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ABSTRACT

In order to examine the effect of FYM and putrescine K and P as natural rocks to reduce the harmful
effect of salinity of irrigation water on sweet marjoram plants growth and oil production. Field experiment was
achieved at new reclaimed sandy-loam soil located at Eastern Nile side in face of Beba district Beni Swief

Governorate — Egypt; during two experimental seasons (2022 and 2023). The obtained results indicated that,
under irrigation with saline water in new reclaimed sandy soil conditions, treated the sweet marjoram plants
with FYM and putericin as well as potassium and phosphorus natural rocks significantly improved marjoram
plant growth, mineral status and essential oil quantity and quality. The data also shows that, all combined
treatments shows more effective than the individual application of each material.

Keywords: sweet marjoram, natural rocks, salinity, essential oil

INTRODUCTION

Majorana hortensis plant commonly known “sweet
marjoram” is one of family Lamiaceae member. Cyprus and
eastern Mediterranean countries considered as original zone
of marjoram plant (Massoud et al., 2009). Moreover ,
marjoram could propagated by cuttings and seeds (Shalan et
al., 2006; Abbassy et al., 2009 and Massoud et al., 2009).
Marjoram plant distinguished by a sweet, spicy pleasant
odor (Verma et al., 2010). However, the Marjoram
vegetative parts commonly used for extract the essential oil.
It has a many pharmaceutical, medicine, perfumery
antifungal, anticancer and antioxidant properties, as well as
industries uses. Furthermore, Marjoram essential oil
extensively use in food industry (as a spice, processed
vegetables, baked goods, snack foods, soups and gravies
(Mangaia & Ravi 2012).

Commercial Natural Phosphorus rocks (apatite)
have theoretical P contents =~ 15% (34% P-Os) it is also
primary source of Mg and Fe and Ca (Marschner 1995).

Potassium Feldspar rock powder widely used as a
potassium-fertilizers in different soil types (Ciceri et al.,
2019 and Liu, et al., 2020). Studies on rock powders in
agricultural fertilization as a source of K have been carried
out, either in natural or after some solubilizing process
(Ciceri et al., 2019 and Liu, et al., 2020). One of its most
important features that it is available in large quantities and
low-cost source of K (Liu, et al., 2020). Potassium and
Phosphorus rocks are a main source of K and P. However,
in higher pH level soil, they are less readily available to
plants absorption. The potential of using organic fertilizers
(such as FMY) could be increased the solubility and
absorption of these two cations through turn into insoluble
phosphate and potassium in natural rocks to soluble forms
(Schilling et al., 1998).

Putrescine (butane-1,4-diamine) produced when
amino acids decompose, it found in small amounts in
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living cells. Putrescine has multifaceted biochemical
properties, and it has a several roles for under stressful
conditions such as; salinity, cold or potassium deficiency
stress. It has also play some fundamental roles in plant
growth and predictability such as; it conceded as a starting
point of the most common polyamines pathway in higher
plants, cation balance, antioxidant activity, controlling
cellular K* and Ca?*, and mitochondria and chloroplasts
bioenergetics and osmolyte or pH level regulator and also
inhibit ethylene production. However, its role in salinity
tolerances of medicine and aromatic plants remains poorly
understood (Gonzalez-Hernandez et al., 2022).

Reclaimed soil concern revolves around salinity,
which negatively impacts plant growth and development,
particularly in dry and semi-dry regions (Parihar etal., 2015)
Plants with healthy soil have a higher probability of coping
with abiotic stress conditions. Salt stress has been shown to
disrupt several physiological processes leading to reduction
in growth and vyield, as well as oil quality (Mizrahi &
Pasternak, 1985 and Parihar et al., 2015) The effects of
salinity seem to depend on the plant species and cultivars,
the stage of plant development, and agricultural processing
and treatments (Marschner 1995, Grattan and Grieve 1999)

Consequently, the current investigation was aimed
to exploitation of the relative advantage effect of FYM and
natural compounds (Putrescine as well as natural
potassium and phosphorus natural rocks) on decreasing the
harmful effects of irrigation by using saline water on
vegetative growth parameters, essential oil and essential
oil quality of marjoram plants.

MATERIALS AND METHODS

The present investigation was carried out during
two successive seasons 2022 and 2023 in privet farm
located at new reclaimed land located at Eastern Nile side
in face of Beba district, Beni Swief Governorate — Egypt
where the soil texture was sandy loam. The farm irrigate
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through underground well water by using drip irrigation
system.
Plant materials

Seeds of sweet marjoram plants were obtained
from laboratory of medicinally and aromatically plant,
Seds Agricultural Research Station Beni suef (Egypt) and
sowed (in October 15 on plastic boxes (50 cm width and
10 cm depth, filled with mixture of sand and clay soil.
Then the boxes placed three weeks in greenhouse. When,
the marjoram seedlings reached to the stage of 4-5 leaves
and =10 cm in height the seedlings transplanted to the
field. Moreover, seedlings were planted at 40 cm X 60 cm
apart. The plants irrigated with normal underground water
by using drip irrigation system. The Herbs harvested three
times yearly, first cut in May 15™; second cut in early
August and the third cut in October 15, during both
experimental seasons.

Treatments

During the present study, three materials were
examined:

FYM (at 5 and 10 ton/fed.) were added in winter
soil management (in January), natural potassium rock (400
kg/fed.) and natural phosphorus rock (300 kg/fed.) were
added one time to the soil at in October during preparation
the farm soil in the first season (just before seedlings
transplanting) and in second week of October in the second
season. While, putrescine at 10 pM (produced by
Spezifkation auf Anfrage Company and distribution by El-
Korma Company for chemical and seed disruption, Cairo
— Egypt) was added three times yearly, as foliar
application, the first one in early November and three
weeks intervals.

Then, eleven treatments plus control (un-treated
plants irrigated with the wells water) were achieved in this
experiment. Each one was replicated three times.

Soil analysis

Composite samples of field soil and irrigation water
were collected and physicochemical analyses were achieved
(Lab. of soil & water analysis Fac. of Agric. Minia Univ.)
according to Wilde et al., (1985).

Table (1) shows the obtained data.

Table 1. Physical and chemical analysis of the soil and
irrigation water.
Soil Water

Ingredients Values  Constituents  Values
Sand 76 % E.C (ms/cm) 41
Silt 10 % Hardness 19.7
Clay 14 % pH 741
Texture Sandy Ca (mg/L) 39.9
EC (m.mhos/cm/ 25 °C) 2.8 Mg (mg/L) 22.2
Organic matter % 0.35 K (mg/L) 6.02
pH Value(1 : 2.5 extract) 7.79 Na (mg/L) 97.1

N (mg/kg) 135  Alkalinity (mg/L) 182
Phosphorus (ppm) 7.71 ppm Chlorides (mg/L) 121
Available Ca (meg/100g) 9.8 Nitrate (mg/L) 9.1

Available Mg (meqg/100g) 143  Sulphates (mg/L) 53.1
Auvailable K (meq/100g) 0.39 Boron (ppm)
Auvailable Na (meg/100g) 11.30 0.08

Vegetative parameters:
-The height of plant (cm).
- Number of branches per plants.

-Herb fresh and dray weight were done by using sensitive
balance (0.01cm accuracy).

-Determined leaves N, P and K contents samples of 30
adulate leaves (from each replicate) were picked at
harvesting time, during the three cuts in both experimental
seasons (Martin-Préval et al., 1984).

Leaves chemical analyses:

The leaves were washed with distillated water and
dried at air and oven, then 0.5 g weight was digested using
H>SO4 and H,0; until a clear solution was obtained. A 100
ml volumetric flask was used to transport the digested
solution. Following that, the contents of N, P, and K for each
sample were determined as follows: Nitrogen was
determined using modified microkejldahl methods (Walsh
and Beaton, 1986)

Essential Oil extraction and analysis

Essential oil percentage of herb at the three achieved
cuts were estimated according to the method described by
British Pharmacopoeia (1963), sited in Ebaid (2011), to extract
the essential oil, distilling 60 g of herb for 3 hours were
achieved. Gas Chromatography (GC — Elite-62ms Column —
60 m x 0.25 mm 1.D., 1.4 pm, Temp. -20 to 240 °C) was also
used for notify separation components and determination of
essential oil composition in Fac. of Pharmacy Minia Univ.,
according to Marriott et al, (2001). The chemical
compositions of essential oil presented in this work were
obtained from the GC of first cut essential oil analysis only.
Statistical desigh and analysis of data

Complete randomized block design was used in the
present investigation according to Snedecor and Cochran
1999). The obtained data were tabulated and statistically
analysed by using MSTATC Program. Then, the comparisons
between means were made by using new Least (New L.S.D)
atp = 0.05, according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Plant height and branch numbers per plant:

llustrated data in Table (2) shows the effect of
farmyard manure (FYM), putrescine and natural rocks (K
and P rocks) at different concentrations on height and
number of branches per plant of sweet marjoram plant,
during 2022 and 2023 seasons. It can be visually observed
from the representative data that, during the two seasons
increasing the FYM from 0.0 to 10 tons per feddan
significantly enhanced both plant height and branches
number per plant. Furthermore, treated marjoram plants
with putericin at 10 pM or/and natural rocks (300kg P
Rock + 400kg K rock) lead to significant increasing the
two vegetative characters (height of plant and humber of
branches/plant).

In addition, the combined application of the three
examined materials (FYM at 10 tons/fed., putrescine at 10
UM as well as K rock at 400kg/fed. and P Rock at
300kg/fed.) produced highest plant length and highest
number of branches/plant in three cuts compared to using
each material alone or untreated plants. On the opposite
side, control treatment presents the lowest height of plant
and lowest number of branches / plant. These findings
were true in both experimental seasons.

286



J. of Plant Production, Mansoura Univ., Vol. 15 (6), June, 2024

Table 2. Effect of FYM, nature rocks and putrescine on plant height (cm) and number of branches / plant of
marjoram plants, during 2022 and 2023 seasons.

Plant height (cm) Number of branches / plant

First Season(2022)

Second Season(2023)  First Season(2022)  Second Season(2023)

Treatments

151 2nd 3rd 15( 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Cut Cut Cut Cut Cut Cut Cut Cut Cut Cut Cut Cut
Control 00ton FYM +00Nature 155 955 157 182 193 187 103 124 132 121 139 140
Rocks + 0.0 Putrescine
00tonFYM+00NatureRocks + o) 995 199 213 244 202 129 147 144 136 152 154
10 pM Putrescine
0.0 ton FYM + (300kg P Rock +
100q K rork) + 0.0 utresine 214 233 207 221 242 231 123 142 145 139 153 156
0.0 ton FYM + (300kg P Rock +
400Ky K rock) + 10 1M Puresane 21 258 209 236 274 231 126 146 149 149 159 166
50tnFYM+00NatureRocks + o)) 945 197 255 321 247 125 142 140 148 144 162
0.0 Putrescine
50tnFYM+00NatureRocks + o5 5 393 244 311 395 283 142 149 153 167 171 173
10 M Putrescine
5.0 ton FYM + (300kg P Rock +
200y K rork) + 00 Fatrescine 255 335 257 304 401 299 147 155 159 171 182 178
5.0 ton FYM + (300kg P Rock +
200kq K rock) + 10 1 Puttesane 318 307 2896 7 442 303 152 168 179 176 179 182
100ton FYM+00NatureRocks + 395 457 317 329 418 306 159 164 168 177 185 190
0.0 Putrescine
10.0 ton FYM + 0.0 Nature Rocks +
10 1M Puttesce 412 511 378 418 497 397 168 176 184 179 191 192
10.0 ton FYM + (300kg P Rock +
400k K rock) + 0.0 Puirescing 445 587 393 454 595 402 154 173 178 186 195 193
10.0 ton FYM + (300kg P Rock +
400Kg K rock) + 10 1 Puttossne 5L6 628 417 537 664 432 176 187 195 189 196 109
New LSD at 5% 62 69 58 53 62 54 13 12 16 17 13 14

Herb fresh and dry weights

Gradual promotion on fresh and dry weights of
sweet marjoram plants was observed as a result of treated
the plants with FYM, putrescine and natural rocks (Table 3).
It is clear from the same table that increasing the dose of

FYM from 0.0 to 10 tons per was associated with significant
and increment of the fresh and dry weights of marjoram
herbs. This increment was parallel with increasing the dose
of FYM from 0.0 tons to 10 tons per feddan.

Table 3. Effect of FYM, nature rocks and putrescine on herb fresh and dray weights (g) of marjoram plants, during

2022 and 2023 seasons.

Herb fresh weight (g)

Herb dray weight (g)

Treatments First Season (2022)

Second Season (2023)  First Season (2022) Second Season (2023)

1t Cut 2MCut 39Cut 1 Cut 2MCut 3™Cut 18Cut 2MCut 3Cut 18%Cut 2™Cut  3rCut

Control 0.0 ton FYM + 0.0
Nature Rocks + 0.0 Putrescine

1352 150.1 129.2

1417 1543 1332 301 345 297 316 345 30.0

0.0 ton FYM + 0.0 Nature

Rocke+ 10 M Putiescine 1401 1543 1311 1443 1572 1371 312 355 302 322 %2 305
0.0 ton FYM + (300kg P Rock +

JO0KGK 100 + 00 Puresone. 1425 1555 1332 1513 1655 1399 328 358 306 338 371 312
0.0ton FYM + (300kg P Rock +

JOOKIK 10 + 10, M Pt 1452 1594 1405 1497 1676 1396 334 367 323 34 375 311
50tonFYM+00Nature 4,13 1503 1304 1453 1603 1412 332 346 300 324 379 315
Rocks + 0.0 Putrescine

5.0 ton FYM + 0.0 Nature

Rocke+ 10 1M Putesoine 1463 1601 1377 1494 1722 1473 338 368 317 334 386 329
50ton FYM + (300kg P Rock +

A0 K 10k + 00 Purescine. 1473 1522 1403 1511 1773 1513 339 350 323 337 398 338
5.0ton FYM +(300kg P Rock +

JOKIK 10k + 10y M Putesope. 1512 1559 1497 1559 1814 1553 348 363 344 339 407 347
10.0 ton FYM + 0.0 Nature

ks 1 0.0 Putrescine 1492 1582 1473 1532 1802 1563 344 364 339 332 414 349
100ton FYM +00Nature o0 0 1673 1502 1664 187.3 1602 349 385 345 363 421 358
Rocks + 10 pM Putrescine

10.0 ton FYM + (300kg P Rock

+ JO0KG K 1080 + 00 Putesgine 1553 1834 1657 1673 1889 1647 357 422 371 365 424 369
1001ton FYM + (300kg P Rock +

Sk K 100k + 10 MPusope 1578 1973 1662 1602 1902 1663 363 44l 372 39 48 375
New LSD at 5% 72 66 83 87 72 83 19 21 17 18 22 117
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In the same context, treated marjoram with
putrescine or/and natural rocks (K & P rocks) significantly
enhanced the both examined characters (fresh and dry
weights) of marjoram plants, in both experimental seasons
(2022 and 2023). The data also showed that, the combined
application of the three examined materials (FYM,
Putrescine and natural rocks) produced higher fresh and
dray weights rather than using each material alone.
Furthermore, application of the three examined materials
(FYM at 10 tons/fed., putericin at 10 pM as well as K rock
at 400kg/fed. and P Rock at 300kg/fed.) produced the
highest fresh and dry weights of marjoram herb in three cuts
compared to using each material alone or untreated plants.
On the other hand, untreated marjoram plants produced the
lowest weight of fresh and dry herb, these findings were
taken the same trend in both experimental seasons.

The role of FYM, Putrescine and K & P natural
rocks in elevated the harmful effects of salinity and/or
improving marjoram or other medicinal and aromatic plants
were mentioned by some authors such as Massoud et al.,
(2009), Jelali et al., (2011) and (Mangaia and Ravi 2012) on
sweet marjoram plants; Gonzalez-Hernandez et al., (2022)
and Ali (2000) on reducing the harmful effects of salinity on
aromatic & medicinal plants, and Parihar et al., (2015).

Using FYM to improving vegetative growth
parameters of aromatic and medicinal plants was well
documented previously by certain authors. While, the role
of putrescine in enhancing the vegetative parameters of
marjoram plants can explained by its several justifications
such as: It can increase plant resistance to salinity stress. it
considered as a starting point of the most common
polyamines pathway in higher plants cation balance,
antioxidant activity, controlling cellular K+ and Ca?,
mitochondria and chloroplasts bioenergetics as well as
osmolyte or pH level regulator (Ali, 2000; Cui et al., 2020;
Jelali et al., 2011 and Gonzalez-Hernandez et al., 2022). On
other hand, under sandy soil conditions, which the pH is
higher than 7, large quantity of phosphorus and potassium
will fixed in un-absorption form (Mengel, 1984; Mengel &
Kirkaby, 1987; Marschner, 1995 and Kannaiyan, 2011).
Then, treated the soil with potassium and phosphorus rocks
may be logic to enhancing the absorption and assimilation
of these elements by marjoram plants, these may by
explained the significant improvement in vegetative growth
of marjoram plants which obtained in the present study.
Plant mineral statues

Obtained data illustrated in Tables (4 and 5) shows
the effect of treated sweet marjoram with FYM (at 0.0 5.0
and 10.0 tons/fed.), putrescine (at 10 uM) and k natural rock
(at 400 kg/fed.) & P natural rocks (at 300 kg/fed.) either each
one individually or in combination, on leaves NPK contents,
during 2022 and 2023 seasons. The obtained data shows
that, nitrogen, phosphorus and potassium of marjoram
leaves were remarkably and significantly enhanced due
treated the plants with the three examined materials, in the
three cuts of plants in both seasons. The obtained data
shows, however, that increasing the dose of FYM from 5
tons/feddan to 10 tons/feddan coincided with a significant
and gradual increase in leaf contents from the three
macronutrients (N, P, and K) rather than those of treated
plants. On the same context, treated the plants with the
potassium and phosphorus natural rocks caused a significant

increase in leaves K and P contents. Also, treated the
marjoram plants with putrescine at 10 UM were associated
in significant enhancement in leaves NPK contents The
three cuts during the two experimental seasons were true to
these data. The obtained data also shows that the effect of
those three materials on mineral content was more apparent
in the second cuts plants than in the first or third cuts plants
during the two seasons.

Regarding the treatments with the three examined
materials, the plants treated with the combined application
of the three materials (FYM, putrescine and natural rocks)
present higher and significant contents of NPK in their
leaves rather than using each material individually.
Furthermore, the plant received the FYM at higher dose +
putrescine (at 10 uM) + K rock (at 400 kg/fed. & P rock
(300 kg/fed.) present the highest contents of nitrogen,
potassium and phosphorus in their leaves, compared to the
single application of each material or untreated plants. On
the other side, control plants present the least nitrogen,
potassium and phosphorus in their leaves. These findings
were true in the three cuts during the two seasons.

The promotion of leaves contents in macro nutrients
(N, P, K %) as a result of treated marjoram plants with FYM
(at0.0,5.0 and 10.0 tons/fed.), putericin and natural rocks in
the present investigation may be attributed to the following
facts: organic fertilizers such FYM play an important role
on enhancing soil physical and chemical properties,
enhancing soil microorganisms population, increasing
soluble mineral elements in in soil, produce some plant
growth regulators in soil and decrease the pH in surrounded
the root system. All these functions can lead to increasing
the absorption of mineral nutrients by plants (Mengel 1984,
Mengel & Kirkaby 1987 and Marschner, 1995). Under
sandy soil conditions, which the pH is high, large quantity
of phosphorus and potassium will fixed in un-absorption
form (Mengel 1984; Mengel & Kirkaby, 1987; Marschner,
1995 and Kannaiyan, 2011). However, treated marjoram
plants with potassium and phosphorus rocks can lead to
increasing free K and P and these lead to increasing the
absorption and stimulation of these elements. Putericin
treatments can lead to increasing plant resistance to salinity
stress. it considered as a starting point of the most common
polyamines pathway in higher plants, cation balance,
increasing antioxidant activity, controlling cellular K+ and
Ca?*, mitochondria and chloroplasts bioenergetics as well as
osmolyte or pH level regulator (Ali, 2000; Cui et al., 2020;
Jelali et al., 2011 and Gonzalez-Hernandez et al., 2022).
Essential Oil %, yield of essential oil (ml/plant and
L/feddan)

Data illustrated in Tables (5 and 6) shows the effect
of treated marjoram plants with FYM (5 and 10 tons/fed.),
putrescine (at 10 uM) and potassium natural rock (at 400
kg/fed.) & phosphorus natural rock (at 300 kg/fed.) on
essential oil %, yield of essential (ml/plant) and oil yield (L
/fed.) of marjoram plants, in the three cuts, during 2022 and
2023 seasons. It is clear that, treated marjoram plants with
FYM, putrescine and potassium and phosphorus rocks
significantly improved the essential oil percentage, essential
oil yield (ml/plant and L /fed.), during the two experimental
seasons. These data were true for the three cuts of marjoram
plants. However, the concentrations of essential oil remains
higher in the first cut plants and lower in the third cut plants.
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Table 4. Effect of FYM, nature rocks and putrescine on nitrogen % and phosphorus % of marjoram adult leaves,
during 2022 and 2023 seasons.

Nitrogen % Phosphorus %
Treatments First Season(2022) Second Season(2023) First Season(2022) Second Season(2023)
'Cut 2MCut 3MCut 1f'Cut 2MCut 3™Cut 1ftCut 2MCut 3MCut 19Cut 2™Cut  3rCut

152 155 145 146 157 150 022 024 022 024 025 0.24

Control 0.0 ton FYM +0.0
Nature Rocks + 0.0 Putrescine

0.0 ton FYM + 0.0 Nature

Rockes 10 M Putoscine 155 148 147 168 152 149 025 027 025 026 029 025
0.0ton FYM + (300kg P Rock +

O Krodo s 00Pone. 144 147 148 147 15 151 024 03 025 030 035 028
00tonFYM +(300kg P Rock +

AOKrc)+ DiMPege 157 153 147 167 165 155 026 036 031 028 037 028
S0tonFYM+00Nature oo 169 955 975 179 157 030 033 029 029 037 027
Rocks + 0.0 Putrescine

5.0 ton FYM + 0.0 Nature

hocke + 10 1M Puesgine 177 172 159 168 178 155 031 033 03 033 036 04l
501tonFYM -+ (300kg P Rock +

Ak Krod < 00Puese. 186 173 158 185 188 165 033 038 035 030 038 030
501N FYM -+ (300kg P Rock +

AOKroo)+ DpPge 179 178 160 177 183 169 035 039 037 034 039 034
100tonFYM+00Nature ) o3 195 157 183 190 167 033 035 032 030 034 033
Rocks + 0.0 Putrescine

10.0 ton FYM + 0.0 Nature

Rocks + 10 LM Purescine. 193 101 173 185 193 177 035 036 033 034 036 034
1001ton FYM + (300kg P Rock +

K00 Krodd + O0PUrase 179 19 175 182 200 179 03 03 036 037 039 036
100ton FYM +(300kg P Rock +

OGKnd) DuMpige 162 198 179 183 207 18 03 038 037 03 03 03

New LSD at 5% 013 017 012 012 013 014 002 0.02 0.03 002 0.3 0.03

Table 5. Effect of FYM, nature rocks and putrescine on potassium % and essential oil % of marjoram plant dry
mater, during 2022 and 2023 seasons.
Potassium % Essential oil %
Treatments First Season (2022)  Second Season (2023) First Season (2022) Second Season (2023)
1Cut 2MCut 3rdCut 1Cut 2MCut 3r9Cut 1Cut 2MCut 3™Cut 1%%Cut 2™Cut  3™Cut

133 143 132 123 133 129 0.5 0.5 0.4 0.5 0.4 0.4

Control 0.0ton FYM +0.0
Nature Rocks + 0.0 Putrescine
0.0 ton FYM + 0.0 Nature
Rocks + 10 pM Putrescine
0.0ton FYM + (300kg P
Rock +400kg K rock) +0.0 144  1.49 140 150 154 1.45 0.6 05 0.5 0.8 0.7 0.6
Putrescine

0.0 ton FYM + (300kg P

Rock + 400kg K rock) + 10 149 155 144 150 162 142 1.0 0.8 0.6 11 0.8 0.7
UM Putrescine

140 144 140 149 151 153 0.8 0.7 0.6 12 0.8 0.7

SOtonFYM+00Nature ) 40 141 151 167 140 07 06 06 09 08 07
Rocks + 0.0 Putrescine

5.0 ton FYM + 0.0 Nature

rocke 101 Putesgne 147 162 142 162 169 151 10 08 07 11 10 08
5.0 ton FYM + (300kg P

Rock +400kg Krock)+0.0 150 167 149 169 177 146 0.9 0.8 0.8 12 0.9 0.9
Putrescine

5.0 ton FYM + (300kg P

Rock +400kg Krock) +10 153  1.69 153 172 188 159 0.9 0.9 0.8 13 1.0 0.9
UM Putrescine

10.0 ton FYM + 0.0 Nature
Rocks + 0.0 Putrescine
10.0 ton FYM + 0.0 Nature
Rocks + 10 pM Putrescine
10.0 ton FYM + (300kg P
Rock +400kg Krock) +0.0  1.69 1.82 161 171 1.85 157 13 1.1 1.0 14 1.0 1.0
Putrescine

10.0 ton FYM + (300kg P

Rock +400kg Krock)+10 172 182 164 181 186 169 13 12 1.2 15 11 12
UM Putrescine

New LSD at 5% 011 011 012 012 012 011 0.2 0.2 0.1 0.3 0.2 0.2

151 166 150 166 174 150 1.0 0.9 0.7 12 0.8 0.7

15 171 159 169 182 153 12 10 0.8 15 11 0.9
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Table 6. Effect of FY M, nature rocks and putrescine on essential oil (ml/plant) and essential oil (L/fed.) of marjoram

plants , during 2022 and 2023 seasons.

Essential oil (ml/plant)

Essential oil (L / feddan)

Treatments First Season (2022)

Second Season (2023)

First Season (2022)  Second Season (2023)

1'Cut 2MCut 3rCut 1%%Cut 2MCut 3™Cut 1% Cut 2MCut 3™Cut

1'Cut 2 Cut 3rCut

Control 0.0 ton FYM + 0.0

oo O Puesuine 081 075 062 088 069 055 1782 1650 1364 2036 1774 1210
00tonFYM+00Nature 45 1458 079 144 158 096 2464 2376 17.38 3168 3476 2112
Rocks + 10 yM Putrescine

0.0ton FYM + (300kg P Rock +

JOkGK 000 £ 00 Purosone. 080 078 067 121 13 084 1892 1716 1474 2662 2004 1848
0.0ton FYM + (300kg P Rock +

AR K1og + 0L MPueane 087 128 084 165 117 083 1014 2816 1848 3630 2574 1826
50tonFYM+00Nature 4 o 59y 078 131 135 099 3190 1980 1716 2882 2970 2178
Rocks + 0.0 Putrescine

SO0tonFYM+00Natre o) 406 095 164 137 108 2222 2772 2112 3606 3014 2376
Rocks + 10 uM Putrescine

5.0 ton FYM + (300kg P Rock +

Ak K o0 £ 00 s, 132 128 112 171 160 141 2004 2816 2464 3762 3520 3102
5.0 ton FYM + (300kg P

Rock +400kg K rock) +10 136 122 103 189 181 139 2992 2684 2266 4158 3168 3058
UM Putrescine

100tonFYM+00Nature 14/ 44 103 184 144 100 2048 3080 2266 4048 3186 2398
Rocks + 0.0 Putrescine

10.0 ton FYM + 0.0 Nature

Rocks + 10 M Putiosaine 139 142 120 201 191 135 3050 3124 2640 4422 4202 2070
10.0ton FYM +(300kg P Rock +

KDkGK o +00Pae 160 157 132 221 188 150 3718 3454 2004 4862 4136 3300
10.0 ton FYM + (300kg P

Rock +400kg K rock) +10 186 166 139 224 190 173 4092 3652 3059 49.23 4180 38.06
UM Putrescine

New LSD at 5% 010 012 011 013 010 011 221 202 211 215 214 201

Regarding the individual treatments of the three
examined materials, all treatments were capable to
significantly improve the percentage of oil and essential oil
yield per plant or per feddan, compared to controle plants.
However, increasing the dose of FYM (from 5 to 10 tons /
feddan) significantly increased the essential oil percentage
and essential oil yield (ml/ plant and L/feddan). In the three
cuts during the two experimental seasons, using FYM and
putrescine combinations shows more effective than using
FYM and natural rocks combinations. However, using the
three materials in combination shows more effective in
increasing the oil % and oil yield (ml/plant and kg/fed.)
rather than using each one alone. The data shows that the
plants received FYM at 10 tons/feddan + putrescine at 10
MM + natural rocks produced the best essential oil
percentage, yield of essential oil (ml/plant and L/feddan).
In contrary, untreated marjoram plants produced the
lowest oil % and lowest oil yield (ml/plant and L/feddan).
These findings were true in the three plant cuts during the
two experimental seasons.

The role of FYM, Putrescine and K & P natural
rocks in reducing the harmful effects of salinity and/or
improving marjoram essential oil as well as other
medicinal and aromatic plants were supported by the
results of other authors such as; Kandeel and Elwan
(1991), Shalan et al., (2006), Gharib et al., (2008),
Massoud et al., (2009), Jelali et al., (2011), Mangaia and
Ravi (2012) on sweet marjoram plants and Gonzalez-
Hernandez et al., (2022) and Ali (2000) on reducing the
harmful effects of salinity stress on aromatic & medicinal
plants.

Main compounds of essential oil

Data in Table (7) shows the major compounds of
marjoram essential oil, of the first cut, as a result of gas
chromatography separation of the three cuts during the two
experimental seasons. The data shows that six main
compounds called; 4-Terpinene, Y-Terpinene, a-Terpinene,
Terpinolene, a-Terpineol and B-Caryophyllene. It is clear that
treated the plants with FYM, putericin and natural rocks
significantly improved 4-Terpinene, Y-Terpinene, o-
Terpinene and B-Caryophyllene. While, all treatments failed to
varying a-Terpinene and Terpinolene compounds significantly
neither individually nor in combination treatments.

It is clear from the obtained results that increasing
the dose of FYM from 5 tons/feddan to 10 tons/feddan
individually or combined with putrescine at 10 uM and K
natural rock (at 400 kg/fed.) and P natural rock (at 300
kg/fed.) significantly enhanced 4-Terpinene, Y-Terpinene,
a-Terpinene and [-Caryophyllene rather than untreated
plants. However, all combined application of the three
materials significantly increased all the four chemical
compounds in marjoram essential oil rather than using each
material alone. These findings were true for the three herb
cuts in both experimental seasons. However, the marjoram
plants treated with 10 tons/feddan combined with 10 uM
putrescine and natural rocks (400kg/fed. K rock and 300
kg/fed. P rock) present the highest contents of the four main
compounds of essential oil (4-Terpinene, Y-Terpinene, a-
Terpinene and p-Caryophyllene). In the contrary, untreated
plants (control) present the lowest contents of these main
four compounds of its essential oil. These data were true for
the three cuts in the two experimental seasons.
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Table 7. Effect of FYM, nature rocks and putrescine on essential oi composition of marjoram plants, during 2022

and 2023 seasons.

Main ompounds of marjoram essential oil

Treatments 4-Terpinene Y-Terpinene a-Terpinene Terpinolene a-Terpineol B-Caryophyllene
2022 2023 2022 2023 2022 2023 2022 2023 2022 2023 2022 2023

Control 0.0ton FYM +00Nature 075 578 169 167 74 78 103 104 55 54 61 6.3

Rocks + 0.0 Putrescine

00ton FYM +00NatureRocks +10 09, 595 179 171 75 78 98 102 68 69 63 6.4

UM Putrescine

0.0 ton FYM + (300kg P Rock +

400kg K rock) + 0.0 Putrescine 381 384 178 175 76 7.8 101 104 5.7 6.2 6.3 6.6

0.0 ton FYM + (300kg P Rock +

400kg K rock) + 10 uM Putrescine 401 412 179 182 7.1 7.9 10.3 10.3 6.1 6.4 6.5 6.9

50tnFYM+00NatureRocks + 959 591 177 183 72 78 99 105 62 65 65 71

0.0 Putrescine

50ton FYM +00NatureRocks +10 59, 598 187 189 75 74 102 105 63 69 69 73

UM Putrescine

5.0 ton FYM + (300kg P Rock +

400kg K rock) + 0.0 Putrescine 412 428 189 189 74 1.7 102 104 6.6 7.2 6.9 74

5.0 ton FYM + (300kg P Rock +

400kg K rock) + 10 uM Putrescine 422 447 194 201 76 7.6 104 103 1655 75 7.2 75

100ton FYM+00NatureRocks + 1 439 189 192 77 78 103 105 67 72 70 73

0.0 Putrescine

10.0 ton FYM + 0.0 Nature Rocks +

10 uM Putrescine 424 439 188 202 7.2 1.7 10. 10.6 6.8 7.6 7.3 7.6

10.0 ton FYM + (300kg P Rock +

400kg K rock) + 0.0 Putrescine 432 448 19.7 21 79 7.9 104 105 6.9 1.7 74 7.7

10.0 ton FYM + (300kg P Rock +

400kg K rock) + 10 M Putrescine 441 453 219 227 79 8.0 106 105 7.1 7.8 7.6 7.8

New LSD at 5% 1.3 15 1.2 13 NS NS NS NS 0.5 0.4 0.6 0.5

CONCLUSION Grattan, S.R., Grieve, C.M. (1999): Salinity-mineral relations

The obtained data during the present investigation
declare that under irrigation with saline water in new
reclaimed sandy soil conditions, treated the sweet marjoram
plants with FYM, putrescine and potassium & phosphorus
natural rocks significantly improved marjoram plant growth,
mineral status and essential oil quantity and quality. The data
also shows that, all combined treatments shows more
effective than the individual application of each material.
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