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Abstract

This study aimed to investigate the impact of various fertilization methods and doses on the growth, flowering, and chemical composition
of Iris tingitana cv. Wedgewood plants. The research aimed to address challenges hindering Iris plant development and bulb production,
ultimately striving to cultivate high-quality plants suitable for Egyptian conditions. Conducted over two seasons (2021-2022 and 2022-
2023) at the Horticulture Research Institute’s nursery of the Agriculture Research Center in Giza, Egypt, the experiment followed a
factorial design with a randomized complete design (RCD) and three replicates. Results revealed that plants treated with 5 g/pot of
phosphorein and 2 g/pot of kristalon, with irrigation intervals every 10 days after sowing (DAS), exhibited superior growth parameters.
These included increased vegetative growth in terms of height, stem length, number of leaves per plant, fresh weight of cut spikes,
diameter of the spike stem, and earliest flowering compared to other treatments across both seasons. Conversely, the application of
2 g/pot of kristalon and nitrobine, combined with irrigation intervals every 10 DAS, ranked second in enhancing plant growth and

flowering characteristics in both seasons.
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Introduction

Iris, a perennial bulbous or rhizomatous plant, belongs to the
Iridaceae family and comprises about 200 species native to cooler
regions. Renowned for their brilliant and magnificent flowers,
irises have become popular ornamental plants in gardens and
parks. The unique mauve coloring of Iris flowers has significantly
boosted their demand in both domestic and international markets,
establishing a substantial economic value. Irises are widely used
for various decorative purposes, including cut flower production,
rock gardens, water gardens, and alpine homes, and they also
possess medicinal properties (Wilson, 2011; Atwa et al., 2023).

The Iris tingitana cultivar Wedgewood is particularly valued
for its aesthetic appeal and export potential. However, under
Egyptian conditions, there has been an annual decline in bulb
yield, necessitating imports from the Netherlands. To address
this issue, it is crucial to explore factors that can enhance local
production of high-yielding, quality bulbs.

Insufficient fertilization is a major challenge in iris cultivation,
leading to hindered growth and increased plant mortality.
Although chemical fertilizers such as nitrogen (N), phosphorus
(P), and potassium (K) improved plant output in the 1970s, their
unbalanced use has resulted in soil health problems, nutrient
deficiencies, loss of microbial activity, and reduced fertility,

ultimately affecting crop yields (Singh et al., 2017; Abdel-Said
etal., 2018).

Biofertilizers, including phosphate-solubilizing bacteria
and azola, are increasingly used in sustainable agriculture
due to their low cost and positive impact on plant health
and productivity. Phosphate-solubilizing microorganisms
(PSM) like bacteria enhance soil biological integrity, reduce
environmental contamination, aid plant water absorption,
improve nutrient cycles, and enhance photosynthetic mechanisms.
Phosphorein and nitrobine are two widely used biofertilizers,
with nitrobine containing non-symbiotic nitrogen-fixing bacteria
and phosphorein containing Bacillus megatherium bacteria.
These bacteria provide beneficial phosphorus for plant growth,
boosting iris production and quality. Several studies have shown
the positive effects of biofertilizers on Iris output, supporting the
conclusion that biofertilizers enhance iris production and quality
(Abdel-Wahab, 2013; Mohamed and Ghatas, 2016; Gomaa ef al.,
2018; Ghatas and Mohamed, 2020; Sarmah and Sarma, 2023).

Irrigation is equally crucial for plant growth, aiding in germination,
nutrient uptake and transport, and facilitating biological processes.
It helps maintain plant turgidity and supports photosynthesis,
which sustains plant life. The timing and frequency of irrigation
vary depending on the type and needs of the plants (Bostan et
al.,2014).
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This research aims to investigate the effects of chemical and bio-
fertilizer combinations and optimized irrigation intervals on the
productivity of L. tingitana cv. Wedgewood plants. By integrating
these approaches, we aim to enhance the yield and quality of
locally produced iris bulbs, reducing the need for imports and
supporting sustainable agricultural practices.

Materials and methods

This outdoor experimental research was conducted at the
nursery of the Horticulture Research Institute, Agriculture
Research Center, Giza, Egypt, during two successive seasons
(2021/2022 and 2022/2023). The study focused on Iris tingitana
cv. Wedgewood to prolong the flowering season and improve
flower quality.

Treatments and Application: The experiment evaluated the
individual and combined effects of different irrigation intervals
(5, 10, and 15 days after sowing - DAS) and various fertilizers
applied to the bulbs. The fertilizers used were Kristalon at 2
g/pot, Phosphorein at 5 g/pot, and Nitrobine at 5 g/pot. These
fertilizers were applied as soil dressings and were sourced from
the Agriculture Research Center. The applications were performed
three times at 30-day intervals starting from September 15th at 9
A M. during both seasons.

Plant Materials: Uniformly sized mother bulbs of Iris (8-9 cm
in circumference) were selected for planting on May 15th of both
seasons. Each bulb was planted at a depth of 5-6 cm in PVC pots
(50 cm in diameter) filled with a growing medium composed of
sand, clay, and compost in a 2:1:1 ratio by volume. The chemical
characteristics of the growing medium are shown in Table 1.

Experimental description: In both seasons, the bulbs were
harvested on May 15th. After cleaning and inspection, bulbs
with a diameter of 8-9 cm were selected and stored at room
temperature (26-28 = 3 °C) from May until October. One month
after planting (October 15th), the bulbs were divided into three
groups corresponding to the irrigation interval treatments (5,
10, and 15 DAS). Each group was further divided into four
sets to investigate the effects of different soil amendments:
Kristalon alone, Kristalon + Phosphorein, Kristalon + Nitrobine,
and untreated control. Regular agricultural practices such as
weeding and watering were performed as needed throughout the
experiment.

Biofertilizers: Phosphorein and nitrobine were the two
biofertilizers used. Two non-symbiotic nitrogen-fixing bacteria are
present in Nitrobine, Azospirillum barasilense and Azotobacter
chroococcum, which are found in vermiculite, peat moss, and
plant charcoal, respectively. The growing media in each pot
received three equal amounts of five grams of biofertilizer. The
first dosage was applied before bulb planting; the second and
third doses were applied one month later, before blooming at 9
AM, beginning on September 15" as a part of routine care in both
seasons. The Department of Microbiology of the Soil, Water, and

Table 2. Chemical analysis of the used compost.

Parameter Value
pH 6.54
E.C (ds/m) 1.23
O.M (%) 12.90
0.C (%) 723
C/N ratio 1225
N % 0.59
P% 0.22
K% 1.76

Environment Research Institute, ARC, Giza, Egypt, graciously
provided the bacteria preparations.

Chemical fertilizer: The kristalon analysis: N 20 %, P2Os 20
%, K20 20 %; EC= 0.9 dS/m. Throughout the growing season,
kristalon was applied to the soil at 2.0 g/pot/ three times monthly.
After two weeks of planting bulbs, the first addition was applied.
The control treatments were without chemical and biofertilizer
inoculation.

Experimental layout: The design of the experiment was planned
to provide a factorial experiment in randomized complete blocks.
The study contained 12 treatments (3 irrigation intervals x 4 rates
of fertilization) with three replicates. The treatments (biofertilizer
and mineral) were the main plots, and the irrigation interval
treatments were the subplots. In each replicate, there were 5
pots. On May 30" the study was finished during the two seasons.

Morphological measurements: During the growth of Iris plants,
the following morphological determinations were performed:
Plant height (cm) and number of leaves/plant at the flowering
stage. The following flowering characteristics were measured
during each growing season: number of days from the date of
planting to flowering (days), fresh weight of flowers per plant (g),
tspike stem length (cm), and spike diameter (mm) flowering date,
spike stem length (cm), and diameter(mm), bulb fresh weight,
bulb circumference (cm), bulblet fresh weight (g).

Chemical analysis
During each growing season at the flower bud initiation stage,
the following analyses were performed:

Pigments: Chlorophyll a, b, (mg/100 g fresh weight) of the fresh
leaves of Iris plants were assessed according to Moran (1982).

Total carbohydrate: In new bulbs, total carbohydrates were
determined using the colorimetric method described by Dubois
et al. (1956).

Macro-nutrients: Chemical analyses of nitrogen, phosphorus,
and potassium were conducted in oven-dry leaves (dried at 60 °C
for 72 hr) to estimate N, P, and K (%), according to the method
of Westerman (1990).

Table 1. Analyses of some physical chemicals and characteristics of the growing media used in the plantation (Page et al., 1982)

Soil Particle size distribution (%) S.P E.C pH Cations (meq/L) Anions (meq/L)

WP “Coarse Finesand  Silt  Clay (ds/m) Ca©  Mg® Na K HCO;y CI  SO4-
sand

Sand 89.03 2.05 3.40 5.52 25.00 1.75 7.33 5.11 1.08 5.20 1.34 1.96 7.99 1.78

Clay 7.54 2228  31.11  39.63  40.00 1.97 7.80 4.96 3.10 10.64 1.09 1.02 1.32 7.45

Texture: Sandy clay
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Statistical analysis: Data were arranged and subjected to analysis
of variance as a factorial experiment using MSTAT statistical
software (1985) and means of treatments were compared by
LSD ata 5% level as indicated by Snedecor and Cochran (1980).

Results

Vegetative growth: It is clear from the data (Table 3) that the
superiority of growing bulbs was at 10 DAS irrigation intervals
that elevated vegetative growth, height and number of leaves per
plant at the flowering time followed by 5 and 15 DAS irrigation
intervals during both seasons. Treating plants with phosphorein
and kristalon achieved the highest increase in vegetative growth
height and number of leaves per plant followed by plants treated
with nitrobine and kristalon while the least one was noticed for
untreated bulbs during both seasons. The interactions among
soil additives and irrigation intervals realized the prevalence
of growing bulbs at 10 DAS irrigation intervals by applying
phosphorin and kristalon. This treatment elevated the height of
vegetative growth at the flowering time and number of leaves/

plant in both seasons. On the contrary, undesirable effects were
recorded on such traits at 15 DAS irrigation intervals. The plant
experienced water deficit stress during the 15-day watering
interval, which may have contributed to the poor performance. In
contrast, the best outcomes of a 10-day irrigation interval interval
may be attributed to the suitable water amount, which helped
good aeration and proper nutrient uptake. Our study found that
biofertilizers, combined with mineral fertilizers, enhanced plant
growth by increasing phosphorus availability in soil, potentially
boosting nitrogen fixation and increasing vegetative growth.

Flowering: Data on the effect of different irrigation intervals
and soil additives on some flowering traits of /. tingitana
cv. Wedgewood presented in Tables 4 and 5 showed that the
interaction between phosphorein, kristalon, and (10 DAS)
irrigation intervals recorded the highest values in most treatments.
Combining phosphorin and kristalon positively impacts the
number of days to flowering and spike stem length compared
to control in both seasons. Meanwhile, the second rank for
improving these raits was occupied by treating plants with

Table 3. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on plant height (cm.) and no. of leaves/ plant of 1. tingitana cv.

Wedgewood in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Plant height (cm.) No. of leaves/ plant

Control Kristalon  Kristalon+ Kristalont  Mean B Control Kristalon  Kristalon+ Kristalont Mean B

nitrobine  phosphorein nitrobine  phosphorein

Season 1
5 63.12 69.12 74.14 78.25 71.16 6.12 6.21 6.32 6.52 6.29
10 69.11 73.12 76.15 82.12 75.13 6.53 6.71 6.91 7.12 6.82
15 60.2 67.11 70.11 75.11 68.13 522 542 5.51 6.42 5.64
Mean A 64.14 69.78 73.47 78.49 5.96 6.11 6.25 6.69
CD (P=0.05): A=2.256 B=3.45 AxB=5.763 CD (P=0.05): A=2.256 B=3.452 AxB=5.763
Season 2
5 65.56 70.9 76.14 79.44 73.01 6.2 6.3 6.5 6.7 6.43
10 68.12 75.14 78.3 83.56 76.28 6.5 6.8 7.1 7.3 6.93
15 62.12 68.1 72.17 76.34 69.68 5.1 5.5 6.4 6.6 5.9
Mean A 65.26 71.39 75.54 79.78 593 6.2 6.67 6.87

CD (P=0.05): A=2.465 B=3.457 AxB=5.234 CD (P=0.05): A=2.465 B=3.457 AxB=5.234

Table 4. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on the number of days flowering and Spike stem length of .
tingitana cv. Wedgewood in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Number of days to flowering Spike stem length (cm)

Control Kristalon  Kristalon+ Kristalon+  Mean B Control Kristalon  Kristalon+ Kristalon+  Mean B

nitrobine  phosphorein nitrobine  phosphorein

Season 1
5 142.1 138.6 136.7 135.13 138.13 46.34 53.1 60.12 63.13 55.67
10 139.1 137.2 134.41 132.22 135.73 47.13 57.14 64.87 66.89 59.01
15 145.11 140.5 139.1 137.1 140.45 40.13 51.12 57.14 64.14 53.13
Mean A 142.1 138.77 136.74 134.82 44.53 53.79 60.71 64.72
CD (P=0.05): A=2.423 B=3.365 AxB=5.456 CD (P=0.05): A=1.523 B=1.835 AxB=3.058
Season 2
5 140.91 137.12 138.12 137.61 138.44 47.23 54.23 62.12 66.14 57.43
10 138.12 136.2 135.45 135.45 136.31 48.23 59.9 66.12 68.12 60.59
15 138.12 140.11 139.26 139.26 139.19 42.13 53.12 58.21 66.15 54.9
Mean A 139.05 137.81 137.61 137.61 45.86 55.75 62.15 66.8
CD (P=0.05): A=2.523 B=3.876 AxB=5.244 CD (P=0.05): A=1.725 B=2.018 AxB=3.550
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Table 5. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on fresh weight of cut spike (g.) and spike stem diameter (mm.)
of I tingitana cv. Wedgewood in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Fresh weight of cut spike (g) Spike stem diameter (mm)
Control Kristalon  Kristalon+ Kristalon+  Mean B Control Kristalon  Kristalon+ Kristalon+  Mean B
nitrobine  phosphorein nitrobine  phosphorein
Season 1
5 24.33 28.11 30.11 36.11 29.67 0.66 0.71 0.73 0.75 0.71
10 27.1 30.14 33.12 39.14 32.38 0.7 0.72 0.75 0.78 0.74
15 23.11 24.67 28.11 29.13 26.26 0.63 0.65 0.68 0.7 0.67
Mean A 24.85 27.64 30.45 34.79 0.66 0.69 0.72 0.74
CD (P=0.05): A=1.342 B=2.128 AxB=3.568 CD (P=0.05): A=0.021 B=0.063 AxB=0.171
Season 2
5 27.33 28.11 34.15 36.2 31.45 0.72 0.73 0.76 0.79 0.75
10 29.15 31.5 36.2 39.15 34 0.74 0.77 0.78 0.81 0.78
15 25.14 26.14 29.1 34.12 28.63 0.68 0.71 0.75 0.78 0.73
Mean A 27.21 28.58 33.15 36.49 0.71 0.74 0.76 0.79

CD (P=0.05): A=1.432 B=2.783 AxB=3.234

CD (P=0.05): A=0.043 B=0.075 AxB=0.127

nitrobine and kristalon.

Bulb and bulblets parameters: In our research, the use
of biofertilizers in addition to mineral fertilizers resulted in
significantly better results on bulb and bulblets parameters.
It is evident from data (Tables 6 and 7) that positive effects
were detected on the number of bulbs per pot (bulbs yield),
fresh weight, and circumference of new bulbs due to applying
phosphorin, kristalon, and irrigation interval of 10 DAS as
compared to control in both seasons. Meanwhile, plants treated
with nitrobine, kristalon, and irrigation interval of 10 DAS
attained the second position for some bulbs and bulblets traits of
L tingitana cv. Wedgewood.

Chemical constituents of plants: The data in Tables (8, 9 and
10) showed the highest values in most treatments as compared
with control in both seasons. The increase in all macro elements
in Iris plants may be due to the stimulatory influence of the

interaction between phosphorein, kristalon, and 10 DAS irrigation
interval on the vegetative growth and flowering as mentioned
before.

Discussion

The observed increase in vegetative growth characteristics, such
as plant height and the number of leaves, can be attributed to
the interaction between phosphorein, kristalon, and the 10 DAS
irrigation intervals. The enhanced vegetative growth parameters
are likely influenced by the N, P, and K content of Kristalon.
Nitrogen is essential for protein formation, contributing to cell
enlargement and division, while phosphorus is crucial for energy
production in physiological processes, such as protein synthesis
via adenosine triphosphate (ATP). Phosphate also activates
enzymes, enhancing metabolism and cell formation, and regulates
various enzymatic processes in plants. Additionally, potassium
plays a significant role in plant metabolism.

Table 6. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on number of bulbs and fresh weight of bulbs (g.) of 1. tingitana

cv. Wedgewood in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Number of bulbs Fresh weight of bulbs (g.)

Control Kristalon  Kristalon+ Kristalont ~ Mean B Control Kristalon  Kristalon + Kristalont ~ Mean B

nitrobine  phosphorein nitrobine  phosphorein

Season 1
5 2.17 3.01 3.24 4.20 3.16 4.53 6.25 7.2 8.2 6.55
10 2.3 3.04 3.5 4.50 3.34 5.40 6.50 7.14 8.24 6.82
15 2.13 2.70 3.14 3.09 2.77 4.13 5.14 7.03 8.11 6.10
Mean A 2.92 3.29 3.93 4.69 5.96 7.12 8.18
CD (P=0.05): A=1.465 B=1.234 AxB=3.567 CD (P=0.05): A=1.440 B=2.258 AxB=03.515
Season 2
5 2.35 3.78 3.60 4.62 3.59 6.10 6.30 7.25 8.31 6.99
10 3.15 4.18 4.12 4.69 4.04 6.22 6.53 7.31 8.34 7.10
15 2.25 2.88 3.55 3.52 3.05 5.40 6.2 7.14 8.15 6.72
Mean A 2.58 3.61 3.76 4.28 591 6.34 7.23 8.27

CD (P=0.05): A=1.404 B=1.811 AxB=3.245

CD (P=0.05): A=1.525 B=2.334 AxB=3.420
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Table 7. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on bulb circumference (cm.) and fresh weight of bulblet (g.) of
L tingitana cv. Wedgewood in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Bulb circumference (cm) Fresh weight of bulblet (g.)
Control Kristalon  Kristalon+ Kristalon+  Mean B Control Kristalon  Kristalon+ Kristalont+  Mean B
nitrobine  phosphorein nitrobine  phosphorein
Season 1
5 5.14 7.14 7.35 7.43 6.77 0.73 1.56 1.78 1.81 1.47
10 5.61 7.2 7.45 7.55 6.95 0.79 1.89 1.85 1.89 1.61
15 5 6.67 7.1 7 6.44 0.7 1.38 1.67 1.77 1.38
Mean A 5.25 7 7.3 7.33 0.74 1.61 1.77 1.82
CD (P=0.05): A=0.214 B=0.577 AxB=1.278 CD (P=0.05): A= 1.440 B=2.258 AxB=03.515
Season 2
5 5.1 7.2 7.39 7.46 6.79 0.73 1.51 1.75 1.87 1.47
10 5.5 7.25 7.35 7.58 6.92 0.79 1.67 1.89 1.92 1.57
15 5.16 6.69 7.19 7 6.51 0.84 1.9 1.93 1.95 1.66
Mean A 5.25 7.05 7.31 7.35 0.79 1.69 1.86 1.91
CD (P=0.05): A=0.299 B=0.612 AxB=1.42 CD (P=0.05): A=0.65B=0.563AxB=1.127

Table 8. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on chlorophyll a and b (mg/g f.w.) of L. tingitana cv. Wedgewood
in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Chlorophyll a (mg/g f.w.) Chlorophyll b ( mg/g f.w.)
Control Kristalon Kristalon + Kristalon+  Mean B Control Kristalon Kristalon+ Kristalont Mean B
nitrobine  phosphorein nitrobine phosphorein
Season 1
5 0.71 0.73 0.75 0.78 0.74 0.45 0.46 0.47 0.49 0.47
10 0.74 0.75 0.79 0.82 0.78 0.46 0.48 0.5 0.52 0.49
15 0.75 0.76 0.84 0.85 0.8 0.4 0.43 0.45 0.46 0.44
Mean A 0.73 0.75 0.79 0.82 0.44 0.46 0.47 0.49
CD (P=0.05): A=0.135 B=0.252 AxB=0.309 CD (P=0.05): A=0.339 B=0.294 AxB=0.588
Season 2
5 0.74 0.75 0.77 0.82 0.77 0.43 0.48 0.49 0.51 0.48
10 0.75 0.83 0.84 0.86 0.82 0.45 0.49 0.52 0.56 0.51
15 0.78 0.86 0.87 0.89 0.85 0.44 0.45 0.47 0.48 0.46
Mean A 0.76 0.81 0.83 0.86 0.44 0.47 0.49 0.52
CD (P=0.05): A=0.150 B=0.278 AxB=0.351 CD (P=0.05): A=0.238 B=0.243 AxB=0.411

Table 9. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on nitrogen % and phosphorus (%) of 1. tingitana cv. Wedgewood
in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Nitrogen % Phosphorus (%)

Control Kristalon Kristalon+ Kristalont  Mean B Control Kristalon  Kristalon+ Kristalont Mean B

nitrobine  phosphorein nitrobine  phosphorein

Season 1
5 1.67 1.86 1.98 2.1 1.9 0.27 0.32 0.34 0.36 0.32
10 1.8 1.92 2.06 2.15 1.98 0.28 0.33 0.34 0.37 0.33
15 1.56 1.79 1.87 1.96 1.8 0.25 0.27 0.29 0.32 0.28
Mean A 1.68 1.86 1.97 2.07 0.27 0.31 0.32 0.35
CD (P=0.05): A=0.0318 B=0.0446  AxB=0.0789 CD (P=0.05): A=0.0328 B=0.0504 AxB=10.0734
Season 2
5 1.69 1.87 1.93 2.14 1.91 0.26 0.31 0.33 0.36 0.32
10 1.82 1.94 2.04 2.16 1.99 0.29 0.34 0.35 0.38 0.34
15 1.58 1.82 1.89 2 1.82 0.26 0.29 0.3 0.34 0.3
Mean A 1.7 1.88 1.95 2.1 0.28 0.31 0.33 0.36
CD (P=0.05): A=0.0350 B=0.071 AxB=0.0734 CD (P=0.05): A=0.0398 B=0.0561 AxB= 0.0845
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Table 10. Effect of chemical, bio-fertilizers, irrigation intervals, and their interaction on potassium % and total carbohydrates (%) of 1. tingitana cv.
Wedgewood in the two seasons (2021-2022 and 2022-2023)

Irrigation Soil additive (B)
(A) Potassium % Total carbohydrates (%)

Control Kristalon Kristalon + Kristalon+  Mean B Control Kristalon Kristalon + Kristalont Mean B

nitrobine  phosphorein nitrobine  phosphorein

Season 1
5 1.17 1.41 1.64 2.22 1.61 18.1 18.43 19.98 20.78 19.32
10 12 1.43 1.74 2.14 1.63 18.56 19.76 20.14 20.94 19.85
15 1.15 1.38 1.39 2.11 1.51 16.08 18.2 19.15 20.64 18.52
Mean A 1.17 1.41 1.59 2.16 17.58 18.8 19.76 20.79
CD (P=0.05): A=0.125 B=0.298 AxB=0.322 CD (P=0.05): A=1.799 B=2.767 AxB=4.025
Season 2
5 1.53 1.59 1.68 2.24 1.76 18.33 19.1 20.15 20.66 19.56
10 1.67 1.56 1.78 2.36 1.84 18.41 19.43 20.5 20.7 19.76
15 1.26 1.41 1.45 2.15 1.57 17.17 18.3 19.45 20.66 18.9
Mean A 1.49 1.52 1.64 2.25 17.97 18.94 20.03 20.67
CD (P=0.05): A=0.189 B=0.309 AxB= 0.453 CD (P=0.05): A=1.908 B=2.891 AxB=4.792
The combination of biofertilizers and chemical fertilizers has the use of biochemical fertilizers, which play a crucial role in
shown positive effects on plant growth, primarily by increasing the production of auxins that increase cell division and pigment
phosphorus availability in the soil and potentially enhancing total content in leaves. These results are in good harmony with those
nitrogen fixation. Phosphate-solubilizing (PS) bacteria support of Gomaa et al. (2018) on Hibiscus sabdariffa L. Current research
plant growth by improving the efficiency of biological nitrogen on iris plants revealed that all macro elements may be stimulated
fixation, which increases the availability of other trace elements, by the applied Phosphorein, Kristalon, and 10 DAS irrigation
such as iron and zinc, and produces phytohormones. These results interval on vegetative growth and flowering, as mentioned earlier.
corroborate the findings of Bostan ef al. (2014) on Amaryllis, Abdel-Said et al. (2018) demonstrated that in both seasons, all
Mansour ef al. (2015) on Gladiolus, and Sathyanarayana et al. biofertilizer treatments improved nitrogen (N) buildup in leaves
(2017) on flower crops. relative to the control. Additionally, Abdel-Said et al. (2019)

found that Lilium longiflorum Thunb. with irrigation intervals of
10 and 12 DAS reported the best N, P, and K percentages ever.
Similarly, phosphorus concentration in new bulbs demonstrated
the effectiveness of the 10 DAS irrigation interval across both
seasons, while potassium buildup also increased with the same
treatment. New bulbs in both seasons had the highest levels
of N, P, and K when Phosphorein, Kristalon, and the 10 DAS
irrigation intervals were used. Nitrobine, Kristalon, and the 10
DAS irrigation interval were the second most effective treatment.
Several researchers have confirmed the frequency of bio and
chemical fertilizers for increasing N% in various plant species.
The outcomes of N%, P%, K%, and total carbohydrates in new
bulbs are consistent with those of Abdel-Said et al. (2019), Fatmi
Regarding bulb and bulblet parameters, the interaction between (2023), and Sarmah and Sarma (2023).

Phosphorein and Kristalon likely explains the results. The
biofertilizer Phosphorein contains Bacillus megatherium bacteria,
which are highly effective in converting tricalcium phosphate
into monophosphate, making it more accessible to plants. These
bacteria multiply rapidly and spread in the root zone, providing
beneficial phosphorus necessary for various stages of plant
growth, thus increasing the number of bulbs. The increase in
bulb yield is in line with the findings of Muraleedharan ez al.
(2010) and Atwa et al. (2023). This is further supported by recent
research showing similar results (Lahiji ef al., 2012; Bostan et al.,
2014; Ahmad ef al., 2014; Sathyanarayana et al., 2017).

The study suggests that biochemical fertilizers, particularly
bacterial inoculation, can improve flowering parameters such
as spike stem length, fresh weight, and spike stem diameter by
increasing soil phosphorus (P) availability and overall nutrient
availability. Microorganisms like Bacillus megatherium and
Azotobacter enhance rhizosphere microbiological activity,
contributing to mineral solubilization and increasing the
availability of scarce nutrients. Additionally, a 10-day irrigation
interval yields good results. These findings are consistent with
those of El-Naggar et al. (2010), El-Khawaga and Maklad (2013),
Bostan et al. (2014), Mansour ef al. (2015), and Hassan et al.
(2016).

Based on the results, it is recommended to irrigate Iris tingitana
cv. Wedgewood at 10-day intervals (DAS) and apply Phosphorein
and Kristalon as soil drenches six times, starting two weeks after
bulb sprouting until the beginning of flowering. This approach
will enhance vegetative growth, flowering parameters, bulb and
bulblet production, and the chemical composition of vegetative
growth and new bulbs. As a second-best option, applying
Nitrobine and Kristalon as a soil drench at the same 10 DAS
interval, six times from two weeks after bulb sprouting until
flowering, is also advised to achieve optimal plant traits.

The chemical constituents in leaves, such as chlorophyll a and b, Acknowledgments
are affected by the interaction between Phosphorein, Kristalon, The authors extend their gratitude to Prof. Dr. Emam M.S. Nofal,
and the 10 DAS irrigation interval. These findings are due to Professor of Floriculture and Ornamental Horticulture at the

Journal of Applied Horticulture (www.horticultureresearch.net)



Boosting Iris productivity with nutrition and irrigation 181

Horticulture Department, Faculty of Agriculture, Kafr El-Sheikh
University, for his ongoing assistance, guidance, and manuscript
review.
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