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Abstract— This study aimed to investigate the effect of two types of soil: sandy clay (SC) and sandy loam (SL) and two irrigation systems: once (I1)
and twice (12) per week, with each soil, on the growth criteria and productivity of essential oil (EO) in rosemary (Rosmarinus officinalis L.) during two cuts
at February and August (3, 9 months from transplanting, respectively). Cultivation in SL soil and 12 irrigation system, followed by SL and 11, significantly
increased the growth characters as well as the yield of EO of rosemary plants during the two cuttings, as compared to those in corresponding plants
cultivated in the SC soil. With all treatments, the above mentioned parameters were generally higher at the 2" cut, compared to those at the 1% cut. In
the SC sail, 11 irrigation system was more effective than 12 irrigation with respect to the vegetative growth rate at the first cut, whereas the reverse was
obtained at the second cut. Within the different treatments, the enhancement of plant growth was generally proportional with the increase in leaf area
and chlorophyll contents, whereas a negative correlation was observed between the carotenoid contents and soil moisture. Generally, planting in the SL
soil concomitant with I1a and 12 irrigation, effectively increased the oil yield (% and l/fed) during the two cuttings, compared to corresponding plants
grown in the SC soil. In conclusion, rosemary plants could maximize the growth characters and EO content in sandy loam habitat combined with 12 irri-

gation, Irrespective of the applied treatment. The productivity of EO was higher at the second cut than the first one.

Index Terms— Growth traits, Irrigation systems, Oil Content, Rosmarinus officinalis, Soil type.

INTRODUCTION

Rosemary (Rosmarinus officinalis L) is an aromatic plant, grown under a wide range
of climates, endogenous to Europe, Asia and Africa, mainly in areas surrounding
the Mediterranean Sea [1]. It is an evergreen, perennial herb well cultivated in
Egypt and available throughout the year. It is one of the most effective spices wide-
ly used in food processing among the herbs of family Labiatae. The plant and its
extracts are among the first marketed natural antioxidants [2]. Rosemary extract
may be a good candidate for functional foods as well as for pharmaceutical plant-
based products [3, 4]. The use of many essential oils of many plants including
rosemary has been reviewed by Ali etal. [5].

In the past few years, rosemary has been successfully cultivated in warm and dry
climates of arid and semiarid regions. However, as in the majority of cultivated
plants, growth and yield of rosemary is mainly affected by both soil type and water
content. Deficit irrigation altered the morphology of R. officinalis plants [6], reduced
growth parameters, oil yield, relative water content and photosynthetic productivi-
ty[7,8]

Soil pores play an important role not only on soil aeration and water movement but
also on the availability of plant nutrients and microbiological activities [9]. In Centel-
In asiatica, maximum growth and yield were recorded in habitat with sandy loam
rather than clay soil [10]. In Hibiscus sabdariffa, all growth and yield attributes were
significantly increased under moderate moisture levels in sandy soil [11].

Water is also vital for plant growth and development, but water resources need to
be used efficiently because of global warming [12]. Increasing competition for the
limited water resources between domestic, industrial and agricultural consump-
tions has increased the importance of irrigation scheduling [13]. Deficit irrigation is
a water management method in which water will be saved with accepting little
yield reduction without any severe damage to the plant [14]. This system can lead
to increased water productivity, not only in terms of output per volume of applied
water, but in many cases with crop quality, and/or economic returns [15, 16]. In
Calendula officinalis, water regimes of 75% field water capacity, increased certain
growth characters (plant height, leaf area and flower diameter) [17].

Thus, our main objectives were to study the variation in growth traits and yield of
essential oil of rosemary (Rosmarinus officinalis) plants grown in different soil types
under irrigation with different water contents at two cuttings; one in winter (Febru-
ary) and the other in summer (August). Consequently, a strategy for minimum
irrigation water, in a certain soil type (particularly sandy soil), would be intended
for maximum productivity.

2 MATERIALS AND METHODS
PLANT MATERIAL

Uniform transplants of rosemary (Rosmarinus officinalis L) were kindly provided by
the Medicinal and Aromatic Plant Research Branch, El-Qanatir El-Khairiya, Horti-
culture Research Institute, Ministry of Agriculture, Cairo, Egypt.

TIME COURSE EXPERIMENT

A pot experiment was conducted at the green house of the Botanic garden, Faculty
of Science, Ain Shams University, Cairo, Egypt, at November 2013 to August 2014.
Rosemary was grown under two soil types and two irrigation water levels
throughout the two cuts of the experiment. During the experiment, the minimum
and maximum temperatures inside the greenhouse were 14.6°C and 32.1°C, respec-
tively. Mean temperature and relative humidity were, 16.8°C and 56.25 %, during
November and 23.8°C and 56.8%, during August. The pots were divided into four
groups; each including thirty plastic pots (30 cm diameter and 18 cm in depth).
Three uniform transplants (60 day- old) of rosemary were planted in each pot. Each
pot was filled with one type of soil, i.e. either sandy clay (SC) or sandy loam (SL)
soil. When the plants were well established, the irrigation system was applied once
(I1) or twice (12)/ week with each soil type.

The pots were arranged in complete randomized block designs with the different
treatments. Two cuts (3 and 9 months from transplantation) were taken for experi-
mentation.

ANALYSIS OF SOIL AND IRRIGATION WATER

Analyses of physical and chemical properties of the soil types used in this study
were done as described by Cottenie et al. [18].

MEASUREMENT OF SOIL WATER CONTENT

Soil water content was determined in 100 g soil, where the reduction in mass by
oven drying (105°C) was due to loss of water.
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GROWTH CRITERIA

At the full blooming stage, plants (10 replicates) were randomly collected early in
the morning from each of the experimental groups, carefully washed with distilled
and then different growth parameters were recorded. Mean leaf area was estimated
using digital Image Analysis (Image ] version 1.46r/java). Dry weights were ob-
tained by drying plant samples in an oven with drift fan at 75°C until constant
weights. Representative fresh samples were taken from each treatment for deter-
mination of photosynthetic pigments and essential oil contents.

PHOTOSYNTHETIC PIGMENTS

Photosynthetic pigments including chlorophyll (a and b) and carotenoids of fresh
rosemary leaves were extracted in 80% (v/v) acetone and measured spectropho-
tometrically according to the procedure of Metzener et al [19]. The results were
calculated as mg/ g dry weight equivalent.

EXTRACTION AND DETERMINATION OF ESSENTIAL OIL

CONTENTS

Quantitative determination of essential oil (EO) from fresh samples of rosemary
herb was achieved by hydro-distillation for 3 hours using a Clevenger-type appa-
ratus during the two cuttings. Essential oil percentage (%) and yield (I/fed) were

184
calculated on a dry weight basis.

STATISTICAL ANALYSIS

The data were expressed as mean * standard error (SE) of ten replicates values for
growth criteria and as mean + standard error (SE) of triplicate values for the oil
content (percentage and yield). Statistical analysis was performed using one-way
analysis of variance ANOVA followed by Duncan’s Multiple Comparison Test
using IBM Statistical Product and Service Solutions, SPSS Statistics for Windows,
Version 21, and P<0.05 was denoted as being statistically significant for the means
compared, using least significant difference (LSD at 5% level).

RESULTS

ANALYSIS OF SOIL AND IRRIGATION WATER

The physical and chemical properties of the soil used (S1 and S2) indicated a sandy
clay (SC) and sandy loam (SL) structures, respectively. Other physical properties of
both soil types are shown in Table 1. The chemical analysis of both types of soil
(Table 1) indicated a higher Cl- content in the SC soil and a higher Ca* and COs-
contents in the SL soil, as compared with one another. On the other hand, slight
differences were observed with regard to the contents of the other ions.

Table 1: Physical and chemical characteristics of the sandy clay (SC) and sandy loam (SL) soil samples from the Botanical garden (Faculty of Science, Ain Shams University)

used for cultivation of rosemary plants in the pots experiment.

g Q
Physical Properti g Cations and ani /K O |51
§: ysical Properties % . - op* ons and anions (mg/Kg) S 8 é
= = | P fasmy | )
Snd | St [ Clay | & Nat |[K* | Ca M a- | HCO- | cos- | s0 @ |
) ) . a+ + ++ g++ - - 3 4 A A
(%) () | (%)
1 392 | 240 268 SC| 791 031 36 75 | 28 122 99 |166 131 00 553 20 15
2 615 | 189 83 SL| 81 126 293 82 |34 162 103 | 126 143 209 498 28 1.02
SC: Sandy clay; SL: Sandy loam; EC = Electrical conductivity; SP = Saturation percent
Analysis of irrigation water showed that it is slightly alkaline, with low salinity and mild ratios of ions (Table 2).
Table 2: Chemical analysis of the irrigation water sample from the Botanical garden (Faculty of Science, Ain Shams University), where rosemary plants were cultivated.
Cations and anions (mg/1)
H ECHdS/m] TDS (ppm,
P ( ) (ppm) Na+ K+ Car Mg+ Cl- HCOs - COs - SO4
772 041 262 331 52 420 113 284 1403 00 69.1

EC*: Electric conductivity (dS/m); TDS: Total dissolved solids (ppm) Growth parameters

The results presented in Tables 3 and 4 show the effect of soil types; ie. sandy clay
(8C) and sandy loam (SL) and their combinations with the irrigation systems as
once or twice per week (I1 or I2) on the growth criteria (length of roots and shoots,
leaf area/ plant, No. of branches /plant, and the root and shoot fresh and dry
weights) of rosemary (Rosmarinus officinalis L) plants at two cuts (February and
August, respectively). In most cases, the enhancements in growth parameters were

often significantly higher for the plants grown in the SL and 12 irrigation (at the first
and second cuts), as compared with those in the SC soil. Plant growth was in the SC
soil better with I1 than with I2 irrigation at the first cut (Figure 1 and Table 3), but a
reverse situation was obtained at the second cut where plant growth was higher
with I2 irrigation (Table 4).
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Figurel: Growth of rosemary (Rosmarinus officinalis L.) at the 1% cut (3 months from transplanting) as influenced by cultivation in sandy clay (SC) or sandy loam (SL) soil,
and irrigation once/ week (I1) or twice/week (12) with each soil type.

Table 3: Growth criteria of rosemary (Rosmarinus officinalis L) at the 1t cut (3 months from transplanting) as influenced by sandy clay (SC) or sandy loam (SL)s soil,
and irrigation once/week (I1) or twice/week (I2) with each soil type. Transplants (60 day old) were cultivated during the season (November). Each result is a
mean of 10 replicates + SE. Statistical analysis was carried out using Duncan test. Different letters show significant variation at 0.05 P.

Treatment SC SL
Irrigation/ week Irrigation/ week

Criteria 11 D 11 D
Plant height (cm) 4129+0.08 a 3553+0.12 ¢ 40.03+0.24 b 41.60+0.10a
Mean number of branches/ plant 553+0.11 ¢ 5.39+0.09 ¢ 587+0.12b 6.24+0.07 a
Mean length of branches /plant (cm) 26.38+0.08 b 2546+0.10 ¢ 2951+0.18 a 29.72+40.12 a
Mean length of roots (cm) /plant 14154011 ¢ 13.86+0.05d 14644010 b 1515+0.06 a
Mean number of roots /plant 5.92+0.05b 5424012 ¢ 593+0.12b 6751010 a
Mean area of leaf (cm 22) 0.94:0.01 c 0.63+0.01 d 0.98+0.01 b 1.04+0.01 a
Root fresh weight (g) 4.34+0.08 b 343005 ¢ 5.08+0.13 a 52610.11a
Shoot fresh weight (g) 21954010 ¢ 17534018 d 22454016 b 2457+012a
Root dry weight (g) 1.85+0.04 b 140+0.03 245+0.02 a 2564013 a
Shoot dry weight (g) 8.84:0.04 6.76:0.07 d 9.16+0.06 b 9.92+0.05 a

Table 4: Growth criteria of rosemary (Rosmarinus officinalis L.) at the 27 cut (9 months from transplanting) as influenced by sandy clay soil (SC) or sandy loam soil (SL),
and irrigation once/week (I1) or twice/week (I2) with each soil type. Transplants (60 day old) were sown during the season (November). Each result is a mean of 10 rep-
licates + SE. Statistical analysis was carried out using Duncan. Different letters show significant variation at 0.05 P.

Treatment SC SL
Irrigation/week Irrigation/week

Criteria

il 2 il 2
Plant height (cm) 3748+023 d 39.24+0.08 ¢ 45491011 b 4761018 a
Mean number of branches/ plant 13540.22d 1633+0.21 b 16.67+0.21 b 19.674020 a
Mean length of branches /plant (cm) 2047+0.06 d 3346022 ¢ 3512+0.14b 3890+0.14 a
Mean length of roots/ plant (cm) 16.17+0.06 d 17.5740.06 ¢ 2253+0.16 b 23.85:0.19a
Mean number of roots /plant 917+031d 7.08+0.27 ¢ 1250£0.22b 14.83+048 a
Mean area of leaf (cm?2)/ plant 113+001d 1.26:0.01 ¢ 1.30+0.01 b 17240.01a
Root fresh weight (g) 2429014 d 2528+0.14c 28.08£0.07 b 30.73:0.08 a
Shoot fresh weight (g) 51724039 d 56.37+0.15 ¢ 62.69:0.55 b 70.11+0.61 a
Root dry weight (g) 10.0740.03 d 11.95+0.10 1529+0.01 b 18444002 a
Shoot dry weight(g) 19.5040.02 d 22644002 ¢ 26.33+0.03 b 3345+0.06 a

PHOTOSYNTHETIC PIGMENTS
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Different photosynthetic pigments (chlorophylls a, b and carotenoids) where higher
in the leaves of plants grown in the SL soil during the two cuts, as compared with
corresponding plants in the SC soil.

The results in Table 5 show that chlorophylls a and b contents (at the 1tand 2nd cuts)
were higher in the SL soil and twice irrigation system (I2) than those in case of I1
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irrigation, whereas a reverse situation was observed with carotenoids. In case of the
SC soil chlorophyll (a& b) contents were higher with I1 irrigation during the 1st cut
but the reverse was generally observed at the 2 cut, where 12 irrigation showed
higher enhancement of chlorophylls than I1 irrigation. Despite the irrigation system,
the carotenoid content was higher in the SL soil, as compared with the SC soil.

Table 5: Effect of soil type (sandy clay soil (SC) or sandy loam soil (SL)) and irrigation once/week (I1) or twice/week (I2) with each soil type on photosynthetic pigments

(mg g dwt equivalent) in the leaves of rosemary plants at the 1s and the 2 cuts (3
using Duncan. Different letters show significant variation at 0.05 P.

and 9 months from transplanting, respectively). Statistical analysis was carried out

Treatment Photosynthetic pigments (mg/ g. dwt. equivalent)
Soil Irrigation Chla Chlb Chla/b Chla+b Carotenoids Car/Chls

type system Tstcut dcut | Istcut 2dcut | Istcut 2nd cut Tstcut deut | Istcut 2nd cut Tstcut 2nd cut
N 3.86¢ 747 c 256b 318b 151c 235a 643 ¢ 1065¢ 645¢ 1049¢ 1.00a 099b

sC 005 002 001 001 002 001 +0.06 003 005 +0.30 001 003
D 328d 820b 249c¢ 344a 132d 237a 5.02d 1163b | 436d 991d 087b 0.85¢

005 +0.02 002 001 +0.03 001 +0.06 +0.02 +0.02 +0.08 001 +0.00

i 454b 822b 260a 353a 173b 238a 714b 1172b 726a 1215a 102a 104a

- +0.03 +0.02 001 016 001 +0.08 +0.04 017 001 001 +0.00 001
D 536a 88%a 262ab 356a 206a 253a 798a 1245a 715b 11.79b 090c¢ 095b

001 031 +0.02 001 +0.02 007 001 +0.32 +0.03 +0.06 001 +0.03

LSD 0.05 059 0.67 0.06 026 019 018 074 073 011 0.69 0.10 0.10

YIELD OF ESSENTIAL OIL

At both the 1% and 2 cuts, the oil content showed highest values in the plants
cultivated in the SL soil and I1 irrigation followed by those in similar soil with the
2 irrigation system. In the SC soil the oil content was higher in response to I1

irrigation at both cuts (Table 6). A more or less similar trend was observed with
regard to the oil yield/feddan. Table 6 also indicates that either the mean percent-
age of EO or its yield/feddan were markedly higher at the second cut than the
first cut.

Table 6: Oil yield (1/fed) and essential oil percentage (ml/100 g) on a dry weight basis as influenced by cultivation in sandy clay (SC) and sandy loam (SL) soils and irriga-
tion once/week (I1) or twice/week (I12) with each soil type, at the 1t and the 2™ cuts (3 and 9 months from transplanting, respectively). Values expressed are means of three
replicates + SE. Statistical analysis was carried out using Duncan. Different letters show significant variation at 5% level. The mean values of oil productivity at the first cut

(February) and the second cut (August) are also shown.

Treatment Oil percentage (ml/100 g) Oil yield (1/fed)
Soil type lirigation Istcut Mean 2rdcut Mean 1¢t cut Mean 2nd cut Mean
system
n 06620.01 c 0.78+0.00c 5.99+0.09 ¢ 15924000 ¢
x 2 049+0.01 d 0.76:0.01 d 4.62+0.00d 638 15.75+0.09 ¢ 1841
il 0744001 a 0% 0ss00ta | 693000 b 189240.09b
ot 2 073000 b 086+0.01 b 7964000 a 2303+0.23 a
LSDat0.05P 0013 0017 094 299
Feddan (fed)=4200m?
DISCUSSION plants expressed as plant height, leaf area, branching and their extension growth,

The results obtained showed that the vegetative growth criteria of rosemary at the
1st cut were generally the best in the plants grown in sandy loam (SL) soil and irri-
gated twice per week (I2), followed by those in similar soil (SL) but irrigated once
(I1) per week. A lower performance of plant growth rates was shown in the sandy
clay (SO) soilat the 1% cut, where irrigation once was more profitable than twice
irrigation per week. At the 2rd cut, the effectiveness of the different treatments on
growth could be arranged as follows: SLHI2>SL+[1>5C+12>5C+11. These results
meant that the increase in irrigation water positively affected the growth of plants
grown in sandy soil, but negatively affected rosemary plants grown in the SC soil
during the 1¢t cut (winter). On the other hand, 12 irrigation was more fitting to plant
growth, at the 2~ cut (summer), than I1 in both soil types (SL and SC).

Briefly, sandy loam soil combined with irrigation either once (I1) or twice (I2) per
week was much better than sandy clay soil in enhancing the growth of rosemary

root length, mean number of roots/ plant, as well as the fresh and dry weights of
shoots and roots during the two plant cuttings under study. The SL soil in the pre-
sent work had higher sand (61.5%) and lower clay (8.3%), as compared with the SC
soil (39.2% sand and 26.8% clay). Better growth of many plants in sandy soil could
be attributed to deeper penetration, spatial distribution and branching of rosemary
root, efficiency of nutrition and free movement of water through the soil particles as
a result of the porous property of the SL soil type [20, 21, 22]. Enhancement of
growth was also recorded in sandy soil with Hibiscus sabdariffa [11]. Centella asiatica
grown in sandy loam (60% sand) habitat also grew better rather than in clayey soil
approximately devoid of sand [10]. These conclusions were in alliance with our
results which showed increased root length and number of roots in rosemary
plants grown in SL soil, as compared to those grown in SC soil, despite of the irriga-
tion system. The significance of root growth could be further reinforced by the
results of Bahreininejad et al. [23], who revealed reduced fresh and dry weights of
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Thymus daenensis under water stress, but these criteria became significantly higher
in the second year when plants produced deeper roots.

In the present study, supplying SC soil with I2 irrigation system led to a decrease of
the different growth parameters of rosemary plants at the first cut, compared to
corresponding values in the plants subjected to Il irrigation system. This result
might be interpreted on the bases that at the first cut during winter (February), the
water content (SWC=83.7%) was at a surplus, whereas at the second cut during
summer (August), irrigation in the SC soil through the 12 system allowed a suitable
moisture content (SWC=71.17%). This could be assumed to excess water in such a
non-porous soil with poor aeration, that would then be predicted to limit aeration,
reduce oxygen supply to the roots, and consequently retards respiration, nutrient
uptake and other critical root functions [24, 25]. Reduced total root volume would
then affect shoot growth, photosynthesis, and other metabolic processes of the
plant [26]. However, the requirements for optimum growth and yield differ from a
plant to another. For example, in oregano, the optimum irrigation levels for the
highest yields of fresh herb and essential oil was 80% available soil moisture [27].
But, a reverse conclusion was obtained by Metwally et al. [7] who found thatw
water regimes of 75% field water capacity was concomitant with increased growth
and flowering criteria of Calendula officinalis plants.

The results of the present work also showed a markedly increased branching that
underlined the increase in fresh and dry weights of shoots of these plants at the
second cut. However, the difference in the mean values of growth parameters at the
two cuttings might result from varying climatic factors as temperature and humidi-
ty [12] as well as soil conditionsas mentioned above. Similar conclusions were rec-
orded in Artemisia annua [28, 29].

Despite the irrigation system, the carotenoid content was higher in the SL soil, as
compared with the SC soil. This might be attributed to the soil water content. This
conclusion could be supported by that of Ahmad et al. [30] where the carotenoid
content was increasing progressively with the increase in drought. In such cases, the
increase in the carotenoid content of leaves could contribute to prevent chlorophyll
degradation and photo damage in rosemary plants [31]. In addition, drought stress
led to increase the carotenoid content in two maize cultivars [32] and two poplar
genotype [33].

In the present study, total chlorophylls were generally positively correlated with the
dry matter accumulation of the differently treated plants. Water deficit led to a de-
crease of chlorophylls a, b, and total chlorophylls [34, 35] and this could directly
affect plant biomass production [36] througha affecting the photosynthetic rate [34,
37]. Reduction in dry matter as a result of reduced chlorophyll content under water
deficit was reported in rosemary [8] and two sugarcane varieties [38].

In the present work, the increase of dry weights of the differently treated plants were
in alliance with the increase in Chl a/b ratios at the first cut whereas there was no
significant variation in this ratio within the different treated plants at the second
cut.A At the first cut, where the growth of roots was rather limited, chlorophyll a/b
ratio was in the SL soil significantly lower in case of the I1t than in the 12 irrigation
system which might suggest the tolerance of rosemary to water restriction. Accord-
ing to Chakraborty et al. [39] a lower chlorophyll a/b ratio was obtained in tolerant
than in susceptible peanut cultivars, due to lesser damage to PSI and PSII, leading to
better capacity to photosynthesize even under stressed condition. In two drought-
stressed cotton (Gossypium hirsutum) genotypes Chl a/b ratiosw were alsod de-
creased [40].

Our results showed that the essential oil (EO) content (%) and oil yield( (I/fed) of
rosemary varied with different types of soil (SC and SL) and irrigation water con-
tents (I1 or 12) throughout the duration of the experiment (9 months). The results
obtained showed that the oil yield was generally higher at the second cut (August),
compared to that during the first cut (February). At the second cut, a 1886 % in-
crease was obtained in the mean value of EO (for all treatments), compared to that
during the first cut (February). This might be attributed to either the climatic condi-
tions or the plant age or both. In this respect, Miguel et al. [41] showed that best
results were obtained in August, where the yield and the chemical composition of
rosemary oils seemed to be more sensitive to the temperature, photoperiod and
collection period. The yield of essential oils of two species of Ocimum Ocimum was
also affected by the environmental conditions [42]. Such conditions cause biochemi-
cal and physiological alterations in plants and thus modify the quantity and quality
of essential oils [43, 44].

The results of the present work also indicated that the yield of EO (1/fed) of rose-
mary was higher in SL soil combined with I1 and I2 irrigation (25.85 and 30.99
1/fed, respectively), compared to those of corresponding plants grown in the SCsoil
and similarly supplied with I1 and 12 irrigation systems (21.91 and 20.371/fed, re-
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spectively) during the two applied cuttings (Table 6). In this connection, essential oil
content (ml/ plant) and essential oil yield (I/fed) of Artemisia Annua L. were variably
affected by soil types [29].

The oil yield (I/fed) was significantly increased with increasing soil water content
(SWQ) in the SL soil. Sandy loam soil combined with 12 irrigation (SWC= 76.03,
61.75% at thels and 2™ cuts, respectively) increased il yield (I/fed) to 7229 and
46.22% more than the plants grown in the SC soil and supplied with I2( (SWC=
83.70, 7117 % at the 1%t and 24 cuts, respectively). In this connection, Hassan et al. [8]
found that the volatile oil percentage of rosemary plants was progressively in-
creased by decreasing the level of deficit irrigation. The highest percentage was
obtained by irrigation at 60% field capacity. In other studies, water stress also had
positive effects on essential oil content of Pimpinella anisum ([45), Salvia officinalis [46],
and Ocimum basilicum [47,48,12].

CONCLUSION

We found that interaction between soil types, water content and harvest time were
important management factors to control the growth and essential oil productivity
of rosemary plants. At the second cut (August), most growth criteria and EO con-
tent (%) and yield (I/fed) of rosemary plants were markedly improved in different
soil types (SC or SL) and irrigation courses (I1 or I12) with each soil type), compared
to those at the 1% cut (February). In this respect, best results were obtained with SL
soil + 12 irrigation. But, under SC soil conditions, I1 irrigation (to avoid water deple-
tion) should be an appropriate choice for the first growing season (1% cut) and 12
irrigation for the second growing season (2 cut) to gain an improved herb fresh
yield and essential oil production. Generally, rosemary can maximize growth and
oil yield in habitat with SL type of soil combined with I2 irrigation rather than SC
soil during the two cuttings. The growth rates and EO yield of rosemary plant
were consistent with corresponding changes in photosynthetic pigments.
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