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Abstract
Introduction
Balanced plant nutrition, particularly through the application of micronutrients, is fundamental to
improving crop growth, yield, and quality. In calcareous and alkaline soils commonly found in
arid and semi-arid regions, micronutrient availability and plant uptake are significantly reduced,
thereby limiting agricultural productivity. Amino acid—chelated fertilizers provide an efficient and
environmentally sustainable source of micronutrients by enhancing their bioavailability and
uptake, ultimately promoting optimal plant nutrition.

Materials and Methods

In this study, the effects of different application methods of amino acid—chelated fertilizers
containing essential micronutrients on the growth, yield, phytochemical compounds, and
essential oil quality of coriander (Coriandrum sativum L.), a medicinal plant were evaluated. The
fertilizer treatments included foliar application, soil application, combined foliar and soil
application, and an untreated control. The experiment was conducted in 2019 at the research farm
of Shahid Chamran University of Ahvaz using a randomized complete block design with four
treatments and four replications. Morphological traits, yield components, and essential oil content
were measured at two distinct phenological stages, and the essential oil compounds were
identified and quantified using gas chromatography—mass spectrometry (GC-MS).

Results and Discussion
Analysis of variance revealed that amino acid—chelated fertilizer application had statistically
significant effects on most measured traits of coriander. At the 5% significance level, amino
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chelate treatments significantly increased plant height, number of umbels per plant, and fresh and
dry biomass. Moreover, at the 1% significance level, thousand-seed weight, total seed yield, and
essential oil content in both vegetative tissues and seeds were highly significantly affected by
amino chelate application. The combined soil and foliar application produced the greatest
improvements, resulting in the highest plant height (130 cm) compared with the control (113 cm),
as well as maximum fresh (211 g) and dry (42 g) biomass. This treatment also significantly
increased the number of umbels (100) and umbellets (806), whereas the control treatment
recorded the lowest values. In addition, the combined application resulted in the highest essential
oil percentage (0.35%) and essential oil yield (2.33 g m™) in coriander seeds. The enhancement
of essential oil traits under amino chelate application was associated with improved micronutrient
availability and stimulation of secondary metabolite biosynthesis. Gas chromatography—mass
spectrometry (GC—MS) analysis identified approximately 30 essential oil constituents, with eight
major compounds including a-pinene, B-pinene, p-cymene, linalool, camphor, geranyl acetate, y-
terpinene, and camphene. Fertilizer application method significantly influenced the essential oil
profile; foliar application increased monoterpene hydrocarbons such as a-pinene and B-pinene,
whereas the combined treatment enhanced y-terpinene content and uniquely induced the presence
of camphene. The observed increases in umbels, umbellets, and biomass under amino chelate
treatments was likely due to improved nutrient supply, enhanced photosynthetic efficiency, and
greater assimilate production, leading to increased dry matter accumulation. These findings are
consistent with previous studies on medicinal plants and highlight the effectiveness of amino
acid—chelated fertilizers, particularly combined soil and foliar application, in improving growth,
yield, and essential oil composition of coriander.

Conclusion

In conclusion, amino chelate fertilizers, particularly when applied through a combined method of
foliar spraying and fertigation, are recommended as an effective approach to enhance the growth,
yield, quality, and essential oil composition of coriander. By ensuring optimal nutrient supply and
stimulating key biochemical processes, these fertilizers improve seed performance and promote
the production of higher-quality essential oils.
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Table 1. Physical and chemical properties of the soil at the experimental site (0—30 cm depth)

Soil texture pH EC Organic Total Available Available
(ds.m) matter (%) nitrogen (N)  phosphorus (P)  potassium (K)
(%) (mg kg") (mg kg')
Loamy sand  7.11 3.00 0.50 0.03 16.6 267
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Table 2. Analysis of variance for the effect of amino acid—chelated micronutrient application on
growth traits of coriander

S.0.V df Plant height Number of Number of Fresh Dry
umbels umbellets weight weight

Block 3 549" 3866 278243 18785" 751"
Treatments 3 2420™ 29971* 3431171 26607 1064

Error 15 142 1984 139300 6472 258
CV (%) - 9.54 25.58 18.53 15.53 25.53
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Table 3. Mean comparison of amino acid—chelated micronutrient treatments on vegetative traits of coriander

Treatment

Plant height  Fresh weight Dry weight

Number of umbels per  Number of umbellets per

(cm) (g) (g) plant plant
Fertigation (A) 1292 181 @ 362 67 @ 588 %P
Foliar spray (B) 1252 1540 24 b 300 258 ¢
A+B 1302 211+ 422 100 2 806 2
Control 113% 159° 23 ¢ 370 177 ¢

bl a S350 3T bl ooy gty ol o 53l e CBe | K0l D a5 Soglie Cop o b (sl il
Means with different letters in each column indicate significant differences at the 5% probability level based on

Duncan’s test.
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Table 4. Analysis of variance for the effect of amino acid—chelated micronutrient application on yield traits and
essential oil yield of coriander

Mean Squares (MS)

S.0.V

Thousand seed Seed yield perunit Number of seeds Seed weight per  Essential oil Essential

df weight area per umbel umbel content oil yield
Block 3 1.517 3844.40 s 595.79 ns 0.009 ns 0.0018 s 0.07 ns
Treatment 3 4.37* 486521.42 ** 1479.02 ns 0.208 ** 0.0151 ™ 7.45*
Error 15 0.44 2137.33 792.61 0.004 0.0010 0.03
CV (%) - 8.27 11.96 69.12 21.51 10.50 15.11

.C,_«:\tg)l.nTM)biia_)G'.._r:c]e.»)bé)b&aﬂewbbw;ﬁ;jQge*)*}éjbsbu Cv\cns
s = not significant, * and ** indicate significance at the 5% and 1% probability levels, respectively.
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.(Monica and Cremonini, 2009)
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Table 5. Mean comparison of amino acid—chelated micronutrient treatments on yield traits and essential
oil of coriander

Seed weight  Thousand- Seed yield per Essential oil Seed essential
Treatment per umbel seed weight area Percentage oil yield

€3) (8) (g m?) (%) (g m?)
Fertigation (A) 0.24¢ 7.550b 240.20 ¢ 0.28 ¢ 0.68 ¢
Foliar Spray (B) 0300 7.78 @ 426.73 b 0310 1.36%
A+B 0472 8.312 655.19 2 0352 2.33a
Control 0.174 6.85¢ 223.98 ¢ 0.28 ¢ 0.64 ¢

Al oSS 0 ga3T bl o ys gty Szl b 3 513 gime OV S0y 0w 55 Sslise s b sl S0l
Different letters in each column indicate significant differences at the 5% level according to Duncan's multiple

range test.

Moghadam et al, 2016; Haj Seyed Hadi and )
.(Rezaei Ghaleh, 2015
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al:? ol S5 :ﬂ‘.c 2 S JJ;\I NS gl
s 3> A NE 4l Sladwd 3l J::.f LI
Raeisi et al. 2014, Asadi et al, ) & s s JSIT
o Sl 39 iy Salllae .(2018; Ghanbari et al., 2014
548 aa b OWE il 5 Shee Ll s 4T (gladud
Haj ) 4 5 «(Rezakhani and Haj Seyed Hadi, 2017)
(M ¢l (Seyed Hadi and Rezaei Ghaleh , 2015
L3 S 5 )51, (Asadi et al,, 2018)
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Table 6. Essential oil compounds in coriander seeds under different treatments

Retention Fertigation of

Foliar spray of

No.  Compound (%) time (min)  amino chelate (A) amino chelate (B) ATB Control

1 a-Pinene 6.45 31.04 40.89 21.97 25.60

2 Camphene 6.87 - - 2.23 -

3 B-Pinene 7.47 7.49 7.50 4.83 4.80

4 para-Cymene 8.92 13.64 16.73 8.40 6.80

5 y-Terpinene 10.01 15.61 18.20 18.27 15.43

6 Linalool 11.73 17.08 21.26 28.92 36.80

7 Camphor 19.17 1.32 0.93 0.69 9.27

8 Geranyl acetate 19.31 15.31 15.43 11.19 19.38
dilo soge LS5 ohsa s oS opl 5 il ke S5 i

S mSUE e S U 5 I T
Al 35 VST el slajles b v s el
S L odads Gds S das e Ol bl ol
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el WG el il S 5 A
N e I Y I
35585 Oy 4 Mo St 5 Sie 2,
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