
World Journal of Agricultural Sciences 9 (5): 389-396, 2013
ISSN 1817-3047
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wjas.2013.9.5.14065

Corresponding Author: Sami A. Metwally, Ornamental Plant and Woody Trees Department, 
National Research Centre, Dokki, Giza, Egypt.

389

Effect of Different Water Regimes Interacted with Zinc on
Growth and Chemical Composition of Geranium 

Sami A. Metwally, Mohamed S. Shaheen, 1 2

Sharbat L. Mohamed and Bedour H. Abou- Leila3 3

Department of Woody Trees and Ornamental Plant, National Research Centre, Dokki, Giza, Egypt1

Department of Aroma Chemistry of Flavour, National Research Centre, Dokki, Giza, Egypt2

Department of Field Irrigation Water Relations, National Research Centre, Egypt3

Abstract: This investigation was carried out at the greenhouse of National Research Centre, Egypt to study
the response of Geranium (Pelargonium graveolens) to different levels of soil moisture and zinc treatments.
The results indicated that, plant growth i.e. plant height (cm), branches number and shoot fresh weight
decreased with irrigation plants after depletion of more or less 50% of field capacity. Drought increase essential
oil % and decreased oil yield. Zinc 1000 ppm proved to be affective in increasing the yield of Pelargonium
graveolens essential oil. The volatile profile of odorous parts of the plant was analyzed by GC/MS. The major
compounds in essential oils were oxygenated monoterpenes with geraniol (54, 12%) at 1000 ppm of zinc.
Subjecting Pelargonium graveolens to 30 % depletion of field capacity increased the constituent geraniol with
(34, 73%),while under water stress 70% depletion of field capacity germacrone was increased.
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INTRODUCTION (menthone). Literature survey revealed that there is no

Geranium plant (Pelargonium graveolens L.), family graveolens L. essential oil cultivated in Egypt.
Geraniaceae used as ornamental plant and reported to Water regime is one of the great important factors
have several folkloric medicinal applications. It cultivated that affect on growth and oil production, the availability
mainly for production of oil which is of commercial value and supply of soil moisture not only governed the rate
and in its economic with rose oil. Increasing geranium and type of growth but also commanded the availability
growth and oil yield could be achieved by improving of plant nutrients. At the same time excessive irrigation
culture treatments. The essential oil fraction of this plant resulted in more vegetative with no additional yield [4].
is widely and extensively used in cosmetic industry, in Water stress resulted in significant reduction of fresh and
aromatherapy and as flavouring for foods due to its dry matter and essential oil of Japonica mint [3]. While,
unique strong rose-like fragrance [1]. It is one of the best Hendawy and Khalid [5] reported that, essential oil, total
skincare oils because it is good in opening skin pores and carbohydrates and proline content were pronouncedly
cleaning oily complexions. Other uses of geranium increased with increasing stress of Salvia officinalis L.
essential oil that are becoming increasingly popular (sag) plant. Also, Shao et al. [6] mentioned that water
include the treatment of dysentery, hemorrhoids, stress showed a depressive effect on growth of Ocimum,
inflammation, heavy menstrual flows and even cancer [2]. while it has increasing effect on essential oil percentage.
Misra and Srivastava [3] reported that, there are These results confirmed by Khalid [7] on Ocimum sp. and
significant variations in the composition of the oil of Tawfic [8] on Mung bean. Zinc fertilizers as foliar was
Pelargonium graveolens L. depending on cultivars and suggested specially with Egyptian alkaline soil, where its
culture conditions; all of essential oils of this specimen availability is relatively low. The positive effect of zinc on
are rich in monoterpene alcohol (geraniol) and/or ketone growth and oil production was reported by Nasiri et al. [9]

report on essential oil composition of Pelargonium
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and Hassanpouraghdam et al. [10]. However, the Statistical Analysis: The data obtained were statistically
necessity  of  zinc  for  most  crops is emphasized by analyzed according to Gomez and Gomez [15]. The
Singh and Gongwar [11], who mentioned that zinc treatment means were compared by using LSD test at 5%
participate in the production of IAA which resulted in of probability. 
increase in growth and sugar production and enzymatic
system responsible for biosynthesis of carbohydrate Extraction Method of Essential Oil: Fresh leaves were
[12,13]. Recently, Dehghanian and Madandoost [14] subjected to hydrodistillation for 2 h. The essential oils
reported that zinc application increase wheat drought were extracted with dichloromethane and dried over
resistant. anhydrous sodium sulphate. For the GC/MS analysis

The main objective of this study was, therefore to samples of essential oil were dissolved in
acquire a sound knowledge on the response of geranium Dichloromethane according to Egyptian Pharmacopeia
herbage growth, essential oil yield and oil composition to [16].
different soil water regimes and different zinc
concentrations in order to recommend effective irrigation Gas Chromatography of Geranium Essential Oil:
management strategies and zinc concentrations for Egypt Essential oil composition in plant tissues depending
and other areas with similar agroclimatic conditions. largely on environmental conditions and major

MATERIALS AND METHODS geranium from the treatments of control zinc sprayed with

The investigation was carried out two successive 30 % available soil moisture were subjected to
seasons of (2011 and 2012) at greenhouse of National fractionation using gas chromatography (GC) and gas
Research Centre, Cairo, Egypt to study the effect of zinc chromatography-mass spectrophotometry (GC/MS). GC
treatments through three different moisture regime. For analysis was performed by using Hewlett-Packard model
cultivation plastic pots (30 cm  in diameter and 30 cm in 5890 equipped with a flame ionization detector (FID). A2

depth) were filled with 10 kg loamy soil. The experiments fused silica capillary column DB-5 (60m x0.32 mm, id.) was
in both seasons included 12 treatments in which three used. The oven temperature was maintained initially at
levels of soil moisture (30. 50 and 70 % depletion of field 50°C for 5 min and then programmed from 50 to 250°C at
capacity) and three concentrations of zinc (Zero. 1000 and a rate of 4°C/min. Helium was used as the carrier gas at
1500 ppm). Two months old homogeneous terminal flow rate of 1.1 ml/min. The injector and detector
cuttings of Pelargonium graveolens L. plants, 10 cm in temperatures were 220 and 250°C, respectively. The Kovat
length were transplanted on December 15 in both indices (K.I) of the separated volatile components were
seasons. Phosphorus was added before transplanting, calculated using hydrocarbons (C - C , Aldrich Co.) as
nitrogen and potassium were added to the soil after three references Adams [17]. For KI data, a mixture of linear
weeks from transplanting according to the recommended saturated hydrocarbons was co-injected and the mixture
dose for growing Geranium plants. The treatments were analyzed by GC. KIs were calculated by using the
arranged in factorial experiment in complete randomized following formula:
design with 6 replicates for each treatment. All pots were
received the soil moisture levels after four weeks from KI =100 y +100 (z-y) × t  (x) - t (y)/t  (z)-t (y)
transplanting and plants were exposed to the require
irrigation regimes up to the harvest time by weighing pots Where y and z are the carbon numbers in the
daily and the amount of water were added. Plants were hydrocarbons eluting before and after a GC peak of
sprayed with zinc concentrations twice, the 1  after eight interest, respectively; tR(x) is the retention time of thest

weeks from transplanting and the 2  after two weeks later. acetate; t (y) and t (z) are the retention times of thend

In both seasons, two cuttings were taken by cutting hydrocarbons eluting before and after a GC peak of
about 5 cm over soil surface after four and six months interest, respectively [18].
from transplanting, respectively and representative plant
sample was taken from 3 replicates randomly from each Gas Chromatographic-Mass Spectrometric Analysis
treatments. Herbage growth in terms of plant height (cm), (GC/MS): The analysis was carried out by using a
branches number and number of leaves/plant as well as coupled Varian gas chromatography/mass spectrometry.
fresh weight (g) were determined. The ionization voltage was 70 e.v, mass range m/z 39-400

compounds differ according to differ treatments. EO of

1000 and 1500 ppm as well as after depletion of 70, 50 and
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a.m.u. The GC condition was carried out as mentioned (g/plant) and number of branches in both cuttings. On the
above. The isolated peaks were identified by matching contrary, the lowest values were recorded when plants
with data from the library of mass spectra (National irrigated after depletion 70% of field capacity. However,
Institute of Standard and Technology) and compared with these hold true in both cuttings in most cases.
those of authentic compounds and published data [17].
The quantitative determination was carried out based on Essential Oil % and Oil Yield: Data in Table 4 show that,
peak area integration. the greatest oil percentage was obtained in both cutting

RESULTS 70% of field capacity. On the contrary the greatest oil

Growth: Data presented in Table 1 indicated that irrigation after depletion 50% of field capacity in combination with
geranium plant after depletion 50% of field capacity 1000 ppm zinc in the first cut and 1500 ppm in the second
significantly increased plant height (cm), shoot fresh cut, respectively.
weight and branches number in the first and second
cuttings compared with plant irrigated after depletion 70% GC and GC/ MS of Pelargonium Graveolens: Table 5
field capacity. More or as well as or less than 50 % of field
capacity moisture decreased significantly the previous
mentioned parameters in both cuttings.

Effect of Zinc on Plant Growth: The results presented in
Table 2 indicated that, there were significant decreases in
Geranium growth with spraying 1000 ppm zinc. Further
increase to zinc caused remarkable depression.

Effect of zinc, soil moisture levels and their
interaction on growth of Pelargonium graveolens. L is
shown in Table 3. The interaction between soil moisture
and zinc on plant growth was significant in most cases.
Irrigation Geranium plants after depletion 50 % of field
capacity and spraying with 1000 ppm zinc gave the
highest values for plant height, fresh    weight   of   shoots

by irrigation Pelargonium graveolens L. after depletion

yield (ml/ plant) (8.020 and 27.29 ml/plant) were obtained

shows the identified aroma volatiles in both treatments of
geranium. Monoterpenes oxygenated monoterpenes,
sesquiterpene and oxygenated sesquiterpene
hydrocarbons were identified in both treatments. The
most abundant components were monoterpenes
hydrocarbons in all treatments. Sabina Ketone
components 66.63% and geraniol 10.69% are the main
oxygenated monoterpenes for control while geraniol
(54.12%) was the main oxygenated monoterpenes in
treated Pelargonium graveolens L. with 1000 ppm zinc,
followed by menthone (36.89%). however these
components were not identified in oil of Pelargonium
graveolens treated with 1500 ppm zinc. It is also evident
that germacron was the predominates oxygenated
sesquiterpens under water regime condition with (27.72%)

Table 1: Effect of irrigation after depletion of certain amount of field capacity on growth of Geranium plant (combined analysis of 2011& 2012).
       Growth parameters

-------------------------------------------------------------------------------------------------------------------------------------------------------------------
      1  cut        2  cutst nd

----------------------------------------------------------------------------- ---------------------------------------------------------------------------------
Water depletion (%) Plant height (cm) No. of branches/pant Shoot fresh weight (g) Plant height (cm) No. of branches /plant Shoot fresh weight (g)
30 29.44 3.55 90.90 41.66 6.55 160.28
50 33.00 5.00 104.23 49.55 6.00 174.72
70 29.00 2.25 60.30 47.33 5.00 148.58
LSD 0.05 1.21 0.52 1.02 1.433 1.16 5.87

Table 2: Effect of spraying with Zinc on growth of Geranium plant (Combined analysis of 2011& 2012).
            Growth parameters

----------------------------------------------------------------------------------------------------------------------------------------------------------------------
        1  cut          2  cutst nd

----------------------------------------------------------------------------- ------------------------------------------------------------------------------
Zinc (ppm) Plant height (cm) No. of branches/pant Shoot fresh weight (g) Plant height (cm) No. of branches /plant Shoot fresh weight (g)
0 30.25 3.416 77.32 44.50 4.75 174.22
1000 30.41 3.330 75.29 51.81 5.41 181.72
1500 27.66 3.230 71.33 44.25 6.25 141.08
LSD 0.05 1.07 0.49 0.88 1.24 1.00 5.09
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Table 3: Effect of interaction between irrigation after a depletion of certain amount of field capacity and zinc on Pelargonium graveolens growth (Combined
analysis of 2011& 2012). 

           Growth parameters
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

        1  cut         2  cutst nd

Water Zinc --------------------------------------------------------------------------- ------------------------------------------------------------------------------
depletion % (ppm) Plant height (cm) No. of branches/plant Shoot fresh weight (g) Plant height (cm) No. of branches /plant Shoot fresh weight (g)
30 0 28.00 2.33 57.68 44.00 5.00 167.10

1000 34.00 3.00 75.46 49.00 4.33 165.22
1500 25.00 2.33 47.75 49.00 5.66 113.43

50 0 31.66 5.66 81.65 43.66 5.66 172.41
1000 33.66 3.33 133.73 57.50 6.66 166.15
1500 33.66 6.00 97.33 47.50 5.66 185.61

70 0 38.00 3.33 141.10 42.00 5.33 200.43
1000 23.66 5.00 47.75 44.00 3.66 131.30
1500 26.66 2.33 83.85 39.00 10.66 149.13

LSD 0.05 2.47 1.06 2.09 2.93 2.37 12.00

Table 4: Effect of irrigation after depletion of certain amount of field capacity and zinc application and their interaction on oil % and oil yield (ml/ plant)
(Combined analysis of 2011& 2012).

Oil % Oil yield (ml/plant)
--------------------------------------- -------------------------------------------

Water depletion % Zinc (ppm) 1  cut 2  cut 1  cut 2  cutst nd st nd

30 0 0.034 0.020 0.865 3.130
1000 0.050 0.100 3.770 16.520
1500 0.070 0.020 3.340 2.260

50 0 0.030 0.040 2.440 6.890
1000 0.060 0.080 8.020 13.290
1500 0.040 0.150 3.890 27.990

70 0 0.040 0.100 5.640 20.040
1000 0.020 0.020 2.860 2.620
1500 0.060 0.100 5.031 14.910

Table 5: Effect of irrigation after depletion of certain amount of field capacity and zinc application on essential oil constituents of Pelargonium graveolens
(Average of two seasons 2011& 2012).

Zinc conc. (ppm) Water depletion from field capacity (%)
--------------------------------------------- ------------------------------------------------------

Essential oil constituents R.I 0 1000 1500 70 50 30 a  b

Monoterpenes hydrocarbons Relative area %
m-Cymene 998 0.08 nd 0.5 0.63 nd nd

-Phellandrene 1002 Nd nd nd 0.75 nd nd
-Copane 1360 Nd nd 1.04 nd nd nd

Subtotal 0.08 0 1.54 1.38 0 0
Oxygenated monoterpenes hydrocarbons
Trans- linalool oxide 1069 0.9 -- nd 0.43 -- --
Linalool 1089 Nd 0.41 nd 3.11 1.37 4.54
Menthone 1145 Nd 36.89 nd 0.06 nd nd
Sabina ketone 1155 66.63 nd nd 0.05 nd nd
Menthol 1164 Nd nd nd nd nd 2.11

-terpineol 1173 Nd nd 1.45 nd 0.33 nd
citronellol 1214 2.7 nd 0.17 nd nd nd
Neral 1225 0.69 nd nd 0.46 nd nd
Geraniol 1247 10.69 54.12 nd 6.88 17.06 34.73
Geranial 1258 Nd nd 0.18 -- nd --
Nerylformate 1271 Nd nd 1.04 0.87 nd 1.53
Geranylformate 1295 Nd nd 1.04 nd nd 1.2
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Table 5: Continue
Zinc conc. (ppm) Water depletion from field capacity (%)
--------------------------------------------- ------------------------------------------------------

Essential oil constituents R.I 0 1000 1500 70 50 30 a  b

Oxygenated monoterpenes hydrocarbons
Methyl citronellate 1314 Nd nd 0.21 0.27 nd Nd
Citronellyl butyrate 1347 Nd nd nd 0.22 nd Nd
Ethyl geranate 1355 Nd nd nd 0.21 nd Nd
Geranyl acetate 1377 Nd nd 3.58 1.06 nd 2.67
Citronellylpropanoate 1438 Nd nd 2.64 0.88 nd 1.07
Geranylbutanoate 1562 0.22 nd 1.77 0.35 2.37 0.34
E-Nerolidol 1565 0.22 nd 1.3 0.99 0.57 Nd
Globulol 1575 Nd nd 0.27 0.44 nd Nd
1,10-Di-epi-Cubenol 1608 Nd 0.61 8.17 5.3 1.72 0.39
10-Epi- -eudesmol 1616 0.16 0.32 0.73 nd nd Nd
Hinesol 1628 Nd nd 0.45 0.51 nd Nd
Epi- -cadinol 1633 Nd nd 0.53 0.86 nd Nd

-Muurolol 1637 Nd nd 0.59 nd 1.9 Nd
Valerianol 1647 1.59 nd 1.8 0.84 1.57 1.85

-Cadinol 1652 3.59 nd 0.62 1.49 nd Nd
Geranylvalerate 1664 Nd nd 2.69 0.35 2.41 0.57
E-citronellyltiglate 1678 0.17 nd 2.62 3.54 7.14 2.06
Geranyltiglate 1706 1.26 nd 8.21 3.43 4.04 1.43
2-Z - 6-E-Farnesol 1725 Nd nd 0.32 0.17 3.3 --
Subtotal 88.82 92.35 40.38 32.77 43.78 54.49
Sesquiterpene hydrocarbons

-Bourborene 1371 nd nd 0.42 0.04 nd nd
-Elemene 1379 nd nd nd 0.34 nd nd
-Caryophyllene 1405 0.18 nd 0.22 0.98 nd nd

2-Epi- -Funebrene 1416 0.31 nd nd 2.13 nd 1.44
-Elemene 1423 nd nd nd 0.12 nd nd
-Guaiene 1427 nd 0.46 nd nd nd nd

6, 9-Guaiadiene 1431 nd 0.63 nd nd nd nd
Aromadendrene 1436 0.31 nd 0.56 0.38 0.59 nd

-Gurjunene 1440 nd nd -- 2.36 nd nd
-Humulene 1444 nd nd 0.16 0.32 nd nd
-Muurolene 1469 nd nd 0.13 0.40 nd nd

Bicyclogermacrene 1487 nd nd nd nd 0.34 1.01
-Cadinene 1513 0.13 0.28 0.58 0.55 0.57 1.96

Selina-3,7-(11)-diene 1530 0.08 nd 0.32 0.20 nd nd
2-Phenyl ethyltiglate 1587 nd nd 0.37 0.27 0.38 --
Trans- -Elemenone 1602 0.14 0.69 0.28 nd nd 1.05
Subtotal 1.15 2.06 3.04 8.09 1.88 5.46
Oxygenated Sesquterpine hydrocarbons
Germacrone 1698 1.14 0 12.30 27.72 24.52 12.09
Others
n-Undecane 1092 nd 0.59 nd 1.88 0.80 3.59
n-Dodecane 1200 nd Nd nd 0.43 -- --
n-Tridecane 1300 1.95 Nd 1.91 0.75 0.84 2.98
3-Methyl -2-butenyl-2-methyl butanoate 1328 1.58 Nd 1.40 1.22 nd 0.54
Decanoic acid 1373 -- Nd 1.94 0.62 nd nd
Isobutyl phenyl acetate 1386 0.09 Nd 0.32 nd nd
Phenyl ethyl isobutanoate 1390 1.07 Nd 19.59 1.30 0.32 0.58
Tetradecane 1400 nd Nd nd 1.06 -- 4.91

-Agarofuran 1535 nd Nd 0.17 0-.46 0.52 --
n-Pentadecanol 1782 nd Nd 0.65 2.57 4.45 1.56
Subtotal 4.69 0.59 23.76 10.61 6.93 17.16
a: identified compounds; b: Kovat indices on DB-5 column; nd: not detected
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when geranium irrigated after depletion 70% of field Under the present experiment geraniol is the principle
capacity (drought condition) which decreased gradually constituents of geranium oil; this was in line with Leithy
with increasing soil moisture. On the contrary the higher [26]. The highest value 34.73% was attained when planted
value of geraniol (34.73%) was obtained with increasing irrigated 30% depletion of available water moisture. In
soil moisture content. these respect, Simon et al. [27] stated that some

DISCUSSION essential oil changes according to water regime. Also,

Our results showed that irrigation Pelargonium natural products can be altered by water regime. Our
graveolens plants after a depletion 50 % of field capacity results also showed that, 1000 ppm zinc applied had
was the most proper moisture regime for geranium growth; decreasing effect on plant growth which inter might on
this superiority may be due to that these treatment plant synthetic activity of metabolites such as essential
provide the plant all time with adequate available water oil percentage and oil yield these may be due to a toxic
which accelerates the physiological processes. The effect of the high zinc level. El-Sokkary et al. [29] and Shi
lowest herbage yield was recorded after depletion 70% of and Qing [30] reported that zinc had inhibition on growth
field capacity. The previous results supplied by Misra and of rap seeds and Flax. Zinc applied at 1000 ppm proved to
Stivastva [3], Khalid [7] and Tawfic [8], Fatima et al [18] be effective in increasing essential oil yield and the
and Jardim et al. [19]. In this respect, the increase in water principle geraniol constituent as compared with the
stress may be cause decrease in turgidity which resulted control and higher zinc concentration. These increases
in decrease in growth. These results hold true with the may be due to the beneficial vital role of zinc in plant
finding of Fatima et al. [18] and Alishat et al. [20]. growth and development and it is an essential factor in
Moreover, under drought condition the total capacity of tryptophan metabolism and consequently, affects the
photosynthesis decrease and plant formance also auxin content of the plant, also several enzymes are often
decrease. However water stress caused accumulation of activated by zinc. These results hold true with the finding
toxic reactive oxygen radical resulted in serious injured, as of Aziz et al. [31]. 
a result normal cell metabolism can be disturbed [20. 21]. The essential oil (EO) obtained from P. graveolens
In this respect, Shao et al. [6] mentioned that drought not was subjected to detailed GC and GC/MS analysis. The
only affect plant water relation through the reduction of identified compounds were varied with different zinc
water content, turgor and total water. It is also affects concentrations (0, 1000 and 1500 ppm). The most
stomatal closure, limits gaseous exchange, reduce abundant components were oxygenated monoterpenes
transpiration and arrest photosynthesis rates. Thus, it can with 89.82, 92.35 and 40.38 % in zero, 1000 and 1500 ppm
concluded that the most proper moisture regime for of zinc application as listed in Table 5, respectively.
geranium growth is 50% depletion of field  capacity  and Sabina ketone (66.63%) was the predominant volatile
Pelargonium graveolens growth are most sensitive to constituents in control sample only but disappeared at
water stress or water logging. It is also evident from our 1000 and 1500 ppm of zinc treatment. Geraniol increased
data that, essential oil percentage increased under stress from 10.69% at control sample to (54, 12 %) at 1000 ppm
conditions 70% depletion of field capacity. These results zinc application, while disappeared at 1500 ppm zinc. Also,
are in agreement with those reported by Baher et al. [22] Menthone was identified at 1000 ppm zinc with (36, 89 %)
and Khalil et al. [23]. In this respect, Khalil et al. [23] only. Lalli et al. [32.33] reported that, Similar results were
mentioned that in spite of the increase in essential oil % obtained from analysis of Pelargonium graveolens
under drought condition which may be due to the essential oil of African origin have menthone and Sabina
induction of more metabolites and some substances, the ketone, also linalool and geraniol were the major
oil yield may be decreased due to decreasing in plant constituents in Pelargonium graveolens essential oil. Our
growth. This result holds true with the finding of Aliabadi results are in agreements with those obtained by Abd El-
et al [24] and Fatima et al [25]. Moreover, plants irrigated Wahaed and Gamal El-Din [34], who found that
after depletion 30 % of field capacity produced higher monooxygenated terpenes constituents were increased by
values of oil yield/plant in both cuttings, where this increasing of zinc concentration. Results of essential oil
treatment gave higher fresh weight/plant over those composition in response to irrigation frequency are
irrigated after depletion 70% of field capacity. presented in geraniol which the dominant volatile

constituents of sweet basil oil as percentage of total

Solinas and Deiana [28] mentioned that the secondary and
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constituent was increased from (6, 88 to 34% and 73%) by 6. Shao, H.B., L.Y. Chu, C.A. Jalee and P. Manivennan,
increasing the water capacity (water depletion %) from
30% to 70%, respectively. Both oxygenated monoterpenes
hydrocarbons and sesquiterpene hydrocarbons were
increased by water depletion % increased. While,
Germacrone was decreased by increasing the water
depletion. The obtained results are in agreements with
those obtained by Simon et al. [27] who reported that the
chemical composition of sweet basil EO was affected by
soil water levels and also, water-stressed conditions
favour the production of plant secondary metabolites
such as essential oils.

CONCLUSIONS

The present study indicated that geranium
composition of the essential oil components was affected
by irrigation scheduling regime and zinc concentrations.
The highest value of geraniol (34.73%) was found when
planted irrigated 30% depletion of field capacity.
Germacrone was decreased when the water depletion
increased, geraniol increased from 10.69% at control
sample to (54. 12 %) at 1000 ppm zinc application while.
disappeared at 1500 ppm zinc. Also, menthone was
identified at 1000 ppm zinc with (36, 89 %) only. 
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