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Abstract

The study was conducted under unheated plastic houses of the Department of Horticulture and landscape gardening at the
College of Agriculture, Al-Qasim Green University, during the growing season 2017-2018, to study the tolerance of some
cultivars of Dianthus caryophyllus for salt stress under the conditions of Irag. The addition of the bio vaccine resulted in a
significant increase in plant height, number of leaves, Leaf content of total chlorophyll, flower diameter, petals and leaf
nutrient content (N, P, K, Na, CI), which recorded 59.81 cm, 121.32 Leaf .plant?, 60.12 mg. 100 gm?* fresh weight, 4.04 cm, 30.61
petal.flower?, 3.92%, 0.36%, 3.70%, 0.34%, 1.42%, respectively. Salt stress reduced the average of vegetative traits and leaves
the content of macroelements (N, P, K). Salt stress reduced the average of vegetative traits and the leaves content of
macronutrients (N, P, K). The lowest values were recorded in plants growing below the salinity level S4 (9 dsm't), which
caused non-flowering of plants. the triple- interaction treatment between the study factors achieved the best significant
values of averages of all studied traits, namely plant height, number of leaves, Leaf content of total chlorophyll, flower
diameter, number of petals and leaves the content of nutrients (N, P, K, Na,). Cl, which amounted to 80.90 cm, 193.94 Leaf
.plant?, 95.92 mg.100 gm™ fresh weight, 5.41 cm, 42.17 petals. flower?, 5.60%, 0.59%, 6.08%, 0.12%, 1.16%, respectively.
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Introduction

Dianthus caryophyllus L. is one of the plants of
the Caryophyllaceae family, whose plants grow in the
temperate zone of the northern hemisphere.). This family
includes 2,100 species and 89 genus, One is the Dianthus
genus, which includes about 300 species, most of which
are annual or perennial herbs, and a few are shrubs
(Jurgens et al., 2003). It is a perennial herbaceous plant
with special education, it needs high technical expertise
in order to produce flowers of good commercial quality.
Despite the importance of Dianthus and the desire to
produce flowers with high-quality specifications,
However, we note that environmental factors often stand
in the way of this desire, especially the problem of salinity
of irrigation water, which limits its cultivation in areas
subjective to lack of irrigation water suitable for
agricultural irrigation., High salinity causes fatal effects
of plants such as low water Potential for plant cells and
ionic toxicity of sodium and chloride (Driver et al., 2005).
Many field applications have been adopted to reduce the
severity of the adverse effects of salinity, such as the

use of bacterial and fungal microorganisms that
encourage plant growth and increase its And raise its
ability to tolerate salt stress by processing some of the
necessary elements for plant growth such as nitrogen,
which is fixation by the bacterium Azospirillum and
phosphorus, which are processed by mycorrhizal fungi
and reduced by the number of soil reaction. pH) increases
the readiness of the minor elements needed by the plant,
In addition to its role in the secretion of some acids and
hormones that act as growth regulators such as Auxins,
Gibberllin, and Cytokinin, It also improves the physical,
chemical and biological properties of the soil and increases
preservation water (Al — Mashadani and Al- Obaidi,
2016). Many studies have shown that salinity, even at
low concentrations, significantly affects in the different
physiological processes of plants, which Negatively affect
plant height, leaves the area, fresh and dry weight of the
vegetative total (Tugwell and Moulds, 1999). When the
electrical conductivity of the soil solution more than 4
dsm causes a decrease in vegetative growth with the
burning of the leaves of most plants (Grieve et al., 1999).
Al-Maamouri, (2015) observed when treating two
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Table 1: Some chemical and physical traits of the study soil

Table 3: shows the salinity levels used in irrigation of Carnation

before cultivation. plants.
Traits Unit value The |Concen- The quality used
PH | - 74 salinity | tration forirrigation water
EC ds.m? 17 levels | (dsm?)
Organic matter % 0.83 S1 112 Tap water
N Mg.k? 16.8 2 3 Mixing the drainage water with the
Available ion P Mg.k? 105 Tap water
K Mg.k 168.3 3 6 Mixing the drainage water with the
Soil separates sand | gm.k? 322 Tap water
(%) silt g.k? 45 A 9 Mixing the drainage water with the
clay g.k? 333 Tap water
Soil texture Sandy loam
Table 2: Chemical trait of Peat moss used in the cultivation. ~ 1aPle 4: Shows the most important chemical traits of Tap and
drainage water used in the study.
K,Omg.L* | P,O, mg.L*|Nmg.L* pH |Saltcontentg.L" _ _
80100 | 70-180 | 70-160 [5.765] 0709 Traits | _values _Units
Tapwater | Drainage water
pH 7.24 7.85
Lisianthus cultivars Croma and Mdvantage with salinity o) 112 243 dsm
levels of 3 dsm?, 6 dsm? and 9 dsm™. High salinity Ca 520 9155 Meq L~
reduced the rates of all vegetative traits. Al-Maamouri Mg 345 74.20 Meq .L*
(2016) showed that the levels salinity of irrigation water Na 370 2780 Meq .L ™
4 dsm? and 6 dsm had a negative effect on the growth K 0.25 3.00 Meq .L*
traits of the petunia plant. The Recent studies have proven a 8.90 1795 Meq .L

that inoculation of the interaction between Azospirillum
and mycorrhizal fungi, It has an important effect on the
growth of ornamental plants and increased nutrient
absorption rate. Muzain et al., (2004) were found in the
inoculation of Gladiolus with mycorrhizal fungi, bacteria
solvent of phosphorus and Azospirillum bacteria. Has
achieved a significant increase in plant growth and the
spike length and his appearance in the early, As well as
increasing the number of flowers in the spike and prolong
the flowering life of flowers. The lack of interest in
cultivating it in order to the cut flowers in Irag and The
lack of studies on the introduction of technologies to
increase the tolerance of carnation plant salt tolerance
.The study aimed at introducing new cultivars of
carnations suitable for commercial harvesting to Irag and
studying their vegetative and floral traits in the region’s
conditions. It evaluates the tolerance of these cultivars
to saline stress resulting from the salinity of irrigation
water with the help of some biofertilizers.

Materials and methods

The study was conducted under unheated plastic
houses of the Department of Horticulture and landscape
gardening at the College of Agriculture, Al-Qasim Green
University, to study the tolerance of some cultivars of
Dianthus caryophyllus for salt stress under the
conditions of Iraq. Small seedlings of 8-10 cm length not

exceeding four nods were used for five cultivars of
carnations produced by Hilverda Kooij company and
propagated by tissue culture method. These seedlings
were planted in the autumn season on 1/11/2017 in plastic
pots with a capacity of 3.500 kg, 25 cm in diameter and
24 cm high after being filled with an agricultural medium
of river soil and peatmoss at a ratio of 2 : 1, respectively,
with one plant per pot. Before starting the agricultural
operations, a random sample of the study soil was taken
before mixing it with peat moss. And conducted to
chemical and physical analyzes in the laboratories of the
Department of Soil Science and Water Resources the
College of Agriculture, Al-Qasim Green University. Table
1 shows the results of this analysis, The peat moss traits
were installed on the bags and table 2 shows the chemical
properties of the German-peat moss produced by Sab-
Germany company. All the Agricultural operations of
plants breeding were conducted by the producers of
commercial cut flowers for all plants in the experimental
units and whenever needed. The experiment included
three factors: First, five plant cultivars, Dianthas
caryophllus Culti Orange (V1), Dianthas caryophllus
Culti Viana(V2), Dianthas caryophllus Liberty Culti
(\V3), Dianthas caryophllus Culti Bizet (\V4), Dianthas
caryophllus Culti Mariposa (V5). The second factor is
four salinity levels of irrigation water. The third factor is
the Bio-vaccine, which is two-levels,without Bio-vaccine
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Table 5: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar
on The Number of leaves (leaf.plant?).

Cultivars Thebio- The salinity of irrigation
V) vaccine water (dsm?) Interaction
M) S, S, S, S, MxV
1.12Tap| 3 6 9
water
V Orange M, 6279 | 56.04 | 50.04 47.73 54.15
M, 7876 | 7454 | 5689 | 4891 64.77
V,Viana M, 5047 | 4494 | 3718 | 3767 42.56
M, 65.77 | 6127 | 4627 | 38.77 53.02
V,Liberty M, 5434 | 4999 | 4218 | 4094 46.86
M, 6887 | 6490 | 4988 | 4188 56.38
V Bizet M, 5630 | 51.00 | 4387 | 4265 4845
M, 7121 | 6764 | 5157 | 4319 58.40
V_ Mariposa M, 6293 | 56.77 | 5047 4177 54.48
M, 8090 | 7690 | 57.70 | 50.44 66.48
L.S.D0.05 1176 5.88
\%
Interaction V, 70.77 | 6529 | 5346 | 4832 59.46
SxV Vv, 5812 | 5310 | 4172 | 3822 47.79
V, 6160 | 5744 | 4603 | 4141 51.62
V, 6375 | 5932 | 4772 | 4292 5343
V, 7191 | 6683 | 5408 | 49.10 60.48
L.S.D0.05 831 4.16
M
Interaction M, 5736 | 51.74 | 4475 4335 49.30
Mx S M, 7310 | 6905 | 5246 | 4463 59.81
L.S.D0.05 5.26 2.63
The salinity of
irrigation water (S) 65.23 | 6040 | 4860 | 4399
L.S.D0.05 3.72

(MO), Producer at the office of agricultural research of the Ministry of
Higher Education and Scientific Research. The mixture was placed in
the pit for planting seedlings, and the bio- vaccine was in contact with
the roots of the planted carnation seedlings. The four salinity levels
were prepared by calculating the amount of drainage water mixed with
tap water using the mixing equation proposed by the employees of the
American Salinity Laboratory (Richards, 1954) For the purpose of
reaching the concentrations shown in the table 3.

Sp_sg

V, S
Mixing equation \,
VP
v_: The volume of good water (Tap water), v, the volume of
salinity (Drainage water).
S, ! Salinity salt water (Drainage water), S, ! salinity required, S,
good salinity water (Tap water).

Irrigation was conducted to manually at the level of attrition 50%
availability to absorption water.

The Randomized Complete Block Design (RCBD) was conducted
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with a Factorial Experiment (5 x 4 x 2). The
number of study plants was 600 plants and
the averages for all study indicators and were
compared to according to the test of less
significant difference (L.S.D) under 5%
probability level.

Results and discussion
The Plant height (cm)

The results in Table 5 showed that the
treatment of the bio- vaccine (M1)was
significantly excelled in the plant height. The
bio- vaccine treatment with Glomus
mosseae and Azospirillum brasilense gave
the highest value of the plant height
amounted to 59.81 cm. This is an increase
of 21.31% compared to without Bio- vaccine
treatment (MO), which recorded the lowest
average of plant height amounted to 49.30
cm. The results showed a significant
negative effect on plant height as the salinity
of irrigation water increased. The tap water
treatment S1 was significantly excelled for
all treatments which recorded the highest
average of plant height amounted to 65.23
cm, while the irrigation treatment S4 (9dsmr
1) recorded the lowest average for this trait
amounted to 43.99 cm. The results of the
same table showed the significant effect of
plant cultivars on plant height. The plant
cultivar V5 (Mariposa) achieved the best
results of this trait amounted to 60.48 cm
without significant difference from the plant
cultivar V1 (Orange), which recorded
amounted to 59.46 cm, while the lowest
average the plant height amounted to 47.79
cm recorded by plant cultivar V2 (Viana).
In the triple- interaction treatment between
the study factors, treatment V5S1M1
recorded the best results for plant height
amounted to of 80.90 cm, without significant
difference with treatments V1S1M1,
V5S2M1, V1S2M1 and V4S1M1, which
recorded amounted to 78.76, 76.90, 74.54
and 71.21 cm respectively, while V2S4MO0
treatment recorded the lowest values for this
traits amounted to 37.67 cm.

The Number of leaves (leaf.plant-t)

The bio- vaccine treatment contributed
to a significant increase in the number of
leaves as shown in Table 6 The treatment
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was recorded the highest average of this trait amounted
to 121.32 leaf.plant® an increase of 25.43%, compared
to without Bio-vaccine treatment which recorded to 96.72
leaf.plant™. All salinity treatments differed significantly.
The salinity treatment level S1 (tap water) exceeded on
all treatment by recording the highest number of leaves
amounted to 132.57 leaf.plant followed by The salinity
treatment level S2 (3dsm) which gave a value amounted
to 123.37 leaf.plant?, The number of leaves decreased
t0 83.62 leaf.plant™in the salinity treatment level S4 (9dsm
1. The results of the same table showed the significant
effect of plant cultivars on the number of leaves Plant .
The plant cultivar V5 (Mariposa) gave a height number
of leaves amounted to 119.94 leaf.plant?, Compared with
plant cultivars V2 (Viana), which gave the lowest average
amounted to 101.34 leaf.plant™. The results of the triple-
interaction between the study factors in the same table
showed a significant effect in this trait as well, as the
V5S1ML1 treatment was significantly excelled by giving
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the highest average amounted to 193.94 leaf.plant*and
without a statistical difference with treatment V5S2M1
which gave value amounted to 188.77 leaf.plant?, while
treatment V1S4MO gave the lowest average for this
trait amounted to 60.01 leaf.plant™.

Leaf content of total chlorophyll (mg.100g* fresh
weight)

The total content of chlorophyll in Carnation leaves

was significantly affected by adding the bio-vaccine as
SRR, T )81 YRET ERATTSYRE
total content of chlorophyll in the leaves of Carnation
amounted to 60.12 mg.100g™ fresh weight. Compared to
without Bio- vaccine treatment which recorded to the
lower value amounted to 44.34 mg.100g* fresh weight
Similarly, the salinity of irrigation water decreased as the
total content of chlorophyll decreased by increasing the
levels of salinity irrigation water. and the treatment S4 (9
dsm-?) recorded to the lowest total content of chlorophyll

Table 6: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar  amount of 25.05 mg.100g* fresh weight while

on The Number of leaves (leaf.plant?).

the treatment S1 (tap water) was significantly

Cultivars | Thebio- The salinity of irrigation excelled by giving the highest value of the
) vaccine water (dsm™) Interaction| total content of chlorophyll in the leaves of
M) S, S, S, S, MxV | Carnation amountedto 75.30 mg.100g™ fresh
1.12Tap| 3 6 9 weight. The results of the same table showed
water the significant effect of plant cultivars on Leaf
V Orange M, 11799 |103.18 | 9143 | 60.01 93.15 content of total chlorophyll. The plant cultivar
M, 16024 | 15531 | 10088 | 9210 | 12713 | V5 (Mariposa) gave a height value of this
V, Viana M, 10893 | 10179 | 9291 | 77.88 95.37 trait amounted t058.85 mg.100g* fresh
M, 12218 |117.08 | 9954 | 9043 | 10730 | weight, Compared with plant cultivars V2
V,Liberty M, 11162 |10181 | 9299 | 8204 97.11 (Viana), which gave the lowest average
M, 13043 | 12543 | 10048 | 9084 | 11179 | amounted to 55.11 mg.100g* fresh weight.
V Bizet M, 11572 | 10254 | 9690 | 8643 | 10039 | The results of the triple- interaction between
M, | 14294 13791 | 10049 | 9086 | 11805 | the study factors in the same table showed a
V Mariposa M, | 12177 | 994 | 9077 | 7777 975 | significant effect on this trait as well, as the
M, | 19394 | 18877 | 9869 | 8786 | 14231 [ V5S1M1 treatmentwas significantly excelled
L.S.D0.05 1313 6.56 by giving the highest average amounted to
\ 95.92 mg.100g* fresh weight,Not significantly
Interaction V1 13911 | 12924 | 96.16 76.05 110.14 different from treatments V5S2M1 and
SxV Vv, 11555 | 10943 | 96.22 84.15 101.34 V1S1M1, which gave (92.07 and 87.73)
V, | 12102 |11362 | 9%6.73 | 8644 | 10445 | mq.100g? fresh weight, respectively, while
V, | 12933 |12022 | 9869 | 8864 | 10922 | treatment V2S4MO gave the lowest average
Vs | 15785 14435 | 9473 | 8281 | 11994 | for this trait amounted to 21.76 mg.100g™*
LS.D0.05 9.28 464 fresh weight.
M .

nteraction | M. | 11520 [ 10165 | 9300 | 7682| G672 | | Flower diameter (cm)
Mx S M, | 14994 | 14490 | 10001 | 9041| 12132 The results in Table 5 showed that the
LS.D0.05 5.87 294 plants treated with bio- vaccine gave the
The salinity of largest flower diameter amounted to 4.04 cm,
irrigation water (S) 13257 | 12337 | 9651 | 8362 Morally significantly and an increase of
L.S.D0.05 415 amounted to 44.80% compared to without
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Table 7: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar

on The Leaf content of total chlorophyll(mg.100g fresh weight).

Cultivars Thebio- The salinity of irrigation
V) vaccine water (dsm?) Interaction
M) S, S, S, S, MxV
1.12Tap| 3 6 9
water
V Orange M, 7056 | 5605 | 3860 | 2261 46.95
M, 8773 | 8389 | 5230 | 2911 63.26
V,Viana M, 6267 | 4625 | 2317 | 2176 3846
M, 7462 | 7094 | 4561 | 2418 53.84
V,Liberty M, 6451 | 5217 | 3310 | 2217 42.99
M, 7835 | 7435 | 4870 | 2441 56.45
V Bizet M, 6635 | 5308 | 3778 | 22.35 44.89
M, 7908 | 7493 | 5039 | 26.80 57.80
V_ Mariposa M, 7320 | 56.14 | 40.83 2350 4842
M, 9592 | 9207 | 5547 | 3365 69.28
L.S.D0.05 1219 6.10
\%
Interaction V, 7914 | 6997 | 4545 25.86 5511
SxV Vv, 6864 | 5860 | 3439 | 2297 46.15
V, 7143 | 6326 | 4090 | 2329 49.70
V, 7271 | 6400 | 4408 | 2457 51.34
V, 8456 | 7410 | 4815 | 2857 58.85
L.S.D0.05 8.62 431
M
Interaction M, 6746 | 5274 | 3469 2248 44.34
Mx S M, 8314 | 7923 | 5049 | 27.63 60.12
L.S.D0.05 5.45 273
The salinity of
irrigation water (S) 7530 | 6599 | 4259 25.05
L.S.D0.05 3.86

Table 8: Effect of bio-vaccine, the salinity of irrigation water and
plant cultivar on the Flower diameter (cm)
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Bio- vaccine treatment, which has a flower
diameter amounted to 2.79 cm. The increase
in the salinity of irrigation water led to a
decrease in the average of the flower
diameter. The treatment (S3) gave the
smallest flower diameter amounted to 2.46
cm and a decreasing percentage of 40.0%.
Compared to the treatment S1 which gave
the largest flower diameter amounted to 4.10
cm. The results of the same table showed
the significant effect of plant cultivars on
flower diameter. The plant cultivar V5
(Mariposa) recorded the average of flower
diameter amounted to 3.86 cm without
significant difference from the plant
cultivars V1 (Orange) and V4 (Bizet),
which recorded amounted to( 3.51, 3.56) cm,
while the lowest average the plant height
amounted to 3.04 cm recorded by plant
cultivar V2 (Viana). From the results of the
triple- interaction between the study factors,
the V5S1M1 treatment was significantly
excelled by giving the highest average of
the flower diameter of 5.41 cm, while
treatment V2S3MO gave the Smaller flower
diameter amounted to 1.98 cm.

The Number of petals (petals. flower -
Y

The results in Table 9 showed that
Pollinated plants with biofertilizers were
significantly excelled which Its flowers have
the largest number of petals amounted to
30.61 petals. flower 1. An increase

Cultivars  |Thebio- The salinity of irrig-
vaccine ationwater (dsm?)  |Interaction
V) M) S, S, S, MxV
1.12Tap| 3 6
water
V Orange M, 357 293 243 298
M, 498 | 463 2.80 414
V,Viana M, 271 | 236 198 2.35
M, 463 | 4.28 223 372
V,Liberty M, 281 | 257 2.00 246
M, 463 | 4.28 233 375
V Bizet M, 353 | 290 233 292
M, 494 | 459 2.177 410
V_ Mariposa M, 379 | 317 2.65 321
M, 541 | 506 304 451
L.S.D0.05 177 102
\Y%

Table 8 continued ......

amounted to 49.38%, compared to non-pollinated
plants with Bio- vaccine whose flowers had the
lowest number of petals of 20.49 petals. flower 1.
The results showed a significant negative effect on
Number of petals when the salinity of irrigation
water increased, which was accompanied by an
increase in the salinity levels of irrigation water.
the treatment S3 (6dsm™) had the lowest number
of petals amounted to 17.30 petals. flower 1, a
decreasing percentage of 44.95 %, compared to
S1 (tap water), which recorded the highest number
of petals was 31.43 petals. flower . The plant
cultivar V5 (Mariposa) was recorded a height
number of leaves amounted to 29.60 petals. flower
1 without significant difference from the plant
cultivar V1 (Orange) and V4 (Bizet), which
recorded amounted to 26.82 and 26.34 petals.
flower 1 successively, while the class V2 (Viana)



64

Table 8 continued
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Interaction V, 4.28 3.78 262 3.56
SxV vV, 367 332 211 3.04
V, 372 343 217 311
V, 4.24 3.75 255 351
\VA 460 | 412 2.85 3.86
L.S.D0.05 1.25 0.72
M
Interaction M., 3.29 2.79 2.28 2.79
M xS M, 492 | 457 2.64 404
L.S.D0.05 0.79 046
The salinity of
irrigation water (S) 4.10 3.68 2.46
L.S.D0.05 0.56

Table 9: Effect of bio-vaccine, the salinity of irrigation water and
plant cultivar on the Number of petals (petals. flower 1).

Cultivars  |Thebio- The salinity of irrig-
V) vaccine ationwater (dsm?)  |Interaction
M) S, S, S, MxV
1.12Tap| 3 6
water
V Orange M, 2700 |2244 | 1690 2211
M, 3893 |3500 | 20.66 3153
V,Viana M, 2086 |17.11 | 1289 16.95
M, 3500 [3244 | 1533 27159
V,Liberty M, 2177 1864 | 1296 17.79
M, 3500 [3211 | 1570 2760
V Bizet M, 2599 2195 | 16.00 2131
M, 3837 311 | 2064 31.37
V_ Mariposa M, 2925 (2448 | 1904 24.26
M, 4217 |39.78 | 2290 34.95
L.S.D0.05 9.87 5.70
\%
Interaction V, 3297 |2872 | 1878 26.82
SxV Vv, 2793 2478 | 1411 2227
V, 2839 |2538 | 1433 22.70
Vv, 3218 |2853 | 1832 26.34
V, 3b71 3213 | 2097 29.60
L.S.D0.05 6.97 403
M
Interaction M, 2497 2092 | 1556 2049
Mx S M, 3789 3489 | 1905 30.61
L.S.D0.05 441 255
The salinity of
irrigation water (S) 3143 | 2791 | 17.30
L.S.D0.05 312

gave the lowest number of petals reached 22.27 petals. flower
-1, The results of the triple- the interaction between the study
factors showed the largest number of petals was in the flowers
of the treatment plants V5S1M1, which was amounted to 42.17
petals. flower?. The lowest number of this trait amounted to

12.89 petals. flower®. When treatment VV2S3MO.
Percentage of nitrogen in leaves (%)

The results in table 10 showed That there was
a significant response to adding Bio-vaccine in
Percentage of nitrogen in leaves (%), The bio-
vaccine treatment was significantly excelled and
gave the highest rate of this trait amounted to 3.92%,
an increase of 24.44% compared to without Bio-
vaccine treatment which recorded 3.15%. The
results of the same table showed that the increase
in the levels of salinity of irrigation water led to a
significant decrease in the percentage of nitrogen
inthe leaves. The salinity level S1 (Tap water) which
recorded the highest average of the percentage of
nitrogen in leaves amounted to 4.38% compared to
the treatment of S4 (9dsm™) which recorded the
lowest rate of 2.84%. Which gave percentage
amounted to 3.02%. The results showed the
significant effect of plant cultivars on the percentage
of nitrogen in Carnation leaves. The plant cultivar
V5 (Mariposa) gave a height percentage of nitrogen
in leaves amounted to 3.83% and no statistical
difference with V1 (Orange) which recorded 3.75%,
while plant cultivars V2 was recorded the lowest
nitrogen content in the leaves amounted to 3.17%.
In the triple- interaction between the study factors,
the V5S1M1 treatment was significantly excelled
by giving the highest average of this trait amounted
to 5.60%, without significant difference with
treatments V1S1M1, V3S1M1, V4S1M1 and
V5S2M1, which gave 5.23, 4.97, 4.97 and 4.95%
respectively, while V2S4MO treatment recorded the
lowest values for this trait amounted t02.46%.

The percentage of phosphorus in leaves (%)

The use of bio-vaccine achieved a significant
increase in the percentage of phosphorus in leaves,
as the results in Table 11 shows an increase in the
average percentage of phosphorus in the leaves
from 0.26% without the use of bio-vaccine t0 0.36%
by treating the bio-vaccine, An increase of amounted
to 38.46%. The salt stress was caused a significant
reduction in the percentage of phosphorus in the
leaves, decreased from 0.46% in The salinity level
S1 (Tap water) to 0.17% in the treatment of the
salinity level S4 (9dsm?) and it’s a decreasing of
63.04% The plant cultivars V5 (Mariposa) gave the
highest percentage of phosphorus in the leaves
amounted to 0.35% and no statistical difference with
the cultivar V1 (Orange) which gave 0.34%
compared to the plant cultivar V2 (Viana) which
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Table 10: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar
on the Percentage of nitrogen in leaves (%).

Cultivars Thebio- The salinity of irrigation
V) vaccine water (dsm?) Interaction
M) S, S, S, S, MxV
1.12Tap| 3 6 9
water
V Orange M, 397 3.60 318 301 3.38
M, 5.23 484 329 311 412
V,Viana M, 330 281 2.60 246 2179
M, 4.60 4.25 2.179 255 354
V,Liberty M, 353 310 2.86 2.75 3.06
M, 497 450 299 2.78 381
V Bizet M, 3.62 310 292 2.75 310
M, 497 453 3.03 2.85 385
V_ Mariposa M, 3.99 3.80 320 3.03 340
M, 5.60 4.95 336 313 4.26
L.S.D0.05 0.76 0.38
\%
Interaction V, 4.60 410 324 3.06 375
SxV Vv, 395 353 2.70 251 317
V, 4.25 380 293 2177 344
Vv, 430 382 298 2.80 347
V, 4.80 417 328 3.08 383
L.S.D0.05 054 0.27
M
Interaction M, 3.68 315 295 2.80 315
Mx S M, 5.07 461 3.09 2.88 392
L.S.D0.05 0.34 0.17
The salinity of
irrigation water (S) 438 3.88 3.02 2.84
L.S.D0.05 0.24

Table 11: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar
on the percentage of phosphorus in leaves (%).

Cultivars Thebio- The salinity of irrigation
V) vaccine water (dsm?) Interaction
M) S, S, S, S, MxV
1.12Tap| 3 6 9
water

V Orange M, 043 0.32 0.22 0.16 0.28

M, 0.56 0.55 0.29 0.19 040

V,Viana M, 0.35 0.23 0.19 0.12 0.22

M, 0.45 0.44 0.22 0.17 0.32

V,Liberty M, 040 0.30 0.20 0.14 0.26

M, 0.46 045 0.23 0.18 0.33

V Bizet M, 040 0.31 0.22 0.15 0.27

M, 049 048 0.25 0.19 0.35

V_ Mariposa M, 0.45 0.32 0.22 0.16 0.29

M, 059 058 0.30 0.19 042

L.S.D0.05 0.08 0.04
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recorded the lowest percentage of
phosphorus in the leaves amounted to 0.27%.
When the triple- interaction between the
study factors, they showed the best results.
the treatment (V5S1M1) gave the highest
percentage of phosphorus in the leaves gave
0.59% and no statistical difference with
V1S1M1 treatment which gave 0.56%.

Percentage of potassium in leaves (%)

The results in Table 12 shows that bio-
vaccinated with mycorrhiza fungi and
Azospirillum bacteria resulted in a
significant increase in the percentage of
potassium in the leaves. Percentage of
potassium in leaves (%) The results in Table
12 shows that bio- vaccinated with
mycorrhizal fungi and Azospirillum bacteria
resulted in a significant increase in the
percentage of potassium in the leaves. The
Bio-vaccine treatment (M1) gave the highest
average of amounted to 3.70% and an
increase of 28.02% Compared to without
Bio- vaccine treatment (MO) which
recorded to the lower value amounted to
2.89%. The salinity treatment level S1 (Tap
water) showed was significantly excelled in
the percentage of potassium in the leaves,
giving the highest percentage of this trait of
4.41% and without a statistical difference
with the treatment of the salt level S2 (3dsm-
1), compared with the treatment of the salt
level S4 (9dsm -1.) with the lowest rate of
2.12%.The plant cultivar achieved a
significant increase in the percentage of
potassium in the leaves, the Plant cultivar
V5 (Mariposa) recorded the highest average
of 4.02%, while the percentage of potassium
decreased to the lowest level in plant cultivar
V2 (Viana) to reach 2.88%. the triple-
interaction between the study factors shown
in the same table show that the treatment
V5S1M1 gave the highest percentage of
potassium in the leaves amounted to 6.08%
compared to the treatment V2S4MO, which
gave the lowest average this trait amounted
to 1.76%.

Percentage of sodium in leaves (%0)

The results in Table 13 indicate that The
bio-vaccine was significantly reduced the
adverse effects of irrigation at the salt levels,
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Interaction V, 0.50 044 0.26 0.18 034
SxV Vv, 040 0.34 021 0.15 0.27
V, 043 0.38 0.22 0.16 0.30
V, 045 040 0.24 0.17 031
V, 052 045 0.26 0.18 0.35
L.S.D0.05 0.05 0.03
M
Interaction M, 041 0.30 021 0.15 0.26
Mx S M, 051 050 0.26 0.18 0.36
L.S.D0.05 0.03 0.02
The salinity of
irrigation water (S) 0.46 0.40 0.23 0.17
L.S.D0.05 0.02
Table 12: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar
on the Percentage of potassium in leaves (%).
Cultivars Thebio- The salinity of irrigation
V) vaccine water (dsm?) Interaction
M) S, S, S, S, MxV
1.12Tap| 3 6 9
water
V Orange M, 421 3.16 229 197 290
M, 485 482 310 210 371
V,Viana M, 337 2.89 199 176 250
M, 423 420 2.70 196 327
V,Liberty M, 3.60 311 2.28 1.90 272
M, 434 430 2.82 2.09 338
V Bizet M, 39 316 229 197 2.84
M, 477 453 299 2.09 3.60
V_ Mariposa M, 477 3.75 2.85 255 348
M, 6.08 5.69 3.66 2.82 456
L.S.D0.05 173 0.86
\%
Interaction V, 453 399 2.69 2.03 331
SxV Vv, 380 354 2.34 186 2.88
V, 397 370 255 199 3.05
V, 435 384 264 2.03 322
V, 5.42 472 325 2.68 402
L.S.D0.05 122 0.61
M
Interaction M, 3.96 321 234 203 2.89
Mx S M, 485 471 3.05 221 370
L.S.D0.05 0.77 0.39
The salinity of
irrigation water (S) 441 3.96 2.69 212
L.S.D0.05 0.55

which was reflected in the decrease of sodium ion accumulation from

0.49% in the without bio- vaccine treatment to 0.34% in

the vaccine

treatment and a significant decrease of 30.61%. The levels of sodium
ions decreased significantly with lower salinity levels of irrigation water,
The levels of sodium ions decreased significantly with lower salinity

levels of irrigation water. The salinity level
S1 (Tap water) recorded the lowest
accumulation of these ions amounted to
0.17% and a decrease of 75.71% compared
to the treatment of The salinity level S4
(9dsmt) which gave the highest
accumulation average amounted to
0.70%.The results of the same table
indicated the significant effect of the plant
cultivars on the percentage of sodium in the
leaves, where the plant cultivar V5
(Mariposa) recorded the lowest percentage
of this trait amounted to 0.38% and without
a statistical difference with the plant cultivar
V1 (Orange) which gave 0.39%, while the
cultivar V2 (Viana) was recorded the
highest percentage of sodium in the leaves
amounted to 0.46%. From the results of the
statistical analysis of the triple- interaction
between the study factors shows the
significant effect of the bio- vaccine and
plant cultivars in reducing the Percentage
of sodium ions in the leaves when they
interact with the salinity of irrigation, the
treatment V5S1M1 gave the lowest
percentage of sodium ions in leaves
amounted to 0.12%,Which did not
significantly differ with triple-interaction
treatment (V3S1M1, V5S2M1, V1S2M1,
V4S2M1, V2S1M1, V3S2M1) while the
treatment V2S4M1 which gave the highest
average of this trait amounted to 0.87%.

Percentage of chlorine in leaves (%)

The results in Table 14 show the ability
of the bio vaccine to significantly reduced
the percentage of chlorine in the leaves. It
amounted to 1.42%, Compared to without
Bio- vaccine treatment which recorded
1.65% and with a significant decrease
percentage of 13.93%. The results of the
same table show that all irrigation water
treatment were significantly different
between them. The salinity treatment level
S1 (Tap water) was excelled of all other
treatments which recorded the lowest
average of this trait amounted to 1.40%.
followed by the treatment of S2 and S3,
While the ratio increased to 1.68% in the
treatment of the salinity level S4 (9dsm-?).
The results of the same table showed was
significantly excelled of the plant cultivar in
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Table 13: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar  Abdul Hadi, 1982 ; Saharan and Nehra, 2011)

on the Percentage of sodium in leaves (%)

It achieved a significant increase in

Cultivars  [Thebio-|  Thesalinity of irrigation vegetative growth indicators (plant height,
) vaccine water (dsm'?) Interaction| number of leaves, and total chlorophyll
() S, S, S, S, MxV | content). This may be due to the role of the

112Tap| 3 6 9 bio vaccine in the secretion of the enzyme

water Acc-deaminase, which works to change the

V Orange M, 017 040 051 071 045 path of senescence hormone synthesis
M, 013 0.15 045 0.61 0.34 (ethylene) Delay the destroy of chlorophyll

V,Viana M, 0.28 045 0.62 0.87 0.56 and then continue the photosynthesis process
M, 0.16 018 048 0.66 0.37 and the transfer of its vital products to other

V Liberty M, 022 | 042 | 057 0.85 052 plant parts causing increased plant growth.
M, 0.14 0.16 0.46 0.66 0.36 The physiological and metabolic activities of

V Bizet M, 0.20 042 052 0.75 047 plants are greatly influenced by the activity
M, 013 0.15 0.45 0.61 0.34 of nitrogen-fixing organisms, Which reflected

V Mariposa M, 0.17 0.39 050 0.68 0.44 on plant growth, This effect may be due to
M, 0.12 0.14 0.44 0.61 033 Processing plant with vital nitrogen fixation,

L.S.D0.05 0.06 0.03 which increases the activity of plant

V hormones such as Auxins, Gibberellins and

InteractionS xV |V, 015 | 028 | 048 0.66 0.39 Cytokinines within the tissues of the plant,
Vv, 022 | 032 0.55 0.77 0.46 which plays a major role in the division and

V, 018 | 029 052 0.76 044 elongation of plant cells and thus increase

Vv, 017 | 029 | 049 | 068 040 the number of leaves and leaf area

\A 015 | 027 | 047 0.65 0.38 (Bolandnazar et al., 2008). This leads to

L.S.D0.05 0.04 0.02 increased processing of food and

M carbohydrates that may achieve adequate and

InteractionM x S| M, 021 042 054 0.77 049 balanced nutrition of the plant, which
M, 014 | 016 | 046 | 063 034 improves the qualities of vegetative growth

L.S.D0.05 0.03 0.01 and development, Which is reflected

The salinity of positively on the flower diameter and the
irrigation water (S) 017 | 029 | 050 0.70 number of petals (Shaheen et al., 2007; Shin
L.S.D00.05 002 et al., 2001). In addition to its role in

the percentage of chlorine in the leaves, Plant cultivar
V5 (Mariposa) and V1 (Orange) recorded the lowest
percentage of chlorine in leaves amounted to 1.36 and
1.36%, respectively. While the plant cultivar V2 (Viana)
recorded the highest percentage of this trait amounted to
1.68%. The treatment V5S1M1 was significantly excelled
which recorded the lowest percentage of 1.16%,
compared to the treatment V2S4MO which gave the
highest percentage of chlorine in the leaves amounted to
2.08%.

The results of the tables (5-14) show that the use of
the bio vaccine consisting of mycorrhizal fungi Glomus
mosseae and bacteria Azospirillum brasilense, It led to
promoted plant growth through strategies in which this
biological system works, such as stimulating metabolic
activities, Increase the plant’s ability to nutrient absorption
and produce different growth regulators and increase plant
resistance to biotic and abiotic stresses (Al-Maamory,
2016; Bashan and de-Bashan, 2010; Mohammed and

increasing the levels of potassium, which plays an
important role in promoting cell division and expansion
and growth of Meristematic tissues (Nazhat and Al-
Mukhtar, 1987; Martinez-Medina et al., 2001).
Azospirillum leads to major alterations in the root system
due to the secretion of large quantities of growth regulators
such as IAA, which has the ability to control the formation
of roots and provide Elasticity for cell walls and cytokinin,
which has a role in increasing the rate of water absorption
by the roots and increase transpiration. And thus improve
the absorption and transport of mineral ions such as
nitrates, phosphorus, potassium, etc., which are led by
transpiration (Haroun et al., 2003; Vessey, 2003). In
addition, the ability of mycorrhizae to improve soil
construction and its physical and chemical properties
through the secretion of Glomalin, which binds soil
particles, thereby improving its properties (AL maemuri,
2017). This is reflected in the formation of strong and
active roots, which in turn is reflected in the increased
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Table 14: Effect of bio-vaccine, the salinity of irrigation water and plant cultivar on the effectiveness of enzymes, especially

on the Percentage of chlorine in leaves (%).

enzymes related to biological activities and

Cultivars  |Thebio-|  Thesalinity of irrigation plant metabolism and this is reflected
) vaccine water (dsm'?) Interaction| negatively on the processes of division and
() S, S, S, S, MxV | elongation of plant cells and then inhibition of
112Tap| 3 6 9 plant growth indicators (Hamdia and Shadad.
water 2010; Younis and Kazamel, 2010). The results
V Orange M, 130 142 148 155 144 of the same tables showed that plant cultivars
M, 117 122 136 140 129 differed in the indicators under consideration.
V,Viana M, 167 176 181 2.08 183 This may be due to the effect of genetic
M, 142 149 157 163 153 factors among the cultivars as well as the
V Liberty M, 162 | 174 | 180 207 181 different sensitivity of these cultivars to
M, 139 143 157 161 150 tolerate the salinity levels of irrigation water.
V Bizet M, 161 173 178 191 176 References
M, 138 143 156 161 149
V_Mariposa M, 130 142 148 154 144 Ahmad, Nizar Yahya Nazhat and Munther
M 116 121 136 140 178 Mohammed Ali Al-Mukhtar (1987). Soil
[SDO0.05 : 071 011 fertility and fertilizers. part One. Translator.
Y, Basrah.Universit)_/ Pr_es_s. Ministry of Higher
Interaction vV, 124 [ 132 | 142 [ 148 136 52::/‘;?3'3; a:?:q_sc'e”t'f'c Research. Albasraf
SxV A 155 163 169 185 168 .
v, 150 158 168 18d 165 Al-Maamory, Kayvther Hadi Abood (2016)._Effect
A e e [ et A i
Ve 123 132 142 147 1.36 grandiflorum (Raf.) shinn.) to the salinity of
L.S.D0.05 015 0.08 irrigation water. Ph.d dissertation. Al-Furat
] M Al-Awsat Technical University. Iraq.
Interaction M, 150 162 167 183 165 Alsahoeke, M. and K.M. Wahib (1990).
MxS M, 131 1.35 148 153 142 Applications in the Design and Analysis of
LS.D0.05 010 005 Agricultural Experiments. Ministry of Higher
The salinity of Education and Scientific Research of Irag, pp:
irrigation water (S) 140 148 158 1.68 480.
L.S.D 0.05 0.07

absorption of macronutrients (N, P, K) as well as the
development of the mechanism of transfer of sodium ions
to the vegetative total and prevent its accumulation inside
the cell (AL-Samerria and Rahi, 2006) This is positively
reflected in reducing the osmotic potential of plant cells
and improving cell membrane construction and increasing
its efficiency (Shekoofeh and Shahla. 2012; Smith and
Read. 2008). As well as its ability to stimulate the roots
of the plant to distinguish in the absorption of ions in soil
solution and thus make the probability of concentration
of sodium and chlorine within the levels tolerated by the
plant (Al-Hadithi, and AlSharef, 2015). As for the effect
of salt stress, the results of the same tables show that the
values of the indicators under consideration are decreasing
with increasing salinity levels of irrigation water This may
be due to the effect of salt stress on plant growth, as the
high salinity concentration in the medium of agriculture
causes confusion in the ion balance in plants as well as
unbalanced absorption of nutrients and then their impact
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