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Abstract

Background and Obijectives: Lemongrass (Cymbopogon citratus (DC.) Stapf), a perennial
plant from the Gramineae family, is renowned for its rich polyphenol compounds, having
significant medicinal, cosmetic, and culinary applications. Enhancing the gquantitative and
qualitative yield of lemongrass is of considerable economic importance. Salicylic acid, a key
regulator of physiological and biochemical processes, acts as an elicitor to enhance the
accumulation of secondary metabolites in plants. Similarly, nitrogen plays a vital role in plant
growth, improving yield quantity and quality. This study investigated the effects of nitrogen
fertilizer and salicylic acid on various quantitative and qualitative traits of lemongrass.
Methodology: A factorial experiment based on a randomized complete block design was
conducted in 2021 at the Agricultural Sciences and Natural Resources research farm of the
University of Khuzestan, Ahvaz, Iran. The experiment evaluated the effects of different levels
of salicylic acid (0, 10 uM, and 100 uM) and nitrogen fertilizer (0, 50, 100, 150, and 200 kg/ha
from a urea source) on lemongrass. Each treatment was replicated three times. In each fertilizer
treatment, 20% of the nitrogen was applied after plant establishment, with the remainder applied
in four stages alongside irrigation water to minimize leaching losses based on soil nitrogen
content. Salicylic acid was applied via foliar spraying using a backpack sprayer when 70% of
each plot was covered by lemongrass, with a second application 15 days later. Each plot
measured 3 meters in width with six planting lines, each 3 meters long, 60 cm apart, and plants
within lines were spaced 40 cm apart. The soil had a silty clay texture, pH of 7.5, and electrical
conductivity of 2.6 dS/m. The studied traits included chlorophyll a, b, and total chlorophyill,
carotenoid content, total fresh and dry weight, antioxidant activity percentage, total phenol
content, and essential oil percentage and yield.
Results: The interaction between salicylic acid and nitrogen fertilizer significantly influenced
all studied traits except antioxidant activity percentage. Nitrogen fertilizer alone significantly
affected antioxidant activity, with the highest percentage (89.8%) observed at 150 kg/ha of
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nitrogen. The highest levels of chlorophyll a, b, and total chlorophyll were achieved with no
salicylic acid and 150 kg/ha of nitrogen, showing increases of 140%, 42%, and 116%,
respectively, compared to the control (no salicylic acid or nitrogen). The highest total fresh and
dry weight was obtained with 100 uM salicylic acid and 100 kg/ha of nitrogen, representing a
75% increase over the control. The highest essential oil percentage (0.87%) and yield (65.6
g/m?) were observed with 10 uM salicylic acid and 150 kg/ha of nitrogen. In contrast, the lowest
essential oil yield (18.29 g/m?2) and percentage (0.45%) were recorded in the absence of salicylic
acid and nitrogen and with no salicylic acid but 150 kg/ha of nitrogen, respectively.

Conclusion: Applying nitrogen fertilizer and salicylic acid enhanced the yield and percentage
of essential oil, total dry matter, and total phenol content in lemongrass leaves compared to the
control. The highest essential oil yield was achieved with 10 yuM salicylic acid and 150 kg/ha of
nitrogen fertilizer, demonstrating the synergistic effects of these treatments on lemongrass
productivity and quality.

Keywords: Essential oil, foliar spraying, medicinal plants, total phenol.
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Table 1. Physicochemical characteristics of experimental soil

. K P Organic carbon E.C.
Soil texture (mg.kg™) (mg.kg™) Total N (%) (%) (ds.m) pH
Silty Clay 267 7.2 0.05 0.76 2.6 7.5
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Table 2. ANOVA of salicylic acid and nitrogen effects on lemongrass traits
Mean Squares
Total Antioxidant Leaf Essential
S.O.V. d.f. Chlorop Chlorophyl CaroteTotal fresh Total dry L total . Essential
Chlorop ~ . - - activity oil o
hyll a b noids weight weight phenol oil yield
hyll percentage s percentage
Replication 2 0.00002™0.00000002™0.00002™ 0.49° 90005™  155™ 122° 8.48  0.01 316"

Salicylic acid (S) 2 0.00006™ 0.000004™ 0.00005™ 0.15"™

Nitrogen (N)

227" 23723™ 205" 245" 0.1 227"
4 0.0024™ 0.00003™ 0.0030" 2.96™ 19005560 1302634  79.9 62.8" 0.03" 1572

SxN 8 0.0003™ 0.00001" 0.0004™ 0.91" 750603 112898™ 36.4™ 1977 0.04" 271"
Experimental error 28 0.00007 0.000002 0.00007 0.16 118388 21143 32.9 291  0.003 9.87
C.V. (%) 9.17 16.3 868 12.0 9.06 13.7 6.64 8.69 7.95 8.28

"™ * and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 3. Means comparison of salicylic acid x nitrogen interaction on lemongrass traits

Total Carote

Salicylic Chlorop Chlorophy . Total Total dry Essential Essential

. Chlorop noids . . Leaf total phenols . L
acid 4. hylla IIb _ fresh weight  weight . oil oil yield
(kg.ha™) 1 1 hyll  (mg.g 2 5 (mg gallic acid.g™ DW) 2
(mmol) (mg.g™) (mg.g™) 1 (9.m*) (g.m*) (%) (g.m™)

(mg.g") )

0 0.05" 0.0074° 0.06" 2.23 1316/ 371" 20.4" 0.62 18.29

50  0.0917°" 0.0086°¢ 0.1003°f 3.51¢f 2927 806° 24.42 0.80%¢  25.7f

0 100 0.0954% 0.0113* 0.1067% 3.80*¢  4728%¢ 1287°¢ 16.8% 0.82%¢  48.9°
150 0.12°  0.0129° 0.13* 4.30°  4844°¢ 12934 14.7° 0.45" 29.2¢

200 0.0996™ 0.0108*° 0.11°° 3.78*¢  5141%*C 1338°¢ 16.6%¢ 0.763"%  45.08°

0  0.0799°¢ 0.0072° 0.0872% 3.28%9 1405 431" 19.1% 0.55%  19.04°

50  0.1107* 0.0122% 0.1230° 4.09*°  4102% 1352° 22.8% 0.68%" 293¢

10 100 0.0863°9 0.0083°° 0.0946%9 2.86M  5327% 1383° 14.47 0.64°9  35.1¢
150  0.1142% 0.0120® 0.1262% 4.20®  3794%" 1043°%9 21.08 0.87° 65.6°

200 0.0843%% 0.005° 0.0902°9 2.38"  4366%9 1283%¢ 16.05° 0.75°¢  49.6°

0 00776 0.006° 0.0837° 3.04°" 1605 473" 20.7°¢ 0.65° 19.1¢

50  0.0944% 0.0109%° 0.1054% 3.61°° 33777 10514 24.6 0.73°¢  34.4%

100 100  0.07669 0.0078% 0.0844% 2.64%" 54477 1651° 22.6% 0.760°%  47.4°
150  0.1132% 0.0127%® 0.1259* 4.25®  4161°9 1102% 16.9% 0.78%¢  458°
200 0.0933%¢ 0.0102°9 0.1035%° 3.18%9  4387%f 1021 20.2" 0.84%  56.04°

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 4. Means comparison of salicylic acid x nitrogen interaction on lemongrass antioxidant activity
Salicylic acid Nitrogen Antioxidant activity

(mmol) (kg.ha™) (%)

0 81.3%

50 86.7%

0 100 87.6%

150 89.5%
200 85.01%®

0 84.4%®

50 80.6%

10 100 89.4%

150 90.2%

200 89.1%

0 90®

50 80.4°

100 100 89.8%

150 89.6%

200 81.2%

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
seddile o asls ol SlawS T el Sdedle sl 5 03520 S Sl anslio =0 J o>
Table 5. Means comparison of nitrogen and salicylic acid effects on lemongrass antioxidant activity
Antioxidant activity

(%0)

0 85.2%

. 50 82.6°

Nltrogeln 100 88.9°
(kg-ha™) 150 89.8°

200 85.1%

L . 0 86.6°
Sal(lgrlr:% Ia)lud 10 86.7°

100 86.2°

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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