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ABSTRACT: Ssalinity is one of the most important factors facing the expansion of
grapevine agricultural production which leads to reducing growth, yield and cluster
quality. So, a field experiment was conducted during 2016 and 2017 seasons in a private
vineyard situated in Desouk, Kafr EI-Sheikh Governorate, Egypt, to evaluate effects of
Humic acid at 15g and 20g/vine, potassium silicate at 20g and 40g/vine, and biofertilizer
containing three bacterial strains (Azotobacter chroococcum+ Azospirllium lipoferm+
Bacillus megatherium with cell density 1*108 CFU/ g) at 50g/ vine alone or in
combinations on growth, fruit quality and yield of "Ruby seedless” grapevines grown
under soil salinity conditions. The results revealed that the combination treatments were
more effective to alleviate the adverse effects of soil salinity than the individual ones.
The combinations treatments among Humic acid, potassium silicate and biofertilizer at
low (Humic acid at 15g+ potassium silicate at 20g+ biofertilizer at 509/ vine) and high
(Humic acid at 30g+ potassium silicate at 40g+ biofertilizer at 50g/ vine) concentrations
showed a superior effect on vegetative growth parameters such as leaf area, number of
leaves per shoot, total chlorophyll, and vine vigor characters as lick cane length,
coefficient of wood ripening, pruning’s weight, internodes length, and diameter as
compared with control. Moreover, caused a significant increase in leaf N P K content,
and reduced leaf proline content. Also, it enhanced berry physical parameters (berry
diameter, weight and volume of 100 berries) and chemical parameters (SSC%, SSC/acid
ratio and anthocyanin content) as well as cluster number, length and weight
consequently increased the total yield per feddan. Moreover, these applications reduced
soil EC and pH meanwhile, enhanced both soils available NPK and microorganisms
activity.
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INTRODUCTION under these conditions farmers go to use

Grapevine (Vitis vinifera L.) is an drainage water for irrigation; this led to
important horticultural crop. Soil salinity increasing the soil salinity. So, the salinity
is a major problem faces the production; of soil is being a serious problem.

it reduces the physiological activities of
plants; negatively affect plant growth and
development (Cramer et al., 2007). Soil
salinity developed as a result of some
agricultural processes such as mineral
fertilizers application excessively and

Grapevines classified as moderately
sensitive to salt with differences among
cultivars in this sensitivity (Obbink and
Alexander, 1973). In this respect, Ayers and
Westcot (1985) showed that, vines growing
o - . normally with 10% losing of production at
irrigation with saline water (West, 1986). EC 1.5-2.5 (dSm™') and when soil EC ranged
!n_ Egypt, especially at the end _Of from 2.5 to 4 (dSm™') the production get
irrigation canals of the north delta as lick decreased by 10-15%, whereas damage
Desouk Kafr El-Sheikh  Governorate, occurred at EC 4.7 (dSm") with decrease
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in the productivity by 25 - 50%. Generally,
major effects of soil and water salinity is
reducing the plant growth, dry matter
accumulation, cluster number, berry size
and total yield of grapevines (Walker et
al., 2008). So, strategies for alleviating
the negative effects of salinity on
grapevine became very important for
sustainable production and reduce the
degradation of soil.

Grapes production could be enhanced
by using some bio-stimulants such as
humic acid which has effects on soil and
plant growth through reducing salinity
hazard on grapevine by reducing soil EC
(Ali et al., 2013). Several studies have
shown the beneficial effect of humic acid
to mitigate salinity effects and enhancing
plant growth, root initiation development,
the mineral status of the plant, and the
uptake of macro and micro nutrients
(Buyukkeskin and Akinci, 2011; Celiket
al., 2011 and Tahir et al., 2011). Also, it
enhanced leaf chlorophyll contents and
photosynthesis resulted in superior plant
growth and increased cell membranes
permeability that improved growth of the
beneficial soil microorganisms. Moreover,
it enhanced cell division and stimulates
the growth of different fruit trees (Ferrara
and Brunetti, 2010). In addition, the
application of humic  substances
improved physical properties of soil and
promotes the availability of many
nutrients for plants (Cavalcante et al.,
2013). In this respect, Tenshia and
Singaram, (2005) reported that, humic
acid application at 20kg/ ha improved the
availability and uptake of both macro and
micro nutrients.

Silicon (Si) is nonessential nutrient for
plants, however it considered as a quasi-
essential nutrient. it has some beneficial
effects as lick improving photosynthesis,
vegetative growth, total yield and fruit
quality of plants that grown under abiotic
stresses as nutrient deficiency, drought,
and salinity (Epstein and Bloom, 2005
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and Bockhaven et al, 2013). Al-Wasfy
(2014) reported that, Silicon applications
as soil drench improved growth, yield
and berries quality as well as enhanced
both berry weight and cluster coloration
of "Flame seedless" grapevines. Also, Si
applications enhanced vegetative growth
of "Cabernet Sauvignhon" grapes grown
under salt stress condition, enhanced the
photosynthetic rates, and mitigated the
inhibition of photosynthesis caused by
NaCl, moreover increased the total yield.
Silicon might play an important role for
protecting photosynthetic machinery and
enhanced salt-tolerance of vines through
increasing soluble sugars and starch
concentration (Qin et al., 2016).

Bio-fertilizers are relatively one of the
modern trends of agriculture production
that aims to use the safest and least
expensive natural materials. Bio-fertilizer
products contain microorganisms that
derived from plant roots or cultivated
soil. These products have the potential to
help plants grow under the unfavorable
environment conditions like soil salinity
and drought (Davies et al., 1991). In this
respect, Anandaraj and Delapierre (2010)
reported that, Bio-fertilizers are effective
in improving plant drought tolerance,
moisture stress and stimulate plant
hormones production as a result of
increase nitrogen fixation, phosphorous
solubilization and nutrients uptake. Also,
the application of Bio-fertilizers named
Nitrobien, Phosphorien, and Halex
increased vegetative growth, yield and
leaf mineral content of "Flame seedless"
grapevines Khalil (2012)

So, this study was conducted to
investigate the potential effects of humic
acid, silicon and biofertilizers on growth
and productivity of "Ruby Seedless"
grapevines grown under soil salinity
conditions.
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MATERIALS AND METHODS

The present study was conducted
during 2016 and 2017 seasons on "Ruby
Seedless" grapevines grown in a private
vineyard located at Desouk Kafr EL-
Sheikh Governorate Egypt. Soil physical
and chemical properties and irrigation
water characters are shown in Tables (1
and 2). The vines had5years old, grown
under flow irrigation system, spaced at
1.5*3 meters in a row and between rows,
respectively, trained to bilateral cordons

with modified T shape supporting system.

Winter pruning was carried out during
the last week of December leaving 20
fruiting spurs/ vine with 2buds/ spur. The
chosen vines were healthy and uniform
in vigor with no visual defects. All tested
vines received normal cultural practices
usually used for grapevines in the study
area. The vines were divided into eleven
treatments including control, Humic acid
(Black granules of potassium humate
contains 5% Humic acid, 1% K20, 5%
amino acids and 3% micro elements) at
159 and 30g/vine, Potassium silicate
(commercial product contains ¥V,2% SiO:
+ VY% K20) at 20g and 40g/ vine. All
treatments were applied alone and in
combined with a biofertilizer product.
This product was prepared by Soils,
Water and Environment department,
Sakha Agriculture Research Station, Kafr
El-sheikh. This biofertilizer contains three
bacterial strains named Azotobacter
chroococcum, Azospirllium lipoferm and

phosphate dissolving bacteria Bacillus
megatherium with cell density 1108 CFU/
g) at 50g/vine.

The treatments were:

T1— Control,

T2- Humic acid at 15g/ vine,

Ts - Humic acid at 30g/ vine,

Ts- Potassium silicate at 20g/ vine,

Ts- Potassium silicate at 40g/ vine,

Te- Humic acid at 15g/ vine+ Biofertilizer
at 509/ vine,

T+- Humic acid at 30g/ vine + Biofertilizer
at 509/ vine,

Ts-Potassium silicate at 20g/ vine +
Biofertilizer at 50g/ vine,

Te-Potassium silicate at 40g/ vine +
Biofertilizer at 50g/ vine,

T1o-Humic acid at 15g+Potassium silicate
at 20g+ Biofertilizer at 50g/ vine (low
level), and

T11-Humic acid at 30g+ Potassium silicate
at 40g+ Biofertilizer at 50g/ vine (high
level).

All treatments were drenched with a
service layer of soil with about 10 cm in
depth of "Roby Seedless" grapevines
root zoon area. These treatments were
added two times in both seasons (once
after winter pruning and one week after
berry set). Each treatment contained
three replicates with four vines/ replicate
(12 vines/ treatment). This experiment
was laid out as a randomized complete
block designed.

Table 1: Physical and chemical characteristics of the experimental vineyard soil

i Soil Cations ( meqg/ L) Anions (meq/L)
_  Soil enth EC pH SAR
Sand Silt Clay texture p) (dS/m) (1:2.5) Ca** Mg* Na** K*  HCO3 CI SO4-
3.5 17.3 79.2 Clay 060 415 8.2 8.5 14.10 4.58 18.25 4.61 3.91 17.82 19.78

Table 2: chemical analysis of irrigation water used in the experimental vineyard

Cations ( meq/L)

Anions ( meq/L)

EC PH SAR
(dS/m) (1:2.5) Ca*t Mg** Na** K* HCO3- cl- S04~
0.71 7.63 3.02 218 0.89 3.75 0.32 1.85 2.65 2.64
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The following parameters were recorded:

1-Vegetative growth and vine

vigor parameters:

1.1- Leaf area (cm?) was measured using
ten mature leaves per vine that
collected from the opposite to basal
clusters as recommended by Ahmed
and Morsy (1999) with the help of the
following equation:

Leaf area (cm?) = 0.56 (0.79*the maximum
leaf width?) + 20.01

V,¥- The number of leaves per shoot was
counted on five shoots per vine at
the end of growing seasons (when
shoot apex becomes small, leaves of
top shoots seem smaller in size with
yellowish color and internodes being
very short).

V,¥-Leaf chlorophyll a, b and total
chlorophyll (a + b) contents were
determined in mature leaves (leaves
of 5-7"" position from the top of
shoots) according to Wettstein (1957)
and expressed as mg/ 100g of fresh
weight.

V,¢-Cane length (cm) was measured in
six shoots/ vine at the end of both
growing seasons (end of September).

V,e-Leaf proline content was estimated
calorimetrically according to Bates
et al. (1973)

V., %-Leaf nutrient content was determinate
in dry samples of mature leaves that
collected from opposite to cluster.
The determination of N% was done
using the modified micro-Kjeldahl
apparatus according to Pregl (1945),
P% was determined coloremetrically
according to Snell and Snell (1967)
and K% by using flame photometr
method according to Jackson (1973).

V,V-Coefficient of wood ripening was
measured at the end of the growing
season in six canes per vine through
dividing the ripened part length of
cane (changing cane color from
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green to brownish) by total cane
length according to Bouard (1966) as
the following equation:

Coefficient of wood ripening =

length of ripened part of cane
Total length of cane

V,A-Internodes length and diameter (mm)
were measured in the middle part of
six canes/ vine using vernier caliper
at dormant period.

V,4-The total carbohydrate of cane was
determined in the middle part of five
canes per vine at the dormant time
according to Hodge and Hofreiter
(1962).

v,V «-Weight of pruning’s (kg) determined
as weight of one-year-old wood per
vine that removed during winter
pruning

2-Yield, clusters, and berries

quality parameters

At harvesting time (when SSC reached
16%), cluster number/ vine were counted,
cluster length (cm) and average cluster
weight were determined in (g), and then
total yield/feddan (ton) was calculated.
Also, berries quality characters namely
volume of 100 berries (ml), weight of 100
berries (g) and berry diameter (mm) were
determined. Also, SSC% was measured
with the help of hand refractometer
according to Mazumdar and Majumder
(2003). Berries juice acidity% (mg tartaric
acid/ 100 ml juice) was determined
according to A.O.A.C. (1995) and SSC/
acid ratio calculated. Berries anthocyanin
content was determined calorimetrically
according to Hsia et al. (1965) and
expressed as mg/ 100 g of fruits.

3-Soil chemical characteristics

Soil samples of vineyard were taken
before applying the experiment and from
root zone (0-60 cm in depth) of each
treatment at the end of the experiment.
The samples were analyzed according to
Jackson, (1973). These samples were
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dried, sieved through a 2 mm mesh and
analysis for texture and, soil electrical
conductivity (EC) which determined in 1:
5 soil-water extractions and soil reaction
(pH) values were estimated in 1:2.5 soils -
water suspensions. Soil soluble Cations
(Ca™, Mg*™, Na*, K*) and Anions (COs",
HCOs, CI') were determined as meq/ L in

the same extract and SO4- was calculated.

Soil N, P and K were determined
according to Page et al. (1982).

4-Soil microbial activity

The activity of soil microorganisms
was measured as CO2 (mg/ kg soil per
day) produced. Fresh samples of soil
were collected from vineyard before
conduct the treatments and after both
seasons of the study. The evaluation of
CO2 was done according to Gaur et al,
(1971). Samples of soil at 50g were taken
into 500ml conical flasks, and then a tube
containing 10 ml of 0.3 M NaOH solution
was suspended in each flask, sealed with
rubber bung and then incubated at 30°C
for 20 days. The CO: evolved and
subsequently absorbed in NaOH was
determined by using titration of NaOH
solution against 0.1 M HCI.

5-Statistical analysis

The obtained data were statistically
analyzed as randomized complete block
design by using analysis of variance
according to Snedecor and Cochran
(1980). The differences among treatment
means were compared using Duncan’s
multiple range tests at 5% level
according to Duncan (1955).

RESULTS AND DISCUSSION

1. Vegetative growth parameters
Data of Table (3) show the positive

effects of Humic acid (potassium humate)

and potassium silicate application alone

as well as in combined with biofertilizer

on growth parameters as lick leaf area
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cane length and the number of leaves/
shoot of "Ruby Seedless" grapevines.
All treatments significantly enhanced
these parameters as compared with
control. The interaction among humic
acid, Potassium silicate, and biofertilizer
(T7, Ts, Ts, T10o and T11) treatments
showed significantly the highest values
of leaf area and cane length in both
seasons, as well as number of leaves
per shoot in the second one. On the
other hand, control vines (T1) produced
the lowest values of the above-
mentioned characters in both seasons.
These results were supported by the
data of correlation (r) presented in Table
(4) since, it could be noticed a highly
positive correlation between both leaf
area and cane length vs. pruning’s
weight (0.76" and 0.92"), cluster weight
(0.86° and 0.75) however, they
negatively correlated vs. leaf proline
content (-98” and -0.85) and juice
acidity (-0.91" and -0.82", respectively).

These benefits of treatments may due
to the effective role of Silicon element in
protecting photosynthetic system and
enhancing stress- tolerance throughout
increasing soluble sugars and starch
content which reflected on growth
parameters (Qin et al., 2016). Also, these
effects were cleared by the findings of
Aziz et al. (2002) they reported that
application of silicon to fruit trees grown
under abiotic or biotic stress alleviated
the adverse effects of the stress on
growth and fruiting. This might don
through maintaining plant water balance,
photosynthesis rates, water transporting
and organic. Also, potassium nutrient
plays an important role regulation of the
osmotic potential that an important plant
mechanism for water relations controls
maintenance cell turgor and plant
growth as showed as early by Davies
and Zhang (1991).



Manal G. Ibrahim and S. S. Bassiony

Table Y: Effect of Humic acid, Potassium Silicate and Biofertilizer on leaf area and number of
leaves per shoot of "Ruby Seedless" grapevines during 2016 and 2017 seasons.

Leaf area Cane length Number of leaves
Treatments (cm?) (cm) per shoot
2016 2017 2016 2017 2016 2017

T4 96.58f 91.46¢° 110.37f 122.72¢ 17.vve 19.67¢
T2 102.23¢ 98.35¢ 118.25¢° 131.56¢ 20.52¢ 23.52¢
Ts 112.42¢ 105.75° 126.43¢ 140.56° 21.33d 25.33
T4 115.37¢ 108.58¢ 133.52¢ 148.45° 23.67%¢ 26.33bcd
Ts 121.63¢ 114.37° 143.65° 152.35° 23.33« 29.523b¢
Ts 125.71° 116.42° 141.62° 150.52° 26.33¢ 28.333b¢
T7 133.28° 122.43° 155.38° 165.26° 28.5230 30.522
Ts 135.242 124.372 154.532 163.342 30.52% 32.332
Ts 136.53° 125.712 156.41° 166.24° 31.672 31.802
Tio 136.71°2 126.62° 155.61°2 164.38° 32.33 32.332
T 136.632 128.422 156.242 162.432 31.802 32.522

In a column, numbers followed by the same litter had no significant difference at 5% level by

DMRT.

T1=Control, T.=Humic acid at 15g/vine, Ts;=Humic acid at 30g/vine, T,=Potassium silicate at 20g/vine,
Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, Tr=Humic acid at
30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine,To=Potassium silicate
at 40g+Biofertilizer at 50g/vine, Tio=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer at 50g/vine
and T1=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.

Table 4: The Pearson Correlation Coefficient (r) among some chosen parameters of "Ruby
Seedless"” grapevine as affected by the addition of Humic acid, Potassium silicate

and biofertilizer

wo| e8| 2| ZE| BE| 2El 58| o E|8 | ¢¢
Characters | @ % SE’ E g.g §.§’ g .§’ :_jg ? § é'c 5 §
Leaf area 1.00
Cane length | 0.83* | 1.00
Proline -0.987|-0.85 | 1.00
Pruning W. | 0.76" [0.92” [ -0.90" | 1.00
Cluster W. 0.86" | 0.75" [-0.92"| 0.86" | 1.00
Berry weight|] 0.89" [ 0.72" | -0.91"| 0.87" | 0.88" | 1.00
Yield/feddan | 0.85" | 0.76" | -0.88"| 0.82" | 0.92"| 0.89" | 1.00
SSC 0.79" | 0.81" |-0.90"| 0.88" | 0.87"| 0.89" | 0.88" | 1.00
Acidity -0.91"(-0.82" | 0.78" |-0.95"| -0.73"| -0.87" | -0.73" | -0.85"| 1.00
SSClacid 0.80" | 0.75" |-0.72"| 0.89" | 0.81"| 0.83" | 0.77" | 0.82" [-0.99"| 1.00
Anthocyanin | 0.89" | 0.88" | -0.91"| 0.89" | 0.87"| 0.89" | 0.90" | 0.89" | -0.90" | 0.94" | 1.00

*and **=significance at 0.05 and 0.01, respectively.
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V- Leaf chlorophyll content

Data illustrated as Figures (14), (18) and
(1c) show that, leaf chlorophyll a, b and
total chlorophyll contents were positively
affected as a result of all treatments. The
combined applications were more effective
than individual ones. The grapevines
received Ts, T10 and T11 treatments showed
the highest values of chlorophyll a and
total chlorophyll content, however the
highest values of chlorophyll b was
noticed with vines that treated by Ts, Ts, T1o
and Tq. On the other hand, the lowest

values of chlorophyll a were showed in
vines treated by T2 and control (T1). This
trend was true in both seasons of the
study. These results are in harmony with
those of Ferrara et al. (2012) and Haynes
(2014) who concluded that applications
of Humic acid enhanced shoot growth,
increased leaf chlorophyll contents and
higher SPAD values of "ltalia" table
grape. Also, Liang et al. (2007) cleared
that, the addition of silicon improved all
growth parameters and photosynthetic
rates of plants grown under salt stress.

---#--- First season —®— Second season

=
n

Chlorophyll a (Ing/100g FW)

TL T2 T3 T4 TS5 To T7 T8 T9 TIlO T1ll

Treatments

Chlorophyll a (A)

Chlorophyll b {mng/100g FW)

---#--- First season —®— Second season

n

[

TL T2 T3 T4 TS Ta T7 T8 T9 T10 T1l

Treatinents

Chlorophyll b (B)

---#--- First season —®— Second season

Total chlorophyll (ng/ 100g FW )

T3 T4 TS5 Teé T7 T8 T9 Ti0 T1ll
Treatments

Total chlorophyll (C)

Laod yralies juag’ Idg

B3 = W W

===9=== First ssason —*— Second seeson

TI1 T: T3 T4 T8¢ Td T®

Treatments

T8 TP TIOTLL

Proline content (D)

Figure 1. Effect of Humic acid, Potassium silicate and biofertilizer on leaf chlorophyll a
(A), chlorophyll b (B) total chlorophyll (C) and leaf proline content (D) of "Ruby
Seedless" grapevines during 2016 and 2017 seasons

T+=Control, T.=Humic acid at 15g/vine, T;=Humic acid at 30g/vine, T;=Potassium silicate at 20g/vine,

Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, T;=Humic acid at

30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine,To=Potassium

silicate at 40g+Biofertilizer at 50g/vine, T1o=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer
at 50g/vine and T11=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.
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2. Leaf proline content

Data established as Figure (1p) display
the beneficial effects of Humic acid,
potassium silicate and biofertilizer on
reducing leaf proline content which
indicates to reducing the adverse effects
of soil salinity on vine growth, this
positive effect was in ascending degree
with the concentrations of treatments.
Potassium silicate at high level plus
biofertilizer (Ts), the interaction among
the three substances at low (T10) and high
levels (T11,) treatments, showed the
lowest values of leaf proline contents
(1.55, 1.21 and 1.24 mg/100g, respectively)
in the first season and (1.13, 1.07 and
1.15 mg/100, respectively) in the second
one. On the other hand, vines of control
(T1) showed the highest values (4.12 and
3.92, respectively) during both seasons.

These results were supported by data
of correlation (r) presented in Table (4)
where, leaf proline content showed a
negative correlation vs. pruning’s weight
(-90%), leaf area (-0.987), cluster weight (-
0.92") and berry chemical parameters
(SSC%, SSC/acid ratio and anthocyanin
content) however, it positively correlated
vs. juice acidity (0.78°).The reduction of
leaf proline content probably might due
to important role of silicon in enhancing
the salt tolerance by increasing soluble
sugars and starch concentrations (Qin et
al., 2016). The maximum concentration of
proline recorded with vines of control
could be explained as early as showed
by Salisbury and Ross (1992) they
reported that rising of proline in leaves of
some plants might be due to rising the
hydrolytic enzymes that caused by soil
salinity. Moreover, Murkute et al. (2005)
reported that some plant species
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accumulate proline (20-100 umol g dry
mass) under salt stress. Proline levels
showed a linear relation with high NaCl
concentrations.

3. Leaf nutrients content

Leaf N, P and K contents of "Ruby
Seedless" grapevines were enhanced as
a result of applications of humic acid,
potassium silicate and biofertilizer (Table
5). The interaction applications of Tz, Ts,
Ts, T1o and Ti1 recorded the highest
values of leaf N content; however
applications of Ts, Ts, T10 and T11 resulted
in the highest values of leaf P and K
contents. In contrast, vines of control (T)
and that received T2 showed the lowest
values of the three nutrients (NPK) in
most cases. This trend was true during
both seasons. The positive action of
these treatments on vine nutritional
status mainly due to the role of these
substances in reducing soil salinity, soil
pH, leaching process and enhancing the
development of roots, nutrient
availability, production of natural
hormones, microbial activity and soil
nutrients (Davis and Ghabbour, 1998 and
El-Rawy, 2007). These results are in
harmony with the findings of Solimanet
al. (2013) they reported that application of
potassium humate at 20kg/ ha enhanced
the availability and uptake of micro and
macro nutrients, however decreased leaf-
Na. Also, potassium humate applications
enhanced N, P, K, Fe, Mg contents of
“Thompson Seedless” leaves (Ali et al.,
2013). In addition, the application of
potassium silicate improved nutrients
supply, vegetative growth of grapevines
and resistance to mitigate the biotic and
abiotic stresses (Meunier et al., 2011).
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Table 5 :Effect of Humic acid, Potassium silicate and biofertilizer on leaf N.P.K content of
"Ruby Seedless" grapevines during 2016 and 2017 seasons

N % P % K %
Treatments

2016 2017 2016 2017 2016 2017
T1 1.23¢ 1.33¢ 0.31¢ 0.25f 1.22¢° 1.31¢
T2 1.35¢d 1.45¢ 0.334 0.26f 1.24¢ 1.34¢¢
Ts 1.475cd 1.52b¢ 0.37¢ 0.32de 1.314 1.38cde
Ta 1.52b¢ 1.54b¢ 0.42¢ 0.37¢ 1.36¢ 1.40bcd
Ts 1.63% 1.72%° 0.48° 0.38¢ 1.41¢ 1.44b¢
Ts 1.652 1.713 0.50° 0.41b¢ 1.47° 1.415cd
T7 1.822 1.802 0.53b 0.45° 1.50° 1.47°
Ts 1.87° 1.792 0.65° 0.55°2 1.65°2 1.612
Ts 1.822 1.85° 0.682 0.532 1.692 1.632
T1o 1.882 1.912 0.682 0.562 1.682 1.622
Tn 1.812 1.902 0.67@ 0.55°2 1.672 1.642

In a column, numbers followed by the same litter had no significant difference at 5% level by

DMRT.

T+=Control, T;=Humic acid at 15g/vine, T;=Humic acid at 30g/vine, T/=Potassium silicate at 20g/vine,
Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, T;=Humic acid at
30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine, Te=Potassium
silicate at 40g+Biofertilizer at 50g/vine, Tio=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer
at 50g/vine and T11=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.

4. Vine vigor parameters

Data in Table (6) indicate the
enhancement effect of humic acid,
potassium silicate either alone or in
combined with biofertilizer on vine vigor
parameters in terms of coefficient of
wood ripening, internodes diameter and
length of "Ruby Seedless" grapevines.
All treatments significantly enhanced
these parameters compared to control
(T1). The vines that supplied with Ts, T1o
and T1 treatments resulted in the highest
values of coefficient of wood ripening
and internodes diameter as well as total
carbohydrates per cane. Meanwhile, the
application of Ts, Te, T10 and T11 produced
the highest values of the internodes
length without significant differences
among them. Also, the addition of both
low and high levels of Humic acid,
potassium silicate and biofertilizer (T1o
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and T11) treatments, showed significantly
the highest values of pruning weight per
vine. On the contrary, vines of control (T1)
showed the lowest values of the above-
mentioned characters in most cases.
These results had been confirmed during
both seasons and supported by the
correlation (r) data presented in Table (4)
since, pruning’s weight showed a
positive correlation vs. leaf area (0.76°),
cluster weight (0.86°), and yield/ feddan
(0.82"). However, it negatively correlated
vs. leaf proline content (-0.90°). The
encourage effect of these applications
might due to the addition of siliceous
substances helps plant for mitigate the
inhibition effect caused by soil salinity on
photosynthesis activity which increase
the potential photochemical production
as well as increased the availability of
nutrients, reduced soil pH and salinity,
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improved soil exchange capacity and
controlling stomata behavior as well as
improved nutrients uptake (Qin et al,
2016). These results are in agreement
with the findings of Tuna et al. (2008)
they reported that, the exogenous supply
of silicon compounds could be used as
an alternative strategy to mitigating the
negative effects of salts on plant growth
and yield. Also, Gabr and Nour EI-Din
(2012) and Mansour et al. (2013) focused
that, the application of nitrogen-fixing
bacteria (Azospirillum lipoferum)
enhanced the nitrogen status of peach
orchards and produce natural hormones
like gibberellins and cytokines that are
responsible for plant growth promotion.

5. Yield and cluster characters
Data showed in Figures (2ap) pointed

out that vyield components (cluster

number, length and weight) and yield per

feddan improved as a result of the
addition of Humic acid, potassium
silicate and biofertilizer. The interaction
among these substances regardless
concentration plus biofertilizer (T1o and
T11) treatments produced the highest
cluster weight as compared with other
treatments and control (T1) in both
seasons. The addition of Ts, Ts, T10 and
T11 treatments produced the longest
cluster length as compared to other
treatments in both seasons. The vines
that received Ts T10 and Tistreatments
showed the highest number of clusters
in the first season however, in the
second one, application of T, T10, and
T11 produced the highest number of
clusters. The highest total yield per
feddan was recorded with the using of
T1io and Ti1 applications in the first
season and Ts, T1o and T11 in the second
one.

Table 6: Effect of Humic acid, Potassium silicate and biofertilizer on vine vigor parameters of
"Ruby Seedless" grapevines during 2016 and 2017 seasons

Coefficient Int_ernodes Internodes carbgr?yt/zlrates Pruning
of wood diameter length weight
Treatments ripening (cm) (cm) of cane (Kg)
(mg/ 100q)

2016 2017 |2016 2017 |2016 2017 | 2016 2017 (2016 2017
T4 0.48¢ 0.52° |1.83° 1.71°¢ |571°¢ 555 |9.70¢ 10.10" |1.859 1.94
T2 0.52¢ 0.54" |1.98¢ 1.879 |593® 565° |10.207 10.80° |2.007 2.12¢
Ts 0.58%¢ 0.61°¢ [2.04°¢ 1.91% |6.349 6.02° |10.537 11.30¢ [2.15°F 2.18¢
T4 0.64°¢d 0.65P¢ [ 2.122b¢ 2,02 | 6.75¢ 6.43 |10.92° 11.67¢¢(2.23% 2.31¢
Ts 0.683P¢ 0.65P¢ [ 2.202P¢ 2,12P<d | .76 6.927° | 11.42¢ 11.88¢ [2.27¢%d¢ 2.34¢
Ts 0.693%¢ 0.73Pc | 2,283P 2223 | 6,98 7.15%° | 11.85° 12.33" |2.33%4 2.41¢d
T+ 0.73%° 0.73%° | 2.323b 2,283 | 7.24°> 7.13% |12.33 12.51° |2.42°9 2.48"
Ts 0.74%° 0.73%° | 2.35%® 2,313 |7.932 7.87% |12.52 12.53° |2.46"° 2.51°¢
Te 0.75% 0.76% (2412 2522 |7.94% 7.82° |12.95% 13.18% |2.64%* 2.58°
T1o 0.762 0.77¢ |[2.45% 2.54° |8.14% 7.89% |[13.152 13.25% |2.782 2702
T 0.75* 0.76* |[2.42* 2.58* |8.11* 8.18* |[13.21* 13.21* |2.82¢ 2.79°

In a column, numbers followed by the same litter had no significant difference at 5% level by

DMRT.

T+=Control, T;=Humic acid at 15g/vine, Ts3=Humic acid at 30g/vine, Ts=Potassium silicate at 20g/vine,
Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, T;=Humic acid at
30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine,To=Potassium
silicate at 40g+Biofertilizer at 50g/vine, Tio=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer
at 50g/vine and T11=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.
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Figures 2: Effect of Humic acid, Potassium silicate and biofertilizer on cluster weight
(A), length (B), number (C) and yield/ feddan (D) of "Ruby Seedless"
grapevines during 2016 and 2017 seasons

T+=Control, T;=Humic acid at 15g/vine, T;=Humic acid at 30g/vine, T/=Potassium silicate at 20g/vine,
Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, T;=Humic acid at
30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine, Te=Potassium
silicate at 40g+Biofertilizer at 50g/vine, Tro=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer
at 50g/vine and T11=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.

These results were supported by
correlation (r) data presented in Table (4)
which cleared that yield/ feddan showed
a positive correlation vs. leaf area (0.85’),
pruning’s weight (0.82") cluster weight
(0.92”) however, it negatively correlated
vs. leaf proline content (-0.88°) and berry
acidity (-0.73"). These results are in line
with those of Calvo et al. (2014) they
cleared the beneficial effects of humic
acid as plant bio-stimulant which can
improve yield and fruit quality characters
of horticultural crops, and mitigate
stresses. Also, biofertilizer applications
produced best cluster physical properties
of "Thompson Seedless" and "Flame
Seedless"” grapevines cultivars (El-Sabagh
et al., 2011). Moreover, potassium silicate
supplement helps to mitigate the inhibited
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effects caused by salinity and increased
the total yield of “Cabernet Sauvignon”
grapevine (Qin et al., 2016). In addition, Al-
Wasfy (2014) reported that the application
of silicon compounds as a foliar spray or
soil drench was effective in alleviating the
adverse effect of environmental unsuitable
conditions which resulted in improving
cluster parameters and total yield of
"Flame Seedless" grapes.

6. Berry physical parameters

As showed in Figures (3ac) The
combination between potassium silicate
and biofertilizer (Ts and Ts) as well as the
interaction between Humic acid and
potassium silicate at both low and high
levels plus biofertilizer (Tio and T11)
treatments produced the highest values
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of weight of 100 berries and berry
diameter in both seasons. However, the
highest volume of 100 berries was
recorded by vines received Tio and Tq
applications. On the other hand, vines of
control (T1) showed the lowest values of
all the above-mentioned parameters in
both seasons. These results might be
due to the effective role of biofertilizers
on fixation atmospheric N, simplify soil
potassium, phosphorus and enhancing
soil nutrients availability that accelerate
carbohydrate synthesis that encourage

cell division and development of
meristemic tissues, that reflected on fruit
quality and yield (Kannaiyan, 2002). Also,
the addition of humic acid decreased soil
pH that improved nutritional uptake
consequently enhanced growth, berry
size and total yield of "ltalia" table grape
(Ferrara et al., 2012). Si and Potassium
applications offset partially the negative
effects of salinity through increase the
tolerance of grapevine, rising antioxidant
enzymes activity and osmotic adjustment
(Haddad and Kamangar, 2015).
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Figure3: Effect of Humic acid, Potassium silicate and biofertilizer on weight of 100
berries (A), volume of 100 berries (B) and berry diameter (C) of "Ruby
Seedless" grapevines during 2016 and 2017 seasons

T+=Control, T=Humic acid at 15g/vine, T;=Humic acid at 30g/vine, T,=Potassium silicate at 20g/vine,
Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, Tr=Humic acid at
30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine,To=Potassium
silicate at 40g+Biofertilizer at 50g/vine, Tro=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer at
50g/vine and T11=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.
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7. Berry chemical parameters

Data of Table (7) showed that the
interaction between potassium silicate
and biofertilizer (Ts) as well as Humic
acid (potassium humate) and potassium
silicate at both lower and higher levels
plus biofertilizer (T10 and T11) treatments,
gave the highest values of SSC % and
berries anthocyanin content. In the
contrary, control vines and that received
T2 showed the lowest values of both
parameters in the two seasons. However,
the application of Tiitreatment, showed
the lowest juice acidity% and the highest
values of SSC/ acid ratio as compared to
the others. On the other hand, control
vines (T1) and that treated with T2
application, showed the lowest values of

S8SC%, SSC/ acid ratio and anthocyanin
contents. These results were supported
by data presented in Table (4) where
SSC/ acid ratio cleared a positive
correlation vs. leaf area (0.80°), pruning’s
weight (0.89°) cluster weight (0.81°), yield/
feddan (0.77°) and negatively correlated
vs. leaf proline content (-0.72") and berry
acidity (-0.997). These results are in
harmony with those of Mohamadineia et
al. (2015) they reported that the addition
of humic acid at 2.5, 5 and 7.5 g/ L
improved SSC%, SSC/ acidity ratio and
juice pH of "Askari" grapevine. Moreover,
the exogenous application of Silicon
improved the salt tolerance of "Cabernet
Sauvignhon" grapevines by increasing
soluble sugars (Qin et al., 2016).

Table 7: Effect of Humic acid, potassium silicate and biofertilizer on some chemical parameters
of berries of "Ruby Seedless" grapevines during 2016 and 2017 seasons

SSC Acidity SSC/acid Anthocyanine

Treatments % % ratio (mg/100g FW)
2016 2017 2016 2017 2016 2017 2016 2017

T 16.40f 16.27¢ 0.692 0.71° 23.77¢ 22919 24.52° 21.11°
T2 16.47° 16.53¢ 0.682 0.67°2 24.22¢ 24.68f 24.71¢ 22.25°
Ts 16.87¢ 16.53¢ 0.67° 0.65%P¢ 25179 25.44° 25.21°¢ 26.37°
T4 17.20¢ 17.33¢ 0.66? 0.65%*¢  26.06°¢ 26.679¢  25.64*° 26.65°
Ts 17.73* 17.53¢ 0.68? 0.66%*  26.08%9 26.57¢¢  2593P¢ 26.47°
Ts 17.47¢ 17.53¢ 0.67° 0.642>¢  26.07°¢ 27.40% 26.34°° 26.67°
T7 17.73 17.67° 0.65%*  0.633c 27.28° 28.04% 26.75%"° 26.95%°
Ts 17.93° 18.13* 0.62®* 0.63%*c 28.92" 28.78° 27.323 27.04%
T 18.272 18.47° 0.63%*  0.57°¢ 28.99" 32.40° 28.74* 28.68*
Tho 18.332 18.532 0.61®* 0.56°¢  30.05* 33.10° 28.79° 28.712
T 18.532 18.67° 0.57° 0.52¢ 32.51* 35.90° 29.120 28.702

In a column, numbers followed by the same litter had no significant difference at 5%

level by DMRT.

T+=Control, T:=Humic acid at 15g/vine, T;=Humic acid at 30g/vine, Ts=Potassium silicate at 20g/vine,
Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, Tr=Humic acid at
30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine,To=Potassium silicate
at 40g+Biofertilizer at 50g/vine, Tio=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer at 50g/vine
and T11=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.
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8. Soil EC, pH and available nutrients

Data illustrated as Figures (4a-)
declared that, the applications of humic
acid, Potassium silicate and biofertilizer
were effective in decreasing soil electric
conductivity (EC) and soil pH after the
experiment as compared with those
values before conducting the experiment.
The application of Tio and Titreatments
gave the lowest values of soil EC and pH
as compared with the others. Moreover,
the same treatments (T10 and T11) showed
the highest values of soil N, P and K
contents at the end of the study followed
by Ts and Ts, respectively. The effect of
treatments on soil EC, pH and available
nutrients might do to the role of humus
complex which conceders as an effective
amelioration method to remove exchange
soluble sodium and changing the ionic
composition of the soil, also leaching the
sodium salts out of the soil profile (Ouni
et al., 2014). Moreover, Humic acid and
biofertilizer applications improved soil
properties as aggregation, hydraulic
conductivity, bulk density, EC and pH
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and caused an increase in N, P, K, Fe, Mn
and Zn of Clementine orchard soil under
saline water irrigation (Abed El-Hamied,
2014).

9. Soil microbial activity

The results of soil microbial activity
showed in Figure (4f) indicated that the
using of Humic acid or Potassium silicate
alone and in combined with biofertilizer
were very effective for enhancing soil
microorganism’s activity measured as
CO2 (mg/ kg of soil) produced as an
indicator. All treatments enhanced this
activity, especially the addition of Ts, Ts,
T10 and T11 in ascending degree. These
results are in line with those of Khattak et
al., (2013) and Mohamed et al., (2013)
they summarized that the addition of
biofertilizers (mixture of Cyanobacteria
and Azolla) enhanced biological activity
in root rhizosphere under salt-affected
soil, in terms of total bacterial counts,
total cyanobacterial counts, and CO:
evolution as compared to control.
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Figure 4. Effect of Humic acid, Potassium silicate and biofertilizer on soil EC (A), pH (B),
nitrogen (C), phosphor (D), potassium (E) and microbial activity as Co2 (mg/ kg
soil/ day) (E) before beginning treatments and at the end of experiment

T+=Control, T>=Humic acid at 15g/vine, T;=Humic acid at 30g/vine, T,=Potassium silicate at 20g/vine,

Ts=Potassium silicate at 40g/vine, Te=Humic acid at 15g+Biofertilizer at 50g/vine, T=Humic acid at

30g+Biofertilizer at 50g/vine, Ts=Potassium silicate at 20g+Biofertilizer at 50g/vine,To=Potassium

silicate at 40g+Biofertilizer at 50g/vine, Tio=Humic acid at 15g+Potassium silicate at 20g+Biofertilizer
at 50g/vine and T11=Humic acid at 30g+Potassium silicate at 40g+Biofertilizer at 50g/ vine.

CONCLUSION

According the results of this study,
application of Humic acid, potassium
silicate and  biofertilizer containing
(Azotobacter chroococcum+ Azospirllium
lipoferm+ Bacillus megatherium with a
density 1*10°CFU/ g) were effective to
mitigating the salinity stress on "Ruby
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Seedless" grapevines grown in salt
affected soil. Humic acid at 30g+
potassium silicate at 40g+ biofertilizer at
50g/ vine treatment gave the best
vegetative growth, vine vigor, yield and
fruit quality and reduced soil EC, pH, and
enhanced soil available NPK as well as
microorganisms activity.
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