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ABSTRACT

The study was conducted in the nursery of the Horticulture Department, College of Agricultural Engineering
Sciences, Duhok University, Iraqg, during the period from 01 September 2024 to 01 June 2025 for the fall season
to investigate the response of three cold turf grass seeds mixtures included (1, 2 and 3) to two concentrations of
Salicylic acid (0 and 10 mg L) was spray every month after germination of seeds and different concentrations of
benzyl adenine (0, 100 and 200 mg I!) was spray two times. The experiment was performed by using Factorial
Experiment Randomized Complete Block design with three factors and three replications. The results explained
that the spray turf grass mixture with 10 mg L * of salicylic acid had a significant effect on plant density (210.19
plants 100 cm™), mowing number (2.67), cumulative dry weight of vegetative growth (25.20 g) and percentage of
carbohydrates in clipping yield (0.88%). The foliar sprayed of turf grasses mixture with benzyl adenine (BA) at
200 mg L* significantly superior than control and 100 mg L in total carbohydrates in clipping yield (0.89%),
whereas results at concentration of 100 mg L of BA caused significant increase in plant density (208.39 plants
100 cm?) as comparison with other concentration. As for turf grass mixtures noticed that mixture 1 was
significantly superior to two other mixtures in the pant density (218.78 plant 100 cm?, leaf area (2.64 cm?),
cumulative dry weight of vegetative growth (24.92 g) and root depth (21.03 cm), while mixture 3 was significantly
superior to other mixture in total carbohydrates in clipping yield (0.91).
Keywords: Cold season grass, Seeds mixture, Salicylic acid, benzyl adenine.
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INTRODUCTION

The cultivation of a seeds mixture of different species or cultivars instead one species and these mixes often give
satisfactory results as the cultivation of one species cannot continue throughout the year in giving the desired color,
and the choice of species for use in blends. The selection of species for use in blends is dependent on a variety of
factors, including tolerance to environmental conditions such as light or shade, high or low temperatures, excessive
irrigation or drought, etc., or selection based on the nature of the species growth, such as the formation of rhizomes or
stems stalking or growth in the form of bundles upright growth or creeping, or selection based on the life cycle [1 and
2]. [3] mentioned that when it is intended to stabilize turf grasses using seed mixtures, it is preferable to use a mixture
consisting of Poa pratensis L. seeds at a rate of 85% (based on weight) with Lolium perenne L. and at a rate of 15%,
especially when desired obtaining quick coverage of the place to be planted with turf grass.

Salicylic acid is considered a non-enzymatic growth regulator that plays an important role in increasing plant
resistance to various conditions and activating some important antioxidant enzymes [4]. Salicylic acid (SA) is due to
a wide range of plant phenols obtained from many plant sources and the starting compound for salicylic acid for its
production inside plants is cinnamon acid [5 and 6] and it is one of the plant hormones because of its physiological
roles in the growth of plants and the absorption of ions where it affects the movement of stomata and the production
of ethylene [7 and 8], It also works to accelerate the formation of chlorophyll and carotene pigments, accelerate
photosynthesis and increase the activity of some important enzymes [9]. Salicylic acid has received the attention of
scientists and researchers due to its link with the defense systems inside the plant against the stresses to which the
plant is exposed, particularly under conditions of salt stress, by reducing the production of oxidative systems and
reducing the damage caused by these free oxygen radicals [10].

Benzyl adenine (BA) which belongs to the cytokinin group, and is one of the most widely used and common cytokinin
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compounds because of its high bioactivity, persistence and long term storage potential [11]. Benzyl adenine has
recently been used as one of other sources that can maintain or increase the quality of various ornamental plants [12].
Applications of benzyl adenine have been shown to have effects on many other physiological and developmental
processes. Benzyl adenine can improve propagule yield of ornamental grasses propagated by divisions. Benzyl
adenine (BA) promoted branching of many dicotyledonous species [13, 14, 15, 16 and 17] and hosta (Hosta spp.), a
monocotyledonous species [18], and BA applications increased tillering in turf grasses [19 and 20].

The research aimed to investigate the response of three cold turf grasses seeds mixtures performance growth to
different concentrations of salicylic acid and benzyl adenine.

Materials and Methods

This study was carried out for the period from 01 September 2024 to 01 June 2025 for the fall season in Horticulture
Department nursery/College of Agriculture Engineering Sciences. The experiment was conducted to study the
response of three cold turf grass seeds mixtures included mixtures as shown in (Table 1) to two concentrations of
Salicylic acid (0 and 10 mg L) was spray every month after germination of seeds and different concentrations of
benzyl adenine (0, 100 and 200 mg I*) was spray two times intervals (first spray in fall season 15/10/2024 and second
spray in spring season 15/4/2025). The experiment was performed by using Factorial Experiment Randomized
Complete Block design with three factors; each treatment was replicated three times. The data has been analyzed by
using computer through the SAS program, and means comparison was done by Duncan’s Multiple Ranges Test under
5% which was claimed by [20]. The seeds were sown in plastic pots with dimensions 1 x 1 m and depth 40 cm were
filled with loam media with addition 1 liter of peat moss and 1 liter of perlite as experimental unit. The soil were
sterilized with Kriptanol-SL fungicide with concentration of 2 ml L™ at a rate 8 ml m avoid to infection the soil with
fungal diseases [21], then the seed mixtures were sown by hand in the pots at the rates shown in (Table 2) and has
practical coverage with thin layer of soil and then the soil of pots pressed by hand.

The study parameters are plant density (number of plants 100 cm), color degree, which measured monthly by
using card colors and given a measure degrees of color from (1-9): 1- yellow 3 — green yellowing 5- light green 7-
normal green 9- dark green, cumulative dry weight of vegetative growth (g) according to following equation:
cumulative dry weight = dry weight of the first mowing product (1) + dry weight of the second product (2) + ...x of
dry weight of mowing clipping, roots depth (cm), cumulative dry weight of roots (g) and total carbohydrates (% in
dry matter of clippings).

Table (1). Mixtures of seeds

Mixtures Mlli(ltgres Genera Cultivars Seeds ratio
Lolium perenne Barlancia 10%
Festuca arundinacea Barnoble 44%
Water saver 1
Festuca arundinacea Baronesse 36%
Poa pratensis Baranello 10%
Lolium perenne Barlancia 25%
Lolium perenne Barolando 25%
RPR 2
Lolium perenne Barlibro 35%
Lolium perenne Barprium 15%
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Poa pratensis Barimpala 15%

Poa pratensis Barserati 15%

Lolium perenne Amiata 10%

Resilient blue 3 Lolium perenne Barprium 15%
Festuca rubra comutata Staybo 15%

Festuca rubra rubra Barchip 15%

Festuca trachyphyla Hardtop 15%

Table (2). Germination percent (%), germination rate (days), number of seeds per gram and seeding rate (g.m?)

of used seed mixtures.

Mi Germination Germination rate Number of seeds Seeding rate
ixtures -2
percent (%) (days) per gram (gm?)
1 80 17 287 40
P 88 6 564 30
3 84 14 797 35

Results and Discussions
1. Plant density (plant 100 cm?)

The results in Table (3) clarified that salicylic acid (SA) had a significant effect on the plant density of turf grass
mixtures, the spray turf grass with 10 mg L™ gave significantly higher plants density in experimental units reached
(210.19) plants 100 cm2 while the least significant density 190.82 plants 100 cm2 was for control treatment (0 mg
L -1). Although there was a significant difference between plants sprayed with 100, 200 mg L™, and unsprayed with
benzyl adenine (BA), the highest density of plants 208.39 plants 100 cm™2 were obtained from those sprayed with
100 mg L%, while the least value (190.90) plants 100 cm was those sprayed with 200 mg L Also, significant were
shown among the Turf grass mixture in this trait, where the mixture 1 gave the highest values. (218.78) plants 100
cm? followed by mixture 2 (213.67) plants 100 cm2 was significantly superior to the 3 mixture 169.06 plants 100
cm?. Generally, the triple interaction among SA, BA and turf grass mixtures had a significant effect on the plant
density and the highest value 265.67 plants 100 cm?was for mixture 2 that were sprayed with 10 mgL-* of SA without
BA and the least value (153.67) plant 100 cm? was for mixture 3 sprayed with 10 mgL™* of SA and 200 mgL™ of BA.

Table (3). Effect of Salicylic acid and Benzyl adenine concentrations on the plant density (plant/100 cm?) of three

turf grasses seeds mixture.

Salicylic Benzyl Turf grass seeds mixtures T
; . Salicylic acid
acid adenine (mg 1 9 3 mean
(mg L) LY Benzyl adenine
0 222.33 ¢ 158.33 gh 169.33 fg mean
0 100 187.33 de 227.67 ¢ 172.00 fg 190.82 b
200 198.33d 194.67d 187.33 de
0 220.00 ¢ 265.67 a 177.67 ef 202.22 b
10 100 261.33 ab 247.67b 154.33 h 210.19a 208.39a
200 223.33¢ 188.00 de 153.67 h 190.90 ¢
Turf grass mixtures mean 218.78 a 213.67 a 169.06 b

Means with same letter for each factor and interactions are not significantly different at 5% level based on Duncan

Multiple Range Test.
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2. Leaf area (cm?)

The data in Table (4) indicated that there were no significant differences obtained among values of leaf area in
different uses of SA and BA concentrations. On the other hand, there were significant differences among different turf
grass mixtures in leaf area and the higher leaf area (2.64 and 2.59 cm?) were for 1 and 2 mixtures respectively, while
least area 1.41 cm? was for mixture 2. The interaction among SA, BA concentrations and turf grass mixtures had a
significant effect on leaf area, the highest leaf area (3.60 cm?) was obtained when spraying mixture 1 with 100 mg L
! of BA without SA.

Table (4). Effect of Salicylic acid and Benzyl adenine concentrations on the leaf area (cm?) of three turf grasses
seeds mixture.

Salicylic Benzyl Turf grass seeds mixtures salicvlic aci
; : alicylic acid
acid adenine (mg 1 9 3 mean
(mg LY LY Benzyl adenine
0 2.60Db 157¢c 2.61b mean
0 100 3.60a 153c 241b 2.30a
200 2.25b 1.38¢ 2.70b
0 259b 1l1llc 2.85b 222a
10 100 247b 134c 2.47b 2.13a 2.30a
200 2.33b 152c 2.51b 211a
Turf grass mixtures mean 2.64 a 141b 259 a

3. Mowing numbers

The results in Table (5) showed that the SA had appeared a significant effect in the number of mowing for turf
grass mixtures, the largest number of mowing (2.67) was recorded for turf grass sprayed with 10 mg L* of SA as
compared with unsprayed turf grass (2.37), but both of BA and turf grass mixtures had not appear any significant
effect on the number of mowing. The triple interactions among the factors indicated that unsprayed mixture 2 plants
with SA and BA, and sprayed same mixture with 10 mg L of SA and 200 mg L* of BA gave the highest number of
mowing (3.00) which significantly outperformed the other interactions, while the lowest number of mowing (2.00)
was recorded for the mixture 1 plants sprayed with 200 mg L of BA without spray with SA.

Table (5). Effect of Salicylic acid and Benzyl adenine concentrations on the mowing numbers of three turf grasses
seeds mixture.

Salicylic Benzyl Turf grass seeds mixtures

; . Salicylic acid
acid adenine (mg 1 9 3 mean
(mg L) LY Benzyl adenine
0 2.00b 3.00a 2.00b mean
0 100 2.33ab 2.67 ab 2.33ab 2.37b
200 2.00b 2.33ab 2.67ab
0 2.67 ab 2.67 ab 2.67 ab 250a
10 100 2.67 ab 2.67 ab 2.67 ab 2.67 a 2.56 a
200 2.67 ab 3.00a 2.33ab 250a
Turf grass mixtures mean 2.39a 2.72 a 244 a

4. Cumulative dry weight of clipping yield (g)

The results shown in Table (6) that the SA had a significant effect on the cumulative dry weight of turf grass
vegetative growth. The spraying of turf grass mixtures with 10 mg L™ of SA gave significantly high cumulative dry
weight of vegetative growth (25.20 g) in comparison with control treatment (22.65 g). Although the cumulative dry
weight of vegetative growth was increased with the increasing of BA but the differences between these values were
not significant. A significant variation in cumulative dry weight of vegetative growth was noticed among the different
turf grass mixtures, the highest weight (24.98 g) was for mixture 1 whereas the lowest values were for rest mixtures.
As for the triple interaction among the studied factors in this experiment, it was significant; the high cumulative dry
weight (27.63 g) was obtained from mixture 1 treated with 200 mg L of BA without spray of SA.
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Table (6). Effect of Salicylic acid and Benzyl adenine concentrations on the cumulative dry weight of clipping
yield (g) of three turf grasses seeds mixture.

Sallc_yllc Bgnzyl Turf grass seeds mixtures Salicylic acid
acid adenine (mg 1 2 3 mean
(mg LY LY Benzyl adenine
0 26.82 ab 22.92 d-f 24.66 a-e mean
0 100 26.13 a-c 25.51 a-d 23.50 c-f 22.65b
200 27.63 a 26.87 ab 22.71 d-f
0 22.73 d-f 21.00f 21.93 ef 23.35a
10 100 23.74 cf 24.48 b-e 22.78 d-f 2520 a 24.36 a
200 22.45 d-f 21.97 ef 22.79 d-f 24.07 a
Turf grass mixtures mean 24.92 a 23.79b 23.06 b

5. Roots depth (cm)

The results in Table (7) clarified that alone of SA and BA had not significant effect on the root depth of turf grass
mixtures A significant variation in roots depth was also noticed among different turf grass mixtures and the highest
depth (21.03 cm) was recorded in mixture 1 which was superior significantly to other mixtures. As for the interactions
effect among the three studied factors in this experiment, it was significant, the high roots depth (22.07 cm) obtained
from sprayed mixture 1 with 200 mg L* of BA without SA while the least depths (18.80 cm) was for non-sprayed of
mixture 3 with SA and treated with same concentration of BA.

Table (7). Effect of Salicylic acid and Benzyl adenine concentrations on the roots depth (cm) of three turf grasses
seeds mixture.

Salicylic Benzyl Turf grass seeds mixtures

acid adenine (mg 1 ) 5 Sall(r:%/é;cnamd
(mg L™ LY Benzyl adenine
0 21.00 a-c 19.10 cd 19.53 b-d mean
0 100 20.87 a-d 20.73 a-d 21.40 ab 20.39a
200 22.07 a 20.00 a-d 18.80d
0 20.53 a-d 19.90 a-d 20.23 a-d 20.05a
10 100 21.60 ab 19.90 a-d 20.47 a-d 20.45a 20.83a
200 20.13 a-d 20.73 a-d 20.57 a-d 20.38a
Turf grass mixtures mean 21.03 a 20.06 b 20.17 b

6. Roots dry weight (g 100 cm?)

The results in Table (8) clarified that salicylic acid (SA), benzyl adenine (BA) and different turf grass mixtures
had not any significant effect on the dry weight of turf grass mixtures roots. Generally, the triple interaction
among SA, BA and turf grass mixtures had a significant effect on dry weight of turf grass mixtures roots and the
highest value (9.99 g) was for mixture 2 that were sprayed with 10 mg L of SA and 200 mg L* of BA and the
least value (6.41 g) was for mixture 1 sprayed with the same concentration of SA and BA.

Table (8). Effect of Salicylic acid and Benzyl adenine concentrations on the roots dry weight (g 100 cm) of three
turf grasses seeds mixture.

Salicylic Benzyl Turf grass seeds mixtures

; : Salicylic acid
acid adenine (mg 1 9 3 mean
(mg L) LY Benzyl adenine
0 7.31cd 6.78 cd 7.07 cd mean
0 100 7.66 b-d 6.67 cd 7.16 cd 7.42a
200 6.62 cd 8.63b 6.70 cd
0 8.58b 6.65 cd 7.07 cd 7.24a
10 100 6.80 cd 6.44 d 7.89 be 7.18a 7.10a
200 6.41d 9.99a 6.94 cd 7.55a
Turf grass mixtures mean 7.23 a 7.53 a 7.14 a
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7. Total carbohydrates in leaves (%)

It can be seen from Table (9) that SA had significant effect on the total carbohydrates percentage of different
turf grass mixture, the spray turf grass mixture with 10 mg L of SA gave significantly higher percentage (0.88%)
than control treatment (0.82%). By increasing BA concentrations led to a significant increase in the total
carbohydrates percentage in turf grass mixture reached to 0.89%, 0.86% and 0.81 for 200, 100 and 0 mg L™ of BA
respectively. Also significant differences appeared among turf grass mixture in its content of carbohydrates; the
highest value (0.91%) was for resilient blue mixture while the least value 0.82 and 0.83% were for mixture 2 and 3
respectively. On other hand, the results of interaction among factors studied in this experiment indicated a
significantly higher percentage of total carbohydrates (1.31%) were found in unsprayed mixture 3 with SA and BA,
while these values decreased to (0.52%) in same mixture sprayed with 10 mg L of SA without BA.

Table (9). Effect of Salicylic acid and Benzyl adenine concentrations on the total carbohydrates in leaves (%) of
three turf grasses seeds mixture.

Sallc_yllc Bgnzyl Turf grass seeds mixtures Salicylic acid
acid adenine (mg 1 9 3 mean
(mg L) LY Benzyl adenine
0 0.96 cd 131la 0.83 ef mean
0 100 081f 0.66 hi 0.71gh 0.82b
200 0.59ij 0.75fg 0.80f
0 0.75fg 0.52] 0.80 f 0.81b
10 100 0.89 de 0.62i 1.19b 0.88a 0.86 a
200 0.98c 1.03c 1.16b 0.89a
Turf grass mixtures mean 0.83b 0.82b 091a

It can be shown in Tables (3, 5, 6, and 9) during the study that the spray turf grass mixture with 10 mg L * of
salicylic acid had a significant effect on plant density, mowing number, cumulative dry weight of vegetative growth
and percentage of carbohydrates in clipping yield, these results agree with [23] indicated that the SA significantly
increased photosynthesis and growth in wheat and mung bean, also agree with what was presented by [24] were
conducted study in order to investigate the morphological and physiological responses of vetiver grass (Chrysopogon
zizanioides L. Roberty), to salicylic acid application at concentrations (0, 1 and 2 mili Molar) Salicylic acid applied 2
mili Molar through foliar spray weekly had a better result and plants in this treatment had higher shoot dry weight and
proline. Also, the results are similar to those reported by [25] show that 0.5 mm SA enhanced dry weight of root, shoot
and nodule in chickpea. These results may be attributed to the role of salicylic acid, which is important in improving
physiological processes and thus increasing the plant ability to absorb water and nutrients, which in turn improves
plant growth. Or the results may be show the positive role of salicylic acid in increasing vegetative growth
characteristics in line with the increase in concentrations. This may be due to the role played by salicylic acid in cell
division and elongation due to the interaction between auxin and phenol [26]. Or the treatment with salicylic acid
works to stimulate the plant to produce hormones such as auxin and cytokinin and prevent their oxidation [27 and 28].
The increase in vegetative growth may be attributed to the role of salicylic acid in maintaining the levels of auxins in
plant tissues, which play a role in the continuation of cell division and elongation [29]. The reason for the increase in
the number of buds is due to the effect of salicylic acid, salicylic acid plays a vital role in the regulation of physiological
and chemical processes in plants which lead to an increase in the number of buds in the plant [30].

Results in Table (3) clarified that the concentration 100 mg L™ of BA caused significant increase in plant
density as comparison with other concentration, whereas results in Table (9) refer that the sprayed plants with 200 mg
L of benzyl adenine (BA) was significantly superior than control and 100 mg L in total carbohydrates in clipping
yield. These findings are consistent with those reported by [31] carried out an experiment to study the effects of benzyl
adenine on the morphological behavior of Asiatic lilies. that the plants treated with BA @ 150 ppm had the largest
basal stem diameter (18.06), the shortest plant height (36.72 cm), leaf length (7.11 cm), and leaf number (29.33). also
agree with [32] showed in their study on the effect of benzyl adenine on the content of non-total structural
carbohydrates and water-soluble carbohydrates of tall fescue leaves (Festuca arundinacea Scherb.) that application
of 50 uM benzyl adenine significantly improved photosynthesis and reduced further starch degradation and its
conversion to fructose, glucose and sucrose, thereby preserving the plant's carbohydrate resources.. Benzyl adenine is
one of the most effective synthetic growth regulators than any other natural cytokinin [33] such as zeatin and kinetin
because it has a benzene ring in the side chain linked to the double bond in the side chain [34], affects the activation
of enzymes necessary for vital reactions and increases the construction of chlorophyll and proteins, thus delaying the
aging of leaves and increasing the transfer of nutrients to the active tissues and their metabolism [35]. Application of
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benzyl adenine have been shown to have effects on many other physiological and developmental processes, including
leaf senescence, leaf chlorosis, delaying senescence of cutCarnation by inhibiting ethylene biosynthesis [36], nutrient
of mobilization, apical dominance, the formation and activity shoot apical meristems [37].

The results in Tables (3, 4, 6 and 7) showed that water saver mixture was significantly superior to other mixtures
in the pant density, leaf area, cumulative dry weight of vegetative growth and root depth. While resilient blue mixture
was significantly superior to other mixture in total carbohydrates in clipping yield as in Table (12). It is evident from
the above Tables that there are clear significant differences in the response and growth of the different mixtures. The
variations between the mixtures can be explained either by the mixtures containing different types in their quality and
quantity, which led to their genetic variation and thus the occurrence of variation in their performance and growth in
general. Selecting different species and mixtures of species is one of the keys to maintaining turf grasses; this is
because some species persist due to their capacity to grow in low light conditions, while others do so due to their
tolerance to high or low heat and others due to their resistance to disease. One of the most crucial elements in keeping
grass intact is weed control [38]. These results agree with [39] concluded in study of various mixtures of cool-season
grass seeds on the characteristics of garden lawns in South Africa that the mixture consisting of 50% red fescue
(Festuca rubra var. Harld) and 50% perennial ryegrass (Lolium perenne L. cv. citadel) produced the highest plant
height, plant density, dry weight of the clipping yield. This result is consistent with what [40] found when they studied
the compatibility of Kentucky bluegrass (KB), perennial ryegrass (PR), and tall fescue (TF) for planting as mixtures
in Mexico State, they found that the mixture consisting of Kentucky bluegrass and tall fescue or tall fescue alone was
of high quality and gave the highest values for plant density compared to the other two mixtures. The reason for the
superiority of the mixture 1 can be attributed to the fact that this mixture contains a large percentage of tall fescue
seeds, which is 80%, compared to the other two mixtures, which contained a lower percentage of this grass seeds. It
is considered a cool-season grass, as it is characterized by its high ability to grow vigorously and produce a large group
of leaves that enables it to adapt under poor environmental conditions such as high humidity, severe drought, and lack
of nutrients, thus producing a dense turf, while the mixture 2 contains a large percentage, which is 100%, of perennial
ryegrass seeds. The mixture 3 contains 25% perennial ryegrass seeds, 30% poa grass seeds, and 45% red grass seeds,
which cannot survive and withstand high temperatures unless sufficient water is available, they cannot survive for a
long time, so they produce a weak and distant turf [41 and 42].

Conclusions

This research concluded that the salicylic acid at concentration 10 mg L™ had a significant effect on plant density,
mowing number, cumulative dry weight of vegetative growth and percentage of carbohydrates in clipping yield. Spray
turf grass with benzyl adenine (BA) at 200 mg L™ significantly superior than control and 100 mg L™ in total
carbohydrates in clipping yield of turf grass mixtures, whereas results at concentration of 100 mg L of BA caused
significant increase in plant density as comparison with other concentrations. As for turf grass mixtures noticed that
mixture 1 was significantly superior to other mixtures in the pant density, leaf area, cumulative dry weight of
vegetative growth, root depth and percentage of total carbohydrates in clipping yield, while mixture 3 was significantly
superior to other mixture in total carbohydrates in clipping yield. The interactions among the studied factors indicate
that the spray of mixture 1 with 10 mg L™ of salicylic acid (SA) and 200 mg L™t of benzyl adenine (BA) resulted in
a significant increase in cumulative dry weight of vegetative growth and root dry weight. Wears the spray of mixture
1 with 200 mg L™t of BA without SA resulted significant increase in cumulative dry weight of vegetative growth,
roots depth and decrease mowing numbers. From the results of this study, we recommend use salicylic acid at
concentration 10 mg L and BA with mixture 3 to benefit from them in obtaining a good turf grass mixture and to
improve its growth and performance.
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