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HE trial was conducted during the four successive seasons of 2019, 2020, 2021, and 2022
in a vineyard in the El-Khatatba region, Lat. 29:92°, Long. 30.93° to study the influence

Introduction

of Irrigation scheduling and hundz soil substance to improve water use efficiency, vegetative
growth, fruit quality and yield of Flame Seedless grapevines grown in sandy soil. Seven-
year-old vines in sandy soil were chosen, spaced at 2 x 3 meters, irrigated by the surface drip
irrigation system, and trellised by the Spanish Parron system. The experiment was designed
to study the effects of different rates from soil conditioners, Hundz soil, (0.5, 1, 1.5 and 2 kg/
vine) under irrigation levels at 70, 85, and 100% IWR. Hundz soil was applied to the soil
under drip irrigation lines yearly. The Results showed that hundz soil substances 2 kg/vine plus
an irrigation level at 85%IWR was effective in improving bud burst, bud fertility percentage,
shoot length, number of leaves /shoot, and leaf area as well as enhancing yield per vine, cluster
weight, berry weight, soluble solids content, and total anthocyanin while ,reducing total acidity
in berries compared with irrigation level alone in four seasons of study. Additionally, water use
efficiency (WUE) was improved at irrigation level at 70% IWR with 2 kg/vine and, it can save
about 15% of water to achieve the same yield and fruit quality, according to the availability of
water due to addition of hundz soil substances, especially under drip irrigation.

Keywords: WUE. Hundz soil, Flame Seedless, Yield, Fruit quality, Vegetative growth.

large to medium in size and seedless. Berries

quality has a crisp skin, juicy pulp, and distinctive

Grapes (Vitis vinifera L.) are one of the most
important and widely cultivated fruit crops
in Egypt. It ranks the fourth after olives with a
cultivated area of aboutl172,533.6 feddans with
an annual totalproduction of about 1,586,342 tons
(FAO, 2020).

Flame seedless’ Vitis vinifera L. is considered
as one of the most widely cultivated seedless
cultivars worldwide. Also, it is produced in
different regions and under various conditions
such as Australia, Brazil, Chile, Egypt, India,
Mexico, South Africa, and the USA. Botanically,
Flame seedless vines have very vigorous growth
and fruit clusters are bright red color, berries are

Muscat flavor and fast early growing cultivar is
an early-season harvest of sweet and large berries
(Brooks and Olmo, 1997).

Irrigation in viticulture is the process of applying
the required amount of water to the vine yard.
Additionally, sandy soils have unique management
issues because of their high permeability and poor
ability to hold water and nutrients. Physiologically
grapevines, the amount of available water affects
photosynthesis and hence growth, as well as
the development of grape berries (Torres et al.,
2021a). Also, irrigation is an effective way of
regulating the availability of water for grapevines
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and consequently their yield. (Chaves et al., 2002).
Consequently, the optimization of water apply
by scheduling irrigation for grapevine leads to
improve water use efficiency (WUE), and ensuring
sustainability in grapes is a key topic of respect. As
a result, a significant amount of basic and applied
study has been devoted to investigating how to best
use water of grapevine. The study of irrigation
time and schedule by introducing innovative
technology to reduce water usage is a significant
component of these studies (Romero et al. 2004;
Sadras 2009; Chaves et al. 2010; Williams et al.
2010). In this respect, (El-beltagy et al., (2017)
tested three irrigation treatments i.e. 60, 80 and
100% of reference evapotranspiration and two
fertigation programs i.e. farm fertigation program
(F1) and new proposed fertigation program (F2).
The irrigation treatment (80% of ETO) resulted in
the maximum values of all vegetative parameters.

Soil conditioners are the most effective agents
in stabilizing soil organic matter (El-Aggory and
Abd ElRasoul, 2002). Hundz soil is a natural soil
conditioner that is made out of dry compressed
cellulose and recycles agricultural material, has a
balanced pH of 6.8-7.2, is shaped like grains and
ranges in size (0.2-2.0mm), is able to penetrate
sand grains to create a new media that is perfect for
growing plants, and has a water holding capacity
that will change sandy soil’s water capacity and
does not absorb heat, which significantly reduces
water evaporation. Hundz soil is an organic soil
conditioner that needs half as much water to grow
crops and makes it possible to grow crops in dry or
damaged areas Melito et al 2019 . Hundzsoil retains
water longer than regular soil, so plants develop
healthy root system. Hundz soil is certified from
Soil, Water and Environment Res., Institute, ARC,
Giza Egypt. Eman ( 2011) found that the effects of
different rates from soil conditioners, such as Hundz
soil, ( 0.0,0.5 and 10Kg /tree) or mixture from (Nile
fertile + K2S04) [Zero, (2Kg + 500gm) and (1Kg
+ 250gm)] under irrigation levels at 50, 75 and
100% of the recommended water level (5.5, 8.25
and 11m?® /tree /year ) as well as their interactions
on growth, leaf component, flowering, fruiting,
yield and fruit quality during both seasons and
application of either Hundz soil at rate of 10kg /
tree or the mixture of (NF + K2S0O4) at highest rate
(2Kg + 500gm) gave significantly the highest mean
values of the above mentioned characters during
the two years. In this context, the evaluation of the
best combination among irrigation systems and
natural soil conditioners (Hundz soil) of Rosemary,
Khorshidi et al. (2009)
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The objective of the present investigation
was to study possibility of reducing the irrigation
amount by using Hundz soil with no adverse effects
vegetative growth, fruit quality and yield of Flame
Seedless grapes.

Materials and Methods

The trial was conducted during the four
successive seasons of 2019, 2020, 2021, and 2022
in a vineyard in the El-Khatatba region, Minufyia
Governorate, Egypt. Lat. 29:92°, Long. 30.93°.
Seven-year-old vines in sandy soil were chosen,
spaced at 2 x 3 meters, irrigated by the drip irrigation
system, and trellised by the Spanish Parron system.
Vines were trained to form quadrilateral cordons.
The vines were pruned through the last week of
December, leaving 12 spurs with 5 buds plus 4
replacements spurs with 2 buds. The total bud load
was 68 buds. Ninety nine vines were regularly
selected for this investigation with as similar
vigor as possible. All grapevines were given the
same cultural administration recommended by the
ministry of agriculture and land reclamation, such
as fertilization, irrigation, disease management, and
pest management. The investigation included elven
treatments coordinated in a complete randomized
block design; each treatment was replicated three
times and included 3 vines/replicate . -Hundz soil
conditioner was used at four levels:(0.5, 1, 1.5 and 2
kg/vine) under irrigation levels at 70, 85 and 100%
(IWR) Irrigatioon Water Requirement .Hundz soil
was applied to the soil under drip irrigation lines
in January of each year. The chemical analysis of
Hundz soil is shown in Table 1.

This study included the following eleven
treatments, as follows:

1- Irrigation at 100% irrigation Water
Requirement IWR (control) + without any
addition of Hundz soil

2-Irrigation at 85% IWR +without any addition
of Hundz soil

3-Irrigation at 85% IWR +Ykg/vine Hundz soil
4- Irrigation at 85% IWR +1kg/ vine Hundz soil
5- Irrigation at 85% IWR +1}2kg/ vine Hundz soil
6- Irrigation at 85%+2kg/ vine Hundz soil

7- Irrigation at 70% IWR+ without any addition
Hundz soil

8-Irrigation at 70% IWR +%kg/ vine Hundz soil
9- Irrigation at 70% IWR +1kg/ vine Hundz soil
10- Irrigation at 70% IWR +1'2kg/ vine Hundz soil
11- Irrigation at 70% IWR +2kg/ vine Hundz soil
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TABLE 1. Some physical and characteristics properties of Hundz soil (conditioner)

Analysis Unit Values
Weight of a cubic meter Kg 280
Moisture % 42
pH (10:1) 7.21
EC(10:1) (dS/m) 0.81
Total nitrogen % 0.25
Organic matter % 78.39
Organic carbohydrate % 45.47
Ash % 21.61
NC:N 1:181.88
(Fu: A)Total phosphorus % 0.075
(p o) Total potassium % 0.14
Saturation Capacity % 307
Grass seeds -- -
Nematodes:

Plant pathogen Larva/200g -
free non- nurse Larva/200¢ -

During the four seasons, the following
measurements were verified:
Bud behavior
Bud burst %

Number of bud were counted one month after
bud burst and the percentage of bud burst were
calculated as follows according to Bessis (1960).
Bud burst%=

No of bursted buds per vine <100

Total buds per vine left on the vine at pruning time

Bud fertility %

Number of clusters per vine were counted
and divided by the total number of buds and the
fertility was calculated as follows according to
Bessis(1960).

Bud fertility% =

No of clusters per vine <100

Total buds per vine left on the vine at pruning time

Fruiting coefficient

This was calculated according to the equation
(No. of clusters/total number of buds burst) left on
the vine at pruning time as mentioned by Bessis
(1960). It can he noted that this parameter was
determined in the following year each season.

Vegetative growth parameters
From non-fruiting shoots at full bloom, the
vegetative growth parameters were assessed.

Average shoot length (cm), number of leaves per
shoot, and average leaf area (cm?) were among
the factors that were evaluated: from seventh leaf
from the top of the growing shoot, a sample of
four mature leaves from each treated vine were
taken and used to calculate the leaf area (cm?):
Sample of four mature leaves from each treated
vine (7" leaf from the top of the growing shoot)
were collected and used for measuring leaf area
according to the equation of Montero et al.,
(2000):

Leaf area (cm? / leaf) = 0.587 (L x W)

Where, L= Length of leaf blade. W= Width of leaf
blade

N, P and K content in leaf petioles

N, P and K content was determined at full
bloom using samples of 20 leaf petioles per
replicate collected from leaves opposite the
cluster as mentioned by Cottenie et al.(1982).

Physical characteristics berries

-Average cluster weight (g).

-Average 25 berry weights (g).

-Yield /vine =number of clusters/vine x average
cluster weight.

Chemical characteristics berries:

-Total Soluble Solids (T.S.S. %) was measured in

the juice by hand refractometer A.O.A.C. (2006)

-Titratable acidity (as gram tartaric acid/100 ml
Egypt. J. Hort. Vol. 50, No. 2 (2023)
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juice) by titration NaOH using phenolphthalein
such as an indicator, (Iland, 2000)

-Total anthocyanin’s of the berries skin (mg/100g
f.w.) according to Husia et al., (1965)

Dormant season studies:
a-Coefficient of wood ripening

Twelve shoots for each replicated were select
to measurement the coefficient of wood ripening,
which was calculated by dividing length of
the ripened part by the total length of the shoot
according to Rizk and Rizk, (1994).

b- Pruning weight/vine (g).
It was determined at dormancy period (winter
pruning) according to Selim et al (1978).

c-Total carbohydrates in cane (%)

Total carbohydrates in fruiting canes were
determined calorimetrically by using reagent
according to the method described by DuBois
et al., (1956). Total carbohydrates content were
determined using the glucose standard curve as g.
glucose/100 g dry weight.

Irrigation and soil

Drip irrigation system was implemented and
irrigation was applied according to the cumulative
values of the daily crop water requirement (CWR)
calculated from reference evapotranspiration

TABLE 2. Soil characteristics of the experiment site .

(ETo) using weather data of study site. Application
of irrigation regime treatments started from the
second irrigation and treatments were as follows:
(I,) 100%; (I,) 85% and (I,) 70% of CWR. Each
irrigation treatment has one lateral line with
two drippers per tree (4 liters per hour) and one
valve for each lateral line was used to control the
amount of applied water.)

The soil samples were collected of the
experimental site from consecutive four depths (0-
30 till 120 cm depths) for physical and chemical
analysis of the soil. The chemical properties of the
soil samples; were determined according to the
methods outlined by Page et al (1982). Particle size
distribution according to Gee and Bauder, (1986).
Field capacity was determined according to Cassel
and Nielsen, (1986). Wilting point was determined
according to Stakman and Vanderhas ,(1962).
Available water was calculated from the values
of field capacity and wilting point. Bulk density
was determined according to Blake and Hartge,
(1986a). Physical and chemical analyses data and
soil water contents of the soil are shown in Table 2.

Water relations
Irrigation Water Applied (IWA)

The irrigation water applied for grape vines
during the studied seasons; were calculated

Soil properties Value
1- Particles size distribution (%)

Course sand 36.31
Fine sand 51.87
Silt 491
Clay 6.81
Texture class Sand
2- Chemical properties

0. M (%) 0.871
EC dSm! 0.11
pH 1:2.5 soil : water suspension 7.6
Available N (KCl-extract) 18.10
Available P (Na - bicarbonate extract) 27.00
Available K (NH4 - a acetate extract) 33.00
Soil moisture constants (% by weight) and bulk density (g cm™)

Depth, cm 0-75
Field capacity % 19.4
Wilting point % 7.8
Bulk density (g cm-3) 1.41
Available water (mm) 80.4

Egypt. J. Hort. Vol. 50, No. 2 (2023)
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TABLE 3. Some meteorological data at experimental site, at 2019,2020, 2021 and 2022 seasons.

Month Tmax (oC) Tmin RH WS RF SS Rad Eto
2019
January 6.2 19.8 52 207 2.9 7.8 13.9 2.9
February 6.6 21.8 44 213 5.6 8.0 16.3 3.7
March 8.0 22.0 44 230 7.0 8.5 19.6 43
April 13.8 30.7 35 277 1.7 9.3 22.8 6.8
May 17.5 34.5 31 268 0.0 10.3 253 8.0
June 20.3 36.9 31 277 0.0 11.2 26.9 8.9
July 21.3 37.1 36 225 0.0 11.1 26.5 8.0
August 21.4 36.8 38 207 0.0 10.8 253 7.5
September 19.4 344 43 216 0.0 9.9 22.1 6.5
October 16.2 30.3 46 216 0.0 9.1 18.3 52
November 10.6 25.5 51 181 0.8 8.4 14.9 3.6
December 6.6 20.7 55 199 6.3 7.9 133 2.8
Mean 13.9 29.2 42 226 24.3 9.3 20.4 5.66
2020
January 7.9 20.9 63 337 2.6 8.6 145 3.17
February 7.9 21.3 65 294 12.0 9.9 18.1 3.4
March 9.1 22.9 64 337 3.5 10.5 21.9 4.29
April 11.0 28.7 52 372 1.9 11.7 26.1 6.51
May 17.2 35.8 40 346 0.0 12.1 27.9 8.85
June 18.9 36.2 45 363 0.0 13.2 29.8 9.17
July 21.9 38.6 45 337 0.0 13.5 30 9.51
August 223 39.3 47 311 0.0 134 28.9 9.11
September 20.6 35.6 52 354 0.0 12.8 25.8 7.9
October 17.4 31.2 56 320 0.0 11.6 21 5.79
November 14.8 27.4 64 285 4.9 10.3 16.5 4.01
December 8.8 19.0 70 337 6.0 9.1 14.0 2.62
Mean 14.8 29.7 55 333 32.2 11.4 22.9 6.19
2021
January 8.3 21.5 59.0 259.0 3.0 7.1 12.6 2.98
February 8.2 21.7 60.0 173.0 4.6 7.8 15.6 2.94
March 9.2 23.3 62.0 259.0 6.7 8.4 19.1 3.94
April 11.6 29.2 51.0 259.0 3.8 9.4 22.8 5.66
May 17.9 36.8 37.0 259.0 0.0 10.4 254 7.96
June 19.4 39.9 41.0 346.0 0.0 11.8 27.7 9.76
July 22.5 39.3 41.0 259.0 0.0 11.6 27.2 8.68
August 22.9 39.7 43.0 259.0 0.0 11.1 25.5 8.39
September 20.9 36.0 51.0 259.0 0.0 10.3 223 6.86
October 17.7 31.5 55.0 259.0 0.8 9.2 18.0 5.21
November 15.2 27.8 62.0 259.0 2.6 8.0 14.0 3.84
December 9.0 19.7 66.0 259.0 4.2 6.8 11.6 2.53
Mean 15.2 30.5 52.0 259.0 25.7 9.3 20.1 5.73
2022
January 8.0 17.0 54.0 380.0 4.1 9.1 14.8 33
February 8.3 18.2 57.0 328.0 10 9.9 18.1 3.5
March 10.0 20.5 58.0 372.0 2.3 10.5 21.9 4.4
April 12.4 23.9 51.0 380.0 0.8 10.9 25.0 5.7
May 17.7 29.0 38.0 389.0 0 11.2 26.6 7.9
June 21.6 32.6 44.0 372.0 0 12.1 28.2 8.5
July 22.5 36.7 46.0 337.0 0 12.6 28.7 9.0
August 22.9 36.1 47.0 311.0 0 12.8 28.0 8.5
September 21.1 342 53.0 320.0 0 12.1 24.8 7.2
October 19.1 33.0 59.0 320.0 0 11.8 21.2 5.9
November 15.4 29.1 57.0 302.0 1.8 10.5 16.7 4.7
December 10.1 21.5 65.0 372.0 5.3 9.6 144 33
Mean 15.8 27.7 52 348 24.3 11.1 22.4 5.98

Tmax and Tmin = maximum and minimum air temperatures (°C); RH= relative humidity %; WS= wind speed (km/h); RF = rainfall (mm /
month); SS = actual sun shine (h); Red=solar radiation MJ/M?*/day; Eto = reference evapotranspiration ( mm day™).

Egypt. J. Hort. Vol. 50, No. 2 (2023)
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by computing the estimated reference
evapotranspiration (ETo) using Penman- Monteith
equation included in “CROPWAT 8” model as
described in FAO 56 according to Allen et al.
(1998)

Then, crop evapotranspiration (ETc) was
calculated using crop coefficient.

Finally, Irrigation water applied was calculated
according to Vermeiren and Jopling (1984).

WA= ETc x IxKr
Eax (I-LR)

Where:

IWA = Irrigation water requirements (mm and m?/
feddan).

ETc= Crop evapotranspiration (mm day™).
= irrigation intervals (days)

K, = reduction factor that depends on ground
cover. K value of 1.0 was used since crops
spacing were less than 1.8 m a part.

Ea = irrigation application efficiency of the drip
irrigation system (90%).

LR= Leaching requirements (assumed 10% from
total irrigation water amount).

Water consumptive use (WCU)

Water consumptive use (CU) was estimated
via soil samples from the sub plots just before
each irrigation and 8 hrs later as well as at harvest.
Sampling depths were 15-cm successive layers
down 60-cm depth of the soil profile. The CU
was calculated according to Israelsen and Hansen
(1962) as follows:

CU = (62-01)/100x Bd x D

Where:

CU = Water Consumptive Use (in mm).

D = effective root depth (in mm).

Bd = bulk density of soil in (g/cm?).

8, = Soil moisture percentage 8 hr after irrigation
(Wiw).

6, = Soil moisture percentage before next irrigation
(Wiw).

Then, the seasonal water use values were
obtained from the sum of the WCU of all
irrigations under different treatments at both
growing seasons.

Irrigation water productivity (IWP)

Irrigation water productivity (IWP) was

calculated according to the following formula:

Egypt. J. Hort. Vol. 50, No. 2 (2023)

Weights yield (kg/fed)

IWP =
Water Irrigation Applied (m3/fed)

Water use efficiency (WUE)

Water use efficiency refers to (kg dry weight/
m? of water consumed) was calculated according
to Jensen (1965). as follows:

Weight yield (kg/fed)
Seasonal WCU (m?/fed)

WUE =

Costs and net profit /feddan
Yield/ feddan ton (average four seasons) =
Yield (kg fruit/vine) x Number of vines/1000.

Total costs / feddan (L.E.) = Treatments costs/
feddan (L.E.) + Costs of cultural practices/ feddan
(L.E)).

Total production/ feddan (L.E.) = Yield/
feddan ton x price of one ton.

Net profit / feddan (L.E.) = Total production/
feddan (L.E.) - Total costs / feddan (L.E.).

Statistical Analyses

Completely randomized block design (CRBD)
with three replications was used to design the
experiment. Least significant difference test
was used to compare means using the statistical
analysis software; CoStat (CoHort Software,
U.S.A) version 6.4. The values of probability p
<0.05 were considered statistically significant
based on the least significant difference test

Results

Bud behavior

Data in Table 4 clearly display that using
Hundz soil for a specific irrigation level resulted
in significantly higher magnitudes of the afore
mentioned parameters than not using for the same
level. Also, there was a gradual significant increase
in these parameters by increasing the quantity
used of Hundz soil for the same irrigation levels.
Irrigation level with hundz soil of Flame seedless
grapevines gave the highest values of bud burst,
bud fertility percentage, and Fruiting coefficient
in four seasons, respectively, as compared with
irrigation level alone. With respect to the effect
of adding hundz soil substance, there was a
gradual and significant increase in the percentage
of bud burst, bud fertility percentage, and Fruiting
coefficient as a result of increasing hundz soil
substance from 0.5 kg/vine to 2 kg/vine.
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The same table’s data show that the irrigated
vines at 85% and treated with 2 kg per vine
hundz soil had the highest values on bud burst,
bud fertility percentage, and Fruiting coefficient
compared with other treatments in all four seasons
followed by irrigation level at 70% -+2kg/vine
hundz soil, respectively. While the vines that
were irrigated at 100% (the (control) gave the
significant lowest values of bud burst, bud fertility
percentage, and Fruiting coefficient in all four
years.

Vegetative growth parameters

The data in Table 5 show that, in the four
years, the application of Hundz soil at any of the
considered quantities to an irrigation, significantly
improved all growth parameters, including shoot
length, number of leaves per shoot, and leaf area,
as compared with irrigation levels alone. The
application of hundz soil at a high dose (2 kg/vine)
was significantly superior to the use of other doses
(0.5, 1, or 1.5 kg/vine). The significant highest
values of all vegetative growth characteristics
(shoot length, number of leaves per shoot, and
leaf area) were obtained by adding hundz soil at
2 kg/vine plus an irrigation level at 85%, whereas
the significant least values were attributed to the
irrigation level at 100% (control) in all four years.

Physical characteristics of cluster

Regarding the effect of adding hundz soil under
drip irrigation lines in January with the irrigation
level on cluster weight, length, and width of
Flame Seedless grapes, the data in Table 6 reveale
a significantly positive effect in all four years.
The highest magnitudes of the afore mentioned
parameters were attributed to irrigation level
of 85% with hundz soil 2 kg per vine, followed
by an irrigation at 70% with hundz soil 2kg per
vine for the four seasons, as compared with other
treatments in the four seasons of study. However,
soil application of hundz soil at 2 kg/vine with
any irrigation level was more effective in this
regard than that at 0.5, 1, or 1.5 kg/vine with same
irrigation level.

Yield per vine, 25 berry size and 25 berry weight:

The data in Table 7 show that, for the four
seasons of the study, the application of an
irrigation level with any of the doses of hundz
soil, improved yield per vine, 25 berry size, and
25 berry weight as compared with the considered
irrigation level alone. The highest dose of hundz
increased these parameters compared to the
other doses, highest values of these attributes

was induced by using Hundz soil with the 85%
irrigation regime. Whereas, the irrigation level
at 100% (control) induces the significant lowest
values of these ones in all four seasons.

Berry length, and diameter

Findings in Table 8 showed that, the application
of irrigation level with all doses of hundz soil,
significantly increased berry length, and diameter
as compared with the same irrigation level 100%
(control) in four seasons. The application of
hundz soil at highest dose (2 kg/vine) significantly
improved these parameters compared using lower
dosages (0.5, 1, or 1.5 kg/vine). The addition
of hundz soil substances at 2 kg/vine plus an
irrigation level of 85% followed by the use of the
irrigation level at 70% with 2 kg / vine hundz soil
showed highest significant values of berry length,
and diameter, whereas the irrigation level at 100%
(control) produced the lowest significant values of
these ones in all four seasons.

Chemical characteristics of berries

Referring to Table 9, it is obviously noticed
that all chemical characteristics of berries,
berries, including total soluble solids% (TSS),
total acidity%, and total anthocyanin%, were
significantly affected by the application of
irrigation levels to all doses of hundz soil as
compared with irrigation levels alone in four
seasons. The application of hundz soil at a high
dose (2 kg/vine) had the best results as compared
to the other dosages (0.5, 1, or 1.5 kg/vine). The
addition of hundz soil substances (2 kg/vine) plus
an irrigation level at 85% significantly achieved
the highest values of TSS, and anthocyanin of
berry skin, as well as the least acidity values
of berry juice, whereas the irrigation level at
100% (control) had the least values of TSS, and
anthocyanin of berry skin, as well as the highest
acidity values of berry juice in four seasons.

Dormant season studies

The soil application of hundz soil significantly
enhanced the studied parameters i.e,pruning
wood weight, ripening wood coefficient, and total
carbohydrates in canes as compared with the same
irrigation level alone (Table 10). However, soil
application of hundz soil at (2 kg/vine) was more
effective than soil application of hundzsoil at 0.5, 1,
or 1.5 kg/vine. The highest values of pruning wood
weight, ripening wood, and total carbohydrates in
canes were observed in vines that were irrigated at
85% with 2 kg per vine, followed by those irrigated
at 70% with 2 kg per vine in four seasons

Egypt. J. Hort. Vol. 50, No. 2 (2023)
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TABLE 10. Effect of irrigation levels with hundz soil substance on ripening wood coefficient, pruning wood weight, and total carbohydrates in canes of Flame seedless

grapevines during 2019, 2020, 2021, and 2022

Total carbohydrates in
canes(g/100gDW)

(k g)

Pruning wood weight
2020

Ripening wood coefficient

2019

Treatments

2022
29.20

2019 2020 2021
29.18

2022
3.167
3.133
3.300
3.320
3.383
3.550
3.060
3.217

2021

2019

2022
0.88
0.87
0.89
0.89
0.89
0.92
0.86
0.87
0.88
0.89
0.90
0.01

2021

2020

28.72
28.65

28.57
28.32
28.50
28.92
28.95
29.40

27.95

27.94
27.65

2.850 2.973

2.783

0.87
0.86
0.88
0.89
0.89
0.90
0.85
0.86
0.87
0.87
0.89
0.01

0.84
0.82
0.85
0.86
0.87
0.88
0.83
0.83
0.84
0.85
0.87
0.02

0.79
0.79
0.82
0.83
0.84
0.86
0.77
0.81
0.82
0.83
0.84
0.01

Irrigation at 100% (control)

2.950
3.083

2.817

2.717

Irrigation at 85% IWR+ without Hundz soil

29.07
29.84
29.98

28.77
29.33

28.28
29.06
29.08

2.950
3.033

2.833

Irrigation at 85% IWR +kg/vine Hundz soil

3.123
3.390
3.483

2917

Irrigation at 85% IWR +1kg/ vine Hundz soil

29.19

3.167
3.233
2.800

2.933

3.033

Irrigation at 85% IWR +1%kg/ vine Hundz soil

30.26
28.05

28.98

30.00
28.55

29.23

3.100
2.700
2.800
2.850
2.950

Irrigation at 85% IWR +2kg/ vine Hundz soil
irrigation at 70% IW+ without Hundz soil

27.27
27.97

2.883

28.78
29.26
29.93

28.69
28.73

2.933

Irrigation at 70% IWR +%:kg/vine Hundz soil

29.78

28.44
29.06
29.05

3.000 3.033 3.283
3.133

3.200
0.068

Irrigation at 70% IWR +1kg/ vine Hundz soil

28.81 29.98

3.333
3.517

3.333

Irrigation at 70% IWR +1%4kg/ vine Hundz soil

30.19

29.99
0.29

29.37

3.450
0.093

3.050
0.056

Irrigation at 70 % IWR +2kg/ vine Hundz soil

L.S.D at 5%

0.28

0.31 0.43

0.114

Water relations parameters
Irrigation water apply

Results in Table 11 and figurel clearly show
that for the four considered years (2019, 2020,
2021, and 2022), seasonal irrigation water
applied (IWA) reflects the variation in weather
factors which the crop evapotranspiration
calculated is based on it. The maximum
value of IWA (5075 m?®/fed) was noted in the
hotter season of 2020 followed by 2022 while
minimum value (4496 m?*/fed) was recorded in
2019. These results ensure the importance of
weather factors in irrigation application roles.
On the other hand, the results showed also that,
the monthly IWA was different from month
to month within years, depending on weather
parameters and tree age as well as crop canopy,
in which maximum values were obtained in
July, and the minimum values were shown in
November.

Actual water consumptive use (Actual crop
evapotranspiration (Eta))

Results installed in Table 12 showed the
seasonal water consumptive use (m?® fed!) as
affected by irrigation treatments and hundz
soil rates during the four seasons of 2019:2022
years. The actual water consumptive use
represents the useful portion of irrigation water
applied and ultimately in crop production. The
obtained results illustrated that the seasonal
water consumptive use values (m? fed!) were
greatly affected by the water stress, where the
lowest value of Eta was recorded at 70% IWR.
The decreases in Eta reached to 22.1, 30.7, 20.7
and 20.2% for respective seasons as compared
with 100%IWR (control) treatment.

On the other hand, it can be noticed that
seasonal water consumptive use (m?® fed') was
increased as the rate of hanzsoil increased under
each irrigation treatment. Hence, the highest
seasonal water consumptive use (m® fan') was
found when grapevines were treated with 2 or 1.5
kg hundz soil followed bylkg. On the opposite,
the lowest seasonal water consumptive use (m?
fan') was noted for control (without hundz
soil) under each irrigation level. The increases
in seasonal water consumptive use due to high
rate of hundz soilwere 12, 12.8, 18.8 and 14.1,
% under 85% IWR in seasons 2019.2020,2021
and 2022 respectively, similar values for 70%
IWR reach to 14.4, 29.4, 26.1, and 21.7, %
when compared with control (without hundz
soil).
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Irrigation water applied as affected by irrigation treatments (m3/fed ) for four
seasons of 2019-2022.

2022 2021 2020 2019
H100%ETc m85%ETc ©70%ETc

Fig. 1. Irrigation water applied as affected by irrigation treatments (m?/fed) four seasons of 2019-2020

TABLE 11. Monthly water consumptive use (m?/fed) as affected by irrigation levels under hundz soil rates of Flame
seedless grapevines during 2019, 2020, 2021, and 2022

Seasons 2019 2020 2021 2022

100% 85% 70% 100% 85% 70% 100% 85% 70% 100% 85% 70%

Months ETc ETc ETe ETe ETe ETe ETc ETe ETc ETe ETe ETe
March 9 16 13 19 16 14 18 15 12 2 17 14
April 81 69 57 78 66 55 68 58 48 69 59 48
May 1195 78 123 105 8 111 94 78 110 94 77
June 146 124 102 151 129 106 161 137 113 140 119 98
July 163 138 114 198 168 138 182 155 127 183 156 128
August 149 127 105 177 150 124 161 137 113 167 142 117
September 117 99 82 142 121 100 123 105 8 130 110 91
October 88 75 61 99 84 6 8 76 6 101 8 71
November 18 15 12 20 17 14 19 16 13 21 18 15

Seasonal Etc (mm) 892 758 624 1007 856 706 932 793 652 941 801 659
Seasonal Etc(m’/fed) 3746 3184 2621 4229 3595 2965 3914 3331 2738 3952 3364 2768

Seasonal IWA(m*/fed) 4496 3820 3145 5075 4314 3558 4697 3997 3286 4743 4037 3321
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TABLE 12. Effect of irrigation levels with hundz soil substance on WCU, IWP, and WUE of Flame seedless grapevines during 2019, 2020, 2021, and 2022

WUE

2020
2.68
3.57
3.60
3.59
3.64
3.71

4.00
4.40
4.43

4.45

438

IWP

WCU

2020

Treatments

2022

2021

2022 2019

2021

2022 2019 2020

2021

2019

3.40
3.92
3.88
391
3.92
4.00
4.42
4.45
4.47
4.52
4.62

3.30
3.94
3.91
3.89
4.00
4.04
4.28
4.28
4.30
431
431

2.95
3.88
3.82
3.88
3.90
3.99
4.07
423
4.24
430
435

241
2.93
3.05
3.11
3.17
3.24
3.57
3.68
3.74
3.82
3.94

2.37
2.89
3.05
3.07
3.10
3.28
3.48
3.69
3.78
3.80
3.90

2.05
2.63
2.78
2.74
2.81
2.97
3.13
3.36
3.47
3.50
3.55

2.16
2.92
3.06
3.08
3.12
332
332
3.48
3.62
3.78
3.93

3395
3004
3096
3294
3526
3531

3911 3405

3323
2903

Irrigation at 100% (control)

2961

3207
3270
3367
3603
3690
2810

Irrigation at 85% IWR+ without Hundz soil

3053

2937

Irrigation at 85% IWR +':kg/vine Hundz soil

3275

3057

Irrigation at 85% IWR +1kg/ vine Hundz soil

3487

3265

Irrigation at 85% IWR +1%kg/ vine Hundz soil

3627
2700
2835

3289

2591

Irrigation at 85% IWR +2kg/ vine Hundz soil
irrigation at 70% IW+ without Hundz soil

2710

2821

2763

2617

Irrigation at 70% IWR +Ykg/vine Hundz soil

3018 2966 3038

2705

Irrigation at 70% IWR +1kg/ vine Hundz soil

3301 3197 3275
3405

2894
2965

Irrigation at 70% IWR +1'2kg/ vine Hundz soil

3299

3508

Irrigation at 70 % IWR +2kg/ vine Hundz soil

Irrigation water productivity (IWP)

The irrigation water productivity has been used
to evaluate producing yield per unit of irrigation
water. Values of irrigation water productivity
(IWP) as affected by irrigation treatment in four
growing seasons are listed in Table 12 in which
the highest values were showed under irrigation
at 70% IWR in the four seasons, while the lowest
values were recorded with 100% IWR. Results
indicate also, that IWP values tended to steadiness
under the lower rate of hundz soil, especially at
85% IWR. But, IWP increased with increasing
appellation rate of hundz soil rate to 2kg /tree and
under deficit irrigation (70% IWR).

Water Use Efficiency (WUE)

Water use efficiency is expressed as kg fruit/
m?® of water consumed. It has been used to evaluate
producing yield per unit of water consumed by
the crops. Data in Table 12 reveal that a positive
effect was found on water use efficiency due
to irrigation levels in all seasons of study. The
highest values of WUE were obtained under
irrigation at 70% IWR for all growing seasons of
2019 to 2022, respectively. While the lowest value
resulted with control (100% IWR) for respective
seasons. It is clear that all season results revealed
that decreasing IWR rate lead to increasing WUE
to a maximum value. It could be stated that
adopting deficit irrigation at an acceptable level
could reduce the water consumed by the plant
due to shortening water losses if associated with
the appropriate yield production of the crop will
increase water use efficiency. Moreover, results
showed that although the application of hundz
soil conditioner increased grapevine water use,
the WUE values showed a slight increase under
low rates of hundz soil (1/2 andlkg/vine and, the
best results were noted with 2 kg/vin compounded
with 70%IWR irrigation treatment in all seasons,
but greatly improved these recorded in WUE due
to applying 2 kg hundz soil when compared whit
control (100%IWR). Hence, the increases reached
t047.5,63.2,30.5,and 35.8 % in 2019, 2020, 2021
and 2022 seasons respectively. This may be due
to continues availably of water to be absorbed by
the plant as well as nutrient uptake which avoids
water stress under 70%IWR, which reflects the
importance of conditioner hundz-soil in saving
more soil water around root zoon from losses by
ether evaporation or drainage and increase water
holding capacity in sandy soils. (Ezzat et al.,
2011) stated that applying soil amendments, to
sandy soil improves the soil’s physical properties
and decreases water loss by drainage leading to
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rationalization of irrigation water, and increasing
irrigation water efficiency

Costs and net profit /feddan

It is evident from the data achieved in Table 13
that adding Flame seedless grapevines with hundz
soil substances plus an irrigation level at70 and 85%
IWR gave the best net profit/ feddan as compared
with Irrigation at 100% (control). Additionally, the
treatment of irrigation at 85% IWR +2kg per vine
hundz soil gave the highest values in net profit/
feddan as compared with other treatments which
recorded 10480 (L E) followed by an irrigation at
70% IWR + hundz soil 2kg per vine which recorded
10360 (L E)over control as average four seasons

Discussion

Hundz soil is a natural soil conditioner that
is made out of dry compressed cellulose and
recycles agricultural material, has a balanced pH
of 6.8-7.2, is shaped like grains and ranges in size
(0.2-2.0mm), is able to penetrate sand grains to
create a new media that is perfect for growing
plants, and has a water holding capacity that will
change sandy soil’s water capacity and does not
absorb heat, which significantly reduces water
evaporation. Hundzsoil absorbs water for a longer
period of time than conventional soil, allowing
plants to grow strong roots and contains 80%
organic matter and is capable of holding water 3
times as much as any soil conditioner and product
is slow release and can last up to two growing
seasons Hundz soil keeps the water and moisture
in the soil, help the roots and the plant to grow,
improves soil’s structure. Omer, et al (2020)

The obtained results suggested generally that
improving the morphological characteristics of
Flame Seedless grapes after application of hundz
soil may be due to increasing cation exchange
capacity and mineral nutrients, which in turn
encouraged bud behavior , vegetative growth ,
yield ,physical and chemical characteristics of
berries, according to Eman (2011) who showed
that gradual increment of hundz soil application
up resulted in a significant increases of vegetative
growth, compared to control. The results showed
generally that the application of hundz soil at
rereflected considerable rising impacts on the
mean values of the previous characters than
other treatments in all four years with regard
to the primary effects of hundz soil on the
aforementioned parameters. The combination of
subsurface irrigation and Hundz soil showed the
maximum mean values of growth characteristics
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compared subsurface irrigation alone during both
seasons, Omer, et al (2020). Hundz soil has a high
cation exchange capacity, and thereby, it will
affect the soil nutritional capacity and the supply
of nutrients to plants. Also, it has a high water
absorbing capacity, which will affect positively
the yield (Wafaa EI-Etr, 2001). The increment
in yield per vine and chemical characteristics of
the berries, could be attributed to an enhanced
effect on berry weight as a result of enhanced
bud behavior of the vines (Table 4) and enhanced
vegetative growth parameters of Flame Seedless
grapes (Table 5) as a result of using hundz of soil
plus an irrigation level.

These results are in correspondence with those
obtained by Ali et al. (2007), who found that the
yield of peanut and carrot increased significantly
by natural amendment application compared to
non treatednon-treated ones. Fitzpatrick, (1986)
found that humus (soil conditioners) is capable
of absorbing large quantities of water; thus
increasing the water holding capacity of the soil
and therefore crop production. Concerning the
main effects of application of hundz soil on fruit
chemical composition, the results reflected that
hundz soil at the highest rate increased fruit juice
TSS and anthocyanin in both seasons.

With regard to the water requirement levels,
results showed that decreasing the irrigation
Water application by 15% and irrigating at 851%
IWR (I2) led to maximizing all the characteristics
of the crop, including vegetative characteristics
and fruit yield. may be this due to the high
efficiency of drip irrigation system, scheduling
irrigation ( continuity of water availably, even in
smaller quantities), and increased distribution of
the roots deeper in the soil which increases the
root mass which provides more absorption of
water as well as nutrients. The best value of water
use efficiency WUE was obtained with the water
deficit treatment ( 70%IWR).

These outcomes agree with those that were
already reached by Genaidy et al (2016 ) who
stated that IWUE was significantly increased with
the decrease in irrigation amounts. In addition,
Wei et al. (2017) and Rabeh, et al. (2022) stated
that grapevines irrigated at 75% of their water
requirements improved the water use efficiency
as compared with those irrigated at 100% or 50%
of their water requirements. More improvement in
WUE was noticed with the addition of 2kg/vine
hundz soil under irrigation at 70% IWR, which
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reflects an increase in the ability of soil to retain
water by adding natural soil conditioners such
as hundz soil, The results is in good agreement
whit those recorded whit (Ezzat et al., 2011)
who stated that applying soil amendments, to
sandy soil improves the soil’s physical properties
and decreases water loss by drainage leading to
rationalization of irrigation water, and increasing
irrigation water efficiency

The present trial results indicate the possibility
of providing 15-20% of the water ration for
grapes without a decrease in the productivity of
the feddan, with more quality characteristics of
the fruits, provided that the soil characteristics
are improved and its water-holding capacity is
increased by adding natural soil conditioners such
as hundz soil

Conclusion

It can be recommended that the best results were
obtained when adding hundz soil 2 kg/vine under
drip irrigation lines in January, plus an irrigation
level at 85% IWR on bud behavior, vegetative
growth, yield, fruit quality, pruning wood weight,
total carbohydrates in canes and with possibility
of providing 15-20% of the water ration for grapes
without a decrease in the productivity of the feddan
of Flame seedless grapevines.
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