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A-Alleviating the harmful impact of salinity stress with different
levels by using some organic techniques on vegetative growth

characteristics of Wonderful cv. Pomegranate transplants
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ABSTRACT

One of the major environmental stresses is salinity in soil and/or irrigation water which needs
more understanding for its adverse effects on plant growth and soil in addition to limited attempts
to improve plant salt tolerance. hence, Pot experiment was carried out during two successive
seasons 2019 and 2020 under the greenhouse conditions in the nursery of Horticulture Research
Institute, ARC, Giza, Egypt, to investigate the effect of compost, active halotolerant biofertilizers
namely (Azotobacter chroococcum, Azospirillum lipoferum, Bacillus megaterium var.
phosphaticum, Bacillus circulans) isolates and (Spirulina platensis L.) algae on vegetative growth
measurements, aerial parts fresh and dry weights, root measurements, root fresh and dry weights
were determined in Wonderful cv. pomegranate transplants grown under different levels of saline
water irrigation (6000, 7000 and 8000 ppm.) to mitigate the harmful impact of salinity. The
obtained results showed a noticeable decrease in all growth aspects, root measurements, fresh and
dry weights of the transplants as response to the high levels of salty water, especially 8000 ppm.
While, all the treatments had an observed promotion effects on those aforementioned parameters,
Furthermore, the combined applications of organic and different biofertilizers present a mechanism
of alleviatingthe damage impact of salts accumulation than the application of chemical fertilizers
even under high concentrations of salinity. Overall, it could be suggested that Wonderful cv.
transplants performed well at 6000 ppm when providing an ideal fertilization program with the
natural organicand various biofertilizers used.

Keywords: Saline water, organic and biofertilizers, Spirulina algae, Wonderful pomegranate,
vegetative growth.

INTRODUCTION

Pomegranate (Punica granatum L.) is impact through increasing global temperature
native to central Asia (Iran) and widely planted (Rezk et al., 2015). Soil or water salinization is
in Egypt where it appropriate with the one of the most serious environmental
Mediterranean climate and soil conditions (El- problems in agriculture which leads to
Kholy et al., 2019), it was adjusted for a diverse elevating the potential evapotranspiration from
range of soil and geographic conditions, both water and soil subsequently leads to
whereas the best regions were tropical and changes in salinity levels (Corwin, 2021).
subtropical countries in addition to hot and dry Furthermore, Saline irrigation water with
summers area (Vermaet al., 2010). The foreign excess of NaCl salt causes osmotic stress which
pomegranate “Wonderful” cv. was originally plays a role in the accumulation of low
ascribed to the USA and has recently been molecular mass compounds such as proline
successfully expanded in the new reclaimed with decreasing the vigor rate
regions in Egypt due to its distinctive vigorous (Mastrogiannidou et al., 2016).
and productive qualities (Salama et al., 2020). One of the organic inputs is compost
So, it’s classified as moderately sensitive to which a good alternative to chemical fertilizers,
salinity (Sun et al., 2018). Therefore, utilizing it solves several soil problems through
its possibility against salinity in light of the enhancing soil structure as well as maintaining
deficiency of the quantity and quality of water the balancing of the organic matter and humus
that hinders agricultural expansion with the which led to increasing the availability of
influence of overpopulation. various nutrients and microbial activity thus

Recently, climate change had indirect will helping in sustaining plant productivity
effect on salt water concentrations and water under salt stress (Bello et al., 2021).

cycle balance; it’s clearly having a significant
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A new strategy requirement for the
sustainable agriculture is depending on
treating the transplants with the biofertilizers.
Hence, the use of plant growth-promoting
rhizobacteria (PGPR) as an effective tool for
agricultural ~ operations  has  attracted
considerable attention (Goswami et al. 2016).
The rhizosphere of halophytes is a rich source
of osmotic stress tolerant bacteria which
could affect positively the growth and
productivity of plants under stress. The
benefits of these bacteria are to promoting
plant growth by improving nutrient uptake,
enhancing nitrogen fixation, producing
hormones (such as auxin, cytokinin and
gibberellin), dissolving insoluble nutrients
such as phosphorus, potassium, zinc and
silicon (Samy and EI- zohiri, 2021). Several
species of halotolerant soil bacteria such as
Azotobacter, Azospirillum and Bacillus have
been reported to ameliorate salt stress in
crops (Saghafi et al.,, 2019). The use of
halotolerant -PGPR has recently been applied

as a viable solution to issues associated with
water and soil salinity in agricultural lands.
These halotolerant microorganisms are
already adapted to alive and survival in salty
environments they can influence host plant
survival, root development and growth under
salt stress (Kumar et al., 2023).

Spirulina platensis is a photosynthetic
blue-green microalga that is considered an
essential biofertilizer, as a rich source of
mineral nutrient, which stimulate root
establishment, root elongation and promote
the vegetative growth of plants (Yassen et al.,
2019). Cyanobacteria play a vital role in
increasing and maintenance soil fertility by
the accessibility of several nutrients in soil,
thus increasing the growth and productivity
for many crops (Sivalingam, 2020).

Therefore, the aim of this investigation is
to evaluate the influence of using organic,
biofertilizers and spirulina algae to alleviate
salinity stress on vegetative growth of
Wonderful cv. pomegranate transplants.

MATERIALS AND METHODS

- Plant material, experimental design

and site

A pot experiment was carried out
during two successive seasons 2019 and
2020 under the greenhouse conditions in
the nursery of Horticulture Research
Institute, Agricultural Research Center
(ARC), Giza, Egypt. One-year-old of
Wonderful cv. transplants were selected,
uniform in growth and ranging in length
from 30-35 cm. and girth from 2- 2.5 cm
for both seasons, respectively (Koshkhooi,
2006). At the beginning of March, 126
transplants (7 treatments x 3replicates x 6
transplants/replicate) were planted
separately into plastic pots (25 cm
diameter) containing about 4 kg a mixture
of clay and sand (2:1 v/v), EC was 1.83
ds/m, field capacity (FC) was 22.8 %. The
treatments were arranged in a spilt-plot
design with three replications, where the
salinity levels (i.e. three levels) were
occupied in the main plots, while the
fertilization treatments (seven treatments)
were randomly distributed in the sub-
plots. Plants were irrigated with Hoagland
solution (artificial saline water with added
of NaCl at three levels of salinity

represented as 6000, 7000 and 8000 ppm
(6, 7 and 8 g NaCl/ L.). A volume of 500
ml. saline water/ transplant was used to
irrigate the transplants twice a week till the
end of the experiment in September, to
reduce the harmful effect of saline
irrigation water on vegetative growth
measurements in transplants treated by
organic and biofertilizers. The moisture
content of all pots was kept approximately
at field capacity by weighing the pots
every three days.

- Sources and doses of different

applications used:

Mineral NPK fertilizer:  The
recommended  doses  of mineral
fertilization were applied according to the
recommendations of the Egyptian Ministry
of Agriculture and Land reclamation.

Compost: was obtained from the
nursery of Horticulture Research Institute,
ARC, Giza Egypt. 100 g compost per pot
was mixed with the soil for specified
treatments before planting (Hamdy et al.,
2016). The physical and chemical
characteristics of compost are found on
Table (1) according to (Page et al., 1982).
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Table (1): Physical and Chemical properties of the compost used

Character Value
Physical properties
Color Dark brown to gray
Bulk density kg m? 716
Moisture content % 27.4
Chemical properties

pH 7.7
EC (ds/m) 2.43
Organic matter % 31.75
Organic carbon % 18.42
Ash % 68.25
Total nitrogen % 1.28
C:N ratio % 14:1
Total phosphorus % 0.85
Total potassium % 3.8
Available N NH, ppm 100
Available N NO; ppm 250
Nematode (worm) -- Not detected
Total coliform (cfu/g) Not detected
Weed seed -- Not detected

Biofertilizers: In this experiment, ppm, by adding 6, 7 and 8 g NaCl/ L., and
halotolerance isolates were previously isolated mixed together in equal amounts for use as
from saline soil located in EI Moghra region, biofertilizers (Iml contains 10° cell), they
Minia, Egypt. The active strains are were added to the soil as 30 ml/ pot (4 kg)
Azotobacter chroococcum and Azospirillum (Afifi et al., 2014) the biofertilizers were
lipoferum as nitrogen fixing bacteria, Bacillus added once each 15 day.
megaterium var. phosphaticum and Bacillus Spirulina algae: Cyanobacteria
circulans as phosphorus and potassium (Spirulina platensis) strain was provided by
solubilizing bacteria, were activated on their Agric. Res. Microbiol. Dept. Soils, Water and
specific media as the nitrogen deficient semi Environment. Res. Inst. ARC, Giza, Egypt. it
solid malate medium (Dobereiner and Day, was cultured in Zarrouk medium (Zarrouk,
1976) for Azospirillum spp., modified Ashby 1966), and incubated for 30 days in growth
s medium (Abdel- Malek and Ishae, 1968) for chamber under continuous shaking at 150
Azotobacter spp., and phosphate solubilizing rpm, illumination (2000 Lux) and a
bacteria were isolated using Pikovskaya temperature of 32° C £ 2° C., mixed with a
medium (Pikovskaya, 1948) for Bacillus mixer to have a homogenized suspension, then
megaterium and, modified Aleksandrov the suspension was filtered until use and added
medium (Parmar and Sindhu, 2013) for as soil drench with irrigated water as 30
Bacillus circulans. The selected isolates were ml/pot (Makhlouf and Helmy, 2022).
identified according to standard Chemical analysis of Spirulina platensis / 100
microbiological methods as describedin Bergy g is shown in Table (2) according to (Barron et
s Manual of Systematic Microbiology (Tan et al., 2008).

al., 2009), the growth media were adjusted to
6000, 7000 and 8000
Table (2). Nutritional value of Spirulina platensis composition per 100 g.

Chemical compositions (100g dry weight) Micronutrients (mg/100g dry matter)
Moisture 8.65 % Sodium (Na) 698.80
Crude protein 48.69 % Magnesium (Mg) 4.01
Total Carbohydrates 24.68 % Iron (Fe) 11.03
Total amino acids 55.7 g. Manganese (Mn) 3.8
Sugars 13.8 % Calcium (Ca) 31.9
Fat 10.12 g. Copper (Cu) 3.1
Crude fiber 3.17¢. Zinc (Zn) 2.0
Ash 10.32g Chloride (CI) 46.8

Antioxidants Macronutrients %

Total antioxidants 630.5 (mg/5 b. dry weight) Total nitrogen 6.77 %
Proline 4.28 (mg/100 g. dry weight) Total phosphorus 0.70 %
Total Flavonoids 0.790 % Total potassium 1.77 %
Total phenolic 1.65 %

(103)
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Seven recovery treatments

investigated as follow:

(T,) Saline water (Control at 6000, 7000 and

8000 ppm)

(T2) Recommended dose of mineral NPK

fertilizer as control

(T3) Compost (100 g compost/pot).

(T4) Compost + Biofertlizers (100 g

compost/pot + 30 ml/pot).

(Ts) Spirulina algae (30 ml./pot).

(Te) Spirulina algae + Biofertlizers (15 ml./

pot + 15 ml/pot)

(T7) Compost + Biofertlizers + Spirulina

algae (100 g compost /pot + 30 ml/ pot)

The response of pomegranate transplants
to the different treatments were determined
by the following parameters:

1- Vegetative growth measurements: at the
end of the experiment the transplants were
divided into roots, stems and leaves to
determine the growth parameters
a. Stem length (cm).

were

b. Stem girth (mm) were measured by a
vernier caliper.

c. Number of new sprouted shoots.

d. Leaves number and Leaf area (cm?): the
fourth one from the top was measured

according to the equation of as follows:
Leaf area (cm?) = 0.41 (Leaf length x width) + 1.83

(Ahmed and Morsy, 1999)

2- Root measurements: Root length (cm)
and number were counted and presented at
the end of the both seasons

3- Aerial parts and roots fresh and dry
weights: Fresh and dry weights of aerial
parts (shoots and leaves) and roots were
washed carefully, oven dried at 70 °C and
measured.

4- Statistical analysis: the results were

statistical analyzed by the analysis of

variance (ANOVA) according to Snedecor
and Cochran (1990). Comparisons between

treatments were held using the new L.S.D.

values at 5 % level.

RESULTS AND DISCUSSION

1- Effect of irrigation water salinity levels
and different treatments on vegetative
growth characteristics of Wonderful
cv. transplants
- Stem length (cm), girth (mm) and

number of new sprouted shoots.

Data presented in Table (3) clarify that
both averages stem length (cm), girth (mm)
and number of new sprouted shoots are an
important indicators to assess the growth
characteristics changes under various saline
water stress. Hence, all treatments are
significantly influenced by the three salinity
levels, since the concentration 6000 ppm
exceeded statistically the other two salinity
levels 7000 and 8000 ppm treatments during
both seasons which caused a noticed
reduction in this respect. Similarly, treating

(104)

the transplants with compost + biofertilizers
+ Spirulina algae succeeded in maintaining
the normal values of stem length, girth and
number of new sprouted shoots in both
seasons than the control.

As for the interaction effect of salinity
levels with different treatments combinations
it’s clear that fertilizing wonderful cv.
transplants with compost + biofertilizers +
Spirulina algae under the irrigation with the
saline level 6000 ppm will gave the best
results during season 2020 where they
achieved 122.87 cm, 0.70 mm and 9.80 for
stem length, stem girth and number of new
sprouted shoots respectively compared with
NPK treatment.
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Table (3): Effect of irrigation water salinity levels and different treatments on stem length (cm),
girth (mm) and number of new sprouted shoots of Wonderful cv. transplants.

Stem Length (cm)

2019 2020
Treatments
6000 7000 8000 Mean (B) 6000 7000 8000 Mean(B)
ppm__ppm ppm ppm__ppm ppm
1- Saline water 61.23 53.87 36.93 50.68 6253 5530 3790 5191
2- Mineral NPK (control) 96.03 88.70 58.23 80.99 98.83 90.40 59.13 82.79
3- Compost 91.37 83.17 5227 7560 94.80 85.53 5253  77.62
4- Compost + Biofertilizers 101.67 90.63 60.97 8442 104.23 92.77 64.03 87.01
5- Spirulina algae 105.47 94.13 68.30 89.30 108.03 95.90 69.53  91.15
6- Spirulina algae + Biofertilizers 115.00 102.27 82.73 100.00 116.13 104.03 84.40 101.52
7- Compost + Biofertilizers + Spirulinaalgae  121.97 111.20 91.67 108.28 122.87 112.33 93.93 109.71
Mean (A) 98.96 89.14 64.44 101.06 90.89 65.92
LSD (A)=0.96 LSD (A)=1.00
LSD (B)=0.63 LSD (B)=0.66
LSD (AxB) =1.67 LSD (AxB) =174
Treatments Stem girth (mm)
1- Saline water 031 022 0.16 0.23 032 023 0.18 0.24
2- Mineral NPK (control) 048 042 0.23 0.38 051 044 024 0.40
3- Compost 047 036 0.20 0.34 049 039 0.22 0.40
4- Compost + Biofertilizers 053 048 0.22 0.41 0.55 0.50 0.24 0.43
5- Spirulina algae 055 051 025 0.44 058 053 0.26 0.46
6- Spirulina algae + Biofertilizers 0.60 054 0.28 0.47 0.63 055 0.29 0.49
7- Compost + Biofertilizers + Spirulina algae 0.66 0.60 0.31 0.52 0.70 0.62 0.33 0.55
Mean (A) 051 045 0.24 054 047 0.25
LSD (A)=0.24 LSD (A)=0.01
LSD (B)=0.16 LSD (B)=0.008
LSD (AxB) =0.42 LSD (AxB) =0.019
Treatments Number of new sprouted shoots
1- Saline water 197 147 1.07 1.50 217 163 1.23 1.68
2- Mineral NPK (control) 5.27 430 2.40 3.99 593 5.03 313 4.70
3- Compost 423 327 217 3.22 487 410 243 3.80
4- Compost + Biofertilizers 6.03 510 3.60 4.91 6.33 557 4.00 5.30
5- Spirulina algae 6.53 560 4.07 5.40 6.77 6.27 4.40 5.81
6- Spirulina algae + Biofertilizers 7.10 6.10 4.50 5.90 810 6.97 4.83 6.60
7- Compost + Biofertilizers + Spirulina algae 883 753 533 7.23 980 7.83 580 7.81
Mean (A) 571 477 331 6.28 534 3.69
LSD (A)=0.21 LSD (A)=0.18
LSD (B)=0.13 LSD LSD (B)=0.12 LSD
(AxB) =0.36 (AxB) =0.31

- Leaves number and Leaf area (cm?):

It is obvious from Table (4) that all the
salinity levels had a pronounced effect in
terms of leaves number and leaf area, with
the exception for the first level 6000 ppm
which was recorded acceptable values during
2019 & 2020 seasons. On the contrary, the
excessive use of salinity levels up to 8000
ppm led to adverse impacts in all vegetative
parameters.

As for the organic and biofertilizers
treatments, the same trend was observed by
using compost+ biofertilizers + Spirulina
algae which enhanced the values of the

(105)

previous characteristics comparing with the
mineral fertilized transplants in both seasons.

Regarding the interaction between
salinity levels and the combined treatments,
all the transplants subjected to the triple
treatment (compost + biofertilizers +
Spirulina algae) with the irrigation at 6000
ppm of saline water had the ability to
overcome the deleterious effect of salt stress
increment with a significant effect on number
of leaves and scored the largest leaf area in
both growing seasons as compared with the
control which either received saline water
alone or mineral fertilization.
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The importance of estimate vegetative
growth characteristics which considered the
major index to evaluate transplant’s salt
resistance since they show a normally
adaptation with the moderate level and with
no obvious injuring symptoms in Tunisi cv.
pomegranate was noticed by Liu et al. (2018)
Also, the above-mentioned results are in line
with Cuiyu et al. (2020) where they proved
that plant growth parameters increased with
low or moderate salinity levels while
increasing salinity stress will cause a
reduction in all growth parameters in
different pomegranate cultivars.

The vital role of the combined
applications of the effective microbial
inoculation PGPR and compost in enhancing
total net growth and lead to reduce the
negative effects of salinity stress were
attributed to decreasing the osmotic stress
affected by salt and promoting ATP synthesis
then the plant could have the ability to
convert the light energy to the chemical one
thus improve the photosynthetic pigments
and metabolic processes as a noticeable
results were explained by (Olmo et al., 2019)
in three pomegranate cultivars.

Table (4): Effect of irrigation water salinity levels and different treatments on leaves number
and leaf area (cm?) of Wonderful cv. transplants.

Leaves number

- 2019 2020
reatments 6000 7000 8000 Mean 6000 7000 8000 Mean
ppm  ppm ppm (B) ppm  ppm  ppm (B)
1- Saline water 63.91 48.00 19.92 4394 6470 4951 20.11 44.77
2- Mineral NPK (control) 102.55 70.76 34.46 69.26 105.06 73.05 36.35 71.49
3- Compost 9191 67.21 3125 6346 9486 68.86 3226 65.33
4- Compost + Biofertilizers 110.74 8129 4011 77.38 11380 83.37 4155 7957
5- Spirulina algae 113.81 83.62 4463 80.69 11445 8514 46.13 8191
6- Spirulina algae + Biofertilizers 11854 90.93 5226 87.24 12170 93.60 53.93 89.74
7- Compost + Biofertilizers + Spirulina algae ~ 127.43 99.65 63.90 96.99 129.84 10401 6428 99.38
Mean (A) 10491 77.35 40.93 106.34 79.65 42.09
LSD (A)=1.13 LSD (A) =1.35
LSD. (B)=0.74 LSD (B)=0.88
LSD (AxB) =1.96 LSD (AxB) =2.34
Treatments leaf area (cm?)
1- Saline water 207 171 105 161 212 174 113 166
2- Mineral NPK (control) 358 330 173 287 398 38 215 332
3- Compost 3.06 28 151 248 321 328 175 275
4- Compost + Biofertilizers 422 393 210 342 467 48 251 400
5- Spirulina algae 523 472 252 416  6.02 580 327 503
6- Spirulina algae +Biofertilizers 683 548 322 518 756 638 402 5099
7- Compost + Biofertilizers + Spirulina algae 811 693 48 664 894 777 508 7.26
Mean (A) 473 414 243 521 480 284
LSD ( A)=0.10 LSD (A)=0.13
LSD (B)=0.06 LSD (B)=0.09
LSD (AxB) =0.17 LSD (AxB) =0.23
Moreover, the positive action of on stimulating growth measurements through
Spirulina platensis algae on vegetative promoting the permeability of cell membrane

growth characters might be ascribed to its
higher with natural components of vitamins
and provitamins such as (B1, B2, B6, B12
and E), various amino acids including
leucine, isoleucsive and valine, folic acid and
different minerals namely P, Fe, Ca and K,
fatty acids, chlorophylls, carotenoids and the
highest hormonal levels, all these synthesizes
of several biofertilizers will surely reflecting

(106)

thus will led to enhancing the plant efficiency
of absorption several nutrients (Hussein,
2017) on date palm and (Hussein and Gad EI-
Kareem, 2021) on olive trees.

This trend could be supporting the results
by (Hamouda et al., 2022) they explained
the mitigation impact of micro-algae extracts
Spirulina platensis on salt stressed on wheat
seedlings which led to the improvement of



Horticulture Research Journal, 1(Special issue1),101:112,Sept. 2023, ISSN 2974/4474

’
« »v
¥ Ve

o,

e ay

the morphological parameters, photosynthetic
activity and transpiration rate. As well as,
increasing nutrient and water intake hence
enhancing fertilizers uptake by the plants.
This can be credited to its richness with
several valuable stimulators substances and
the large source of bioactive components
produced by S. platensis. Moreover, their
ability for nitrogen fixation and the
noticeable reduction in lipid peroxidation and
the lower production of superoxide radicals.
2- Effect of irrigation water salinity levels
and different treatments on root
measurements of  Wonderful cv.
transplants.
- Root length (cm) and number:-

Rooting success was measured by the
transplant’s strength of continues roots
production in terms of length and number
under different salinity levels. Results in
Table 5 indicated that various salinity
irrigation levels had influenced on both root
length and number while the suitable level
was 6000 ppm which had the ability to give

the tallest roots with greater number in both
seasons. The opposite result was recorded by
increasing the irrigation grade of with saline
water till 8000 ppm. While, the medium level
7000 ppm was in between in this respect. The
considered various treatments had a great
impact on root parameters, this improvement
attributed to the fertilization with compost
and biofertilizers plus Spirulina algae as

compared with NPK (control) in both
seasons.

Concerning factors interaction, data
revealed that irrigated Wonderful cv.

transplants with 6000 ppm saline water in
addition to fertilization with compost +
biofertilizers + Spirulina algae significantly
reduced the damage occurring by increasing
salinity levels during 2019 & 2020 seasons.
Meanwhile, the opposite result was true in
transplants received the highest salinity level
8000 ppm with NPK fertilization or saline
water alone.

Table (5): Effect of irrigation water salinity levels and different treatments on root length
(cm) and number of Wonderful cv. transplants.

Root length (cm)

Treatments 2019 2020
6000 7000 8000 Mean 6000 7000 8000  Mean
ppm ppPm  ppm (B) ppm ppm ppm (B)
1- Saline water 12.34 10.70 747 1017 1285 1145 7.96 10.75
2- Mineral NPK (control) 1955  17.23 1253 1644 2149 1906 1331  17.95
3- Compost 17.33 1385 1048 1389 1899 1712 1173 1595
4- Compost + Biofertilizers 20.63 1828 13.13 17.35 2270 2042 1533 19.48
5- Spirulina algae 2385 2048 1520 19.84 2490 2216 1643  21.16
6- Spirulina algae + Biofertilizers 3034 2376 16.80 2363 3164 2643 1801 25.36
7- Compost + Biofertilizers + 3650 3075 2065 2930 3793 3439 2107 3113
Spirulina algae
Mean (A) 2293 1929 1375 2436 2158  14.83
LSD (A)=0.47 LSD (A)=0.72
LSD (B)=0.31 LSD (B)=0.47
LSD (AxB) =0.82 LSD (AxB) =1.26
Treatments Root number
1- Saline water 14.44 11.30  8.10 1128 1489 1161 8.55 11.68
2- Mineral NPK (control) 2063  16.09 1231 16.34  21.93 1720  13.11 17.41
3- Compost 1837 1411  10.13 1420 1928 1534  10.75 15.12
4- Compost + Biofertilizers 2258 19.40 1334 18.44 2357 2066  14.19 19.47
5- Spirulina algae 2358 2222 1487 2022 2430 2315 1545 2097
6- Spirulina algae + Biofertilizers ~ 2837 2471 1758 2355 3001 2598 1850 24.83
/- Compost + Biofertilizers + 3190  27.60 2062 2671 3294 2002 2142  27.79
Spirulina algae
Mean (A) 2248 1935  13.85 2385 2042 1457
LSD (A)=0.39 LSD (A)=0.45
LSD (B)=0.26 LSD (B)=0.29

LSD (A x B)=0.68

LSD (A x B) =0.79

(107)



Horticulture Research Journal, 1(Special issue1),101:112,Sept. 2023, ISSN 2974/4474

o
T,

¥ )
o

e ay

The application of organic fertilizers mixed
with microbial inoculation treatments are
responsible for root morphogenesis by
stimulating the activity of soil enzymes
which indeed reduced by increasing Na* and
CI' levels. So, this will have a great impact on
water and nutrient transportation as well as
the production of gibberellin, cytokinin and
auxin which strongly reflected on the
quantity and quality of roots formed resulted
in an increasing of lateral root length and
intensity (Kheyrodin, 2022). Furthermore, the
idea of using compost in mitigation the
negative impact of the excessive using saline
water is due to reducing the availability of
interchangeable Na™ around the root region
by improving water infiltration and salt
filtering which promote root production
(Fouguira et al., 2023).

Comparable results in improving root
effectiveness in terms of establishment and
elongation were strongly attributed to the
safety  application  of Cyanobacteria
“Spirulina platensis” which had valuable
composition of macro and micronutrients in
addition to polyamines which acquired by the
decarboxylation of algal L-amino acids and
acting as an active film surrounding the root
zone against the biotic stress hence resulted
in enhancing the overall plant growth (Mdgor
et al., 2018).

These results are in harmony with (Hamouda
et al., 2022) who confirmed that S. platensis
liquid biofertilizer had a great potential effect
against salinity stress due to their higher

concentrations of growth regulators which

related to boosting root growth of wheat

seedlings.

3- Effect of irrigation water salinity levels
and different treatments on fresh and
dry weights of aerial parts and roots (g)
of Wonderful cv. transplants.

- Aerial parts fresh and dry weights (g)

Table 6 displayed that fresh and dry weights
of aerial parts had reverse relationship with
increasing the salinity levels gradually as the
lowest weights were recorded by 8000 ppm
while 6000 ppm saline water detected
significantly the heaviest weights at the two
seasons.

Wonderful cv. transplants received the fully
combined treatments as compost +
biofertilizers + Spirulina alga scored the
heaviest fresh and dry weights among all the
other treatments especially the mineral
fertilized transplants at the end of both
seasons.

Looking to the response of fresh and dry
weights of aerial parts to the interaction
between the salinity levels, organic and
biofertilizers treatments. It’s clear that all the
transplants fertilized with the ideal treatment
containing compost as organic fertilizer with
various biofertilizers and Spirulina algae
under the irrigation with 6000 ppm gave the
heaviest values as compared with the control
at the end of the two seasons. On the other
hand, the highest of salinity levels, the
greatest of its negative impact were noticed in
all parameters.

Table (6): Effect of irrigation water salinity levels and different treatments on aerial parts
fresh and dry weights (g) of Wonderful cv. transplants.

Aerial parts fresh weight (g)

Treatments 2019 2020
6000 7000 8000 Mean 6000 7000 8000 Mean
ppm ppm ppm (B) ppm ppm ppm  (B)
1- Saline water 20.39 1449 9.26 1471 20.67 1460 956 14.94
2- Mineral NPK (control) 30.00 19.91 14.27 21.39 32.05 21.10 16.00 23.05
3- Compost 35.57 23.14 17.20 25.30 36.96 24.60 18.65 26.74
4- Compost + Biofertilizers 38.94 26.26 19.81 28.34 40.60 27.65 20.63 29.63
5- Spirulina algae 43.22 30.50 22.88 32.20 44.32 32.93 23.86 33.70
6- Spirulina algae + Biofertilizers 51.36 41.74 28.10 40.40 53.63 43.13 26.06 40.94
7- Compost + Biofertilizers + Spirulina algae 58.81 50.68 32.64 47.38 60.45 51.92 33.13 48.50
Mean (A) 39.76 29.53 20.59 4124 30.85 21.13
LSD (A)=0.52 LSD (A)=0.47
LSD (B)=0.34 LSD (B)=0.31

LSD (AxB) =0.91

LSD (AxB) =0.83
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Treatments Aerial parts dry weight (g)
1- Saline water 9.62 8.04 490 752 1044 9.08 547 833
2- Mineral NPK (control) 1450 13.27 8.69 12.15 16.23 15.04 10.61 13.96
3- Compost 16.72 15.24 10.04 14.00 18.22 16.90 11.88 15.67
4- Compost + Biofertilizers 20.03 17.17 10.63 1594 2151 1853 12.07 17.37
5- Spirulina algae 21.34 17.72 11.62 16.89 2294 19.17 13.12 1841
6- Spirulina algae + Biofertilizers 27.21 21.04 17.44 2190 29.50 22.39 19.08 23.66
7- Compost + Biofertilizers + Spirulina algae 37.13 31.92 21.83 30.29 39.89 33.30 22.99 32.06
Mean (A) 20.94 17.77 12.16 22.68 19.20 13.60
LSD (A)=0.54 LSD (A)=0.42
LSD (B)=0.36 LSD (B)=0.27

LSD (A x B) =0.93

LSD (AxB)=0.73

- Roots fresh and dry weight (g)

As illustrated in Table 7, the heaviest
fresh or dry root weight was attained by the
lowest saline level 6000 ppm used in this
experiment for the considered transplants.
While, this is untrue for the highest levels of
saline irrigation in both seasons. Referring to
the organic and biofertilization treatments,
the  seventh  treatment (compost +
biofertilizers + Spirulina algae) surpassed
statistically the other treatments and the

control in both seasons. Finally, interaction
results proved that the considered transplants
received the combined application of
compost + biofertilizers + Spirulina algae in
presence of the irrigation with the lowest
level at 6000 ppm of saline water scored the
heaviest weights in both studied seasons.
Oppositely, the transplants irrigated with high
levels of saline water resulted in adverse
influence of all the recorded measurements.

Table (7): Effect of irrigation water salinity levels and different treatments on root fresh and
dry weights (g) of Wonderful cv. transplants.

Root fresh weight (g)

2019 2020
Treatments
6000 7000 8000 Mean 6000 7000 8000 Mean
ppm ppm ppm  (B) ppm ppm ppm (B)
1- Saline water 12.83 1165 8.33 1094 1249 1216 843 11.03
2- Mineral NPK (control) 16.70 1518 10.02 1397 1814 1722 113 1555
3- Compost 20.82 1933 1221 1745 2269 20.44 14.00 19.04
4- Compost + Biofertilizers 1870 1815 1090 1592 20.15 19.10 1370 17.65
5- Spirulina algae 2350 21.04 1340 1931 25.04 2285 1598 21.29
6- Spirulina algae + Biofertilizers 2503 2320 1537 2120 27.20 2457 17.16 2298
7- Compost + Biofertilizers + Spirulina algae 28.87 24.40 1687 2338 30.74 2647 1860 2527
Mean (A) 2093 18.99 12.44 22.35 2040 14.17
LSD (A)=0.30 LSD (A)=0.64
LSD (B)=0.20 LSD (B)=0.42
LSD (AxB) =0.53 LSD (AxB) =1.11
Treatments Root dry weights (g)
1- Saline water 436 172 197 268 470 179 212 287
2- Mineral NPK (control) 728 361 430 506 818 393 473 561
3- Compost 820 640 528 663 963 739 627 776
4- Compost + Biofertilizers 9.87 731 405 708 1071 871 589 8.44
5-Spirulina algae 1053 815 6.11 826 1194 9.06 743 948
6-Spirulina algae + Biofertilizers 1385 923 858 1055 1457 1135 943 11.78
7- Compost + Biofertilizers + Spirulina algae 1653 11.96 9.88 1279 1799 13.72 10.73 14.15
Mean (A) 1009 691 574 111 7.99 6.66
LSD (A)=0.27 LSD (A)=0.34
LSD (B)=0.18 LSD (B)=0.22

LSD (A x B) =0.47

LSD (A x B) =0.59
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The previous results are in parallel with
those of Jadidi et al., (2020) they reported
that both fresh and dry biomass decreased
gradually with the increasing of salinity
levels in pomegranate seedlings may be due
to the increase in salt absorption will led to
ione toxicity problems and obvious osmotic
effect on various pomegranate varieties. On
the other hand, to avoid the adverse impact of
the high salinity levels it should be
maximizing the role of organic fertilizer

single or mixed with biofertilizers
applications which causes a limiting in
salinity problems by enhancing root

production and vegetative growth fresh and
dry weight were ascribed to their influence on
lowering the salt concentration around the
root area, improving soil enzyme activity and
balancing or the good distribution of the
nutritional status (Olmo et al., 2019) on three

pomegranate cvs. and (Kheyrodin, 2022) on
olive trees.

The abundant availability in organic
matter, vitamins, vital amino acids, minerals
and proteins are correlated with the
significant role of cyanobacterial Spirulina
strain aside from their strength in inducing
endogenous hormone production might have
boosting photosynthetic rate, fresh and dry
matter of partitioning plant parts (Al Dayel
and El Sherif, 2022).

Conclusion

Briefly, for mitigating the deleterious
impact of salinization with various levels on
Wonderful cv. pomegranate transplants, it
could be recommended, the implementation
of model fertilization program contains the
combined applications of organic; multiple
halotolerance PGPRs biofertilizers  with
Spirulina algae achieved a good performance
in all aspects at 6000 ppm.
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