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Abstract

Modern agricultural trends have focused on reducing fertilization rates and improving
fertilizer efficiency and environmental safety. Therefore, a field experiment was conducted during
the 2024-2025 growing season in the fields of the Horticulture and Forestry Department of the Najaf
Governorate Agriculture Directorate. The aim was to study the effect of foliar spraying of the
chelated iron and amino acid tryptophanon some vegetative characteristics of two mint (Mentha
spicata L.) varieties: common mint and peppermint. The experiment was implemented using a 3:3
factorial design with a split-plot design and a randomized complete block design (RCBD) with three
replications. The experiment included two treatments: foliar spraying of the amino acid tryptophan at
three levels (0, 50, and 100 mg.I™) and foliar spraying of chelated iron at three levels as well (0, 40,
and 80 mg.I™). These treatments were applied as foliar sprays twice during the growing season.

The results showed a significant positive effect of both single and double foliar spray
treatments on all studied vegetative traits. The interaction between high levels of chelated iron and
tryptophan resulted in the highest standard indicators for plant height, total number of leaves, and
number of lateral branches, as well as a significant increase in photosynthetic efficiency through
increased chlorophyll content (SPAD units) in the leaves. The current study demonstrates that the
complementary use of amino acids and increased physiological availability of iron by spraying
chelated iron, is a vital and effective strategy for stimulating vegetative growth and improving the
quantitative and qualitative yield of mint plants under the conditions of central Irag.
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Introduction

Mint is one of the most important and vegetative mass with a large leaf area and
widespread medicinal and aromatic plants high chlorophyll content [3]. It is well
in the world, belonging to the mint family known that the soils of Iraq are calcareous
(Lamiaceae) [1]. The plant, particularly its and alkaline, prevalent in central and
leaves, is of great economic and southern Irag. Therefore, mint cultivation
therapeutic importance due to its richness faces structural challenges related to the
in  volatile oils, flavonoids, and low availability —of ~ macro-  and
antioxidants, including vitamins such as micronutrients. High pH and increased
ascorbic acid (vitamin C) and essential calcium carbonate content lead to iron
minerals [2]. However, the vegetative fixation, converting it into insoluble forms
production efficiency of this crop is greatly that are difficult for roots to absorb [4].
affected by the availability of nutrients in Iron (Fe) is also a crucial physiological
the soil and the plant's physiological ability element for plant life. Iron is directly
to utilize them to produce a robust involved in chlorophyll synthesis, electron

transport during  photosynthesis  and
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respiration, and the activation of numerous
enzyme systems that stimulate cell division
and elongation. This directly affects
vegetative indicators such as plant height,
number of leaves, and branching [5].
Therefore, the trend has shifted from soil
fertilization to foliar fertilization. Spraying
chelated iron on leaves has emerged as an
effective alternative to overcome the
problems of iron fixation in the soil,
delivering the element directly to the target
tissues [5, 6]. Modern agricultural research
has also focused on using environmentally
safe biostimulants, particularly amino
acids, to enhance plant physiological
efficiency [7]. The amino acid tryptophan
is a key precursor to the synthesis of
natural auxins within plant tissues,
specifically indoleacetic acid (IAA), which
acts as a hormone stimulating cell

Material and Methods

Field Study and Preparation:

The field experiment was conducted
during the 2024-2025 growing season
within the fields belonging to the
Horticulture and Forestry Division of the
Najaf Governorate Agriculture Directorate.
The field soil was prepared for planting by
performing double plowing in cross
directions, followed by particle smoothing
and surface leveling to ensure uniform
distribution.

Before planting or applying any
fertilization programs, ten soil samples

elongation, apical dominance, and
meristematic  tissue  activation  [8].
Spraying plants with tryptophan provides
them with the energy needed to synthesize
hormones internally, stimulating vegetative
growth, increasing leaf area, and
improving carbohydrate and protein
metabolism [9]. Given the scarcity of
studies investigating the effect of
combining  biostimulants, such  as
tryptophan, with micronutrients, such as
chelated iron, on local mint varieties
cultivated in Najaf Governorate, this
research was conducted. This study aimed
to evaluate the vegetative indicators of two
mint varieties (local and peppermint) to
different levels of chelated iron and
tryptophan, and to determine the optimal
interaction for achieving the highest
possible growth efficiency.

were randomly collected from various
locations within the field at depths ranging
from 0 to 30 cm. The collected samples
were thoroughly mixed to ensure
homogeneity, dried naturally in the sun for
24 hours, then ground and passed through
a laboratory sieve with 2 mm openings.
These samples were then sent for analysis
to the laboratories of the Soil and Water
Resources Department at the College of
Agriculture, University of Kufa. The
physiological and physicochemical
indicators of the field soil are shown in
Table (1).

Table (1): Physical and chemical properties of field soil before treatment begins

Soil indicators

measured value | unit of measurement

Soil Separates

Sand 57.10

%

Silt 25.30

%
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Clay 17.60 %

Soil Texture )Silty loam( —

pH 7.6 —

Electrical Conductivity (EC) | 2.55 Decisiemens/meter

Organic Matter 1.2 %

Available Nitrogen (N) 0.261 Parts per million (ppm)

Available Phosphorus (P) 0.245 Parts per million (ppm)

Available Potassium (K) 92.2 Parts per million (ppm)

Statistical Design and Field Operations:

The experimental area was divided into
three  main  sections  (replications),
separated by 1-meter-wide walkways to
facilitate field operations and maintenance.
Since the current study focused on a single
species, local mint (Mentha spicata L.),
each section was further subdivided into
three main plots to distribute the levels of
the amino acid tryptophan. These main
plots were then subdivided into three
secondary subplots to study chelated iron
levels. The total area of each experimental
unit was 2 m? (1 x 2 m), and the units were
separated by 0.5-meter-wide walkways to
prevent cross-spraying of treatment sprays.

The soil was irrigated 48 hours prior to
planting using a drip irrigation system,
followed by the planting of local mint
seedlings obtained from a reputable
nursery in Najaf Governorate. Planting
took place on November 27, 2024, in
regular rows, with a spacing of 10 cm
between rows and 10 cm between plants
within each row. The researcher continued
to provide all the wusual agricultural
services throughout the season, supplying
irrigation water according to the crop's
physiological needs, while manually
clearing the land of weeds and
accompanying vegetation using continuous
hoeing [10].
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Evaluation Criteria and Laboratory
Analyses:

Growth
Mass Yield:

Indicators and Vegetative

Each experimental panel was divided into
two equal sections. The first section was
used to monitor vegetative growth
parameters (four months after planting),
while the second section was used for
qualitative component analysis. Ten
randomly selected plants were collected
from the vegetative section of each
treatment for the following measurements:

* Plant height (cm): The vertical length of
ten plants was measured from the soil
surface to the top of the growing tip using
a graduated measuring tape, and the mean
was recorded.

* Total leaf count (leaf plant™ 1): The total
number of fully developed leaves on the
ten randomly selected plants for each
treatment was counted, and the overall
mean was calculated.

e Number of lateral branches (branch
plant™ 1): All developing and active lateral
branches of the ten selected plants were
counted, and the treatment mean was
calculated.
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» Total chlorophyll pigment concentration
(SPAD unit): Chlorophyll content was
directly and field-based on local mint
leaves (10 random readings per treatment)

Results and Discussion
Plant Height (cm)

The results presented in Table 1, relating to
the effects of the studied factors (mint
varieties, chelated iron spray, and
tryptophan spray), show a significant but
variable response in plant height. The high
level of chelated iron (F2) achieved a clear
statistical advantage, recording the highest
overall mean iron value of 58.50(cm)
compared to 53.21(cm) for the FO level, at
a significance level of 1.169. Tryptophan
treatment also showed a significantly

using a portable digital chlorophyll meter
(SPAD-502 Chlorophyll meter), and the
extracted values were expressed in SPAD
units [11].

superior effect at the T1 level, with an
overall mean of 58.79(cm), which differed
significantly from the other levels, at a
significance level of 1.169 At the variety
level, local mint (V1) showed a significant
advantage, achieving an overall mean of
65.56 (cm) compared to peppermint (V2),
which recorded 52.06 (cm), at a
significance level of 0.954. Regarding the
triplet reaction (V*T*F), the local mint
mixture with a T1 concentration of
tryptophan without added iron (V1T1F0)
showed the highest statistical value of
73.43(cm), with a significant difference at
LSD =2.863.

Table (2): Effect of spraying with chelated iron (F) and tryptophan (T) and the
interaction between them on the plant height (cm) of two Mentha spicata L. varieties

Plant Iron Spray with tryptophan (mg* L™) Plant Varieties
varieties chelate varieties effects (V)
spray T0 T T2 *Iron chelate
(mg* L) spray (V*F)
'\%a' mint  FO 41.07 7343 a 56.00 fgh  56.83b
F1 5817efy  59.30def  57.50efgh  58.32 ab 58862
F2 56.20 fgh  63.93¢ 64.10 c 61.41a
E’/ezppermint FO 54.63 hi 54.83ghi  39.27 k 46.24 ¢
F1 51.93 i 49.23 ij 51.90 i 51.02 bc 52.06 b
F2 65.67 bc 52.00 i 49.10 ij 55.59 b

LSD+1+r=2.863 LSDw+r=N.S LSD)=0.954

varieties * tryptophan (V*T) Spraying with tryptophan* Spraying with

chelated iron

Tryptophan  local mint Peppermint  FO F1 F2 Average

mg I-1 tryptophan
spray

T0 51.81c 57.41b 47.85d 55.05 b 60.93 a 51.81c

T1 65.56 a 52.02 ¢ 64.13a 5427bc  57.97ab 65.56 a

T2 59.20 b 46.76 d 47.63d 5470 b 56.60 b 59.20 b
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LSD r=1.653 LSDt+r=2.024
Average spray with chelated iron 53.21b 54.67 b 58.50 a LSDn)=1.169

Means within a column, row and their interactions followed with the same letters are not
significantly different from each other according to Duncan multiple ranges test at significant
level of 5%.

number of leaves (leaf plant™)

The results in Table 2 show a clear and and an LSD value of 0.873. In contrast, the
significant increase in leaf count. The mint varieties (V1 and V2) did not show a
higher levels of chelated iron (F2) and significant difference in their direct effect,
tryptophan (T2) resulted in the highest with 35.04 and 34.89 (leaf plant™)
statistical averages compared to the control respectively, at an LSD value of 0.712.
treatments (FO and TO0). Treatment F2 The significant triplet interaction (V*T*F)
recorded an overall average of 37.33 (leaf emerged as the highest response among the
plant-1), compared to 32.72 (leaf plant™) factors, with the local mint mixture with
for treatment FO, with a statistically the highest two concentrations of iron and
significant difference of LSD = 0.873. tryptophan (V1T2F2) recording the highest
Tryptophan also showed a progressively average number of leaves at 42.00 (leaf
positive response, with treatment T2 plant™) and a significant difference of LSD
leading at an average of 38.00 (leaf plant™) = 2.137.

Table (3): Effect of spraying with chelated iron (F) and tryptophan (T) and the
interaction between them on the number of leaves (leaf plant™) of two Mentha spicata L.
varieties

Plant Iron Spray with tryptophan (mg* L'l) Plant varieties = Varieties
varieties chelate *Iron chelate effects (V)
spray TO T1 T2 spray (V*F)

(mg* L%
local mint FO
Vi I 28.00 a 35.00 cd 34.67 cd 3256 b
Fl 33.67 ¢ 3533cde  3533cdef  34.78ab
E2 35.04a
34.33¢c 37.00defg  42.00 h 37.78 a
f/ezpperm'”t FO 30.33 b 34.00 ¢ 3433 ¢ 32.89 ¢
F1
34.33¢c 34.33¢c 36.00 cdefg  34.89 bc
F2 35.00 cd 37.67 eg 38.00 ¢ 36.89b 34.89b
:2.137LSD(V*T*|:) LSD(V*F):N.S 0.712
(0.873) LSDw=
varieties * tryptophan (V*T) Spraying with tryptophan* Spraying with
chelated iron
Tryptophan  local mint Peppermint  FO F1 F2 Average
mg -1 tryptophan
spray
0 51.81 ¢ 57.41b 47.85d 55.05 b 60.93a 29.17a
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T 65.56 a 52.02 c 64.13 a 54.27 bc 57.97 ab 34.50b

T2 59.20 b 46.76 d 47,63 d 54.70 b 56.60 b 34.50b

1.234 LSD(V *F)= 1.234 LSD(T*F):

Average spray with chelated iron LSD )=
32.72 a 34.83b 37.33¢c 0.873

Means within a column, row and their interactions followed with the same letters are not
significantly different from each other according to Duncan multiple ranges test at significant
level of 5%.

number of branches (branches plant™)

Table 3's results regarding the number of
branches showed a significant advantage
for the main factor, tryptophan (T) foliar
application. Treatment T2 recorded the

the interaction between tryptophan and
iron (T*F) showed a clear and statistically
significant effect, while the binary
interaction between variety and iron (V*F)
did not show any statistically significant

differences. Both common mint (V1) and
peppermint  (V2) showed a similar
response to iron spraying, with an average
number of branches of 28.48 and 28.04
branches plant-1, respectively. At the
ternary interaction level (V1 T2 F2), the

highest mean number of branches (31.56
branches plant™), compared to the lowest
mean in the control treatment TO (25.22
branches plant™). Similarly, chelated iron
(F2) foliar application achieved the highest

significant advantage among iron levels, combined treatment (V1 T2 F2) achieved
with a mean of 31.56 branches plant-1, the highest average number of branches
comp?red to treatment FO (24.39 branches 36.00 (branches plantY), significantly
plant™), at a statistically significant level outperforming (LSD = 22,84) the lower
(LSD = 0'932)' The binary interaction control treatment (V2 TO FO), which
between variety and tryptophan (V*T) and recorded 17.67 branches plant™.

Table (4): Effect of spraying with chelated iron (F) and tryptophan (T) and the
interaction between them on the number of branches ((branches plant™) of two Mentha
spicata L. varieties

Iron Spray with tryptophan (mg 1™ Plant

Plant chelate * varleties - rieties
- Iron chelate spray
varieties spray T0 T1 T2 (V*E) effects (V)
(mg I
FO 21.33b 26.00 cd 28.33defg  25.00 ¢
I\(/);:al mint oy 2600cd  2867efg 30.33gh  28.89b 28482
F2 27.67 cdef  32.00 h 36.001i 31.56 a
FO 17.67 a 26.33cde  29.00 fg 23.78 ¢
28.04 a
Peppermint | F1 25.67 ¢ 29.67fgh  30.33gh  28.78D
V2 F2 28.00 cdefg 30.33gh  35.33i 3156 a
LSDv+r+p= 2.284 LSD+;=N.S0.761 LSD =

Spraying with tryptophan* Spraying with (761

1011 * *
varieties * tryptophan (V*T) chelated iron

ISSN 2072-3857

1087



Euphrates Journal of Agricultural Science-18 (3):, (1082-1091Sep. 2026) Jaber& Alawi
Tryptophan  local mint  Peppermint Average
Ma I FO F1 F2 tryptophan

g spray
T0 25.22 a 24.33 a 19.50d 25.84c 27.84 bc 25.22 a
T1 28.33b 28.56 b 26.17c 29.17b 31.17 a 28.45b
T2 31.89¢c 31.22¢c 28.67 b 30.33 ab 35.67 a 31.56 ¢

= - LSD(T*F):

1.234 LSD(y «r)= LSD *n=1.319 1319
Average spray with chelated iron 24.39a 28.83b 31.56 ¢ Ia 89[3)?:

Means within a column, row and their interactions followed with the same letters are not
significantly different from each other according to Duncan multiple ranges test at significant
level of 5%.

chlorophyll content (SPAD units)

Statistical analysis of chlorophyll content
in Table 4 showed a significant increase in
the effect of tryptophan spraying (T), with
treatment T2 significantly outperforming
the other treatments. Treatment T2
achieved the highest mean chlorophyll
content 52.93(SPAD units) compared to

interaction between tryptophan spraying
and chelated iron fertilization (T F)
showed a significant effect, while neither
the variety factor (V) nor its binary
interactions with fertilizer (V F) showed
any statistically significant differences
(N.S.). This confirms the similarity in
response between the two species,
spearmint (V1) and peppermint (V2), with

the control treatment TO, which recorded
46.23  (SPAD  units).  Fertilization
treatments (F) also had a significant
upward effect, with treatment F2 yielding
the highest values 53.88 (SPAD units)
compared to treatment FO, which recorded
the lowest value 45.54 (SPAD units) at a
significance level of (LSD = 1.193).
Regarding  binary interactions, the

average values of 49.90(SPAD units) and
49.88 (SPAD units), respectively. As for
the triplet reaction (V*T*F), the
formulation (V1 T2 F2) recorded the
highest chlorophyll content at 56.77
(SPAD units), significantly outperforming
(LSD = 2.913) the control formulation
with the lowest content (V1 TO F0), which
recorded 37.73(SPAD units).

Table (5): Effect of spraying with chelated iron (F) and tryptophan (T) and the
interaction between them on the chlorophyll content (SPAD units) of two Mentha spicata
L. varieties

Plant Iron Spray with tryptophan (mg 1™) Plant varieties Varieties
varieties chelate *lron  chelate effects (V)
spray TO T1 T2 spray (V*F)
(mg 17
local mint  FO 37.73a 47.43 b 53.87ef  46.34¢
Vi 49.90 a
F1 47.73 be 52.13 e 50.77cde  50.21b '
F2 51.70 e 50.97de  56.77f 53.15a
E’/ezpperm'nt FO 37.80a 4830bcd  5223e 46.11¢ 49.88 a
F1 47.20 b 51.50de  53.73¢ef 50.81 b
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F2 51.10 de 51.17de  55.90f 52.72 a
LSD(\/*T*F): 2.913 LSD(V*F):N.S LSD(V):
0.973 N.S. 0.973
varieties * tryptophan (V*T) Spraying with tryptophan* Spraying with
chelated iron
Tryptophan  local mint Peppermint  FO F1 F2 Average
mg I-1 tryptophan
spray
T0 46.34 a 46.11a 37.77d 4787 ¢ 53.05 a 46.34 a
Ti 50.21b 50.81 b 47.47 ¢ 51.82b 52.25 ab 50.21b
T2 53.14 ¢ 52.72 ¢ 51.40 b 51.07 b 56.34 a 53.14 ¢
1.234 LSD(V *F)= LSD(V *T)= 1.683 LSD(T*F):
1.683
Average spray with chelated iron LSDm)=
45.54 a 50.25 b 53.88 ¢ 1.193

Means within a column, row and their interactions followed with the same letters are not
significantly different from each other according to Duncan multiple ranges test at significant

level of 5%.
Discussion

The scientific explanation for these
differences and the significant increases
observed is attributed to the role of
chelated iron and tryptophan at specific
concentrations in stimulating physiological
processes and metabolic reactions of
nutrients and biostimulants within the
plant. The amino acid tryptophan is a key
precursor to the synthesis of the growth-
promoting auxin, indole-3-acetic acid
(IAA), and at its optimal concentration
(T1), it stimulates cell division and
activates vital processes within tissues
[12]. Spraying with chelated iron also
contributes to enhancing chlorophyll
synthesis and increasing the efficiency of
electron transport during photosynthesis,
which in  turn leads to increased
carbohydrate synthesis[13].The superiority
of the local mint variety (V1) is also
attributed to its genetic diversity, genotype,
and adaptability to the various conditions
in Irag, which grants it greater efficiency in
nutrient uptake and biosynthesis. All
metabolic products are directed towards
vegetative growth compared to

1089

peppermint. These results are consistent
with those of several recent studies on the
nutritional response of medicinal plants.
The study by Tarig et al. (2020) [14]
supported the positive effect of chelated
iron application on improving the
vegetative and productive indicators of
mint varieties. These findings are also
consistent with those of Siddiqui and Khan
(2023) [15], who found that foliar
application of tryptophan at balanced
concentrations  significantly  increases
hormone levels and metabolic activity in
plants. These conclusions complement
those of Al-Jubouri and Al-Shammari
(2024) [16], who confirmed significant
differences among mint varieties in their

response to micronutrient-amino acid
catalyst interactions. This, in turn,
promotes plant elongation and cell

division, and stimulates bud activity to
produce new branches and leaves [17].
Therefore, the complementary interaction
between the micronutrient (iron) and the
biostimulant (tryptophan) contributes to
improved hormonal and nutritional balance
within the plant, positively influencing the
stimulation of metabolic pathways, dry
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matter accumulation, and leaf growth. This
nutritional and hormonal integration leads
to improved photosynthetic efficiency,
increased carbohydrate availability, and

The results showed that spraying mint
plants with chelated iron and tryptophan
improved must of studied parameters
compared to untreated plants. Spraying the
local variety had a significant effect on
plant height, number of branches, number
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