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Abstract: A relevant improvement of the cultivar conditions of Rosmarinus officinalis L. in desert 

areas was achieved by a specific combination between irrigation system and soil conditioner. A 

drastic reduction of water employment was obtained without affect the quality of the plants, 

determined by monitoring growth parameters and essential oil characteristics. In particular, the 

effect of surface and subsurface drip irrigation systems and different soil conditioners on growth 

parameters, yield, and essential oil constituents of rosemary plant was assessed. Field experiments 

at the Agricultural Research Station (Al-Adlya farm), SEKEM group Company, El-Sharkiya 

Governorate, Egypt, conducted over the two seasons revealed the effectiveness of the subsurface 

irrigation system in obtaining better performances, especially in terms of water saving. The 

combination of subsurface irrigation and the conditioner Hundz soil with bentonite showed the 

maximum mean values of growth characters compared with other soil amendments during both 

seasons. The possibility to employ a water-saving irrigation system as the subsurface one without 

any drawback in the resulting plants was also explored in terms of molecular composition. GC-MS 

analysis of the essential oil extracted from plants growth under different irrigation conditions 

revealed a comparable composition in both cases. The goodness of the most performing system was 

also confirmed by the comparable yield of the essential oil. 

Keywords: Rosmarinus officinalis L., surface and subsurface drip irrigation, bentonite, Hundz 

conditioner, essential oil. 

 

1. Introduction 

Water is a very important and economical resource and it represents a major limiting factor for 

sustainable agriculture in arid and semi-arid regions [1]. In Egypt, all cultivated lands are 

characterized by an arid or semi-arid climate and the water required for agricultural and horticultural 

crops is obtained mainly through irrigation systems which consume about 83% of the country’s 

available fresh water [2]. The demanding need of water is in part determined by the low field 

application efficiency [3], which in most traditional irrigation methods is less than 50% or lower, often 

under 30% [4]. Thus, the interest toward developing and adopting new and efficient water irrigation 

systems, particularly in arid and semi-arid regions, is very high [5]. In areas like Egypt, this problem 

is particularly evident, as the growing competition for optimizing the scarce water resources has led 

to the development of new techniques for maximizing the water use efficiency and improving crop 

yields and quality [6]. 

The first step toward the optimization of water demand should consist in reducing the current 

excessive application of water in agricultural lands. This, generally entails losses due to surface run-
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off from the field and to deep percolation below the root zone within the field [7]. Both phenomena 

are difficult to control under furrow irrigation system, where a large volume of water is applied at a 

single instance. Alternative water application methods, such as the drip irrigation system, have some 

advantages as a more uniform irrigation distribution, a more precise control of the amount of water 

employed, and the decrease of nutrient leaching, a reduction of subsurface drainage, a better control 

of soil salinity, and increased yields of growth parameters [8-11]. Nevertheless, drip irrigation system 

has some drawbacks as its cost, which can reach $ 2470 ha−1 [12]. Also, drip irrigation requires the 

presence of small and diffused irrigation systems to saturate the soil and fulfill plant water 

requirements. In addition, there are specific problems related to the management of sandy soils, 

including their excessive permeability and low water and nutrient holding capacities [13]. The water 

use efficiency can be increased by using a subsurface drip irrigation system, which is characterized 

by a reduced soil and plant surface evaporation and allows to irrigate exclusively the root zone or 

the partial root zone as opposed to sprinkler irrigation where the entire field area is wetted [14-16]. 

Also, subsurface drip irrigation allows improving the salinity management and the water use 

efficiency. Phene [8] and Oron [17] reported that surface drip irrigation decreases the accumulation 

of salts at the root zone level of plants, producing an improved yield and fruit quality. Oliveira 

reported that subsurface drip irrigation reduces evaporation from the soil and increases wetted soil 

volume and surface area more than surface systems, allowing a deeper rooting pattern [18]. 

Subsurface drip irrigation system has been successfully employed for the irrigation of a wide range 

of crop patterns [19] but, on the other hand, no studies had been conducted under intensive field 

crops. The use of these modern irrigation systems (surface and subsurface drip) in cultivating 

ornamental plants has improved the growth and quality of flowers [20,21]. It is known that drip 

irrigation can increase the water use efficiency in crop production. Even more efficient in terms of 

water amount needed, is the subsurface drip irrigation [22], which differs from the standard drip 

irrigation in the way that the lateral pipes are buried below the ground surface [23]. In subsurface 

drip irrigation, the water losses through evaporation and deep percolation are minimized, resulting 

in an increased overall efficiency and nutrient conservation. Lamm and coworkers achieved a water 

savings of ~25% with respect to classical techniques in the case of corn cultivation [24]. Nevertheless, 

it is impossible to establish a priori the best irrigation mechanism in terms of general efficiency, and 

a comparison between the available irrigation techniques is mandatory before to choose the more 

appropriate system. In this context, the assessment of the best combination between irrigation system 

and soil conditioner for the cultivation of Rosmarinus officinalis L. (Lamiaceae) in Egypt is herein 

reported for the first time. Rosmarinus officinalis is a flowering plant widely present in Mediterranean 

countries, southern Europe and in the littoral region through Minor Asia areas. Several studies on 

the chemical composition of the phenolic compounds [25] as well as on the steam distilled essential 

oils (EOs) from plants belonging to different regions in the world have been reported [26,27]. Many 

aspects of the EO of Rosmarinus officinalis has been object of research, as the antioxidant activity 

[28,29], the antibacterial [30,31], the toxicity toward insects [32] the anti-inflammatory [33], 

antinociceptive [34], and antifungal activity [35,36]. Also, in recent years EOs of Rosmarinus officinalis 

have been commercialized as pest control products [37]. A detailed study about several growth 

parameters, including the EO composition, is herein presented. In particular, growth, yield, and 

chemical composition of the EO extracted from different parts of the plant will be described and 

related to the specific irrigation system (surface or subsurface drip irrigation) and soil conditioner. 

The possibility to optimize, in terms of water harvesting, rosemary cultivation in arid lands is thus 

explored. In order to reach such target, the following parameters have been monitored and related 

with irrigation system and soil conditioner: plant height, branches number, weight yield of fresh and 

dry herb, EO content and yield. 

 

2. Results and Discussion 

Rosmarinus officinalis L. plants were growth in Egypt, at Agricultural Research Station (Al-Adlya 

farm), SEKEM group Company, El-Sharkiya Governorate. 
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The environmental characteristics, as well as the climatic and physical data of the soil employed 

for the present research are reported in table 1.  

 

Table 1. Geographic positions, climatic data and specifications of the soil under study. 

Al-Adlya site 

Some environmental data   

Latitude (N) 30.397098 O.M. % 1.38 

Longitude (E) 31.551662 CaCO3 % 4 

Elevation (m) 13 pH (1:2:5) 8.28 

Distance (km)a 80 EC (dS/m) 2.72 

Direction North-East 

Available macronutrients (mg/100 g 

soil) 

Ca++ 369 

Max. temperature b 27.4 Mg++ 100 

Min. temperature b 16.3 Na+ 231 

Tb 11.1 P 1.82 

Relative humidity (%)b 56.7 K 27 

Average temperature b (C) 23.6 

Available micronutrients (ppm) 

Fe 10.2 

RH (%) 61 Mn 13.4 

WS (Km/day) 144.7 Zn 2.6 

PSSH (hr) 9.3 Cu 0.3 

Course sand (%) 76.8    

Silt % 8    

Clay % 15.2    

Texture Sand loamy    

a From Cairo b Year average    RH = relative humidity; WS = wind speed; PSSH = potential sunshine hours. 
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2.1. Plant height (cm) and branches/plant number 

At first, growth factors as plant height and number of branches have been monitored for plants 

growth with surface or subsurface irrigation and with conditioners. The aim of this first analysis was 

to check how different irrigation systems and by conditioners affect the overall growth of the plants.  

The results of the monitoring conducted over two seasons are reported in Table 2. 

Table 2. Plant height and number of branches/plants of Rosmarinus officinalis plant grown under 

different drip irrigation systems and different sources of soil conditioners. 

Treatment 

Plant height (cm) Number of Branches  

First Season Second season  First Season Second season  

Mean (±) Mean (±) Mean (±) Mean (±) 

Surface 

C  37.3 ± 1.9 48.8 ± 2.1 7.0 ± 0.3 9.2 ± 0.5 

H  39.1 ± 2.9 52.0 ± 3.6 7.3 ± 0.3 9.8 ± 0.6 

BIO  38.5 ± 2.7 50.8 ± 2.6 7.2 ± 1.2 9.5 ± 1.6 

H + B10  38.6 ± 1.8 51.5 ± 3.5 7.7 ± 1.9 10.2 ± 0.8 

Surface irrigation 38.4 ± 2.3 50.8 ± 2.9 7.3 ± 0.9 9.7 ± 0.9 

Sub surface 

C  39.6 ± 1.2 51.4 ± 1.5 8.1 ± 1.3 10.5 ± 2.7 

H  39.4 ± 1.7 52.3 ± 2.5 9.3 ± 1.0 12.3 ± 0.6 

BIO  37.2 ± 2.6 50.9 ± 1.8 8.3 ± 1.2 11.2 ± 1.0 

H + B10  42.8 ± 2.8 53.8 ± 2.1 10.9 ± 1.7 13.8 ± 2.7 

Sub-surface 39.7 ± 2.1 52.1 ± 2.0 9.2 ± 1.3 12.0 ± 1.8 

Soil conditioners  

C  38.4 ± 1.5 50.1 ± 1.8 7.6 ± 0.8 9.8 ± 1.6 

H  39.3 ± 2.3 52.1 ± 3.1 8.3 ± 0.7 11.0 ± 0.6 

BIO  37.9 ± 2.6 50.8 ± 2.2 7.8 ± 1.2 10.4 ± 1.3 

H + B10  40.7 ± 2.3 52.6 ± 2.8 9.3 ± 1.8 12.0 ± 1.8 

LSD 5 % irrigation ns ns ns ns 

LSD 5 % soil conditioners ns ns ns ns 

LSD 5 % Interaction ns ns ns ns 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

Looking at the data reported in the Table 2, is possible to notice that no significant variation in 

terms of plant height and number of branches occurred by changing the irrigation system or growing 

the plants with different sources of soil conditioners. This suggests that the more water-saving 

subsurface irrigation system can be employed for rosemary cultivation without any loss in terms of 

growth parameters. The same analysis was conducted in terms of different soil conditioners: HUNDZ 

soil combined with bentonite reached showed the maximum mean values in terms of plant height 

and branches number under sub surface irrigation system. The correlation between growth 

parameters and irrigation systems, herein presented for the first time, represents an important 

novelty for the rosemary growth, as allows the optimization of the cultivation conditions in arid 

lands. The data reported in Table 2 suggest the possibility to growth Rosmarinus officinalis in a high 

quality employing less water as usual. Similar results were reported by Phene [38], who observed 

significant differences between subsurface drip and surface irrigation systems for tomatoes crops. 

The finding of significative differences between the two irrigation systems was not obvious. In fact, 

Bidondo reported no significant variations between the two irrigation systems as regards to the 

phenological response [39]. 

 

 

 

2.2. Herb Fresh and Dry Weights (g/plant and Kg/Fad.) 
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In order to assess the effect of the different irrigation systems and soil conditioners on the growth of 

the Rosmarinus officinalis L., the yields in terms of g per plant obtained (fresh and dry weight, table 3 

and 4), and int terms of cultivated area (tables 5 and 6) have been determined.  

 

Table 3.  Fresh herb of Rosmarinus officinalis plant grown under different drip irrigation systems and 

different sources of soil conditioners. 

Treatment 

Fresh weight (g/plant) 

First Season Second season  

1st cut 2nd cut Total 1st cut 2nd cut Total 

Mean 

(±)  

Mean 

(±) 

Mean 

(±) 
Mean (±) Mean (±) 

Mean 

(±) 

Surface 

C  
35.89 

(1.65) 

6.98 

(0.80) 

42.87 

(0.60) 
46.93 (2.43) 9.67 (0.81) 

56.61 

(1.15) 

H  
36.33 

(2.67) 

10.12 

(1.76) 

46.46 

(0.64) 
48.48 (1.41) 12.02 (0.67) 

60.49 

(0.52) 

BIO  
35.67 

(2.00) 

9.40 

(1.06) 

45.07 

(0.67) 
46.45 (2.98) 14.04 (1.70) 

60.49 

(0.91) 

H + 

B10  

38.55 

(2.04) 

8.62 

(0.57) 

47.17 

(1.03) 
51.39 (1.43) 10.15 (0.98) 

61.54 

(0.32) 

Surface irrigation 
36.61 

(2.09) 

8.78 

(1.05) 

45.39 

(0.74) 
25.89 (0.22) 13.79 (0.37) 

59.78 

(0.10) 

Sub surface 

C  
38.78 

(1.71) 

10.52 

(0.84) 

49.30 

(0.62) 
50.41 (3.35) 13.29 (1.26) 

63.70 

(1.48) 

H  
41.22 

(1.50) 

12.95 

(1.30) 

54.18 

(0.14) 
54.40 (3.12) 17.49 (1.14) 

71.89 

(1.40) 

BIO  
39.33 

(2.33) 

15.92 

(1.75) 

55.25 

(0.41) 
53.66 (3.01) 19.41 (1.38) 

73.07 

(1.15) 

H + 

B10  

42.33 

(1.86) 

11.84 

(1.72) 

54.17 

(0.10) 
53.51 (3.66) 17.76 (1.42) 

71.27 

(1.58) 

Sub-surface 
40.42 

(1.85) 

12.81 

(1.40) 

53.22 

(0.32) 
28.58 (0.77) 17.43 (0.32) 

69.98 

(0.32) 

Soil 

conditioners  

C  
37.33 

(1.68) 

8.75 

(0.82) 

46.09 

(0.61) 
26.40 (0.15) 13.92 (0.33) 

60.15 

(0.13) 

H  
38.78 

(2.08) 

11.54 

(1.53) 

50.32 

(0.39) 
27.42 (0.80) 16.19 (0.29) 

66.19 

(0.36) 

BIO  
37.50 

(2.17) 

12.66 

(1.40) 

50.16 

(0.54) 
26.52 (0.61) 16.72 (0.05) 

66.78 

(0.50) 

H + 

B10  

40.44 

(1.95) 

10.23 

(1.15) 

50.67 

(0.57) 
28.60 (0.41) 15.61 (0.11) 

66.41 

(0.21) 

LSD 5% irrigation ns  1.69  2.08 ns 2.83 2.46 

LSD 5% soil 

conditioners 
ns 0.2 2.94 ns ns 3.48 

LSD 5% Interaction ns ns ns ns ns ns 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

 

 

Table 4. Dry herb of Rosmarinus officinalis plant grown under different drip irrigation systems and 

different sources of soil conditioners. 
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Treatment 

Dry weight (g/plant) 

First Season Second season  

1st cut 2nd cut total 1st cut 2nd cut total 

Mean 

(±) 
Mean (±) Mean (±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Surface 

C  
8.97 

(0.84) 
3.16 (0.57) 12.14 0.20) 

11.73 

(0.99) 

3.53 

(0.55) 

15.26 

(0.32) 

H  
9.08 

(0.67) 
4.81 (0.57) 13.89 (0.06) 

12.12 

(1.29) 

4.67 

(1.19) 

16.79 

(0.07) 

BIO  
8.84 

(0.88) 
4.59 (0.68) 13.42 (0.14) 

11.62 

(1.25) 

5.50 

(1.46) 

17.12 

(0.15) 

H + 

B10  

9.64 

(1.50) 
4.24 (0.30) 13.88 (0.64) 

12.84 

(1.60) 

4.51 

(0.47) 

17.35 

(0.80) 

Surface irrigation 
9.13 

(0.97) 
4.20 (0.60) 13.33 (0.26) 

12.08 

(1.28) 

4.55 

(0.92) 

16.63 

(0.33) 

Sub-

surface 

C  
9.69 

(1.58) 
4.93 (0.33) 14.62 (0.88) 

12.60 

(1.84) 

6.23 

(0.32) 

18.83 

(1.07) 

H  
10.31 

(1.27) 
6.89 (0.88) 17.20 (0.28) 

13.60 

(1.61) 

10.21 

(0.68) 

23.81 

(0.66) 

BIO  
9.83 

(0.92) 
8.49 (1.09) 18.32 (0.12) 

13.42 

(1.03) 

14.20 

(0.86) 

27.62 

(0.12) 

H + 

B10  

10.58 

(0.85) 
6.65 (0.83) 17.23 (0.01) 

13.38 

(1.66) 

11.63 

(1.24) 

25.01 

(0.30) 

Sub-surface 
10.10 

(1.15) 
6.74 (0.78) 16.84 (0.26) 

13.25 

(1.54) 

10.57 

(0.77) 

23.82 

(0.54) 

Soil 

conditione

rs  

C 
9.33 

(1.21) 
4.05 (0.45) 13.38 (0.54) 

12.17 

(1.42) 

4.88 

(0.43) 

17.05 

(0.69) 

H  
9.70 

(0.97) 
5.85 (0.73) 15.54 (0.17) 

12.86 

(1.45) 

7.44 

(0.94) 

20.30 

(0.36) 

BIO  
9.34 

(0.90) 
6.54 (0.88) 15.87 (0.01) 

12.52 

(1.14) 

9.85 

(1.16) 

22.37 

(0.14) 

H + 

B10  

10.11 

(1.18) 
5.45 (0.71) 15.56 (0.33) 

13.11 

(1.63) 

8.07 

(0.86) 

21.18 

(0.55) 

LSD 5 % irrigation  ns 1.26 1.25 ns 1.26 1.41 

LSD 5 % soil 

conditioners 
ns ns 1.77 ns 1.79 1.99 

LSD 5 % Interaction ns ns ns ns 1.60 2.82 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

Table 5. Fresh yield of Rosmarinus officinalis plant grown under different drip irrigation systems and 

different sources of soil conditioners. 

Treatment 

Fresh yield (kg/Fad.) 

First Season Second season  

1st cut 2nd cut Total 1st cut 2nd cut Total 

Mean (±) Mean (±) Mean (±) Mean (±) Mean (±) Mean (±) 

Surface 

C  
825.5 

(37.8) 

160.6 

(18.3) 
986.1 (13.8) 

1079.4 

(55.8) 

222.5 

(18.5) 

1301.9 

(26.3) 

H  
835.7 

(61.3) 

232.8 

(40.4) 

1068.5 

(14.8) 

1115.0 

(32.4) 

276.3 

(15.4) 

1391.3 

(12.0)  

BIO  
820.4 

(46.0) 

216.2 

(24.3) 

1036.6 

(15.3) 

1068.5 

(68.6) 

323.0 

(39.0) 

1391.3 

(20.9) 
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H + B10  
886.7 

(46.8) 

198.1 

(13.2) 

1084.9 

(23.8) 

1181.9 

(32.8) 

233.5 

(22.4) 
1415.5 (7.3) 

Surface irrigation 
842.1 

(48.0) 

201.9 

(24.0) 

1044.0 

(16.9) 

1111.2 

(47.4) 

263.8 

(23.8) 

1375.0 

(16.7) 

Sub-

surface 

C  
891.9 

(39.4) 

241.9 

(19.3) 

1133.8 

(14.2) 

1159.4 

(77.0) 

305.6 

(29.0) 

1465.0 

(33.9) 

H  
948.1 

(34.6) 

297.9 

(29.9) 
1246.1 (3.3) 

1251.2 

(71.8) 

402.3 

(26.1) 

1653.6 

(32.3) 

BIO  
904.7 

(53.7) 

366.0 

(40.2) 
1270.7 (9.5) 

1234.2 

(69.3) 

446.4 

(31.8) 

1680.7 

(26.5) 

H + B10  
973.7 

(42.7) 

272.3 

(39.5) 
1245.9 (2.3) 

1230.8 

(84.2) 

408.5 

(32.7) 

1639.3 

(36.4) 

Sub-surface 
929.6 

(42.6) 

294.5 

(32.2) 
1224.1 (7.3) 

1218.9 

(75.6) 

390.7 

(29.9) 

1609.6 

(32.3) 

Soil 

condition

ers  

C  
858.7 

(38.6) 

201.3 

(18.8) 

1060.0 

(14.0) 

1119.4 

(66.4) 

264.0 

(23.8) 

1383.5 

(30.1) 

H  
891.9 

(47.9) 

265.4 

(35.2) 
1157.3 (9.0) 

1183.1 

(52.1) 

339.3 

(20.6) 

1522.4 

(22.2) 

BIO  
862.5 

(49.8) 

291.1 

(32.2) 

1153.7 

(12.4) 

1151.3 

(68.9) 

384.7 

(35.4) 

1536.0 

(23.7) 

H + B10  
930.2 

(44.8) 

235.2 

(26.4) 

1165.4 

(13.0) 

1206.4 

(58.5) 

321.0 

(27.6) 

1527.4 

(21.9) 

LSD 5 % irrigation  ns 39.0 47.8 ns 65.1 56.7 

LSD 5 % soil 

conditioners 
ns 55.1 67. 7 ns ns 80.2 

LSD 5 % Interaction ns ns ns ns ns ns 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

Table 6. Dry yield of Rosmarinus officinalis plant grown under different drip irrigation systems and 

different sources of soil conditioners. 

Treatment 

Dry yield (kg/Fad.) 

First Season Second season  

1st cut 2nd cut total 1st cut 2nd cut total 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 
Mean (±) Mean (±) Mean (±) 

Surface 

C  
206.4 

(19.4) 

72.7 

(13.0) 

279.1 

(4.5) 
269.9 (22.9) 81.09 (12.6) 350.98(7.2) 

H  
208.9 

(15.3) 

110.6 

(13.2) 

319.5 

(1.5) 
278.7 (29.6) 107.44 (27.4) 386.2 (1.5) 

BIO  
203.2 

(20.2) 

105.5 

(15.6) 

308.7 

(3.2) 
267.2 (28.6) 126.60 (33.5) 393.8 (3.4) 

H + 

B10  

221.6 

(34.6) 

97.6 

(13.7) 

319.2 

(14.7) 
295.4 (36.8) 103.70 (10.8) 

399.1 

(18.4) 

Surface irrigation 
210.0 

(22.4) 

96.6 

(13.9) 

306.7 

(6.0) 
277.8 (29.5) 104.71 (21.1) 382.5 (5.9) 

Sub surface 

C  
222.9 

(36.3) 

113.3 

(7.6) 

336.3 

(20.3) 
289.83 (42.2) 143.4 (7.3) 

433.2 

(24.7) 

H  
237.0 

(29.3) 

158.4 

(20.3) 

395.5 

(6.3) 
312.84 (37.1) 234.8 (15.6) 

547.7 

(15.2) 

BIO  
226.2 

(21.0) 

195.3 

(25.0) 

421.4 

(2.8) 
308.57 (23.8) 326.7 (19.7) 635.2 (2.9) 
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H + 

B10  

243.4 

(19.5) 

15.9 

(19.1) 

396.3 

(0.2) 
307.70 (38.2) 267.6 (28.6) 575.3 (6.8) 

Sub-surface 
232.4 

(26.5) 

155.0 

(18.0) 

387.4 

(6.0) 
304.73 (35.3) 243.1 (17.8) 

547.8 

(12.4) 

Soil conditioners  

C  
214.7 

(27.8) 

93.0 

(10.3) 

307.7 

(12.4) 
279.9 (32.6) 112.2 (10.0) 

392.1 

(16.0) 

H  
223.0 

(22.3) 

134.5 

(16.7) 

357.5 

(3.9) 
295.8 (33.3) 171.1 (21.5) 466.9 (8.4) 

BIO  
214.7 

(20.6) 

150.4 

(20.3) 

365.1 

(0.2) 
287.9 (26.2) 226.6 (26.6) 514.5 (0.3) 

H + 

B10  

232.5 

(27.0) 

125.2 

(16.4) 

357.8 

(7.5) 
301.6 (37.5) 185.6 (19.7) 

487.2 

(12.6) 

LSD 5% irrigation  ns 29.07 28.8 ns 29.2 32.5 

LSD 5% soil 

conditioners 
ns ns 40.8 ns 41.3 46.0 

LSD 5% Interaction ns ns ns ns 37.0 65.0 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

Data presented in tables (3, 4, 5 and 6) indicate that fresh and dry herb (g / plant and Kg/Fad.) 

was insignificantly affected by drip irrigation systems in the 1st cut during both seasons, while these 

treatments had a pronounced effect during 2nd cut as well as sum of two cuts during both seasons. 

Generally, subsurface system gave the highest values of fresh and dry herb weights. Different sources 

of soil amendments treatments had no significant effect on fresh herb and dry weights of herb 

(g/plant and Kg/acre) during 1st cuts of both seasons. On the other hand, these treatments had a 

pronounced effect during the 2nd cut and sum of the 2 cuts of both seasons. During the 1st cut of both 

seasons, HUNDZ soil + bentonite gave the highest values of these characters. Moreover, during the 

2nd cut herb fresh and dry weights (g/plant and Kg/acre) reached their maximum values as a result of 

bentonite treatment for both seasons. Regarding the effect of soil amendments on total fresh and dry 

weights (sum of three cuts), the data reported in Tables 3, 4, 5 and 6 show that HUNDZ soil + 

bentonite and bentonite are advised for 1st and 2nd seasons, respectively. Concerning the combined 

drip irrigation systems with different sources of soil amendments had no significant effect on herb 

fresh and dry weights during both seasons except for the herb dry weight for the 2nd cut of the 2nd 

season.  

2.3. EO content (%) and yield (ml/plant) 

During the first part of the study, was possible to implement a water-saving irrigation system 

without affect the growth of the plants in terms of plant/branches number and yield. In order to verify 

if the reduced amount of water and the specific soil conditioner employed affect the less evident 

chemical composition of the plants, the corresponding Essential Oil (EO) was extracted and analyzed. 

The procedures of extraction and analysis are described in the experimental at the end of the 

document. The results obtained were expressed in terms of percentages (EO%), EO ml, and amount 

of EO per cultivated on a determined cultivated area has been assessed as shown in tables 7-9.  

Table 7. EO percentage of Rosmarinus officinalis plant grown under different drip irrigation systems 

and different sources of soil conditioners. 

Treatment 

EO % 

First Season Second season  

1st cut 2nd cut total 1st cut 2nd cut total 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 July 2020                   doi:10.20944/preprints202007.0748.v1

Peer-reviewed version available at Sustainability 2020, 12, 6611; doi:10.3390/su12166611

https://doi.org/10.20944/preprints202007.0748.v1
https://doi.org/10.3390/su12166611


Surface 

C  
3.63 

(0.06) 

3.75 

(0.13) 

7.38 

(0.05) 

3.63 

(0.03) 

3.73 

(0.09) 

7.36 

(0.04) 

H  
3.75 

(0.13) 

3.85 

(0.03) 

7.60 

(0.07) 

3.72 

(0.11) 

3.81 

(0.02) 

7.53 

(0.06) 

BI

O 

3.92 

(0.03) 

3.94 

(0.01) 

7.86 

(0.01) 

3.90 

(0.03) 

3.93 

(0.04) 

7.83 

(0.01) 

H + 

B10  

3.70 

(0.04) 

3.83 

(0.10) 

7.53 

(0.22) 

3.75 

(0.24) 

3.87 

(0.10) 

7.62 

(0.10) 

Surface irrigation 
3.75 

(0.15) 

3.84 

(0.07) 

7.59 

(0.06) 

3.75 

(0.10) 

3.83 

(0.06) 

7.59 

(0.03) 

Sub surface 

C  
3.80 

(0.10) 

3.89 

(0.03) 

7.69 

(0.05) 

3.83 

(0.04) 

3.82 

(0.03) 

7.65 

(0.01) 

H 
4.23 

(0.06) 

4.42 

(0.07) 

8.66 

(0.01) 

4.18 

(0.06) 

4.26 

(0.04) 

8.44 

(0.02) 

BI

O 

4.10 

(0.10) 

4.32 

(0.03) 

8.42 

(0.05) 

4.21 

(0.02) 

4.30 

(0.03) 

8.51 

(0.01) 

H + 

B10  

4.03 

(0.15) 

4.23 

(0.10) 

8.26 

(0.04) 

4.04 

(0.21) 

4.21 

(0.04) 

8.25 

(0.13) 

Sub-surface 
4.04 

(0.10) 

4.22 

(0.06) 

8.26 

(0.03) 

4.06 

(0.08) 

4.15 

(0.03) 

8.21 

(0.04) 

Soil 

conditioners  

C  
3.72 

(0.08) 

3.82 

(0.08) 

7.54 

(0.00) 

3.73 

(0.03) 

3.78 

(0.06) 

7.50 

(0.02) 

H  
3.99 

(0.10) 

4.14 

(0.05) 

8.13 

(0.03) 

3.95 

(0.09) 

4.03 

(0.03) 

7.98 

(0.04) 

BI

O  

4.01 

(0.06) 

4.13 

(0.02) 

8.14 

(0.03) 

4.06 

(0.02) 

4.12 

(0.03) 

8.17 

(0.01) 

H + 

B10  

3.87 

(0.28) 

4.03 

(0.10) 

7.90 

(0.13) 

3.89 

(0.23) 

4.04 

(0.07) 

7.94 

(0.11) 

LSD 5% irrigation  0.14 0.06 0.19 0.11 0.05 0.13 

LSD 5% soil 

conditioners 
0.20 0.09 0.26 0.15 0.07 0.18 

LSD 5% Interaction ns 0.29 ns ns 0.09 0.25 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

Table 8. EO content of Rosmarinus officinalis plant grown under different drip irrigation systems and 

different sources of soil conditioners. 

Treatment 

EO (ml/plant) 

First Season Second season  

1st cut 2nd cut Total 1st cut 2nd cut Total 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Surface 

C  
0.33 

(0.03) 

0.12 

(0.03) 

0.44 

(0.00) 

0.43 

(0.03) 

0.13 

(0.02) 

0.56 

(0.01) 

H  
0.34 

(0.03) 

0.19 

(0.02) 

0.53 

(0.01) 

0.45 

(0.05) 

0.18 

(0.05) 

0.63 

(0.01) 

BI

O  

0.35 

(0.08) 

0.18 

(0.03) 

0.53 

(0.03) 

0.45 

(0.09) 

0.22 

(0.06) 

0.67 

(0.02) 

H + 

B10  

0.36 

(0.09) 

0.16 

(0.03) 

0.52 

(0.05) 

0.48 

(0.09) 

0.17 

(0.02) 

0.66 

(0.05) 

Surface irrigation 
0.34 

(0.06) 

0.16 

(0.03) 

0.51 

(0.02) 

0.45 

(0.07) 

0.18 

(0.04) 

0.63 

(0.02) 
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Sub-surface 

C 
0.37 

(0.06) 

0.19 

(0.01) 

0.56 

(0.04) 

0.48 

(0.09) 

0.24 

(0.01) 

0.72 

(0.06) 

H 
0.44 

(0.12) 

0.30 

(0.04) 

0.74 

(0.06) 

0.57 

(0.14) 

0.43 

(0.10) 

1.00 

(0.03) 

BI

O 

0.40 

(0.10) 

0.37 

(0.05) 

0.77 

(0.03) 

0.57 

(0.13) 

0.61 

(0.04) 

1.18 

(0.06) 

H + 

B10  

0.43 

(0.04) 

0.28 

(0.03) 

0.71 

(0.01) 

0.54 

(0.09) 

0.49 

(0.11) 

1.03 

(0.01) 

Sub-surface 
0.41 

(0.08) 

0.29 

(0.03) 

0.69 

(0.03) 

0.54 

(0.11) 

0.44 

(0.06) 

0.98 

(0.03) 

Soil 

conditioners  

C 
0.35 

(0.04) 

0.16 

(0.02) 

0.50 

(0.02) 

0.45 

(0.06) 

0.19 

(0.02) 

0.64 

(0.03) 

H  
0.39 

(0.07) 

0.24 

(0.03) 

0.63 

(0.03) 

0.51 

(0.10) 

0.31 

(0.07) 

0.82 

(0.02) 

BI

O  

0.37 

(0.09) 

0.27 

(0.04) 

0.65 

(0.03) 

0.51 

(0.11) 

0.41 

(0.05) 

0.92 

(0.04) 

H + 

B10  

0.39 

(0.07) 

0.22 

(0.03) 

0.62 

(0.03) 

0.51 

(0.09) 

0.33 

(0.07) 

0.85 

(0.02) 

LSD 5% irrigation  ns 0.05 0.07 0.08 0.05 0.09 

LSD 5% soil 

conditioners 
ns 0.07 0.1 ns 0.07 0.12 

LSD 5% Interaction ns ns ns ns 0.10 ns 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

Table 9. EO yield of Rosmarinus officinalis plant grown under different drip irrigation systems and 

different sources of soil conditioners. 

Treatment 

EO (L/Fad.) 

First Season Second season 

1st cut 2nd cut total 1st cut 2nd cut total 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Mean 

(±) 

Surface 

C 7.5 (0.6) 2.7 (0.6) 10.2 (0.1) 9.8 (0.8) 3.0 (0.5) 12.8 (0.2) 

H 7.8 (0.7) 4.3 (0.5) 12.1 (0.1) 
10.4 

(1.2) 
4.1 (1.0) 14.5 (0.1) 

BIO 8.0 (1.7) 
4.2 

(0.6) 
12.1 (0.8) 

10.4 

(2.0) 
5.0 (1.3) 15.4 (0.4) 

H + B10 8.3 (2.2) 3.7 (0.6) 12.0 (1.1) 
11.1 

(2.1) 
4.0 (0.5) 15.2 (1.1) 

Surface irrigation 7.9 (1.3) 3.7 (0.6) 11.6 (0.5) 
10.4 

(1.5) 
4.0 (0.9) 14.5 (0.5) 

Sub surface 

C 8.4 (1.5) 4.4 (0.3) 12.8 (0.8) 
11.1 

(2.2) 
5.5 (0.3) 16.6 (1.3) 

H 
10.0 

(2.7) 
7.0 (0.9) 17.0 (1.3) 

13.0 

(3.2) 
10.0 (2.2) 23.1 (0.7) 

BIO 9.2 (2.2) 8.4 (1.1) 17.7 (0.7) 
13.0 

(3.0) 
14.1 (0.9) 27.1 (1.4) 

H + B10 9.8 (0.9) 6.5 (0.7) 16.3 (0.1) 
12.5 

(2.0) 
11.3 (2.5) 23.7 (0.3) 

Sub-surface 9.4 (1.8) 6.6 (0.7) 16.0 (0.7) 
12.4 

(2.6) 
10.2 (1.5) 22.6 (0.9) 
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Soil conditioners 

C 8.0 (1.0) 3.6 (0.4) 11.5 (0.4) 
10.4 

(1.5) 
4.3 (0.4) 14.7 (0.7) 

H 8.9 (1.7) 5.6 (0.7) 14.6 (0.7) 
11.7 

(2.2) 
7.0 (1.6) 18.8 (0.4) 

BIO 8.6 (2.0) 
6.3 

(0.9) 
14.9 (0.8) 

11.7 

(2.5) 
9.5 (1.1) 21.2 (0.9) 

H + B10 9.1 (1.5) 5.1 (0.7) 14.2 (0.6) 
11.8 

(2.1) 
7.6 (1.5) 19.4 (0.4) 

LSD 5% irrigation ns 1.2 1.6 1.9 1.2 2.0 

LSD 5% soil conditioners ns 1.7 2.3 ns 1.7 2.8 

LSD 5% Interaction ns ns ns ns 2.4 ns 

C = control, H = Hundez soil, BIO. = bentonite, H + B10 = Hundez soil + bentonite,  = standard 

deviation, LSD = Least Significant Differences, ns = not significant. 

The data obtained revealed that the EO content (%) and yield (ml/plant and Kg/Fad.) are affected 

by the drip irrigation systems, the different sources of soil amendment and by the combined effect of 

both factors (Tables, 7, 8 and 9). Mean comparison between both drip irrigation systems showed that 

the highest EO content (%) and yield (ml/plant or L/acre) were obtained from plants grown under 

sub surface irrigation system. This observation is in agreement with the previous reported data 

relative to growth parameters and confirms the possibility to grow a good quality Rosmarinus 

officinalis with a minimum amount of water.   

Concerning the effect of different sources of soil amendment, data presented in the same tables 

indicate that HUNDZ soil and HUNDZ soil + bentonite gave the highest mean value of EO content 

(%) for the 1st cut of 1st season while bentonite alone gave the maximum value of EO percentage for 

the 2nd cut and total (sum of both cuts) of both seasons. The combination between drip irrigation 

systems and soil amendments had no significant effect on EO’s percentage except during the 2nd cut 

of 2nd season. Generally, plants grown on bentonite under sub surface irrigation system gave the 

maximum mean value of EO percentage during both seasons except during the 1st cut of 1st season.  

Concerning the effect of drip irrigation systems, different sources of soil amendments on EO 

yield (ml/plant and L/Fad.), data tabulated in Tables 8 and 9 indicate that the effect of these treatments 

gave a trend similar to the one observed in the case of EO percentage.  

2.4. Composition of EO 

The EO extracted from plants subjected to different treatments revealed the presence of twenty-

four compounds, which account for more than 95% of the overall chemical composition detected by 

GC-MS (Table 10).  

Table 10. Main constituents of EO of Rosmarinus officinalis plant grown under different drip irrigation 

systems and different sources of soil conditioners. 

Name KI 

surface subsurface 

C HZ 
BEN

T 

HZ + 

BENT 
C HZ 

BEN

T 

HZ + 

BENT 

Tricyclene 900 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.1 

α-Pinene 909 19.3 16.7 16.8 21.1 14.5 18.8 20.6 15.4 

Camphene 927 4.8 4.7 4.6 4.8 4.4 4.8 4.7 4.2 

thuja 2,4-Diene 930 0.4 0.5 0.5 0.4 0.5 0.5 0.4 0.4 

β-Pinene 956 0.5 0.4 0.4 0.6 0.4 0.4 0.5 0.3 

β-Myrcene 957 0.7 0.5 0.5 0.8 0.5 0.5 0.6 0.4 

Phellandrene 984 0.3 0.2 0.2 0.3 0.2 0.2 0.3 0.2 

δ-2-Carene 1005 0.7 0.6 0.6 0.7 0.6 0.6 0. 7 0.5 

ρ-cymene 1026 1.1 0.9 0.9 1.2 1.0 0.9 1.0 0.8 

Eucalyptol 1036 14.5 14.5 14.4 15.5 14.4 14.1 13.7 13.1 
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γ-Terpinene 1062 1.0 0.8 0.74 1.0 0.8 0.7 0.9 0.5 

Terpinolene 1065 1.4 1.1 1.0 1.3 1.1 1.0 1.2 0.9 

Linalool 1102 1.0 1.0 1.0 1.1 1.0 0.9 1.1 0.9 

α-campholenal 1106 0.5 0.4 0..5 0.5 0.5 0.4 0.4 0.3 

Camphor 1145 40.0 44.1 44.3 40.7 44.0 41.9 38.6 44.8 

Pinocarvone 1161 0.2 0.1 0.1 0.3 0.3 0.3 0.3 0.1 

terpinen-4-ol 1163 0.9 0.9 0.9 0.7 1.0 0.9 0.9 2.3 

Thymol 1165 0.1 0.1 0.2 0.9 0.8 0.8 0.9 0.1 

α-Terpineol 1180 2.5 2.2 2.3 2.1 2.5 2.2 2.4 3.3 

Verbenone 1223 7.8 6.9 7.1 5.2 9.1 7.7 7.9 6.3 

bornyl acetate 1261 0.4 0.4 0.3 0.1 0.3 0.4 0.4 0.2 

Caryophyllene 1400 0.2 0.2 0.3 - 0.3 0.2 0.2 0.2 

α-Humulene 1406 0.4 0.3 0.4 - 0.4 0.4 0.4 0.1 

Bisabolene, 

trans- 
1479 0.1 0.2 0.0 - 0.1 0.1 - 0.1 

Monoterpene 

hydrocarbons 
30.4 26.7 26.4 32.3 24.1 28.6 31.2 23.7 

Oxygenated 

hydrocarbons 
68.0 70.8 71.0 67.2 74.0 69.6 66.6 71.5 

Sesquiterpene 

hydrocarbons 
0.7 0.8 0.7 0.0 0.8 0.7 0.7 0.3 

Total of identified 

compounds 
99.1 98.2 98.2 99.5 98.9 98.9 98.4 95.6 

Unidentified 

compounds 
0.9 1.8 1.8 0.4 1.1 1.1 1.6 4.4 

The unidentified compounds ranged from 0.9% to 4.4% from the separated compounds. The 

major constituents of EO samples were camphor (38.6%-44.8%), α-pinene (14.5%-21.1%) and then 

eucalyptol (13.1%-15.5%).  

Recently Melito et al. [26] studied the chemical composition of Rosmarinus officinalis EOs 

extracted from Sardinian plants. The authors evidenced a great variability in composition according 

to meteorological and environmental condition and several chemo types were identified. The 

chemical analysis highlighted the presence of seven major compounds among which α-pinene 

ranged between 26 and 28%, champhene from 5-8%, 1,8-cineole 15 and 25%, borneol from 5 and 11%, 

camphor from 3-12%, verbenone 6 and 15% and bornyl acetate from 4 and 7%. According to these 

results the different chemical composition between Sardinian and Egypt EOs could be related to the 

different geographical area of cultivation as well as the different environmental contest. 

Regarding the comparison between growth different conditions, no  considerable differences 

between the relative distribution of these major constituents and the specific treatment were 

observed. This specific result is of particular importance in the context of water harvesting in arid 

fields. In fact, the data obtained demonstrate for the first time that is possible to cultivate Rosmarinus 

officinalis L. employing less water as usual without altering its chemical composition. 

Subsurface drip irrigation had a pronouncing effect on growth characters with respect to surface 

irrigation. In this regard, subsurface drip is a low-pressure, highly efficient irrigation method which 

uses buried drip tubes or drip tape to meet crop water needs. Subsurface irrigation saves water and 

improves yields by eliminating surface water evaporation and reducing the incidence of disease and 

weeds. A subsurface drip system may require higher initial investment and cost will vary due to 

water source, quality, and filtration need, choice of material, soil characteristics and degree of 

automation desired. This technology has been a part of irrigated agriculture since 1960, and advanced 

rapidly in the last two decades. A subsurface drip irrigation system is flexible and can provide 

frequent light irrigations. This is especially suitable for arid, semi-arid, hot, and windy areas with 

limited water supply. Farm operations also become free of impediments that normally exist above 

ground with any other pressurized irrigation system. 
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The effect of the soil amendment is related to the providing a better environment for roots and 

plant growth: this includes the improvement of the soil structure and water holding capacity, the 

availability of nutrients, and the living conditions for soil organisms, which are important for the 

plants to grow. Furthermore, a better soil texture and better root growth avoids soil degradation 

during heavy rains or in windy regions. It also supports the nutrient cycle when organic amendments 

are used (e.g. manure). Beside soil amendment, there are several methods to provide soil moisture 

conservation such as soil cover and reforestation (living plants), mulching or several tillage 

techniques. It is also very important the adaptability of a certain planted crop to the specific climate. 

Basically, any organic or inorganic material that is added to the soil and improves its quality can be 

considered as soil amendment. The type of amendment chosen depends entirely on how the soil 

needs to be changed. By using soil amendment, almost every type of soil can be made fertile. 

Bentonite, historically employed for clarification procedures [40], is a volcanic ash rock consisting 

predominantly of montmorillonite, a clay mineral of Mg and Al, which determine the peculiar 

structural properties of the material [41]. It has also been recognized as a very good material for the 

improvement of coarse textured soils in different parts of the world [42]. 

3. Materials and Methods  

3.1 Location of the experiments 

Field trial was carried out at the Agricultural Research Station (Al-Adlya farm), SEKEM Company, 

Sharkiya Governorate, Egypt (80 km to the East of Cairo), during the two seasons of 2012/2013–

2013/2014. The determination of some physical and chemical properties of soil samples and the analyses 

of the irrigation water systems were conducted according to standard procedures already described 

and represented in Table 1. Also, some meteorological data and evapotranspiration during the growing 

season are presented in Table 1. 

3.2. Experimental design 

The field experiment was carried out as a split plot design. The experiment included eight 

treatments which represented the interaction between two irrigation systems combined with three soil 

amendments treatments and control with three replicates. The irrigation systems (surface and 

subsurface irrigation) were represented in the main plot while the soil conditioners treatments (control 

(0), HUNDZ  soil (3%), bentonite (3%) and HUNDZ soil + bentonite) were placed in the sub-plot. The 

HUNDZ soil and bentonite conditioners were added to the soil preparation in a concentration of 3%. 

Plants row spacing was 0.75 m and the distance between each plant was 0.25 m in plots with area of 15 

m2 (3X5 m). 

3.3 Irrigation setup 

The drip irrigation lines were twin-wall drip tapes (GR), with outlets spaced every 0.5 m. Standard 

drippers of 4 L/h discharge at 1.5 bar working pressure were used. Drip irrigation lines were laid above 

and under ridges of plant rows, and the installation depth of the subsurface drip lines was 0.20 m.  

3.4 Plant materials  

Rosmarinus officinalis L., variety Spanish rosemary cuttings (at age 2 years) were imported from 

Bionorica Company, Germany. 

3.5 Cultivation 

The cuttings were cultivated in the nursery in foam trays filled with a mixture of 

sand:compost:petmos (1:1:1 volume) in the first week of October. Cuttings were covered with 100-

micron white plastic mulch after cultivation and then irrigated every 3-5 days by dripping irrigation. 

After 45 days, the plastic mulch cover was removed, and after the cuttings showed white roots (2-5 cm) 

which were ready for transferring in the permanent soil in the open field. Irrigation was performed as 

needed until the plants generated the first two true leaves stage, where the irrigation treatments were 

applied.  The experimental soils were supplied with 20 m3/Fad. (Fad. = 4200 m2) of mature compost. 

Routine agricultural practices were carried out as usually practiced in rosemary cultivation. Data for 

growth characters, yield, EO and its chemical constituents for all treatments were obtained during two 

harvests in June and in August in the two seasons. The data measurements included plant height (cm), 

number of branches/plants, fresh and dry weights of herb (g/plant). 
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3.6 EO production  

EO percentage of each replicate at the two harvests was determined in the air-dried herb according 

to Guenther (1995) and expressed as ml/100g, while EO yield was expressed as ml /plant and L / m2.  

The extraction procedure for the essential oil as carried out according to a previous literature data 

[43], A sample weighing 300 g of plant aerial part was subjected to hydro-distillation using a Clevenger 

type apparatus for 2h. The extraction was repeated twice, the obtained EO was collected separately, 

dried over anhydrous sodium sulfate (Na2SO4) and then stored at 4º C in amber glass vials until 

analysis. 

 

3.7 Qualitative and quantitative analyses of EOs 

Rosemary EO samples were analyzed through GC-MS with a Hewlett Packard 5890 GC equipped 

with a Hewlett Packard 5971 MS system operating in the EI mode at 70 eV. EO separation was 

performed on an HP-5 capillary column (30 m × 0.25 mm, film thickness 0.17 μm). The following 

temperature program was used: 60ºC hold for 3 min, then increased 4ºC/min till reach 210ºC, then held 

at 210ºC for 15 min, then increased 10ºC/min to 300ºC, and finally held at 300ºC for 15 min. Helium was 

used as the carrier gas at a constant flow of 1 mL/min for both columns. The data was analyzed using 

Agilent  Chemstation software and the identification of the individual components performed by 

comparison with the co-injected pure compounds and by matching the MS fragmentation patterns and 

retention indices with the data reported in libraries or literature data (NIST/EPA/NIH 2008; HP1607 

purchased from Agilent Technologies and Adams, 2011). The relative proportion percentages of the EO 

constituents were obtained by peak area normalization [44]. 

3.8 Statistical analysis 

Data of each season were statistically analyzed separately according to Cochran and Cox. The 

differences between the means of the treatments were considered significant when they were more than 

Least Significant Differences (LSD) at 5%. The data were subjected to ANOVA test (MS DOS/ Costat 

Exe Program).  

4. Conclusions 

Aromatic plants cultivation in arid and semiarid regions can be achieved in a sustainable and 

effective way, with a special care on water consumption and quality of growth parameters. In the 

specific case of Rosmarinus officinalis L. was possible to determine improved cultivar conditions by 

selecting a combination of subsurface irrigation system and HUNDZ-bentonite soil conditioner. In 

particular, by switching from surface to subsurface irrigation system and by employing as soil 

conditioner a combination of HUNDZ conditioner and bentonite, was possible to reach the same 

plant quality as usual but saving a consistent amount of weather. This notable result was assessed 

both in terms of plant growth parameters, as well as in terms of chemical composition, determined 

by extracting the essential oil and subjecting it to GC-MS analysis. The approach herein presented, 

based on the study of the correlation between growth parameters and chemical composition, and 

growth procedure, can be further extended to other cultivations. 
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