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ABSTRACT: This research was undertaken in the two seasons
2021/2022 and 2022/2023 at the Nursery of Ornamental Plants, Fac.
Agric., Minia Univ., Egypt to examine the response of vegetative
growth of Melissa officinalis, L. to compost (0, 4, 8 and 12 ton
/feddan) and some antioxidants such as amino acids (1 and 2 ml/l) ,
seaweed extract (1.5 and 3 ml/l) and vitamin E (100 and 200 ppm)
treatments. Data revealed that all vegetative growth (plant height,
stem diameter, number of branches, leaf area and weights either fresh
or dry were significantly increased with fertilizing plants with
compost relative to control through the three cuts during both seasons.
Moreover, all aforementioned parameters were increased from the
first cut up to the third one except the plant height took the opposite
trend. All treatments used of antioxidants significantly increased all
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Received: above-mentioned parameters compared to the control through the
12/6/2024 three cuts during both seasons. Vitamin E at low concentration was
ﬁgigggid' superior in this concern. The best interaction treatment was to

supplying plants with compost at 8 or 12 ton/fed and vitamin E at 100
Corresponding author: ppm or sea algae at high concentration (3 ml/l).
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substances like amino acids, sea algae and

INTRODUCTION vitamin E have a vital role to enhance plant

Lemon balm (Melissa officinalis L.)
belongs to the Lamiaceae family. It is one of
the oldest medicinal plants in several
countries. Nowadays, the plants cultivated in
Egypt to traditional medicinals or industrials
and for exportation (Simon et al., 1984;
Bagdat and Cosge, 2006 and Said-Al Ahl et
al., 2009).

To produce clean products, the
researchers go to fertilizing medicinal plants
with organic fertilization and enhancing
growth by spraying plants with antioxidants.
Many authors on different plants concluded
that compost fertilizer significantly increased
all vegetative growth studied parameters such
as Abdelaziz et al. (2007), Khalil et al.
(2008), Abdou et al. (2015a), and Abdou et
al. (2020a), Youssef et al. (2020). Also, many
researchers pointed out that antioxidants

growth and development such as Ahmed
(2009), Majkowska-Gadomska et al. (2022)
and Al-Fraihat et al. (2023) for amino acids;
Sari and Ceylan (2002), Mansori et al. (2019)
and Jafr et al. (2022) concerning sea algae and
Ayad et al. (2009) and Abdou et al. (2012)
regarding vitamin E.

Therefore, this study aimed to examine
the impact of compost and some antioxidants
on melissa officinalis growth.

MATERIALS AND METHODS

This study was conducted during the two
seasons 2021/2022 and 2022/2023 in the
Floricultural Farm, Fac. Agric., Minia Univ.,
Egypt to evaluate the influence of compost
and some antioxidants in the growth of
Melissa officinalis, L.
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Plant material:

Melissa  officinalis  seedlings were
obtained from the Floricultural Farm, Fac.
Agric., Minia Univ. and were transplanted in
the field on 1 week of December as usually
cultivated in the farm under the supervision of
Prof. Dr. Mahmoud A.H. Abdou in both
seasons. The physiochemical properties of the
used soil were performed according to
Jackson (1973) as listed in Table (a).

Layout of the experiment:

The study consisted of 28 distinct
treatments arranged in a split plot design,
featuring four main treatments (0, 4, 8 and 12
ton compost/feddan) across  seven
antioxidants treatments (control, amino acids
at 1 and 2 ml/l, seaweed extract at 1.5 and 3
ml/l and vitamin E at 100 and 200 ppm), with
three replicates for each. The dimensions of
the main plot measured 8.70 meters in length
and 2 meters in width, accommodating 14
rows, while each replicate covered an area of
8 meters in width and 8.7 meters in length,
resulting in a total experimental area of 208.8
square meters. Each treatment unit comprised
two rows (6 plants/row), totaling 12 plants.
The four compost treatments were assigned to
the main plots, whereas the seven antioxidant
treatments were designated for the sub-plots.

Compost, which is produced from plant
residues, was procured from the Egypt
Company for Circulate Solid Residues
situated in New EI-Minia City and was
utilized at the soil preparation for cultivation
during both growing seasons. The outcomes

of the chemical analysis of the compost, as
indicated on the label, can be found in Table

(b).

Amino acids (Aminogen) containing free
amino acids was released from Chema
Industries, Egypt. Algae star product contains
sea algae extract was obtained from Shoura
Chemical Company, Cairo-Alexandria Desert
Road, Giza Governorate, Egypt. Alpha
tocopherol (vit. E) was supplied by Sigma
Chemical Company, USA. The application of
all antioxidants occurred on nine separate
occasions, specifically three times prior to the
initial harvest on the 20" of December, the
11" of January, and the 2" of February; three
times before the second harvest on the 6™ of
April, the 27" of April, and the 18" of May;
and three times preceding the third harvest on
the 15" of July, the 7*" of August, and the 28"
of August. Each treatment was administered
until the plants were thoroughly saturated. All
other agricultural practices were conducted in
accordance with standard procedures. The
plants were harvested three times during each
season, with the cutting taking place 3 cm
above the soil level. The three harvesting
dates were the 21° of March, the 1% of July,
and the 11" of October for both seasons.

Data recorded (in each cut):

Plant height (cm), stem diameter (mm),
number of branches/plants, leaf area (cm?),
and plant aerial parts fresh and dry weights
(g/plant/cut). Moreover, total herb fresh and
dry weights per plant per season (g) and per
fed/season (ton) were calculated.

Table a. The physiochemical properties of the used soil in both seasons of 2021/2022 and

2022/2023.
Soil character Values Soil character Values
2021/2022 2022/2023 2021/2022 2022/2023
Physical properties Nutrients
Sand (%) 29.39 29.78 Total N (%) 0.77 0.78
Silt (%) 31.37 31.95 Available P (ppm) 18.6 19.1
Clay (%) 39.24 38.27 Na* (mg/100 g soil) 1.33 1.37
Soil type Clay loam Clay loam  K* (mg/100 g soil) 0.87 0.98
Chemical properties DTPA-Extractable nutrients
pH (1:2.5) 7.85 7.89 Fe (ppm) 1.65 1.72
E.C. (dS/m) 1.01 1.06 Cu (ppm) 0.42 0.44
O.M. 1.62 1.73 Zn (ppm) 0.46 0.49
CaCOs 3.16 3.38 Mn (ppm) 0.51 0.54
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Table b. Chemical analysis

of the used compost in both seasons of 2021/2022 and

2022/2023.

Properties Value Properties Value
Organic carbon (%) 25.1 Total P (%) 0.5
Humidity (%) 25 Total K (%) 1.0
Organic matter 44 Fe (ppm) 1750
C/N ratio 175 Zn (ppm) 60
pH (1:2.5) 8.0 Mn (ppm) 125
E.C. (m. mhos/cm.) 5 Cu (ppm) 200
Total N (%) 15

Statistical analysis:

The data collected for all traits were
organized into tables and subjected to
statistical analysis using MSTAT-C (1986),
followed by the LSD test (at 0.05) to facilitate
comparisons among the treatment means.

RESULTS AND DISCUSSION

Regardless of the effect of all treatments,
data listed in Tables (1 to 8) pointed out that
all vegetative growth traits (plant height, stem
diameter, number of branches per plant, leaf
area, aerial parts fresh and dry weights per
plant per cut) were the highest in the third cut
than either 2" or 1% cut, except plant height
and leaf area, which were reduced. These
increases in stem diameter, number of
branches per plants, aerial parts fresh and dry
weights per plant in the 3 cut may be
attributed to the fact that cutting plants gave
the thickness diameter, a greater number of
branches, and heaviest biomass either fresh or
dry (Abdou et al., 2024 a and b) on rosemary
and marjoram. Also, the decreases in plant
height and leaf area in the 3" cut may be due
to the development after the harvest did not
reach the stage of height and leaf formation.

Fertilizing lemon balm with 3 levels of
compost (4, 8 and 12 ton/fed) led to
significant increase in vegetative growth traits
via plant height, stem diameter, number of
branches per plants, leaf area, aerial parts
fresh and dry weights per plant per cut relative
to control through the three cuts during both
seasons (Tables, 1 to 6). The increase in
previous parameters was increased with
increasing compost level, so, the high values
were obtained from 12 ton/fed. At the same
time, no significant differences were observed
between 8 and 12 ton compost per feddan.
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It was noticed that the total herb fresh and
dry weights either per plant or per feddan per
season were significantly increased over the
control (Tables, 7 and 8). Such increase in
total herb fresh and dry weights per feddan
per season reached 33.67, 70.41 and 98.93%
for herb fresh weight per feddan and 37.46,
66.15 and 85.95% over the control for herb
dry weight per feddan due 4, 8 and 12 ton
compost per feddan in the first season. Similar
trends were detected in the second season
(Table, 8).

Compost includes much of the mineral
nutrients (macro and microelements) required
for plant growth and yield Rahimpoor and
Fallah (2018). Similar results due to the effect
of compost on different plants were obtained
by Abdelaziz et al. (2007) on Rosmarinu
officinalis, Khalil et al. (2008) on Salvia
officinalis, Abdou et al. (2015a) on Cuminum
cyminum, and Abdou et al. (2020a), Youssef
et al. (2020) on Foeniculum vulgare.

Data presented in Tables (1 to 6) clarified
that plant height, stem diameter, number of
branches per plant, leaf area, aerial parts fresh
and dry weights per plant per cut of Melissa
officinalis were noticeably augmented due to
all used six antioxidant treatments (amino
acids, sea algae extract and vitamin E, each at
2 concentrations) relative to the check
treatment through the three cuts during both
seasons. Also, the calculation of herbage fresh
and dry weight either per plant or per feddan
per season took the same line. Where vitamin
E at 100 ppm followed by vitamin E at 200
ppm then sea algae extract at 3 ml/l were the
best treatments augmented by the highest
values. The increase in herb fresh weight per
feddan over the control measured 131.12,
108.38 and 94.57% and 90.94, 78.58 and
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Table 1. Response of Melissa officinalis plant height (cm) to compost fertilization and some
antioxidants throughout the three cuttings during both seasons (2021/2022 and

2022/2023).
Compost fertilization level, ton/feddan (A)
Antioxidar(lé ;creatments 0.0 4 8 12 l\/I(eBa)m 0.0 4 8 12 I\/I(;a)m
First season (2021/2022) Second season (2022/2023)

Cut number 1
Control 270 363 620 645 475 298 510 555 60.0 49.1
AA (1 ml/) 350 590 665 691 574 328 585 617 66.0 54.8
AA (2 ml/) 405 645 718 740 627 435 66.0 68.0 695 61.8
SAE (1.5 mi/l) 437 715 756 796 676 464 703 712 736 65.4
SAE (3 ml/l) 541 750 806 847 736 502 745 756 76.7 69.3
Vit. E (100 ppm) 66,5 815 860 886 807 545 760 797 845 73.7
Vit. E (200 ppm) 603 795 85 870 781 521 750 762 820 713
Mean (A) 46,7 668 754 782 668 442 673 69.7 732 63.6
L.S.D.at5% A:45 B:3.5 AB: 7.0 A: 44 B: 3.2 AB: 6.4

Cut number 2
Control 220 465 505 545 434 260 504 523 57.0 464
AA (1 ml/) 282 502 550 618 488 322 556 580 630 52.2
AA (2 ml/T) 327 580 653 700 565 368 604 635 67.2 57.0
SAE (1.5 ml/l) 425 632 705 740 626 421 665 675 695 61.4
SAE (3 ml/) 505 640 735 741 655 460 698 705 734 64.9
Vit. E (100 ppm) 571 705 750 773 700 527 731 740 79.0 69.7
Vit. E (200 ppm) 560 695 725 738 680 490 710 728 76.0 67.2
Mean (A) 413 603 660 694 59.2 407 638 655 693 59.8
L.S.D.at5% A: 4.2 B:3.1 AB: 6.2 A 4.1 B:3.0 AB: 6.0

Cut number 3
Control 200 235 283 290 252 165 220 233 270 22.2
AA (1 ml/) 245 295 323 336 300 190 240 250 295 24.4
AA (2 ml/T) 272 312 341 31 319 224 284 298 314 28.0
SAE (1.5 mi/l) 311 357 362 367 349 267 300 306 334 30.2
SAE (3 ml/l) 337 368 393 398 374 296 312 325 345 32.0
Vit. E (100 ppm) 36,5 383 423 427 400 321 340 358 367 34.7
Vit. E (200 ppm) 348 370 401 422 385 300 335 348 351 334
Mean (A) 29.7 331 361 370 340 252 290 303 325 29.2
L.S.D.at5% A: 2.6 B: 1.4 AB: 2.8 A:25 B:1.3 AB: 2.6

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)
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Table 2. Response of Melissa officinalis leaf area (cm?) to compost fertilization and some
antioxidants throughout the three cuttings during both seasons (2021/2022 and

2022/2023).
Compost fertilization level, ton/feddan (A)
Antioxidalzlt3 ;[reatments 0.0 4 8 12 I\/I(ge)\n 0.0 4 8 12 I\/I(ga)m
First season (2021/2022) Second season (2022/2023)

Cut number 1
Control 086 099 105 115 101 088 104 109 118 1.05
AA (1 mli/) 1.06 1.18 1.26 1.37 1.22 1.09 1.25 1.30 1.48 1.28
AA (2 ml/l) 1.16 1.19 1.27 1.38 1.25 1.18 1.27 1.32 1.50 1.32
SAE (1.5 ml/l) 137 140 148 159 146 138 148 153 169 1.52
SAE (3 ml/l) 147 150 158 169 156 149 159 164 180 1.63
Vit. E (100 ppm) 168 171 179 189 177 171 178 186 192 1.82
Vit. E (200 ppm) 157 160 168 178 166 161 169 175 181 1.72
Mean (A) 131 1.37 1.44 1.55 142 1.33 1.44 1.50 1.63 1.48
L.S.D.at5% A:0.06 B: 0.02 AB: 0.04 A:0.1 B: 0.06 AB: 0.12

Cut number 2
Control 084 097 103 113 099 086 102 107 1.16 1.03
AA (1 ml/) 1.04 116 123 134 119 107 123 127 145 1.25
AA (2 ml/) 114 117 124 135 123 116 124 129 147 1.29
SAE (1.5 ml/l) 1.34 1.37 1.45 1.56 1.43 1.35 145 1.50 1.66 1.49
SAE (3 ml/l) 1.44 1.47 1.55 1.66 1.53 1.46 1.56 161 1.76 1.60
Vit. E (100 ppm) 165 168 175 185 173 168 174 182 188 1.78
Vit. E (200 ppm) 154 157 165 174 162 158 166 172 177 1.68
Mean (A) 128 134 142 152 139 131 141 147 159 1.45
L.S.D.at5% A: 0.05 B: 0.02 AB: 0.04 A:0.08 B: 0.06 AB:0.12

Cut number 3
Control 083 09 101 110 097 08 100 105 113 1.01
AA (1 ml/) 102 113 121 132 117 105 120 125 142 1.23
AA (2 ml/1) 111 114 122 133 120 113 122 127 144 1.27
SAE (1.5 mi/l) 132 134 142 153 140 133 142 147 162 1.46
SAE (3 ml/l) 141 144 152 162 150 143 153 158 1.73 1.57
Vit. E (100 ppm) 161 164 172 182 170 164 171 179 184 175
Vit. E (200 ppm) 151 154 161 171 159 155 162 168 174 165
Mean (A) 126 131 139 149 136 128 139 144 156 1.42
L.S.D.at5% A:0.04 B: 0.03 AB: 0.06 A:0.06 B: 0.02 AB: 0.04

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)
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Table 3. Response of Melissa officinalis stem diameter (mm) to compost fertilization and
some antioxidants throughout the three cuttings during both seasons (2021/2022
and 2022/2023).

Compost fertilization level, ton/feddan (A)

Antioxidar(llt3 ;creatments 0.0 4 8 12 I\/I(ge)\n 0.0 4 8 12 I\/I(eBa)m
First season (2021/2022) Second season (2022/2023)

Cut number 1
Control 325 346 352 357 345 332 353 359 364 3.52
AA (1 ml/1) 328 348 356 359 348 335 355 363 3.66 3.55
AA (2 ml/) 331 352 359 361 351 338 359 366 368 3.58
SAE (1.5 ml/l) 329 349 358 360 349 336 356 365 367 3.56
SAE (3 mli/) 333 354 362 363 353 340 361 369 370 3.60
Vit. E (100 ppm) 33 357 365 367 356 343 364 372 374 3.63
Vit. E (200 ppm) 334 355 353 364 352 341 362 360 371 3.59
Mean (A) 331 352 358 362 350 337 359 365 3.69 3.57
L.S.D.at5 % A:0.12 B: 0.02 AB: 0.04 A:0.13 B: 0.03 AB: 0.06

Cut number 2
Control 335 356 363 368 355 342 364 371 375 3.63
AA (1 ml/1) 338 358 367 370 358 347 366 375 3.77 3.66
AA (2 ml/T) 341 363 370 372 361 349 370 378 3.79 3.69
SAE (1.5 ml/l) 339 359 369 371 359 348 367 378 3.78 3.68
SAE (3 mli/) 343 365 373 374 364 352 372 381 381 3.72
Vit. E (100 ppm) 346 368 376 378 367 354 375 384 386 3.75
Vit. E (200 ppm) 344 366 364 375 362 353 373 372 382 3.70
Mean (A) 341 362 369 372 361 349 370 377 3.80 3.69
L.S.D.at5% A:0.14 B: 0.03 AB: 0.06 A:0.16 B: 0.03 AB: 0.06

Cut number 3
Control 346 366 374 378 366 348 371 377 382 3.70
AA (1 ml/) 349 368 378 379 369 351 373 381 384 3.72
AA (2 ml/l) 352 372 3.8 382 372 355 377 384 387 3.76
SAE (1.5 ml/l) 349 372 381 38 371 352 374 383 386 3.74
SAE (3 ml/l) 354 375 383 38 374 357 379 388 3.89 3.78
Vit. E (100 ppm) 356 377 38 38 376 361 382 391 393 3.82
Vit. E (200 ppm) 355 379 383 38 376 358 381 378 391 3.77
Mean (A) 352 373 380 383 372 355 377 383 387 3.75
L.S.D.at5% A: 0.17 B: 0.03 AB: 0.06 A:0.18 B: 0.02 AB: 0.04

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)
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Table 4. Response of Melissa officinalis number of branches to compost fertilization and
some antioxidants throughout the three cuttings during both seasons (2021/2022
and 2022/2023).

Compost fertilization level, ton/feddan (A)

Antioxidalzé ;[reatments 0.0 4 8 12 I\/I(ga)\n 0.0 4 8 12 I\/I(ga)m
First season (2021/2022) Second season (2022/2023)

Cut number 1
Control 2.6 3.2 44 5.8 4.0 4.6 6.2 8.8 100 7.4
AA (1 mli/) 5.0 5.8 7.8 9.2 7.0 6.0 7.4 102  11.2 8.7
AA (2 ml/) 5.8 7.0 8.6 11.0 8.1 7.6 8.4 106  12.0 9.7
SAE (1.5 mi/l) 6.4 8.0 106  13.0 9.5 8.8 100 130 138 114
SAE (3 mli/l) 7.6 9.4 120 150 110 104 116 142 154 129
Vit. E (100 ppm) 9.8 130 140 176 136 114 132 152 176 144
Vit. E (200 ppm) 8.8 106 122 168 121 120 126 150 166 141
Mean (A) 6.6 8.1 9.9 12.6 9.3 8.7 9.9 124 138 112
L.S.D.at5% A: 0.6 B:0.4 AB: 0.8 A: 0.6 B:0.4 AB: 0.8

Cut number 2
Control 6.0 7.2 7.8 8.4 7.4 7.0 8.4 96 11.8 9.2
AA (1 ml/1) 7.6 8.0 9.6 10.4 8.9 7.8 102 114 136 1038
AA (2 ml/1) 8.4 9.4 104 134 104 9.2 120 126 148 122
SAE (1.5 ml/l) 10.0 10.6 11.2 15.6 11.9 10.2 134 144 16.0 135
SAE (3 ml/l) 120 124 130 164 135 114 140 150 174 145
Vit. E (100 ppm) 142 146 176 202 167 142 156 170 200 16.7
Vit. E (200 ppm) 124 136 152 192 151 126 150 166 19.0 1538
Mean (A) 101 108 121 148 120 103 127 138 161 132
L.S.D.at5% A:0.8 B: 0.6 AB: 1.2 A:1.0 B: 0.8 AB: 1.6

Cut number 3
Control 6.0 8.9 122 134 101 7.2 11.3 130 144 115
AA (1 ml/) 7.2 11.0 144 168 124 8.4 132 156 178 137
AA (2 ml/T) 7.7 144 151 178 137 103 158 168 185 154
SAE (1.5 ml/l) 108 161 182 204 164 132 170 182 204 172
SAE (3 mli/l) 118 180 202 221 180 144 185 197 216 185
Vit. E (100 ppm) 194 211 218 290 229 178 190 211 233 203
Vit. E (200 ppm) 156 182 206 230 194 158 175 202 228 191
Mean (A) 112 154 175 204 161 124 160 178 198 165
L.S.D.at5% A:l2 B:1.0 AB: 2.0 A: 1.0 B: 0.6 AB: 1.2

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)
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Table 5. Response of Melissa officinalis herbage fresh weight (g/plant/cut) to compost
fertilization and some antioxidants throughout the three cuttings during both
seasons (2021/2022 and 2022/2023).

Compost fertilization level, ton/feddan (A)

Antioxidar(llt3 ;creatments 00 4 8 12 I\/I(eBe)m 00 4 8 12 I\/I(eBa)m
First season (2021/2022) Second season (2022/2023)

Cut number 1
Control 2.8 6.1 7.2 10.6 6.7 4.4 6.1 6.7 8.3 6.4
AA (1 ml/) 3.9 7.2 8.3 11.1 7.6 5.0 7.8 9.4 10.6 8.2
AA (2 ml/) 5.3 7.8 8.9 11.7 8.4 6.1 8.9 10.0 133 9.6
SAE (1.5 ml/l) 7.2 9.4 10.0 16.1 10.7 7.2 10.6 12.2 15.0 11.3
SAE (3 ml/l) 8.3 100 106 164 113 8.3 111 128 172 12.4
Vit. E (100 ppm) 117 128 156 194 149 100 133 200 217 16.3
Vit. E (200 ppm) 9.4 106 113 167 120 9.4 117 161 206 14.4
Mean (A) 6.9 9.1 103 146 102 7.2 9.9 125 152 11.2
L.S.D.at5% A:2.2 B: 0.6 AB: 1.2 A:24 B: 0.8 AB: 1.6

Cut number 2
Control 108 150 233 283 194 8.9 144 167 228 15.7
AA (1 ml/) 122 211 306 350 247 131 161 339 361 24.8
AA (2 ml/) 132 233 378 428 293 141 217 389 422 29.2
SAE (1.5 mi/l) 136 278 439 494 337 169 428 472 539 40.2
SAE (3 ml/l) 169 311 467 528 369 228 339 511 583 41.5
Vit. E (100 ppm) 31.1 357 50.0 556 431 344 428 561 628 49.0
Vit. E (200 ppm) 228 333 472 539 393 311 372 522 594 450
Mean (A) 172 268 399 454 323 202 298 423 479 35.1
L.S.D.at5% A: 4.3 B: 1.6 AB: 3.2 A: 49 B: 1.8 AB: 3.6

Cut number 3
Control 117 189 244 311 215 206 222 244 328 25.0
AA (1 ml/) 200 222 272 344 260 233 283 317 356 29.7
AA (2 ml/l) 228 300 356 389 318 300 306 339 433 34.4
SAE (1.5 ml/l) 26,7 378 439 461 386 350 389 422 500 41.5
SAE (3 ml/l) 356 422 472 528 444 356 411 433 556 43.9
Vit. E (100 ppm) 46.7 500 539 606 528 40.0 428 461 65.0 48.5
Vit. E (200 ppm) 400 456 487 572 479 367 419 456 56.7 45.2
Mean (A) 290 352 401 459 376 316 31 382 484 383
L.S.D.at5% A:5.2 B:2.1 AB: 4.2 A: 45 B:22 AB: 4.4

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)
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Table 6. Response of Melissa officinalis herbage dry weight (g/plant/cut) to compost
fertilization and some antioxidants throughout the three cuttings during both
seasons (2021/2022 and 2022/2023).

Compost fertilization level, ton/feddan (A)

Antioxidalzé ;[reatments 0.0 4 8 12 I\/I(;e)\n 0.0 4 8 12 I\/I(ga)m
First season (2021/2022) Second season (2022/2023)

Cut number 1
Control 2.1 2.4 3.0 3.3 2.7 2.5 2.8 3.7 4.0 3.3
AA (1 ml/) 2.5 2.8 3.7 3.9 3.2 2.8 3.6 3.9 4.1 3.6
AA (2 ml/) 2.8 3.3 3.9 4.4 3.6 3.5 4.1 4.3 4.5 4.1
SAE (1.5 mi/l) 3.0 3.7 4.1 4.6 3.8 3.9 4.3 4.4 4.5 4.3
SAE (3 ml/l) 3.2 4.2 4.7 5.0 4.3 4.2 4.7 4.9 5.2 4.7
Vit. E (100 ppm) 4.0 5.0 5.5 6.0 5.1 4.9 7.1 7.3 8.5 6.9
Vit. E (200 ppm) 3.6 4.7 5.3 5.8 4.8 4.6 4.8 5.4 6.1 5.2
Mean (A) 3.0 3.7 43 47 3.9 38 45 48 53 4.6
L.S.D.at5% A: 0.6 B:0.1 AB: 0.2 A: 0.6 B: 0.2 AB: 0.4

Cut number 2
Control 3.6 4.3 6.1 9.0 5.7 3.0 5.1 7.0 9.0 6.0
AA (1 ml/) 4.4 8.0 8.4 10.6 7.8 4.1 6.6 7.5 9.5 6.9
AA (2 ml/) 4.8 9.1 111 125 9.4 4.9 7.4 103  16.2 9.7
SAE (1.5 ml/l) 5.6 9.7 12.0 13.0 10.1 5.2 8.8 13.8 18.0 11.4
SAE (3 ml/l) 6.4 103 129 136 108 7.1 106 166 199 135
Vit. E (100 ppm) 7.2 119 147 162 125 8.0 179 187 213 16.5
Vit. E (200 ppm) 7.0 112 138 143 116 7.5 121 180 207 14.6
Mean (A) 5.6 9.2 113 127 9.7 5.7 9.8 131 164 11.2
L.S.D.at5% A:l5 B: 0.9 AB: 1.8 A: 3.4 B: 0.8 AB: 1.6

Cut number 3
Control 6.4 7.9 7.8 8.7 7.7 6.4 8.6 8.7 12.0 8.9
AA (1 ml/) 7.0 8.8 8.5 10.0 8.6 8.4 9.1 11.0 119 10.1
AA (2 ml/1) 7.2 9.2 9.9 13.3 9.9 101 107 131 150 12.2
SAE (1.5 mi/l) 7.9 9.6 11.0 143 107 129 148 162 16.7 15.2
SAE (3 ml/l) 8.4 101 138 144 117 160 173 179 184 17.4
Vit. E (100 ppm) 9.2 111 160 162 131 186 200 209 215 20.3
Vit. E (200 ppm) 8.8 106 149 151 124 180 192 192 201 19.1
Mean (A) 7.8 9.6 117 131 106 129 142 153 165 14.7
L.S.D.at5% A: 17 B: 0.4 AB: 0.8 A:l3 B: 0.3 AB: 0.6

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)
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Table 7. Response of Melissa officinalis total herb fresh and dry weights (g/plant/season)
to compost fertilization and some antioxidants during both seasons (2021/2022
and 2022/2023).

Compost fertilization level, ton/feddan (A)

Antioxidant treatments Mean Mean
(B) 0.0 4 8 12 (B) 0.0 4 8 12 (B)
First season (2021/2022) Second season (2022/2023)
Fresh weight (g/plant/season)
Control 253 400 550 700 476 339 428 478 639 47.1
AA (1 ml/) 36.1 506 661 806 583 414 522 750 822 62.7
AA (2 mi/) 413 611 822 933 695 502 611 828 989 73.3
SAE (1.5 mi/) 475 750 978 1117 830 59.2 922 101.7 1189 93.0
SAE (3 ml/I) 60.7 833 1044 1219 926 66.7 861 107.2 1311 9738
Vit. E (100 ppm) 89.4 985 1194 1356 1107 844 989 1222 1494 1138
Vit. E (200 ppm) 722 894 1072 1278 99.2 772 90.7 1139 136.7 104.6
Mean (A) 532 711 903 1058 80.1 59.0 749 929 1116 846
L.S.D.at5 % A:15.6 B: 10.7 AB: 21.4 A:15.9 B:9.8 AB: 19.6
Dry weight (g/plant/season)

Control 121 146 169 209 161 119 166 194 251 18.3
AA (1 ml/) 139 197 205 244 196 153 193 224 255 20.6
AA (2 mi/) 147 216 250 301 229 185 221 277 357 26.0
SAE (1.5 ml/l) 165 230 271 319 246 220 279 344 391 30.9
SAE (3 ml/I) 180 246 314 330 268 272 326 393 435 35.7
Vit. E (100 ppm) 204 281 36.2 384 308 315 449 470 513 43.7
Vit. E (200 ppm) 194 265 340 352 288 302 361 425 469 38.9
Mean (A) 164 226 273 306 242 224 285 332 382 30.6
L.S.D.at5% A:35 B:2.1 AB: 4.2 A:5.1 B:2.3 AB: 4.6

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)

Table 8. Response of Melissa officinalis total herb fresh and dry weights (t/fed./season) to
compost fertilization and some antioxidants during both seasons (2021/2022 and

2022/2023).
Compost fertilization level, ton/feddan (A)
Antioxidant treatments Mean Mean
(B) 0.0 4 8 12 (B) 0.0 4 8 12 (B)
First season (2021/2022) Second season (2022/2023)
Fresh weight (ton/fed/season)
Control 1.282 2028 2788 3548 2412 1718 2169 2423 3239 2.387
AA (1 mi/) 1.830 2565 3351 4.086 2958 2.099 2.646 3.802 4.167 3.178
AA (2 mi/) 2.093 3.097 4.167 4729 3522 2545 3.097 4.197 5013 3.713
SAE (1.5 ml/) 2408 3802 4957 5662 4.207 3.001 4.674 5155 6.027 4.714
SAE (3 ml/l) 3.077 4222 5292 6.179 4.693 3.381 4364 5434 6.845 4.956
Vit. E (100 ppm) 4532 4993 6.052 6.873 5.613 4.278 5013 6.194 7,573 5.765
Vit. E (200 ppm) 3.660 4532 5434 6478 5.026 3913 4597 5773 6.929 5.303
Mean (A) 2.697 3.605 4577 5365 4.061 2991 3794 4711 5.656 4.288
L.S.D.at5% A:0.790 B: 0.347 AB: 0.694 A:0.780 B: 0.385 AB: 0.770
Dry weight (ton/fed/season)
Control 0.613 0.740 0.857 1.059 0.817 0.603 0.841 0.983 1.272 0.925
AA (1 mi/) 0.705 0999 1.039 1.237 0.995 0.776 0.978 1.135 1.293 1.045
AA (2 mi/) 0.745 1095 1267 1526 1.158 0.938 1.120 1.404 1.810 1.318
SAE (1.5 ml/l) 0.836 1166 1374 1617 1248 1.115 1414 1744 1982 1564
SAE (3 ml/1) 0912 1247 1592 1673 1.35 1.379 1.652 1.992 2205 1.807
Vit. E (100 ppm) 1.034 1424 1835 1946 1560 1597 2276 2382 2600 2214
Vit. E (200 ppm) 0983 1343 1723 1784 1459 1531 1.830 2154 2377 1973
Mean (A) 0.833 1145 1384 1549 1228 1.134 1445 1685 1.934 1549
L.S.D.at5% A:0.170 B: 0.137 AB: 0.274 A: 0.260 B:0.198 AB: 0.396

Where: AA (amino acids), SAE (sea algae extract) and Vit. E (vitamin E)
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65.97% for herb dry weight per feddan due to
vitamin E at 100, vitamin E at 200 and sea
algae at 3 ml/l in the first season. Similar
results were obtained in the second season.

Antioxidants are effective when applied
to plants, leading to plant growth
enhancement (Li and Ni, 1996 and Mau et al.,
2001).

In accordance with our results Ismail
(2008) and Ayyat et al. (2021) on Nigella
sativa, Abdou et al. (2012) on mint, Abdou et
al. (2014a and 2017a) on basil, and Ali and
Hussein (2019) on Senna coffee plant for
vitamin E. In addition, Sari and Ceylan (2002)
on Melissa officinalis, Mansori et al. (2016)
and Mansori et al. (2019) on Salvia
officinalis, Salam and Yousef (2015) and El-
Naggar et al. (2020) on Ocimum spp., Al-
Mohammadi and Alshaheen (2022) on
Rosmarinus officinalis and El-Ziat et al.
(2024) on Tagetes patula L. concerning sea
algae. Also, Ahmed (2009) and Majkowska-
Gadomska et al. (2022) on Melissa officinalis
L., Mohamed et al. (2020) on Origanum
majorana, and Al-Fraihat et al. (2023) on
Rosmarinus officinalis, regarding the effect of
amino acids.

The interaction effect between compost
and antioxidant treatments was significant for
all vegetative studied parameters in all cases.
The best values overall were obtained from
plants fertilized with 8 or 12 ton compost per
feddan and sprayed with vitamin E (100 or
200 ppm) or sea algae at 3 ml/I.
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