
intervals 5 51a  52a  21.02c  21.89¢ 0.75¢ 0.76c  0.33b  0.34b  0.30b  0.31b
0.0 46b  46b 1841d 18704 0.75b 0.76b  0.32c  0.33b  0.29d 0.29d
Mean of K,SiO, 47b 48> 20.88c 21.82c 0.78b 0.78b  035b  0.35b  03lc  0.32c
stimulators  Biochar (BO)  5.0a  52a 2520b 26.62b 0.85a 0.85a 038 038  0.34b 0.35b
K,Si04BO  5.0a  52a 2796a 29.09a 0.87a 0.88a 040a  04la 037a 0.38a

Means designed by the same letter at each cell are not significantly different at the 5% level according to Duncan s

multiple range tests.

in both seasons compared to other treatments.
The highest values occurred when ajwain plants
were sprayed with potassium silicate + biochar,
contrary the lowest values were obtained from
untreated plants with stimulators, in the two
seasons. Numerically, the essential 0il% increased
by potassium silicate spraying + biochar by
7.84 and 11.54%, the oil yield/ha increased by
34.16 and 35.72%, chlorophyll a increased by
13.79 and 13.64%, chlorophyll b increased by
20.00 and 19.51%, and carotenoid increased by
21.62 and 23.68% compared to the comparison
coefficients (without stimulators) in the first and
second seasons, respectively. Biochar improves
dry or sandy soils’ ability to retain water, thereby
enhancing soil quality and lowering irrigation
needs. The modification of the soil’s porosity is
the primary cause of the increased water holding
capacity and improved saturated hydraulic

conductivity. Sandy soils are poor at retaining
water because they have dominant macro- and
meso-pore systems and little to no organic
material or clay. Another important factor to keep
in mind is bulk density, which is directly impacted
by the use of biochar. (Novak et al., 2009). Si
has a role in inhibiting ethylene, which reduces
the speed of aging and death of harvested plant
parts. Si is beneficial for the chlorophyll content
and helps the crops maintain their freshness for
a longer period with a better appearance. Thus,
Si has a positive effect on both crop yield and
quantity (Balakhnina and Borkowska, 2013).

The interaction between irrigation intervals
and stimulators had significant effect on oil yield/
ha, chlorophyll a, chlorophyll b, and carotenoid
of ajwain in both experimental seasons as shown
in Table 7. The best values of these traits were
recorded when ajwain plants were irrigated every
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3 and 4 daysunder foliar spraying with K-silicate +
biochar. Whereas the lowest values resulted from
irrigation every 5 days under without stimulators
in both growing seasons. For the oil yield, the
greatest values of oil yield were recorded when
ajwain plants were irrigated every 3 and 4 days
under biochar and foliar spraying with K-silicate
+ biochar.

Effect of irrigation intervals and foliar spraying
of K-silicate on mineral status and water use
efficiency of ajwain plant

Data illustrated in Table (8) clearly indicated
that the highest values of the nitrogen, phosphorus
and potassium percentage were obtained by
irrigating ajwain plants every 3 days in the
two seasons. On the opposite side, the lowest
nitrogen and potassium percentage was obtained
by irrigating the ajwain plants every 5 days on
the other hand, there isn’t significant differences
between irrigation plants after 4 days and after
Sdays on phosphorus % in the two seasons. The
present findings are generally consistent with those
previously reported by Ghassemi et al. (2019) on
Ajwain; and Pishva et al. (2020) on Cumin. Who

TABLE 8. Effect of irrigation

proved that increasing the irrigation periods led
to a decrease in the chemical components such
as (nitrogen, phosphorus, and potassium) in the
herbs.

The results present in Table 8 and Figure
2 regarding that the water use efficiency was
contrary to all the traits studied, which the
increase in irrigation intervals led to an increase
in the water use efficiency of the ajwain plants.
Thus, the highest values of the ratio of water
use efficiency with irrigated ajwain plants every
4 days which amounted to (0.100 and 0.102 kg/
m?®) were achieved in the first and second seasons,
respectively. In contrast, ajwain plants irrigated
every 3 days caused the lowest water use efficiency
values in the first and second seasons, which were
(0.083 and 0.085 in the first and second seasons,
respectively). These results support those obtained
by Elgammal and Maswada (2013), and Shi et al.
(2002) showed WUE was higher in dry farming
treatment because yields fell relatively less than
the irrigation water supply. However, a higher
WUE could be achieved by linking deficit stress
in the somewhat late vegetative stage of maturity.

intervals, biochar foliar spraying of potassium silicate and their

interaction treatments on nitrogen, phosphorus, and potassium concentration as well as
water use efficiency of ajwain during the two seasons 2020/2021 and 2021/2022.

o Nitrogen Phosphorus Potassium Water use efficacy
I‘rrlgatlon Stimulators (%0) (%) (%) (WUE kg/m’)
intervals

1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd
control 1.85d 1.71d 0.25 0.28 2.64d 2.75¢  0.074e 0.075¢
3 K SiO, 1.90bc  1.83c 0.26 0.28 2.85¢ 290d  0.078e 0.079%
Biochar (BO) 1.97b 1.90b 0.26 0.27 3.01b 3.11b  0.087d 0.088d
K SiO,+BO 2.13a 2.0la 0.25 0.28 3.15a 327a  0.094d 0.096d
control 1.61f 1.48f 0.22 0.24 2.41e 2.46f  0.07% 0.081e
4 K SiO, 1.76e 1.62e 0.22 0.25 2.60d 2.69¢  0.094c 0.096¢
Biochar (BO)  1.82d 1.73d 0.21 0.24 2.83¢ 2.88d  0.109b 0.111b
K SiO,+BO 1.93b 1.85¢ 0.22 0.24 2.96b 3.0lc  0.117a 0.120a
0.0 1.44¢g 1.38¢g 0.20 0.22 222f  231g  0.083d 0.084d
5 K SiO, 1.60f 1.49f 0.20 0.23 2.41e 247t  0.092c 0.095¢
Biochar (BO) 1.73e 1.66e 0.21 0.22 2.62d 2.68¢  0.104b 0.106b
K,SiO,+BO 1.81d 1.73d 0.20 0.22 2.81c 290d  0.116a 0.118a
Mean of 3 1.96a 1.86a 0.26a 0.28a 291a 3.0la  0.083b 0.085b
irrigation 4 1.78b 1.67b 0.22b 0.24b 2.70b 2.76b  0.100a 0.102a
intervals 5 1.65¢ 1.57¢ 0.20b 0.22b 2.52¢ 2.59¢  0.098a 0.101a
control 1.63d 1.52d 0.22 0.25 2.42d  2.51d  0.079d 0.080d
Mean of K,SiO, 1.75¢ 1.65¢ 0.23 0.25 2.62¢ 2.69c  0.088c 0.090c
stimulators  Biochar (BO)  1.84b 1.76b 0.23 0.24 2.82b 289  0.100b 0.102b
K SiO +BO 1.96a 1.86a 0.22 0.25 2.97a 3.06a  0.109a 0.111a

Means designed by the same letter at each cell are not significantly different at the 5% level according to Duncan s

multiple range tests.
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treatments on water use efficiency of ajwain during the two seasons 2020/2021 and 2021/2022.

Results shows in Table (8) declared that,
stimulators had a significant effect on N, and K
concentration as well as water use efficiency in
both seasons. Compared without stimulators
treatments, except for the concentration of
phosphorus is not significant. The highest
values were recorded when ajwain plants
were sprayed on potassium silicate + biochar,
while the lowest values were recorded without
stimulators treatments in the seasons 2020/2021
and 2021/2022. Nitrogen concentration increased
by spraying potassium silicate + biochar by 16.84
and 18.28%, potassium concentration increased
by 18.52 and 17.97%, and water use efficacy
increased by 26.40 and 27.78% compared to the
control treatments (without stimulators) in the
first and second seasons, respectively. The soil
had been fertilized with bagasse biochar had
higher levels of N, P, and K than either of the
fertilized controls. This suggests that nitrification-
based N mineralization has improved.
Suppression of denitrification enzymes might
have prevented additional losses (Van Zwieten
et al., 2009). Further, potassium silicate is also
a source of potassium, which plays an important
role in increasing the rate of photosynthesis and
increasing stored carbohydrates and grain fillers
(Szczerba et al., 2009). These positive effects are

among the applications of silicon in improving
rice grain yield, as obtained by Hakim et al.
(2012).

The interaction between irrigation intervals
with stimulators had a significant effect on
nitrogen and potassium %, but not significant
effect on phosphorus% of ajwain in both seasons.
The highest values for these traits were recorded
when ajwain plants were irrigated every 3 days
under foliar spray with K-silicate + biochar.
While the lowest values resulted from irrigation
every 5 days under without stimulators in both
growing seasons. For, the water use efficiency the
highest values for these traits were recorded when
irrigated every 4 and 5 days under foliar spray
with K-silicate + biochar.

Effect of irrigation intervals, biochar, and foliar
spraying of K-silicate on major compounds of
ajwain plant oil

Data illustrated in Table (9) showed the
effect of irrigation intervals period (3, 4 and
5 days) and stimulators on percentage of the
major’s compounds of chemical ajwain fruit oil,
expressed in % from the total oil contents, during
the two experimental seasons. The data showed
that there were four major’s compounds (Thymol,
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Y-terpinene, P-cymene and [-Pinene) and
significantly affected by the treatments. Regarding
the Thymol and Y-terpinene percentages, it’s
clear that increasing the irrigation interval periods
from 3 to 5 days significantly decreased the two
compounds concentration. However, the highest
concentrations were obtained from the plants
irrigated each three days intervals and reserved
K-silicate + biochar (64.4 & 64.5 for Thymol
and 25.5 & 27.2 for Y-terpinene compounds)
during the two experimental seasons. In the same
line, increasing the frequencies of stimulators
application from without to potassium silicate +
biochar combines with significant increase in the
two compounds concentrations.

On the other hand, increasing the irrigation
intervals period from 3 days to 4 days significantly
increased the concentrations of P-cymene and
B-Pinene. While increase the interval irrigation
period from 4 to 5 days had a negative effect on

TABLE 9. Effect of water stress, biochar, and K-silicate treatments on major compounds of
oil, expressed as % from total oil contents, during the two experimental

the two compounds concentrations. Furthermore,
parallel increasing the frequencies of K-silicate
application + biochar significantly increases the
concentrations of these two major compounds.

The interaction between irrigation intervals
period and stimulators treatments and its effect on
the chemical composition of oil, it was significant,
in the two seasons. The plants received potassium
silicate + biochar and irrigated each three days
present the highest percentages of Thymol and
Y-terpinene. However, those received K-silicate
+ biochar and irrigated each 4 days present the
highest percentages of P-cymene and p-Pinene
in their fruits. On the opposite side, the plants
without received stimulators and irrigated each
five days recorded the lowest concentrations from
the four compounds (Thymol and Y-terpinene,
P-cymene and - Pinene) in their fruits, during the
two growing seasons.

ajwain fruit
seasons (2020/2021 and

2021/2022).
Irrigation . Thymol% Y-terpinene% P-cymene% B-pinene%
intervals stimulators 1%t nd 1t nd 15t 2nd 15t nd

0.0 40.4f  433¢  173e  18.4c 93¢ 10.2d 3.2d 3.1c

K, SiO, 5174 50.6c  19.7d  18.7e 9.8¢ 10.6d 43b 3.9b

3 Biochar (BO)  55.8c  58.7b  22.7b  21.8¢c 11.3b 11.7b 4.5b 5.1a
K,SiO+BO  584a  585a 24.0a 23.7a 12.0a 12.1a 4.7a 5.1a

0.0 383f  40.1f  154f  16.1f 7.2f 7.6g 2.1e 2.0e

K,SiO, 445¢  462d  17.4e  182e 8.8d 8.8f 24e  2.6cd

4 Biochar (BO)  50.6d  50.7c  21.3c¢  20.5d 8.6d 11.9¢ 3.3d 2.9¢
K,SiO+BO  558b  57.6b  22.7b  23.4b 11.5b 11.1c 3.8¢ 3.2¢

0.0 323h  30.1i  15.0f  14.6g 6.9f 6.5h 1.7¢ 1.5f

K,SiO, 356g  32.8h  17.4e  14.7g 6.9f 8.4f 1.9f 1.6f

> Biochar (BO)  454e  34.1g 19.7d  15.2g 8.1e 9.6¢ 2.le  1.8ef
K,SiO+BO  49.6d 342¢g 1984  16.3f 8.7d 9.9¢ 2.2¢ 2.le

Mean of 3 51.58a  52.78a 20.93a 20.65a 8.28a 11.15a 42a  43a
irrigation 4 4730b 48.65b  19.20b  19.55b 9.03a 9.85b 2.9b 2.7b
intervals 5 40.73¢  32.8lc  17.98c 15.20c 7.65b 8.60c 1.98c  1.75¢
0.0 37.0d  37.83d 15.90d 16.37d 4.70d 8.1d 23d 22d

Mean of K,SiO, 43.93¢c  4320c 18.17¢c  17.20c 8.50c 927¢  287c  2.70c
stimulators  Biochar (BO) ~ 50.60b  47.83b  21.23b  19.17b 9.33b 11.07b  330b  3.27b
K,SiO+BO  54.60a 50.10a 22.17a 21.13a 10.73a 11.03a  3.57a 3.47a

Means designed by the same letter at each cell are not significantly different at the 5% level according to Duncan s

multiple range tests.
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Conclusions

Based on the obtained results, treating the
ajwain plants with stimulators beneficial to
alleviate the adverse effects of water-stress. The
possible mechanism involved in the improvement
of vegetative growth, yield, and quality characters
is the increase of WUE in ajwain plants. From
the results obtained, we find that there was
no significant effect among the Ajwain plants
irrigated every 3 days and every 4 days for
fruit yield and oil yield/ha in both seasons, in
addition to saving 1270 m3/ha of water that can
be used in any other crops when watering Ajwain
plants every 4 days. Based on this investigation,
under water stress, we can recommend that the
application of K-silicate foliar spraying + biochar,
which can increase WUE and can result in high
fruit yield, its components and quality such oil
yield under irrigation every 4 days interval under
the study conditions and the similar conditions.
Through the results obtained in the research, it can
be recommended to use 3 cm3/1 potassium silicate
+ 5 ton biochar/ha with irrigation every 4 days for
the ajwain plants under sandy soil conditions.
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