ﬁ Scientific Journal of Agricultural Sciences

= Print (ISSN 2535-1796) / Online (ISSN 2535-180X)

Alleviation of Irrigation Water Salinity Effect on Rosmarinus officinalis by

Humic Acid

Aly, M.K.A, Mohamed, Rana, H and Hassan, A.A.

Hort. Dep., Fac. of Agric., Minia Univ., Egypt

Citation: Aly, M.K.A,
Mohamed, Rana, H and Hassan,
A.A. (2024). Alleviation of
Irrigation Water Salinity Effect
on Rosmarinus officinalis by
Humic Acid. Scientific Journal
of Agricultural Sciences, 6 (1):
1-16.
https://doi.org/10.21608/sjas.20
24.268089.1388.

Publisher :

Beni-Suef University, Faculty of
Agriculture

Received: 5/2 /2024
Accepted: 29/2 /2024

Corresponding author:
Ahmed Ali Hassan

Email:
Ahmed_hassan@mu.edu.eg

This is an open access article
licensed under

oNolE

ABSTRACT

This investigation was under taken at the farm of floriculture
plants, Fac. Agric., Minia Univ. throughout the two growing
seasons of 2022 and 2023 to teste the influence of humic acid at
0.0, 1000, 2000 and 4000 ppm on Rosmarinus officinalis growth
characters, essential oil production and some chemical
compositions, planted under irrigation salinity (0.0, 800, 1600
and 2400 ppm NacCl).

Data showed that all examined traits of vegetative
development (plant height, branches and leaves number, stem
diameter, leaf area, herb fresh and dry weights), essential oil
productivity (% and yield ml/plant) and some chemical
compositions (pigments content and NPK%) were decreased by
increasing salinity level comparing with control during both
seasons. At the same time, salinity concentrations increased
both of Na% and proline content (ug/g) in dry leaves during
both seasons.

Humic acid treatments significantly increased all
abovementioned traits of vegetative development and volatile
oil content as well as some chemical compositions except Na%
and proline content (ug/g) in dry leaves during both seasons,
were decreased. The best treatment was 4000 ppm humic acid
in this concern.

In conclusion, treating plants with 4000 ppm humic acid
can alleviate the bad effects of moderate salinity levels.
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1. INTRODUCTION

Rosmarinus officinalis L. a member of
family Lamiaceae. The plant is an evergreen
herb (Abdelkader et al., 2019). Rosmary is
mainly consisted of di- and triterpene, phenolic
compounds, and volatile oils (Aumeeruddy-
Elalfi et al., 2015 and Aumeeruddy-Elalfi et al.,
2016). Generally, economic value of rosemary
plant due to biological activities, antitumor
activity, antioxidant activity, anti-infectious

activity, anti-inflammatory and analgesic
activities as well as used as ornamental plant.

One of the primary biotic factors adversely
influencing plant development and production
globally is salt stress. Abdelkader et al., 2019;
El-Kholy et al., 2020; Mehrizi et al., 2021; and
Al-Fraihat et al., 2023 concluded that increasing
salt level reducing rosemary plant vegetative
development parameters, essential oil content
and some chemical composition.
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Several researchers tested the influence
of humic acid at various concentrations on
medical plants under salinity stress, and found
positive effects on alleviating the bad effects of
salinity (Mostafa, 2015 and Zulfigar et al., 2019
on fennel plant; Hassan, 2019 on caraway plant;
Hegazy et al., 2021 on sage plant; and Rekaby
et al., 2023 on quinoa plant).

Therefore, this research aimed to evaluate
the response of rosemary grown under salinity
to spraying with humic acid.

2. MATERIALS AND METHODS

To assess the impact of humic acid on
vegetative development parameters, volatile oil

content and some chemical constituents of
rosemary plant grown under salinity stress, this
work was laid out at the farm of floriculture
Plants, Faculty Agriculture, Minia University
during 2022 and 2023 seasons.

Terminal rooted cuttings of Rosmarinus
officinalis plant averaged 10 cm in height, 2 ml
diameter and have 8 leaves were cultivated on
15" February of the two seasons of 2022 and
2023 in plastic pots (20 cm in diameter)
contained 3.950 kg of sandy soil (two
cutting/pot). The soil physical and chemical
were analyzed according to Jackson (1973) as
presented in Table 1.

Table 1. The soil physical and chemical analysis of the experimental used soil.

. Values . Values

Soil character 2022 2023 Soil character 2022 2023
Physical properties: Nutrients:

Sand (%) 89.00 90.00 Total N (%) 0.01 0.01
Silt (%) 7.80 6.90 Available P (ppm) 2.76 2.91
Clay (%) 3.20 3.10 Na* (mg/100 g soil) 2.39 2.50
Soil type sandy sandy K* (mg/100 g soil) 0.73 0.78
Chemical properties: DTPA-Extractable nutrients:

pH (1:2.5) 8.25 8.29 Fe (ppm) 1.06 1.12
E.C. (dS/m) 1.13 1.16 Cu (ppm) 0.34 0.38
O.M. 0.02 0.03 Zn (ppm) 0.36 0.33
CaCOs 11.60 11.80 Mn (ppm) 0.58 0.65

The experiment used a split plot in a
CRBD with replicated three times and included
16 treatments (4 x 4). There were 4 pots (8
plants) in each treatment, so the total number of
used plants was 384 plants. Four irrigation water
salinity treatments (0, 800, 1600 and 2400 ppm
NaCl) and four humic acid (0, 1000, 2000, and
4000 ppm) were distributed among the sub-plots
and the main plots, respectively. The sodium
chloride was obtained from EI-Gomhouria Co.
For Trading Drugs, Chemicals and Medical
Supplies (Al Amiriyyah, Egypt) and humic acid
was released from Star Gold for Agricultural
Development,  Asyut  District,  Assiut
Governorate, Egypt.

The plants were irrigated (with 500 cm?®
each/pot) two times weekly. All treatments were
irrigated with tab water for two weeks (15" —
28" February), after that the plants were
irrigated with salinized water beginning on
March 1% and continuing until the experiment's
harvest in accordance with the designated

concentration. All treatments were sprayed four
times with humic acid (2 times, 15" March and
1%t April, before the first cut) and (2 times later,
15" June and 1% July). The plants were cut two
times (1 June and 1% September) in both
seasons by chopping plants at 5 cm above the
soil surface.

Data were recorded for each cut: plant
height (cm), stem diameter (mm), branches
number, leaves area (cm?) and number/plant,
fresh and dried herb weights (g), essential oil
production (percent and yield) in both cuts
during both seasons, in addition to chemical
constituents [content of pigments and proline,
NPK and Na% in second cut only during both
seasons.

The three pigment contents were
colorimetrically measured as described by Fadl
and Sari El-Deen (1978). Macro-elements
percentages were determined according to
ICARDA (2013). Proline content was measured
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in the second cut as described by Bates et al.
(1973).

2.1.Statistical analysis

The acquired data were tallied and subjected
to statistical analysis in accordance with
MSTAT-C (1986), with an LSD test at 0.05
being employed to compare the treatment
means.

3. RESULTS AND DISCUSSION
3.1. Vegetative growth indicators:

Listed data in Tables (2 to 7) indicated that
irrigation water salinity treatments led to
significantly increase under (800 ppm NaCl),
and decreased under (1600 and 2400 ppm NaCl)
for all vegetative development indicators (plant
height, branches and leaves number, stem
diameter, leaf area, and herb weights of fresh
and dried) as facing to untreated plants (tab
water) in the both cuts throughout both growing
seasons. Sodium chloride at 2400 ppm produced
the highest reduction comparing with control.

Our results are consistent with those published
by Tounekti et al. (2008), Kiarostami et al.
(2010), Langroudi and Sedaghathoor (2012), Ali
and Attia (2015), Abdelkader et al. (2019),
Chetouani et al. (2019), EI-Kholy et al. (2020)
and Al-Fraihat et al. (2023) on Rosmarinus
officinalis L.

As for humic acid application, data listed
in Tables (2 to 7) showed that the three
concentrations of humic acid treatments (1000,
2000 and 4000 ppm) significantly increased all
abovementioned  parameters  relative to
untreated plants for both cuts during first and
second seasons. In all cases, at 4000 ppm, humic
acid outperformed other treatments in terms of
effectiveness in enhancing abovementioned
vegetative growth parameters.

Similar outcomes to ours were achieved
by Sharaf ElI Din et al. (2013), Fazli and
Abbaszadeh (2015), Jalayerinia et al. (2017),
and Zghair et al. (2022) on rosemary; El-
Khateeb et al. (2017) and Hammam et al. (2019)
on marjoram; Dehsorkhi et al. (2018) on cumin;

Table 2. Response of plant height, stem diameter and branches number of Rosmarinus
officinalis to salinity and humic acid treatments in both cuts throughout the first

season.
Humic acid Irrigation I\\//Ivater salinity (ppm) (A) -
treatments 0.0 800 1600 2400 (;‘3)‘” 00 800 1600 2400 (;"’)‘”
(Ppm) The first cut The second cut
Plant height (cm)
Control 265 278 226 196 241 265 278 226 195 241
Humic acid 1000 27.8 29.2 237 206 253 280 295 238 208 255
Humic acid 2000 28.7 30.1 258 216 26,6 292 306 263 219 270
Humic acid 4000 29.2 321 263 220 274 300 330 270 226 282
Mean (A) 28.1 298 246 209 259 284 302 249 212 26.2
L.S.D.at5 % A:1.6 B:1.1 AB: 2.2 A 17 B:1.3 AB: 2.6
Stem diameter (mm)

Control 40 43 3.7 3.3 3.8 4.2 4.5 3.9 35 4.0

Humic acid 1000 4.1 4.4 3.8 3.4 3.9 4.3 4.6 4.0 3.6 4.1

Humic acid 2000 4.2 45 3.9 35 4.0 4.5 4.8 4.1 3.7 4.3
Humic acid 4000 4.3 4.6 4.1 3.7 4.2 4.6 4.9 4.3 3.9 4.4

Mean (A) 4.2 45 3.9 3.5 4.0 4.4 4.7 4.1 3.7 4.2
L.S.D.at5 % A: 0.3 B:0.1 AB: 0.2 A: 0.2 B:0.1 AB: 0.2

Branches number

Control 301 319 241 216 269 316 338 255 231 285
Humic acid 1000 3.15 335 252 227 282 331 355 267 243 299
Humic acid 2000 3.31 352 265 239 297 348 373 281 256 314
Humic acid 4000 3.47 369 278 251 311 364 391 295 269 330
Mean (A) 324 344 259 233 290 340 364 275 250 3.07
L.S.D.at5 % A:0.19 B:0.13 AB: 0.26 A:0.23 B:0.12 AB: 0.24
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Fahmy and Hassan (2019) on roselle plant;
Faizy (2019) on black cumin; Mohammed et al.
(2019) on chamomile; Omer et al. (2020) on
caraway; and Tawfik (2022) on fennel.

The effect between the combination of
salinized water and humic acid was significant
for  abovementioned  vegetative  growth
parameters in both cuts during the first and
second seasons. Generally, the interaction
treatment of water salinity at 800 ppm in
combination with humic acid at 4000 ppm
produced the highest values. Similarly, Mostafa
(2015) and Zulfigar et al. (2019) on fennel;

Hegazy et al. (2020) on sage; and Rekaby et al.

(2023) on quinoa.

3.2. Essential oil productivity:
3.2.1. Essential oil (%0):

According to Tables 6 and 7, the proportion
of essential oil in the rosemary herb increased
considerably in both cuttings over both seasons
when it was exposed to the control (tab water)

due to the water salinity stress (800 and 1600
ppm NaCl). At the same time, the oil percentage
significantly decreased under 2400 ppm NaCl in
the first and second cuts throughout both
growing seasons comparing with the control.
The influence of saline water on volatile oil (%)
was emphasized by Tounekti et al. (2008), Ali
and Attia (2015), Abdelkader et al. (2019),
Sarmoum et al. (2019), and EIl-Kholy et al.
(2020) on Rosmarinus officinalis, who
concluded that volatile oil (%) was reduced
considerably with rising salinity concentration.
On contrast, Bidgoli et al. (2019) and Al-Fraihat
et al. (2023) on Rosmarinus officinalis,
mentioned that essential oil (%) was improved
under moderate salinity compared with the
control.

Regarding the effect of humic acid, data
presented in Tables (6 and 7) mentioned that all
humic acid (1000, 2000 and 4000 ppm)
considerably increased essential oil (%) in
comparison with control.

Table 3. Response of plant height, stem diameter and branches number of Rosmarinus
officinalis to salinity and humic acid treatments in both cuts throughout the second

season.
Humic acid Irrigation '\\//Ivater salinity (ppm) (A) -
treatments 0.0 800 1600 2400 (g’)‘” 0.0 800 1600 2400 (g’)‘”
(ppm) The first cut The second cut
Plant height (cm)
Control 305 320 260 225 278 308 323 263 227 280
Humic acid 1000 32.0 336 27.2 237 291 326 343 277 242 297
Humic acid 2000 33.0 346 297 248 305 340 356 306 255 314
Humic acid 4000 336 36.9 302 253 315 349 384 314 263 328
Mean (A) 323 343 283 241 297 331 352 290 247 305
L.S.D. at5 % A: 2.0 B:1.3 AB: 2.6 A:19 B:1.2 AB: 2.4
Stem diameter (mm)
Control 4.1 4.4 3.8 3.4 4.0 4.3 4.6 4.1 3.7 4.2
Humic acid 1000 4.2 45 4.0 3.5 4.1 4.4 4.7 4.2 3.8 4.3
Humic acid 2000 4.3 4.6 4.1 3.6 4.2 4.6 4.9 4.3 3.9 4.4
Humic acid 4000 4.4 4.7 4.3 3.8 4.3 4.7 5.0 4.5 4.1 4.6
Mean (A) 43 46 40 36 41 45 48 43 39 44
L.S.D.at5 % A: 0.2 B:0.1 AB: 0.2 A: 0.3 B:0.1 AB: 0.2
Branches number
Control 3.04 322 243 218 272 335 358 270 245 3.02
Humic acid 1000 3.21 342 257 232 2838 354 380 286 260 3.20
Humic acid 2000 3.41 363 273 246 306 376 403 3.03 276 3.40
Humic acid 4000 3.61 384 289 261 324 397 426 322 293 359
Mean (A) 332 353 266 239 297 365 392 295 269 330
L.S.D.at5 % A:0.20 B: 0.16 AB: 0.32 A:0.26 B:0.18 AB: 0.36
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Table 4. Response of leaves number, leaf area and herb fresh weight of Rosmarinus officinalis to salinity and humic acid treatments in both cuts
throughout the first season.

Irrigation water salinity (ppm) (A)

Humic acid treatments

(ppm) 0.0 800 1600 2400 Mean (B) 0.0 800 1600 2400 Mean (B)
The first cut The second cut
Leaves number
Control 138.47 145.28 118.04 102.15 125.99 139.83 146.64 119.40 103.06 127.23
Humic acid 1000 145.31 152.58 123.52 107.62 132.26 148.04 155.76 125.79 109.89 134.87
Humic acid 2000 149.89 157.15 134.90 112.64 138.64 154.43 161.70 138.99 115.82 142.73
Humic acid 4000 152.64 167.64 137.20 114.94 143.10 158.55 174.45 142.65 119.48 148.78
Mean (A) 146.58 155.66 128.41 109.34 135.00 150.21 159.64 131.71 112.06 138.40
L.S.D. at5 % A: 8.08 B: 6.25 AB: 12.50 A: 941 B: 7.60 AB: 15.20
Leaf area (cm?)
Control 0.36 0.39 0.33 0.30 0.35 0.36 0.39 0.33 0.30 0.35
Humic acid 1000 0.38 0.41 0.34 0.32 0.36 0.39 0.42 0.35 0.33 0.37
Humic acid 2000 0.44 0.48 0.42 0.37 0.43 0.45 0.49 0.43 0.38 0.44
Humic acid 4000 0.50 0.54 0.48 0.40 0.48 0.52 0.56 0.50 0.42 0.50
Mean (A) 0.42 0.46 0.39 0.35 0.40 0.43 0.47 0.40 0.36 0.41
L.S.D.at5 % A:0.02 B:0.1 AB: 0.02 A: 0.03 B: 0.02 AB: 0.04
Herb fresh weight/plant (g)
Control 11.90 12.48 10.14 8.78 10.82 12.01 12.60 10.26 8.85 10.93
Humic acid 1000 12.51 13.14 10.64 9.27 11.39 12.75 13.41 10.83 9.46 11.61
Humic acid 2000 12.94 13.56 11.64 9.72 11.97 13.33 13.96 12.00 10.00 12.32
Humic acid 4000 13.20 14.50 11.87 9.94 12.38 13.72 15.09 12.34 10.34 12.87
Mean (A) 12.64 13.42 11.07 9.43 11.64 12.95 13.76 11.36 9.66 11.93

L.S.D.at5% A:0.77 B: 0.56 AB:1.12 A:0.80 B: 0.67 AB:1.34
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Table 5. Response of leaves number, leaf area and herb fresh weight/plant of Rosmarinus officinalis to salinity and humic acid treatments in
both cuts throughout the second season.

Irrigation water salinity (ppm) (A)

Humic acid treatments

(ppm) 0.0 800 1600 2400 Mean (B) 0.0 800 1600 2400 Mean (B)
The first cut The second cut
Leaves number
Control 120.31 126.21 102.60 88.98 109.53 120.31 126.21 102.60 88.53 109.41
Humic acid 1000 126.24 132.60 107.62 93.54 115.00 127.15 133.96 108.08 94.45 115.91
Humic acid 2000 130.36 136.71 117.18 98.11 120.59 132.63 138.99 119.45 99.47 122.63
Humic acid 4000 132.66 145.83 119.48 99.95 124.48 136.29 149.92 122.66 102.67 127.89
Mean (A) 127.39 135.34 111.72 95.15 117.40 129.09 137.27 113.20 96.28 118.96
L.S.D. at5 % A:7.91 B: 4.47 AB: 8.94 A: 8.16 B: 6.50 AB: 13.00
Leaf area (cm?)
Control 0.37 0.40 0.34 0.31 0.35 0.37 0.40 0.35 0.32 0.36
Humic acid 1000 0.39 0.42 0.35 0.33 0.37 0.39 0.42 0.36 0.34 0.38
Humic acid 2000 0.45 0.49 0.43 0.38 0.44 0.45 0.49 0.44 0.39 0.44
Humic acid 4000 0.51 0.55 0.49 0.41 0.49 0.52 0.56 0.50 0.42 0.50
Mean (A) 0.43 0.46 0.40 0.35 0.41 0.43 0.47 0.41 0.36 0.42
L.S.D.at5 % A:0.03 B: 0.02 AB: 0.04 A: 0.04 B: 0.02 AB: 0.04
Herb fresh weight/plant (g)
Control 10.34 10.84 8.81 7.64 9.41 10.34 10.84 8.81 7.61 9.40
Humic acid 1000 10.87 11.42 9.27 8.05 9.90 10.95 11.53 9.31 8.13 9.98
Humic acid 2000 11.25 11.80 10.11 8.47 10.41 11.45 12.00 10.31 8.58 10.58
Humic acid 4000 11.48 12.62 10.34 8.65 10.77 11.79 12.97 10.61 8.88 11.06
Mean (A) 10.98 11.67 9.63 8.20 10.12 11.13 11.84 9.76 8.30 10.26

L.S.D.at5% A:0.68 B: 0.49 AB: 0.98 A:0.71 B: 0.58 AB: 1.16
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Table 6. Response of herb dried weight/plant, essential oil percentage and oil yield of Rosmarinus officinalis to salinity and humic acid treatments
in both two cuts throughout the first season.

Irrigation water salinity (ppm) (A)

Humic acid treatments

(ppm) 0.0 800 1600 2400 Mean (B) 0.0 800 1600 2400 Mean (B)
The first cut The second cut
Herb dried weight/plant (g)
Control 6.55 6.86 5.58 4.83 5.95 6.61 6.93 5.64 4.87 6.01
Humic acid 1000 6.89 7.24 5.86 5.11 6.28 7.03 7.39 5.97 521 6.40
Humic acid 2000 7.14 7.49 6.43 5.37 6.60 7.36 7.71 6.62 5.52 6.80
Humic acid 4000 7.30 8.02 6.56 5.50 6.84 7.59 8.34 6.82 5.72 7.12
Mean (A) 6.97 7.40 6.11 5.20 6.42 7.14 7.59 6.26 5.33 6.58
L.S.D. at5 % A:0.41 B: 0.30 AB: 0.60 A:0.43 B: 0.38 AB: 0.76
Essential oil (%)
Control 1.03 1.17 1.19 0.90 1.07 1.04 1.18 1.20 0.91 1.08
Humic acid 1000 1.08 1.22 1.23 1.02 1.14 1.10 1.24 1.25 1.04 1.16
Humic acid 2000 1.14 1.28 1.30 1.11 1.21 1.16 1.31 1.33 1.13 1.23
Humic acid 4000 1.19 1.35 1.37 1.13 1.26 1.23 1.39 1.41 1.16 1.30
Mean (A) 1.11 1.26 1.27 1.04 1.17 1.13 1.28 1.30 1.06 1.19
L.S.D.at5 % A:0.06 B: 0.05 AB: 0.10 A:0.07 B: 0.04 AB: 0.08
Essential oil yield (ml/plant)

Control 0.059 0.070 0.058 0.038 0.056 0.069 0.082 0.068 0.044 0.066
Humic acid 1000 0.065 0.077 0.063 0.045 0.062 0.077 0.092 0.075 0.054 0.074
Humic acid 2000 0.071 0.083 0.073 0.052 0.070 0.085 0.101 0.088 0.062 0.084
Humic acid 4000 0.076 0.094 0.078 0.054 0.076 0.093 0.116 0.096 0.066 0.093
Mean (A) 0.067 0.081 0.068 0.047 0.066 0.081 0.098 0.082 0.057 0.079

L.S.D. at5 % A:0.015 B: 0.007 AB: 0.014 A:0.016 B: 0.008 AB: 0.016
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Table 7. Response of herb dried weight/plant, essential oil percentage and oil yield of Rosmarinus officinalis to salinity and humic acid treatments
in both cuts throughout the second season.

Irrigation water salinity (ppm) (A)

Humic acid treatments

(ppm) 0.0 800 1600 2400 Mean (B) 0.0 800 1600 2400 Mean (B)
The first cut The second cut
Herb dried weight/plant (g)
Control 5.69 5.96 4.85 4.20 5.17 5.69 5.96 4.85 4.19 5.17
Humic acid 1000 5.99 6.29 511 4.44 5.46 6.03 6.35 5.13 4.48 5.50
Humic acid 2000 6.21 6.51 5.58 4.68 5.74 6.32 6.62 5.69 4.74 5.84
Humic acid 4000 6.35 6.98 5.72 4,78 5.96 6.52 7.17 5.87 491 6.12
Mean (A) 6.06 6.44 531 4.52 5.58 6.14 6.53 5.38 4.58 5.66
L.S.D. at5 % A: 0.37 B: 0.28 AB: 0.56 A:0.39 B:0.31 AB: 0.62
Essential oil percentage (%0)
Control 1.05 1.19 1.21 0.92 1.09 1.06 1.20 1.22 0.93 1.10
Humic acid 1000 1.11 1.26 1.27 1.05 1.17 1.14 1.29 1.30 1.08 1.20
Humic acid 2000 1.19 1.33 1.35 1.15 1.26 1.22 1.38 1.40 1.19 1.29
Humic acid 4000 1.25 1.42 1.44 1.19 1.32 1.30 1.47 1.49 1.23 1.38
Mean (A) 1.15 1.30 1.32 1.08 1.21 1.18 1.34 1.35 1.11 1.24
L.S.D.at5 % A: 0.07 B: 0.05 AB: 0.10 A:0.06 B: 0.04 AB: 0.08
Essential oil yield (ml/plant)
Control 0.060 0.071 0.059 0.039 0.057 0.060 0.072 0.059 0.039 0.057
Humic acid 1000 0.066 0.079 0.065 0.047 0.064 0.069 0.082 0.067 0.048 0.066
Humic acid 2000 0.074 0.087 0.075 0.054 0.072 0.077 0.091 0.080 0.056 0.076
Humic acid 4000 0.079 0.099 0.082 0.057 0.079 0.085 0.105 0.087 0.060 0.085
Mean (A) 0.069 0.084 0.070 0.049 0.068 0.072 0.088 0.073 0.051 0.071

L.S.D. at5 % A:0.012 B: 0.006 AB: 0.012 A:0.015 B: 0.007 AB: 0.014
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In general, throughout the first and
second seasons in both cuts, the essential oil
percentage was gradually elevated with
increasing humic acid level. So, humic acid at
4000 ppm produced the highest rise in this
regard.

The humic acid treatments positively
enhanced essential oil percentage as emphasized
by Sharaf EI Din et al. (2013), Jalayerinia et al.
(2017), and Zghair et al. (2022) on rosemary
plants.

The interaction between main and sub-
plots was significant regarding essential oil
percentage in all cases. Watered plants with 800
or 1600 ppm NaCl and in combination with
4000 ppm humic acid resulted the highest
percentages in all cases; or sprayed with humic
acid at 2000 ppm in some cases.

Humic acid help to alleviated bad effects of
saline water as reported by Mostafa (2015) and
Zulfigar et al. (2019) on fennel plant; Hanfy et
al. (2019), on oregano; Hassan (2019) on
caraway plants; Hegazy et al. (2020 and 2021)
on sage; and Rekaby et al. (2023) on quinoa
plant.

3.2.2. Essential oil yield (ml/plant):

Regarding the effect of water salinity stress,
data displayed in Tables (6 and 7) proved that
the essential oil yield in the studied plant
significantly improved in both cuts throughout
both seasons facing control (tab water) for 800
ppm NaCl. While, under 1600 ppm NacCl, it was
slightly increased, moreover, 2400 ppm NaCl
significantly decreased essential oil yield facing
the control.

The harmful effect of high levels of saline
water on essential oil yield was emphasized by
Tounekti et al. (2008), Ali and Attia (2015),
Abdelkader et al. (2019), Sarmoum et al.
(2019), and EI-Kholy et al. (2020) on
Rosmarinus officinalis.

Concerning the humic acid treatments,
Tables (6 and 7) pointed out that the used
concentrations of humic acid (1000, 2000 and
4000 ppm) significantly increased essential oil
yield over the control. Humic acid at 4000 ppm
recorded the highest values, followed by 2000
ppm without significant differences between
4000 and 2000 ppm treatments in the first
season only.

The use of humic acid improved the output
of essential oils as proved by Sharaf El Din et al.
(2013), Jalayerinia et al. (2017), and Zghair et
al. (2022) on rosemary plants.

The combination between main and sub-
plots was significant for yield of essential oil in
double cuts during both seasons. The highest oil
yields were recorded from plants watered with
800 NaCl and treated with 2000 or 4000 ppm
humic acid in all cases.

Humic acid help to alleviated bad effects of
saline water as reported by Hassan (2019) on
caraway plants; Hegazy et al. (2020 and 2021)
on sage; and Rekaby et al. (2023) on quinoa
plant.

3.3. Chemical composition:

3.3.1. Chlorophylls, carotenoids content
and NPK%

Tables 8 and 9 displayed that significant
improvement chlorophyll a, chlorophyll b,
carotenoids, and NPK% were found with water
salinity at 800 ppm NaCl in 2" cutting in
throughout two seasons facing untreated plants.
On the other hand, irrigated plants at 1600 and
2400 ppm NaCl significantly reduced the
abovementioned parameters in 2" cutting in
throughout two seasons facing untreated plats.
The deleterious effects of salinity stress on
photosynthetic pigments and NPK% were
mentioned by Kiarostami et al. (2010), Tounekti
et al. (2011), Langroudi and Sedaghathoor
(2012), Abdelkader et al. (2019), Chetouani et
al. (2019), and El-Kholy et al. (2020) on
rosemary.

Regarding the influence of humic acid
(1000, 2000 and 4000 ppm), data showed that all
three tested pigments contents and NPK% were
significantly increased in 2" cut during couple
seasons as presented in Tables (8 and 9). Humic
acid at 4000 ppm resulted the best contents
overall.

Similarly, El-Khateeb et al. (2017) on
marjoram; Mohammadi et al. (2018) on cumin
plants; Fahmy and Hassan (2019) on roselle
plant; Faizy (2019) on Nigella sativa; and Omer
et al. (2020) on Carum carvi plants.

The effect of interaction treatments was
significant for pigments content and NPK% in
the 2" cut during couple seasons (Tables 8 and
9). The greatest numbers (in all cases) were
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Table 8. Response of chlorophyll a, b and carotenoids of Rosmarinus officinalis to salinity and humic acid treatments in the second cuts
throughout both seasons.

Irrigation water salinity (ppm) (A)

Humic acid treatments

(ppm) 0.0 800 1600 2400 Mean (B) 0.0 800 1600 2400 Mean (B)
The first cut The second cut
Chlorophyll a (mg/g f.w.)
Control 3.131 3.289 3.124 2.967 3.128 3.232 3.394 3.224 3.063 3.228
Humic acid 1000 3.350 3.517 3.183 3.156 3.301 3.457 3.630 3.285 3.258 3.408
Humic acid 2000 3.517 3.728 3.355 3.188 3.447 3.630 3.848 3.463 3.290 3.558
Humic acid 4000 3.693 3.878 3.490 3.316 3.594 3.849 4.041 3.638 3.456 3.746
Mean (A) 3.414 3.593 3.279 3.149 3.359 3.542 3.728 3.402 3.267 3.485
L.S.D. at5 % A:0.105 B: 0.070 AB: 0.140 A:0.115 B: 0.095 AB: 0.190
Chlorophyll b (mg/g f.w.)
Control 1.040 1.096 1.041 0.989 1.042 1.074 1.131 1.075 1.021 1.075
Humic acid 1000 1.116 1.173 1.059 1.007 1.089 1.152 1.210 1.094 1.039 1.124
Humic acid 2000 1.173 1.230 1.107 1.051 1.140 1.210 1.269 1.143 1.085 1.177
Humic acid 4000 1.231 1.292 1.163 1.105 1.198 1.283 1.347 1.212 1.151 1.248
Mean (A) 1.137 1.195 1.090 1.035 1.114 1.180 1.239 1.131 1.074 1.156
L.S.D.at5% A:0.038 B: 0.030 AB: 0.060 A:0.055 B: 0.035 AB: 0.070
Carotenoids (mg/g f.w.)
Control 1.033 1.116 1.062 1.009 1.055 1.046 1.129 1.074 1.021 1.067
Humic acid 1000 1.136 1.192 1.080 1.025 1.108 1.150 1.206 1.093 1.037 1.121
Humic acid 2000 1.193 1.250 1.127 1.072 1.160 1.207 1.265 1.141 1.084 1.174
Humic acid 4000 1.252 1.313 1.183 1.125 1.218 1.266 1.328 1.197 1.138 1.232
Mean (A) 1.150 1.215 1.110 1.055 1.132 1.167 1.232 1.126 1.070 1.149
L.S.D. at5 % A: 0.035 B: 0.030 AB: 0.060 A:0.038 B: 0.030 AB: 0.060
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Table 9. Response of nitrogen, phosphorus and potassium percentage in dry leaves of Rosmarinus officinalis to salinity and humic acid
treatments in the second cut throughout both seasons.

Irrigation water salinity (ppm) (A)

Humic acid treatments

(ppm) 0.0 800 1600 2400 Mean (B) 0.0 800 1600 2400 Mean (B)
The first season The second season
Nitrogen (%)
Control 2.397 2.520 2.253 2.141 2.328 2.426 2.550 2.280 2.167 2.356
Humic acid 1000 2.517 2.643 2.366 2.248 2.444 2.572 2.701 2.418 2.297 2.497
Humic acid 2000 2.668 2.801 2.508 2.383 2.590 2.753 2.891 2.588 2.459 2.673
Humic acid 4000 2.855 3.000 2.684 2.550 2.772 2.975 3.126 2.797 2.657 2.889
Mean (A) 2.609 2.741 2.453 2.331 2.533 2.635 2.768 2.477 2.354 2.559
L.S.D.at5% A:0.130 B: 0.094 AB: 0.188 A: 0.142 B: 0.115 AB: 0.230
Phosphorus (%)
Control 0.249 0.264 0.235 0.212 0.240 0.251 0.267 0.237 0.214 0.242
Humic acid 1000 0.261 0.277 0.245 0.221 0.251 0.264 0.280 0.248 0.224 0.254
Humic acid 2000 0.274 0.290 0.258 0.232 0.264 0.279 0.296 0.263 0.237 0.269
Humic acid 4000 0.288 0.305 0.270 0.243 0.277 0.297 0.315 0.279 0.251 0.285
Mean (A) 0.268 0.284 0.252 0.227 0.258 0.271 0.287 0.255 0.229 0.260
L.S.D.at5 % A: 0.008 B: 0.006 AB: 0.012 A: 0.009 B: 0.008 AB: 0.016
Potassium (%)

Control 2.311 2.450 2.172 2.042 2.244 2.334 2.482 2.205 2.087 2.277
Humic acid 1000 2.427 2.573 2.316 2.177 2.373 2.451 2.606 2.351 2.225 2.408
Humic acid 2000 2.549 2.702 2.432 2.286 2.492 2.574 2.737 2.468 2.336 2.529
Humic acid 4000 2.676 2.837 2.553 2.401 2.617 2.730 2.874 2.591 2.454 2.662
Mean (A) 2.491 2.641 2.368 2.227 2.432 2.516 2.667 2.392 2.249 2.456

L.S.D.at5% A:0.102 B: 0.015 AB: 0.030 A:0.110 B: 0.017 AB: 0.034
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achieved by the interaction treatment of 800
ppm NaCl with 4000 ppm humic acid.

Close findings were obtained by Sofi et al.
(2018) on Medicago sativa; Hassan (2019) on
caraway; and Hegazy et al. (2021) on sage.

3.3.2. Sodium (%) and proline content
(Hg/g):

Opposite trend to previous chemical
constituents, data presented in Table (10)
mentioned that irrigation water salinity (800,
1600 and 2400 ppm NaCl) significantly
increased both sodium (%) and proline content
(1g/g) in both seasons facing the control.
Similar results were reported by Langroudi and
Sedaghathoor (2012), Ali and Attia (2015),
Chetouani et al. (2019) Al-Fraihat et al. (2023)
on Rosmarinus officinalis.

Humic acid treatments had positive
effect on reducing Na percentage and proline
content facing the control in couple seasons
(Table 10). It is observed that the treatment of
high level of humic acid (4000 ppm) was more
effective than either 2000 or 1000 ppm in both
seasons, respectively.

The interaction effect between salinized
water and humic acid was significant for Na (%)
and proline (ug/g) in couple seasons. The
greatest numbers of Na and proline were
obtained from plants watered by 2400 ppm NaCl
without any spray of humic acid in both seasons.
Contrarily, the lowest values of both characters
were detected with control plants sprayed with
4000 ppm humic acid.

Many authors stated that salt stress increased
Na concentration and proline content and found
that humic acid alleviate the bad effects under
salinity, such as Zulfigar et al. (2019) on fennel
plant; Hassan (2019) on caraway plants; and
Hegazy et al. (2021) on sage plant.

4. DISCUSSION

Humic acid's function as an enhancer on
vegetative development, productivity and some
chemical constituents under water salinity stress
because humic acid contains antioxidant which
may be improved salt tolerance by prevent ROS
(reactive oxygen species) from damaging
cellular components (Alscher et al., 2002).
According to Samavat and Malakuti (2006),
humic acid is an organic substance that is
considered ecologically acceptable and has low
quantities of chemicals that are similar to

12

hormones. It may be used to

agricultural productivity.
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