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of compatible solutes is one of the most common stress

tolerance strategies in plants (Serraj and Sinclair 2002).

Compatible solutes are highly soluble, low molecular

weight and non-toxic even at high concentration. They

protect plants from stress by different means viz., contri-

bution in osmoregulation, scavenging reactive oxygen

species and stabilization of membranes (Farooq et al.,

2009). In addition to compatible solutes, inorganic ions

accumulation reduce the osmotic potential and improve

cell water retention in response to water stress (Morgan

1984; Rhodes and Samaras 1994). 

Glycinebetaine as an organic osmolyte plays an im-

1. Introduction
Drought stress is one of the premier limitations to

global agricultural production due to complexity of the

water-limiting environment and changing climate. To

overcome water deficit, plants have included a series of

mechanisms; morphological, physiological, biochemi-

cal, cellular and molecular levels (Fang and Xiong

2015). Drought tolerance is the ability of plant to with-

stand with reduced water potential of the plant tissue.

Drought tolerance mechanisms allow the plant to func-

tion or at least survive, at reduced water potential (Ver-

slues et al., 2014). The overproduction of different types
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are sandy embankments habitat. The first one lies on the

western part of North Sinai, farthest by about 35 km

from Suez Canal. The second one lies on the western

part of Siwa Oasis, farthest by about 60 km from the Ly-

bian boarder. The geographical position of the collected

samples and meteorological data were represented in

Table 1. Meteorological data for Rommana (L1) and

Khemaisa (L2) were collected from the nearest station

from each one during 2013-2014 as represented in Table

2 using ETo calc Program according to Francisco Ca-

talán (2015). 

2.2. Soil analyses
Two depths of soil (0-30 cm and 30-60 cm) support-

ing C. monacantha were collected (three replicates for

each depth) to determine physical and chemical proper-

ties. Samples of plant shoot system were collected in

three  replicates  from  the  two  locations; Rommana

and Khamisa during wet (March) and dry (August) sea-

sons in 2014. The soil samples were air-dried, sieved

through 2mm meshes and granulometric analysis was

determined  as  described by Jackson (1967) and illus-

trated in Table 3.  Electrical  conductivity  (EC), Na+,

K+, Ca++, Mg++, Cl- , SO
4
-- and HCO

3
- were estimated

and determined in soil water extract (1:1). Soil water

content, EC, Na+, K+, Ca++ and Mg++ were determined

following the methods described by Rowell (1994).

Chlorides were determined as described by Jackson

(1967). Sulphates were determined by the turbidity

method  according to Rainwater and Thatcher  (1960).

Bicarbonate  was determined  by  titration  with  sul-

phuric acid 0.01N  according to  Reitemeier (1943). All

studied soil chemical  analyses  were represented in  Ta-

ble 4. 

portant role in enhancing plant tolerance under abiotic

stress including drought (Quan et al., 2004). Beside the

direct protective roles of glycinebetaine either through

positive effects on enzyme and membrane integrity or as

an osmoprotectant, it may protect cells from environ-

mental stresses indirectly by participating in signal

transduction pathways (Subbarao et al., 2000). Also,

proline acts as an osmoprotectant in plants subjected to

drought conditions (Yamada et al., 2005). Relative wa-

ter content and total protein were decreased by water

stress, while free amino acids were increased in Morus

alba L. (Ramanjulu and Sudhakar, 1997). Soluble car-

bohydrates are considered as important metabolites in

plants under drought stress (Arabzadeh, 2012). Drought

stress imposed a significant increase in soluble carbohy-

drate and decrease in soluble protein in Cicer arietinum

cultivars (Mafakheri et al., 2011). 

Cornulaca monacantha is a desert plant, woody

shrub, richly branched, usually with long internodes,

that is now included in family Amaranthaceae (formerly

Chenopodiaceae). This study aims to shed the light on

the adaptive responses of C. monacantha as drought tol-

erance plant. In this study, succulence degree,  plant

pigments (chl. a, chl. b and carotenoids), total carbohy-

drate, soluble carbohydrate, crude protein, soluble pro-

tein, total phenols, proline, glycine betaine, Na+, K+,

Ca++ and Mg++ were determined in shoot system of C.

monacantha growing naturally at Rommana (North Si-

nai) and Khamisa (Siwa Oasis) during wet and dry sea-

son. 

2. Materials and methods
2.1.  Study area
The two studied locations (Rommana and Khamisa)

Table 1. The geographical position (GPS) of the collected plant samples and meteorological data. 

″

″

″

″

″

″

″

″



177

Journal of  Environmental  Sciences, 2016; Vol. 45, No. 2 : 175-186

Table 2. Meteorological data covering studied locations during 2013-2014.

Table 3. physical analysis of soil supporting C. monacantha.

Table 4. Chemical analysis of soil supporting C. monacantha. 
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of treatments were differentiated by using L.S.D at 5 %

level as mentioned by Steel (1960). 

3. Results
Degree of succulence increased significantly in Cor-

nulaca monacantha during wet season, recorded the

highest value (3.16) in plants inhabiting Rommana (Ta-

ble 5). C. monacantha at Rommana was higher in de-

gree of succulence than that at Khamisa. 

Regarding plant pigments, chlorophyll a, chlorophyll

b and carotenoids were decreased in dry season in C.

monacantha as shown in Table 5. C. monacantha inhab-

iting Khamisa was higher in chlorophyll a and caroten-

oids, while that inhabiting Rommana was higher in chlo-

rophyll b. The highest contents of chlorophyll a and b

were recorded in C. monacantha growing at Khamisa in

wet season 24.67 and 11.47 mg/100g fr. wt., respective-

ly. While the highest carotenoids content was recorded

in Cornulaca inhabiting Rommana in wet season (4.3

mg/100g fr. wt.). 

In general, total carbohydrate and non-soluble carbo-

hydrate in C. monacantha increased in dry season, re-

corded the highest values 43.73% and 39.98% in the

plant of Rommana during dry season but the interaction

was non-significant in total carbohydrate as illustrated

in Table 5. Soluble carbohydrate generally increased in

the plant during wet season (4.57%). 

Proline was significantly elevated in dry season in C.

monacantha, it increased by 35% and elevated in C.

monacantha of Khamisa by 89% compared to that in

Rommana (Table 6). The highest value of proline (112

µg/g dry wt.) was noticed in C. monacantha inhabiting

Khamisa during dry season. As proline glycinebetaine

was elevated significantly in dry season, it increased by

70% (Table 6). Glycinebetaine increased by 12% in C.

monacantha at Rommana compared to that at Khamisa.

The highest value of glycinebetaine (301.2) was noticed

in the plant at Rommana in dry season. 

A significant accumulation of total phenols in C.

monacantha was noticed in wet season as shown in Ta-

ble 6. Cornulaca at Rommana was higher in total phe-

nols than that at Khamisa. The highest value of total

phenols (224.1 mg/100g dry wt.) was recorded in the

2.3. Plant analyses
Plant samples were divided into two parts for analy-

ses, in the first part fresh samples were used to deter-

mine degree of succulence, chlorophyll a, chlorophyll b,

carotenoids and soluble protein, the second part plant

samples were dried at till constant weight, then ground

to fine powder to determine contents of total carbohy-

drate, soluble and non-soluble carbohydrate, crude pro-

tein, proline, glycinebetaine, total phenols, Na+, K+,

Ca++ and Mg++.

Degree of succulence was calculated as fresh/dry

weight according to Dehan and Tall (1978). The photo-

synthetic pigments (chlorophyll a, chlorophyll b and ca-

rotenoids) were determined quantitatively as described

by Metzner et al. (1965). Soluble protein concentrations

were determined by the method of Bradford (1976) us-

ing bovine serum albumin as a standard. Total and solu-

ble carbohydrates were extracted and estimated calori-

metrically by applying the general phenol-sulphoric acid

method as adopted by Chaplin and Kennedy (1994).

Values were expressed as g/100g dry wt. Crude protein

was estimated by Kjeldahl method as described by

Pregle (1945).  Free proline was measured by the sulfo-

salicylic acid- ninhydrin method according to Bates et

al. (1973). Glycine-betaine content was estimated color-

imetrically as described by Grieve and Grattan (1983).

Total phenols were determined using Folin-Denis rea-

gent as described by Shahidi and Nacz (1995). A known

weight of plant sample was extracted by 80% ethanol, 1

ml of the extract, 0.5 ml of Folin reagent were mixed

well, 1 ml of saturated Na
2
CO

3
 and mixed well then 3

ml of dist. water were added. After 1 hour read the de-

veloped blue color at 725 nm by spectrophotometer us-

ing catechol as a standard. Sodium and potassium were

measured by flame photometer and Calcium and magne-

sium by atomic absorption spectrophotometer as de-

scribed by Kalra (1998).

2.4. Statistical analysis
Data obtained from the experiment of plant analysis

were subjected to the proper statistical analysis of vari-

ance of the split plot design according to the procedure

obtained by Snedecor and Cochran (1969). Mean values
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ed in Cornulaca at the same location in wet season

(1.38%). Like sodium, potassium in Cornulaca was ele-

vated significantly in dry season (Table 7). It was higher

in Cornulaca growing at Rommana than that growing at

Khamisa. Potassium content in Cornulaca can be ar-

ranged in descending order as those growing at Romma-

na in wet season (0.57%), those growing at Rommana in

dry season (0.51%), those growing at Khamisa in dry

season (0.39%), those growing at Khamisa in wet sea-

son (0.19%). 

Calcium and  magnesium in C. monacantha  were

increased  significantly in wet  season (Table 7). They

were higher in  the  plant  growing at  Rommana than

that at Khamisa. The highest calcium content was no-

ticed in  the  plant  growing at  Rommana in wet season

(3.02%),  while the highest  magnesium was noticed in

the  plant  growing at  Khamisa  in  wet  season

(1.82%).

plant at Rommana in wet season, followed by that at

Khamisa in dry season (192.1 mg/100g dry wt.), Rom-

mana in dry season (170.3 mg/100g dry wt.) and Khami-

sa in wet season (166.7 mg/100g dry wt.).

Crude protein had non-significant change seasonally

(Table 6). It was higher accumulation in C. monacantha

at Rommana than that at Khamisa. The highest value of

crude protein (11.49%) was noticed in the plant at Rom-

mana in wet season. Soluble protein in the plant was af-

fected significantly by seasons and locations while the

interaction between them was non-significant. General-

ly, it increased in wet season and was higher in C. mon-

acantha at Rommana than that at Khamisa.

Sodium content was elevated significantly in dry

season (Table 7). There was no significant change in the

studied plant between the two locations. The highest so-

dium content was recorded in Cornulaca at Khamisa in

dry season (3.62%), and the lowest content was record-

Table 5. Succulence (fr.w/dry W.), chlorophyll a, b and carotenoids (mg/100g fr. W.), total, soluble and non-soluble
carbohydrate (g/100g dry w.) in Cornulaca monacantha.

Where s = significant                                n.s. = non-significant
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Table 6. Proline (µg/g dry wt.), glycinebetaine (Mmole/g dry wt.), total phenols (mg/100g dry wt.), crude protein (g/
100 g dry wt.) and soluble protein (mg/100g fr. Wt.) in Cornulaca monacantha.

Where s = significant                                n.s. = non-significant

Table 7. Sodium, potassium, calcium and magnesium (g/100g dry wt.) in Cornulaca monacantha.
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sponded negatively by drought in C. monacantha. Simi-

lar  results  were obtained by Morsy et al. (2008). On

the other hand, many authors found the reverse trend

(Choluj  et al., 2008; Liu et al., 2011; Mafakheri et al.,

2011).

Proline accumulation in C. monacantha in response

to drought and temperature stresses is a good indicator

of drought tolerance mechanism. Many researchers sug-

gest a positive correlation between proline accumulation

and drought stress in plants (Liu et al., 2011; Hayat et

al., 2012; Cha-um et al., 2013; Gorai et al., 2015). In

this respect, Anjum et al. (2012) reported that progres-

sive stress reduced the relative water content but in-

creased proline concentration in the two maize cultivars;

dog dan-60 and nong da-95. Proline act as an osmolyte,

a reactive oxygen species scavenger and a molecular

chaperone stabilizes proteins structure (Szabados and

Savoure 2010). Like proline, glycinebetaine accumulat-

ed in response to drought stress. Similar results were ob-

tained by Sankar et al. (2007). Glycinebetaine and pro-

line are two major organic osmolytes that accumulate in

a variety of plant species in response to environmental

stresses including drought. Both compounds are thought

to have positive effects on enzyme and membrane integ-

rity along with adaptive roles in mediating osmotic ad-

justment in plant grown under stress conditions (Ashraf

and Foolad, 2007). Hoque et al. (2008) reported that be-

taine reduce oxidative damage in tobacco suspension

cells by enhancing reactive oxygen species detoxifica-

tion system. It has been reported that glycinebetaine in

Salsola tetrandra is more effective as a defense against

free radicals under drought than salinity stress (Abd El-

Maboud and Eisa, 2016). Cha-um et al. (2013) conclud-

ed that exogenous application of glycinebetaine signifi-

cantly alleviates water-deficit in indica rice and main-

tain grain yield. Total phenols are affected negatively by

drought stress. It was lower in C. monacantha growing

at Khamisa which is subjecting to more drought condi-

tions than that growing in Rommana. A decrease of total

phenols in dry season agreed with Król et al. (2014)

who found that  total  phenolics were decreased in

leaves and roots of grapevine when subjected to drought

stress. 

4. Discussion
From meteorological data, it became known that

Rommana location lies on arid area affected by Mediter-

ranean weather, while Khamisa location lies on hyper-

arid area (the Western Desert). Soils supporting C. mon-

acantha are non-saline usually lower than 1Mmhos ex-

cept at the first depth (0-30 cm) of Rommana, slightly

higher than 1 Mmhos in dry season. The higher mois-

ture content in Rommana soil due to the high precipita-

tion and lower evapotranspiration compared with that in

Khamisa especially in wet season. These climatic condi-

tions reflected on degree of succulence to increase in C.

monacantha growing at Rommana. A decline in succu-

lence degree was recorded in dry season. However, C.

monacantha growing at Khamisa showed a non-

significant decrease. Gorai et al. (2015) noticed the de-

crease in relative water content in Ephedra alata by

17% and 30% compared with control plants after 7 days

and 14 days of the drought stress treatment respectively.

The decrease in chlorophyll a and b in dry season

agreed with the studies of (Morsy et al., 2008; Mafakhe-

ri et al., 2010; Din et al., 2011). The production of reac-

tive oxygen species under drought conditions can dis-

turb the chlorophyll biosynthesis (Herbinger et al.,

2002). Drought stress stimulates inhibition of photosyn-

thetic  activity  in  plant tissues  due to  imbalance be-

tween light capture and its utilization (Foyer and Noc-

tor, 2000). Liu et al. (2011) found that drought stress

significantly decreased chl. a+b in Cinnamomum bodi-

nieri, Broussonetia papayrifera and Platycarya longipes

and also decreased carotenoids in Platycarya longipes

and Pteroceltis tatarinowii. Sai et al. (2012) reported

that water deficit decreased the contents of carotenoids

and anthocyanin in Atriplex hortensis. The accumulation

of total carbohydrate and non-soluble carbohydrate in

dry season agreed with Nour El-Din and Ahmed (2004).

They found that carbohydrate content in Crotalaria ae-

gyptiaca tend to decrease in the rainy season and to in-

crease at the end of the dry season. Abd El-Maboud

(2006) concluded that Deverra tortuosa as a xerophyte

plant depends to large extent on the accumulation of or-

ganic  intermediates;  particularly  carbohydrate in

building osmotic potential. Soluble carbohydrate re-
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An increase in crude protein of C. monacantha in-

habiting Khamisa and a decrease in that inhabiting

Rommana in dry season neglected seasons effect. Re-

garding locations effect, C. monacantha inhabiting

Khamisa decreased significantly in crude protein by

42% compared to that in Rommana. That decrease may

be return to the reduction in soil moisture content sup-

porting the plant at Khamisa location. Davies (1987) in-

terpreted the decrease of protein under drought stress to

might be the result of increased protease activity or due

to fragmentation of proteins resulted from reactive oxy-

gen species effect. The decrease of soluble protein in

dry season agreed with those in Mafakheri et al. (2011). 

It is noteworthy that Na+ and K+ contents of the

plant increased in dry season by 1.5 and 1.2 fold. That

increase may contribute to decrease the osmotic poten-

tial in plant cell in response to drought stress and help in

water uptake along a soil-plant gradient. In spite of

growing at poor sand dunes, non-saline soil, C. mona-

cantha was able to take up large quantities of Na+ from

soil and accumulate it in aboveground tissue. In addition

to the reduction in K+ accumulation in the plant indi-

cates that K+ can be substituted by Na+ as cation ex-

change of monovalent ions. It has been reported that

Na+ could substituted for K+ in some cellular functions

especially in a terrestrial life under limited K+ supply,

but in others it is toxic. In the vacuole, Na+ is not toxic

and can do osmotic functions, reducing the total K+ re-

quirements and improving growth when K+ is a limiting

factor (Navarro and Rubio, 2006).  Epstein et al. (1973)

concluded that Na+ competes with K+ for uptake by

plant roots, supporting that K+ transporters are also the

gates for Na+ entry. Na+ ions inter root cells through

HKT proteins and non-selective voltage-independent

cation channels, some of which (labeled CNGC) are in-

activated by cyclic neucleotides (cAMP and cGMP) Par-

do and Quintero (2002).   Potassium is not only an es-

sential nutrient for plant growth and development, but

also contributes to the survival of plants exposed to vari-

ous biotic and abiotic stresses (Wang et al., 2013). The

decrease of Ca++ and Mg++ levels of C. monacantha in

dry season could be attributed to the competition be-

tween them and monovalent cations in the soil such as

Na+ which reduce Ca++ and Mg++ intake by the plant. It

has been reported that Mg++ and Ca++ availability in-

creased steadily throughout the wet season, and then de-

creased rapidly in dry season for three constitutive years

on Barro Clorado Island (Mulkey et al., 1996). In this

trend, Abd El-Maboud (2006) found that Mg++  ions

were higher in winter than summer in Panicum turgid-

um and Deverra tortuosa.

5. Conclusion 
Cornulaca monacantha is an example of drought tol-

erant plants, can grow in arid and hyper arid zones. The

plant was able to overcome drought stress by the accu-

mulation of total carbohydrate, an organic osmolytes

like proline and glycinebetaine. In addition to the accu-

mulation of Na+ as inorganic osmolyte, that may dis-

place K+ in some metabolic processes.
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اĠلخص العربى

أليات تحمل الجفاف فى نبات الحاد

محمد محمد عبد اĠعبود

قسم البيئة النباتية واĠراعى  – مركز بحوث الصحراء

ģ تجميع عـينات من المجـموع الخضرى لـنبات الحـاد من موقعـě للتـكوينات الـرمليـة: رمانة بـشمال سيـناء وخمـيسة بـواحة سيوة

Ėصر. ģ تقديـر درجة العصارية Ē كـلوروفيل أĒ كلوروفيـل ب Ē الكاروتينويد ,الكربوهيـدرات الكلية Ē الكـربوهيدرات الذائبـة والغير ذائبة,

الـكـالـسـيـوم الـبـوتـاسـيـوم , الـبـروتـě الخام ,الـبـروتـě الـكـلى الـذائب ,الـبـرولě ,الجلايـسـě بـيـتاين ,الـفــيـنـولات الـكـلـيـة ,الـصـوديـوم ,

ěالبروت واĠاغنـسيوم. أظـهرت النـتائج انخـفاض كل من درجـة العصـارية Ē كلـوروفيل أĒ كلـوروفيل بĒ الكـاروتينـويد Ē السـكريات الـذائبة ,

الذائب ,الفيـنولات الكـلية ,الـكالسـيوم واĠـاغنسـيوم فى موسم الجـفاف وعلى الجـانب الأخر ازداد كل من الـكربوهـيدرا ت الكـلية والـغير

ذائبة Ē البرولĒě الجلايسě بيتاين ,الصوديوم والبوتاسيوم فى موسم الجفاف.

تفوق نبات الحاد النامى Ėنـطقة رمانة على نظيره Ėنطـقة خميسة فى كل من درجة العصارية ,كلوروفيل ب Ē الجلايسě بيتاين,

الفـيـنولات الـكلـية ,الـبروتـě الـذائب Ē الكـالسـيـوم واĠاغـنسـيـوم بيـنمـا حدث الـعـكس فى باقى الـصـفات فـيمـا عـدا الصـوديوم حـيث كان

الاختلاف بě اĠوقعě غير معنوى.
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